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ABSTRACT 

 

Among the new technologies heralded as part of the emerging bioeconomy are plastics 

made from plant material, known as bioplastics. This dissertation examines the political 

and historical underpinnings of the bioplastics that are now being offered as an 

alternative to petrochemicals in the United States. As a case study of “green” 

technological development, bioplastics challenge dominant conceptions of innovation 

for sustainability.  The bioplastics being developed and marketed today are the outcome 

of interventions in commodity crop prices, incubation of research on biomass during 

periods of fossil fuel dominance, and the commercialization of publicly funded research.  

Their origins can be traced at least as far back as the 1920s, when advocates of 

“chemurgy” encouraged the federal government to create research centers to discover 

new industrial uses of agricultural crops.   

Research in science and technology studies (STS) indicates that social structures shape 

perceptions of problems, condition viable solutions, and limit the diversity of 

stakeholders and ideas present in the social construction of technology. This study 

examines these processes in the history and current debates about bioplastics. The 

dissertation asks who has influenced the social construction of bioplastics and why 

bioplastics have become part of a larger bioeconomic vision now. Theoretical insights 

are drawn from the sociological theory of the treadmill of production, which argues that 

environmental problems cannot be solved in a capitalist system in which the federal 

government, private industries, and organized labor continuously seek the expansion of 

production and consumption at the expense of environmental sustainability. Major 
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players in the chemical and biotechnology industries have pursued bioplastics as a 

means of continuing economic growth and consumption of goods, even as petroleum 

becomes costly and environmentalists voice objections to petrochemicals. There are 

many critiques of bioplastics and their impacts at every stage of bioplastics, from 

sourcing feedstocks from food crops to disrupting existing recycling and composting 

systems. Nevertheless, the bioplastics currently on the market were not designed to 

resolve these environmental concerns. Increasingly, however, activists are using non-

governmental institutions, particularly the development of voluntary standards, to shape 

the industry and technology. The study examines the extent to which such reforms might 

lead to the production of more sustainable alternatives to petrochemicals. 

Ultimately, this dissertation presents the history and politics surrounding the field of 

bioplastics in order to highlight how things “might have been otherwise” and what 

changes in society could be useful for producing more sustainable technologies.  
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1. Introduction 

1.1 Bioplastics and the Bioeconomy Blueprint 

Within the last several years there has been a surge of national interest in what is 

being called a new bioeconomy.  In September of 2011 President Barack Obama, through 

the Office of Science and Technology Policy, asked for public comments on a vision for 

a U.S. bioeconomy.  Six months later the administration released the National 

Bioeconomy Blueprint [Blueprint] that summarized the many existing programs 

promoting the use of biomaterials and developed guidance for future policymaking to 

advance a future bioeconomy.  The vision promoted “a previously unimaginable future” 

enabled by innovations in development of biofuels, biobased plastics, and biologically 

derived medical technologies.  These innovations would be incorporated into the 

agricultural and industrial strengths of the United States. The administration’s Blueprint 

argues that, “the growth of today’s U.S. bioeconomy is due in large part to the 

development of three foundational technologies: genetic engineering, DNA sequencing, 

and automated high-throughput manipulations of biomolecules” (Office of the President, 

2012, p. 1).  According to the document the outcomes of a new bioeconomy revolution 

will be improvements in human health, environmental sustainability, and broad social 

and economic benefits.   

Among the new technologies heralded as part of the emerging bioeconomy is a 

class of technologies called bioplastics.  I stress here that the term “bioplastics” is a 

colloquial term that has no shared definition.  I will show how the term “bio” is leveraged 

by a number of parties as a means of marketing their products and garnering support for 

investment.  According the National Bioeconomy Blueprint, bioplastics are part of a 
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larger drive to develop biomaterials that, “…can allow Americans to live longer, healthier 

lives, reduce our dependence on oil, address key environmental challenges, transform 

manufacturing processes, and increase the productivity and scope of the agricultural 

sector while growing new jobs and industries” (Office of the President, 2012, p.1). This 

dissertation examines the institutional developments over the last century that have 

positioned bioplastics as a key component of a "National Bioeconomy." The central 

question is: What are the political and historical underpinnings of the bioplastics that are 

now being offered as an alternative to petrochemicals?   

The National Bioeconomy Blueprint (2012, p. 7) claims that “today’s bioeconomy 

grew from several scientific and technological developments that transformed the 

practice and potential of biological research.” However, in contrast to the argument that 

bioplastics are the result of recent technological breakthroughs, this study shows that 

contemporary bioplastics have a long and difficult history in the United States. Indeed, 

the forms of bioplastic that are now widely available reflect institutional developments 

resulting from the last century of interaction and negotiation between the USDA, farming 

interests, agribusiness, the petrochemical industry, and environmental advocacy groups.  

Biobased polymers have been part of a longstanding interest to use agricultural 

production for industrial application.  Despite the “green” image of bioplastics today, 

interest in bioplastics has been ongoing since the 1920s—well before a green movement 

existed.  Across the century public concerns over crop surpluses, natural resource scarcity 

on the global market, and interest in promoting national security stimulated coordinated 

efforts by the state, industry and multiple advocacy groups to promote development of 

new uses for agricultural products.  During the early 1900s, shifts in demand for 
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agricultural commodities and over- and under-production created multiple periods where 

farmers were financially harmed and U.S. exports suffered.  In that period, finding non-

food uses for crops meant a greater diversity of markets for crops when there was an 

oversupply and durable commodities for sale when harvests were slim.  Big business 

interests and farming advocates worked together to develop new markets for biobased 

goods.1  From the 1930s to the 1950s, farming advocates promoted the use of agricultural 

products for industrial purposes, in the hopes of finding new markets and protecting the 

agricultural sector from fuel and agricultural machinery monopolies. Advocates of 

“chemurgy” argued that surpluses of crops should be turned into new products—

particularly fuel, but also materials like synthetic rubber and cellophane—rather than 

destroyed to control crop commodity prices. This argument had considerable appeal until 

the 1950s, when petroleum became more widely available and fossil costs plummeted. 

Private investment in bio-based materials largely disappeared as synthetic chemistry 

using fossil fuels rapidly expanded and became more profitable (Aries & Cziner, 1951). 

However, the federal government, primarily through the USDA, and public research 

facilities, mostly land grant universities, continued to incubate the technologies that 

would enable a future bioeconomy to form.  For example, the USDA laboratory in 

Peoria, Illinois developed the fermentation techniques for converting corn into sugars that 

are the precursors to the polylactic acid based biopolymers.  One of lab groups at Peoria 

also developed one of the first polymers based on corn starch, which was eventually 

                                                 
1 The Chemurgy Movement was initiated in 1930s in response to large crop surpluses.  Beginning as a 
collaboration of farming advocates, large businesses, and chemical engineers participants helped establish 
research facilities in academia and federal agencies to work on new uses for crops.  The movement was 
nationally recognized through the 1950s when financial and political support waned.   
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expanded into an entire division called Plant Polymer Research  (Gregory L. Cote & 

Victoria L. Finkenstadt, 2008). 

By the 1990s, crude oil costs and resource instability again made alternatives to 

petrochemicals desirable. Stimuli for bioplastics also came from a combination of 

environmental concerns, supportive public policies such as congressional appropriations 

to the USDA during the 1990s for non-food used of crops (Institute for Prospective 

Technological Studies, 2005) and formation of the agency’s Bioproduct Chemistry and 

Engineering Research Unit,2 technological innovation in polymer chemistry and 

biorefineries, and private investment by large multinational companies.  Previous 

research on biomaterials and political support for biomaterials resulted in rapid 

investment in the “new” bioeconomy.  In this context, biobased plastics garnered 

renewed attention as replacements for fossil fuel based plastics (or petrol-plastics).3   

Bioplastics have many supporters, from the Office of the President to the 

Boardrooms of the largest multinational companies, to national and international 

environmental groups.  Federal and State governments sponsored research in new 

processing technologies of crop carbohydrates.  Chemical companies collaborated with 

agricultural companies to develop new polymers derived from already existing 

biorefineries and milling operations.  Biotech companies began exploiting the metabolic 

pathways in microorganisms that produced naturally occurring polymers.  Supporting 

these efforts has been a heterogeneous network of actors with disparate interests that all 

                                                 
2 Formation year of 1995 of the research unit is based upon the first research publication.  Available at 
http://www.ars.usda.gov/services/ 
3 For the sake of convenience I will refer to all plastics derived from fossil fuels as petrol-plastics and 
biologically derived plastics as bioplastics or biobased plastics. 

http://www.ars.usda.gov/services/
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support the creation of a new biopolymer industry.  Farming and rural advocates want 

new markets for crops that build off of demand for food, feed and fuel.  Environmental 

advocates desire products that reduce greenhouse gas emissions and breakdown readily 

into ecologically benign chemicals.  Pervasive nationally is the sense that bioplastics, as 

part of a larger bioeconomy, would lead to national security and economic 

competitiveness derived from American innovation and agricultural base.   

Two basic frameworks have come to dominate across groups advocating 

bioplastics.  For industrial interests, the new materials are components of an emerging 

bioeconomy that promises economic growth in the United States through expanded 

linkages between the agricultural, chemical, and biotechnology sectors.  For 

environmental advocates, bioplastics are green technological innovations that can replace 

the harmful fossil fuel based plastics.  These two positions are often assumed to be 

compatible. Technological innovation in bioplastics, it is argued, leads simultaneously to 

broad economic and environmental benefit.  For example, on the release of their 

PlantBottle4 product line, Coca-Cola’s Director of Sustainable Resources Kate Krebs 

commented, “The PlantBottle is precisely the kind of innovation that demonstrates how 

businesses can help address climate change and reduce stress on our precious natural 

                                                 
4 PlantBottle is the proprietary line of bottles that Coca-Cola has produced that contain varying percentages 
of plant materials.  Unlike many other bioplastics the PlantBottle is nearly chemically indistinct from 
traditional PET used in the manufacturing of bottles and other containers.  See Chapter 4 for further 
discussion of this technology. 
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resources…[T]his is a revolutionary solution that has the potential for long-term, 

meaningful benefits” (Coca-Cola, 2009).5     

In this dissertation, I examine the individuals, groups and ideas that dominate the 

field of bioplastics and provide historical precedence for contemporary bioeconomic 

development.  Contrary to popular belief, the bioplastics we see are not part of the 

“unimaginable future” but are rather the result of decades of social interaction between 

disparate groups and a buildup of sociotechnical institutions that position some 

bioplastics as more likely to succeed than other. Consumers expect plastics to behave in a 

particular way, petrochemical companies want to integrate biologically derived polymers 

into existing processes, agribusinesses push to utilize heavily subsidized commodity 

crops, and environmental advocacy groups have at times advocated fossil fuel 

alternatives without regard to their social repercussions.  The result is that all 

commercially available bioplastics, and hybrids of bio- and petrol- plastics, have been 

designed without consideration of the entire life cycle of this technology.  This 

dissertation uses the case of bioplastics to critically interrogate the assumption that 

“green” technological innovation will simultaneously solve environmental problems and 

facilitate economic growth.  As I will show, these materials often fail to live up to the 

hype on environmental and social benefits.  Indeed, they may generate new kinds of 

environmental harm and social injustice.   

                                                 
5 The Coca-Cola example is an interesting case for bioplastics because the PlantBottle technology was 
developed as a biobased polymer that could directly replace petroleum polymers in a chemically similar 
manner.  The reasoning for this path was in part to fit within the company’s existing production lines.  
Another reason behind this decision was to avoid the controversy’s that other manufacturers had faced 
when the bioplastic materials were found to not be compatible with existing recycling systems.   
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1.2 Are Bioplastics Sustainable? 

Whereas plastics of a prior era were marketed as part of a new frontier of limitless 

innovation, bioplastics are marketed as an opportunity to continue innovating in an era of 

limited extractable resources.  Despite these claims, bioplastics have not been constructed 

primarily with sustainability in mind.  For example, even when bioplastic manufacturers 

and environmental advocates can agree that we should avoid the most controversial 

industrialized farming practices there are few economical alternatives available that could 

fulfill demand.  Bioplastics also continue to exhibit tensions with different interests at 

end-of-life.  While many bioplastic technologies are available that can degrade into 

benign chemicals, the most successful products recreate the intransigence and toxicity of 

existing plastics.  In fact, bioplastics can lead to new social and environmental harms 

such as requiring land use changes for new industrial agricultural production or 

complicating recycling and composting systems.  In short, technologies cannot be 

assumed to be green until they are placed into a larger context.   

Petrol-plastics are a pervasive social and environmental problem within the United 

States.  Nearly every stage of the life cycle of plastic products and packaging produces 

health, social, and environmental harms.  Fossil fuel based plastics contribute to the 

demand for scarce, and increasingly dirtier, crude oil and natural gas.  Cracking 

petrochemicals and turning these base materials into polymers requires considerable 

energy resources and toxic chemicals.  Plasticizers used to manipulate polymers have 

been linked to leaching of toxic chemicals and acting as synthetic hormones.  Post-

consumption effects of plastic products range from the killing of marine animals to 

unequally distributed human social and health effects of waste management.   
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In light of these concerns about petrol-plastics, bioplastics appear to be a highly 

desirable alternative. Biobased plastics can break down into non-toxic chemicals in 

multiple environments.  The bioplastics that are compostable can be used to collect 

valuable post-consumer organic waste that can then be returned to farms as alternatives to 

synthetic fertilizers.  More durable bioplastics can integrate into existing recycling 

systems and require less energy to reprocess.  Bioplastics can reduce emissions of 

greenhouse gases by being carbon neutral or requiring less energy to process.  

Furthermore, the prevailing argument is that bioplastics are both beneficial for U.S. 

economic competitiveness and can lead to social and environmental benefits.  Rural 

communities are supposed to benefit through increased demand for the goods and 

services that come from farmers and biomass processors.  U.S. biotechnology, chemical 

and agricultural market sectors would gain from cheaper feedstocks and new products to 

sell globally.  Developing domestic resources is good for national security and economic 

competiveness. 

Engineers, managers, investors and policy makers involved in developing and 

promoting bioplastic industries are concerned with constructing more environmentally 

beneficial products.  However, these often well intentioned individuals are embedded 

within long standing systems of feedstock production, policy incentives, capital intensive 

infrastructure, consumer and manufacturer demands, and institutional norms for 

understanding and interacting with these systems.  Bioplastics can be a green alternative 

to petrol-plastics, as much as many innovations can be sustainable alternatives to already 

existing technologies.  However, critics raise several questions about the new bioplastics: 

1. What biomass is being used and how is this biomass being harvested? 
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2. Who benefits from use of industrial commodity crops, such as corn and sugar 

cane, in bioplastics and who is harmed by supporting industrial agriculture? 

3. How will bioplastics be used and how will they be disposed of? 

Bioplastics have been criticized for contaminating recycling systems (New York 

Department of State, 2010; Vidal, 2008), compounding the “food vs. fuel” problem 

(Colwill, Wright, Rahimifard, & Clegg, 2012; Deligio, 2011; ETC Group, 2010), and 

perpetuating unconstrained consumption with greenwash marketing (DeSaulnier 

"Truthful Environmental Advertising in Plastics," 2010).  The Sustainable Biomaterials 

Collaborative, a diverse group of environmental, social and health advocacy groups, 

describe the complexity of the situation: 

The development of bioplastics holds great promise to mitigate many of 

these sustainability problems, offering the potential of renewability, 

biodegradation, and a path away from harmful additives. They are not, 

however, an automatic panacea. Modern industrial agriculture creates a 

host of health, environmental, and social and economic justice issues 

including the use of genetically modified organisms (GMOs) in the field, 

toxic pesticides, high fossil fuel energy use, and destruction of family 

farms. Increased demand for agricultural products for energy and materials 

may well exacerbate problems posed by modern agriculture while 

increasing pressure on ecologically sensitive land and raising food security 

concerns (Sustainable Biomaterials Collaborative, 2009).  

Unlike many environmental critiques of technology where less powerful actors are 

unable to make their claims heard or questions go unasked, critiques of bioplastics have 

been present since the earliest biopolymers came out of the lab.  Many of the tensions, 

conflicts, and problems have been brought to public attention by the very proponents that 
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are pushing for bioplastic growth.  Several scientific studies investigating life cycles of 

biobased and traditional plastics question the supposed benefit of biopolymers.  These 

studies come from independent and industry funded research yet no consensus has been 

reached regarding the “best” options because each life cycle assessment is limited in one 

way or another by necessity or design (Bier, Verbeek, & Lay, 2011; Detzel & Krüger, 

2006; Hsien Hui & Tan, 2010; Landis, Miller, & Theis, 2007; Piemonte & Gironi, 2010).  

Several conferences and public hearings have been held since the 1990s where bioplastic 

representatives have worked with non-profit groups to outline each stakeholder’s 

respective concerns.  For example, recycling and composting supporters have shown 

concern, or complete opposition, to the introduction of biopolymers.  Even the companies 

that market these products have been concerned for decades over how to properly 

develop the market without leading to another public backlash.   

There may be ways to produce bioplastics with fewer negative environmental 

impacts; however, these are not immediately evident and will require changes across 

multiple domains.  Despite early and broad dialogue among diverse activist organizations 

and collaborations between private companies and environmental groups, many 

companies marketing bioplastics develop materials that perpetuate problems.  Arguments 

against industrialized agriculture and use of genetically modified organisms have been 

present for a considerable amount of time, yet most bioplastics are based on genetically 

engineered corn from large farms and processors.  In the 1980s the first biologically 

derived polymers were hybridized with petroleum plastics, marketed inappropriately as 

“green”, and led to sweeping regulation of marketing claims.  Hybridization of bio- and 
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petrol- plastics continues regardless of the evidence of hybridization creating 

complications with degradability and recyclability.       

1.3 Bioplastics as Contested Technology 

Understanding the social, cultural and environmental settings bioplastics inhabit is 

necessary for determining how to better shape the construction of the technology and 

where society must change to be better capable of managing the outcomes of the 

innovation.  There is the potential that bioplastics can be developed as a socially and 

environmentally sustainable technology, but this requires greater awareness of the 

institutional limitations actors work within and the infrastructural weight of a century of 

public policy making and private investment.  This analysis of bioplastics assumes the 

socially constructed and political nature of technology.  All technoscientific processes 

and artifacts acquire their form through collaboration and struggle between social groups.  

Bioplastics are an interesting case in this process of construction in that they are in a state 

of instability, or interpretive flexibility, over what possible pathways of innovation that 

might solidify as dominant variations.  Even within the short period of time I have 

followed the evolution of bioplastics I have seen large shifts in the design, use and 

marketing of these goods.  

 Numerous STS scholars have researched the stabilization of technologies, 

including plastics, as a social process of collaboration, reframing of problems, and 

attempts to extend agendas among networks of interested parties.  I extend this literature 

by tying together several theoretical and conceptual contributions in order to provide 

local and macro perspectives of bioplastics as alternative technology.  The framework 

deployed by bioplastic proponents is more akin to that proposed by green chemistry 
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advocates (Stevens, 2001) and scholars (Hatti-Kaul, Tornvall, Gustafsson, & Borjesson, 

2007; Iles & Martin, 2012) where technoscience advancement inspired by natural 

systems and precautionary principles will lead to environmental and human health 

(Cannon & Warner, 2011; Woodhouse & Breyman, 2005).  Bioplastics exemplify many 

of the characteristics described by green chemistry researchers; however, there are many 

details about the life cycle of bioplastics that call into question the “green” qualities of 

bio-based polymers.  I find that a more institutionalist orientation is necessary to 

understand these challenges and determine how specific bioplastics have formed and 

what alternatives have been marginalized.   

I draw from STS scholarship engaging with the social and material structures actors 

are embedded within.  The availability of resources, expected behavior of materials, and 

functioning of artifacts after they are disposed of can influence the paths construction of 

technology may take.  Related, rules and norms of behavior or criteria for judging 

problems and solutions are institutional structures that enable and constrain individuals 

from participating in the social construction process or limit alternative perspectives from 

becoming visible.  In this regard it is better to describe technologies as the result of co-

production of sociotechnical systems and material surroundings which influence future 

social interaction and develop into path dependencies.  Scholars such as Donald 

Mackenzie, Judy Wajcman, Trevor Pinch and Wiebe Bijker (Mackenzie & Wajcman, 

1999 (1985); T. J. Pinch & Bijker, 1989) argue that we must consider the construction of 

technologies as multidirectional outcomes of stakeholder interaction, framing of 

problems, appropriate means of solving problems, and deployment of power.  Multiple 

interlocking institutional frameworks shape interpretation and action and are often 
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reproduced by the actors embedded within these structures (Giddens, 1984).  Individuals 

are associated with companies, advocacy groups, regulatory bodies, or technological 

systems that condition interpretation of problems and possible solutions.  These structures 

include institutional rules and assumptions actors work within as well as distribution of 

resources and access to the social construction process (Klein & Kleinman, 2002; 

Kleinman, 2003).   

For example, investment since WWII and continued globalization have continued 

to shift more balanced and sustainable local economies to technologically driven and 

exploitative systems globally (Gould, Pellow, & Schnaiberg, 2008).  Despite attempts by 

corporations to develop “greener” products and production systems, and national and 

international organizations to regulate the global economy, resource extraction continues 

to degrade ecosystems and communities are harmed.  This does not mean that I treat 

bioplastics in a deterministic manner.  Institutional forces driving the development of 

bioplastics with challenges made by environmental advocates and other stakeholders.  

David Hess (2007) shows that many kinds of advocacy groups may be influential in 

technoscientific production, such as environment activists, civil society groups, non-

profit and private collaborations, and small, innovative businesses.  These different 

groups use a range of tactics such as confrontation with industry and policy makers and 

defining and developing new technologies and techniques that are more socially and 

environmentally beneficial.  While I present many challenges to the construction of 

bioplastics I emphasize the role of third party, voluntary standards and certifications as a 

critical field of intervention.  Studies of standards and classifications illustrate the social, 

political and economic interests embedded with classificatory schemes and the impact on 
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sociotechnical relationships (Schmidt and Werle, 1998; Bowker and Star, 2000; Busch, 

2000; Timmermans and Berg, 2003).  Industry and private sector designed standards are 

increasingly used in contemporary global markets and regulatory regimes (Brunsson & 

Jacobsson, 2002; Konefal & Hatanaka, 2011).  Standards (such as testing for 

biodegradability), certifications (such as biodegradability organic certification) and 

labeling (GMO or “natural”) are politically charged artifacts and processes that enable 

and constrain how markets and technoscience are shaped and who has access to these 

fields (Clark, 2005; Jaffee & Howard, 2010). 

1.4 Methods 
In order to understand the social construction of bioplastics over considerable time 

and in multiple contexts, my methods of inquiry are necessarily multifaceted.  I begin 

with an historical account of precursor industries, policies and technoscientific 

developments related to bioplastics from the 1900s to the 1990s.  Two eras are critical 

importance to this study.  Much of my primary research involved collecting material from 

the 1930s to 1950 when biomass was positioned to compete with fossil fuels for 

dominance in the U.S. as an industrial resource.  There is a small cluster of literature on 

this carbohydrate economy which helps orient my data collection.  Several historians 

have documented early attempts at developing agriculturally based fuels and other 

biomaterials.  Within these accounts, federal government policies to support and 

eventually impede biomass utilization are critical.  Second, formation of monopolies in 

chemical and petroleum industries and their influence on national politics made a 

“bioeconomy” less likely to become successful.  The Chemical Heritage Foundation has 

a small library of relevant documents that helped extend my findings past the 1950s by 
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providing material on the organizations and membership changes in the Chemurgy 

Movement after biomass was no longer publicly discussed.  Along with the archive at the 

Chemical Heritage Foundation I collected documents from several sources, including: 

• popular news article and magazines 
• proceedings of conferences 
• government documents and public hearings 
• industry reports 
• patent applications and 
• legal proceedings. 

 

My qualitative methodological approach draws from the new political sociology of 

science (NPSS) which concerns itself with macro and meso-sociological analysis.  With 

this approach I focus on how overlapping institutions and dominant actors recreate 

unequal distributions of power to construct bioplastics.  In order to accomplish this I tie 

together actors and the local and global social structures that shape technoscientific 

decision making, public and private investment, and governance of the industry and 

employed technologies.  My historical orientation is important because bioplastics seen 

today have precursor technologies, patents, company investments, and political decisions 

that influence the “new” bioplastics.  My analysis focuses on the relatively small network 

of actors who have been influential for nearly a century in developing the precursors of a 

bioeconomy and an even smaller set of stakeholders that have worked with bioplastics.  

Primarily I focus on large corporations and the industry groups to which they belong.  I 

categorize these companies into three ideal type classes—chemical, agricultural and 

biotech--which develop collaborations between group members to advance their own 

biopolymer resins.  After initial interest in using biomass large chemical companies 

specialized in synthetic chemistry and utilization of fossil fuels.  These companies 
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collaborated with agricultural companies that had expertise in processing of crops.  

Biotechnology companies integrated into these collaborations with new methods of 

transforming carbohydrates into new materials and developing new plants that could 

natively produce biopolymers.  Cross pollination of ideas, patents, and capital has been 

critical for the formation of the present bioplastic industry. 

Federal and several state government policymakers and institutions have supported 

biomaterial innovation through targeted investment, redirecting public research facilities’ 

attention, opening publicly owned technoscientific knowledge to the market, deregulating 

industry, and establishing purchasing guidelines directed at biomaterial expansion.  I 

focus primarily on the USDA, major legislation and presidential directives as drivers of 

agriculture and chemical industry integration.  Supporters and detractors which lie 

outside of major industry and federal agents shift over time and require greater attention.  

In the earliest decades I pay most attention to the Chemurgy Movement and those 

individuals who participated in conferences or wrote about the movement.  In later years 

I locate stakeholders based upon positive and negative arguments made in the public 

domain, primarily press releases and news articles.  These include small farming 

advocates, environmental organizations, scientists and other experts, recyclers, oil and 

gas companies, and free market exponents. 

The historical and structural analysis is informed further by key informant 

interviews of individuals that have experiences working with, for, and against the 

development of bioplastics.  My goal is to extend the work of STS by ascertaining why 

an industry explicitly attempting to develop alternative, “green” technologies fail to 

create a sustainable technology.  Controversial application of biomass and bioplastics are 
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known throughout the network of actors I outline, often well before the polymers are 

marketed.  In order to understand how bioplastics become part of daily life, and the 

complications that can ensue, I present San Francisco as a case study.  The city has a long 

record of environmental governance, waste reform, and transparent policy making 

practices.  I present the municipality as an ideal setting for bioplastics to be integrated 

successfully as a sustainable alternative to petroleum plastics.  The case study grounds 

the national perspectives on the issue of bioplastics within local attempts at regulating a 

technology to be incorporated into broader environmental concerns.  I spent several 

weeks in San Francisco conducting interviews and interviewing participants in the 

bioplastic debate.  I began by surveying publicly available documents to find 

stakeholders that had been vocal in promoting and challenging the use of bioplastics 

within the city.  After interviewing these individuals I expanded to other groups and 

actors based upon my interlocutors’ suggestions.  I acquired public commentary 

documents on regulatory changes in the San Francisco Environmental agency that 

provided further information on who has concerns over bioplastics and what arguments 

surround bioplastics.   Many of the interviewees are also present in national debates over 

how to manage the industry in such a way as to avoid continued tension with established 

environmental reforms. 

1.5 Chapter Summary 

Chapter 2:  In this chapter, I review the literature from which I develop my 

conceptual and theoretical framework and methodology for analyzing my collected data.  

Drawing from treadmill of production scholarship in environmental sociology I 

investigate bioplastics as a project of U.S. capitalism driving development of a new 
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industry.  Conceptualizing the growth of a bioeconomy through the conceptual lens of 

resource exploitation and externalization of environmental harms helps explain why 

bioplastics do not fulfill the sustainability goals despite the best efforts of a large number 

of powerful stakeholders.  I draw from STS scholarship on the social construction of 

technology and the politics of technology to provide nuance to who has been able to 

influence the social construction of bioplastics to benefit their interests and who has been 

excluded.  Work in this literature helps me unpack contemporary bioplastics as non-

inevitable and resulting from a complex history of collaborations and conflict between 

networks of actors.  Over time sociomaterial structures are built up which advantage 

certain pathways of development over others.  It becomes ever more difficult to reorient a 

dominant technological pathway once established.  I draw on institutionally oriented 

science and technology studies to understand how and why bioplastics and the 

institutions which surround this field shape the social construction process of technology 

innovation.  Bioplastics are a politically charged topic that crosses several sectors of 

public life and private interests.  These technologies have developed within structures 

that enable certain feedstocks, techniques, investors, decision making networks and 

regulations to dominate.  Correspondingly, the resulting decisions result in moments of 

tension with groups that have been intentionally or unintentionally left out of the decision 

making process.  I draw on literature on the politics of standards and non-governmental 

regulation of technoscience in order to show how standards, tests, and certifications 

become mechanisms for stakeholders to embed their interests into the construction of 

technologies outside of traditional government focused interventions.  In the case of 

bioplastics, industry participants and academic experts have been coordinating the 
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development of biopolymers in parallel with developing voluntary standards to regulate 

the design of bioplastics.       

Chapter 3: I present a history of precursors to today’s bioeconomy, focusing on the 

efforts of the Chemurgy Movement and federal policies driving links between agriculture 

and chemical industries.  From the 1920s to the end of the 1940s industrialists, 

agricultural proponents, and government policy makers collaborated on establishing an 

agriculturally driven U.S. economy.  Many of the same issues were present during this 

time that have helped stimulate interest in biomass today.  Availability of cheap crops, 

concerns over global resource instability, and economic competitiveness positioned 

chemurgy proponents in a powerful position to influence research and investment in 

producing new agricultural goods for industrial use and new biobased products.  This 

bioeconomic vision faltered by 1950 until many of the same socioeconomic events 

prompted renewed attention to agriculture and biomaterials in the 1990s. 

Chapter 4: In this chapter I show that after the Chemurgy Movement collapsed 

many of the institutions they fostered in the federal government incubated bioeconomic 

visions.  The USDA’s research facilities were developed with lobbying help from 

chemurgists.  These facilities worked on several technoscientific fields related to crop 

manipulation, biorefineries, and networks of research between private and public 

organizations.  A number of crop based polymers, gums and resins were developed with 

public funding that are now being developed for commercialization.  In conjunction, 

consolidation of power in agriculture, rise of biotechnology and realignment of public 

research for commercialization enabled renewed attempts to build a bioeconomy. 

Environmental concerns also played a part in stimulating interests in alternatives to fossil 
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fuels.  During the 1980s, the first bioplastics reached consumes and were marketed as 

“green” alternatives to petroleum based plastics.  However, the outcome of pursuing 

environmentally motivate technological development has not been without complication.  

Collaboration between the state and industry created the infrastructure and institutions for 

the eventual market success of contemporary bioplastics, but only those that relied upon 

industrialized agricultural feedstocks and products that conformed to expectations for 

how plastics should behave.  These collaborations resulted in a very narrow set of 

biomass options, processing technologies, product types, and environmental precaution. 

Chapter 5: In this chapter I show that, since 1990, there has been an enormous 

outpouring of capital and government resources to support the development of bioplastic.  

Much of the private investment comes from chemical, agriculture, and biotechnology 

companies looking to create new markets and new goods.  Agricultural commodities, 

primarily corn, have become cheaper through research of new hybrids, public monetary 

support, and increasing efficiency of industrialized farms.  Supporting private interests 

are federal policies and institutions that advantage the purchasing of bioplastics and other 

biomaterials.  National campaigns hyping bioeconomy growth developed by the USDA 

and DOE stimulate private investment in biomaterial development.  Finally, 

environmental challenges to petroleum based products help create a cultural openness to 

the use of biomass in industry.   

Chapter 5: This chapter examines social conflicts that have emerged over the 

sources of feedstocks for bioplastic.  I outline the basic arguments of “food vs. industrial 
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use”6 and then explain how a number of firms and civil society groups have explicitly 

developed programs for bioplastics that attempt to avoid many of the tensions within this 

controversy.  Much of their success has to due to the dramatically smaller quantity of 

commodity crops necessary to produce plastics rather than an overwhelming interest in 

reinventing agricultural practice.   

Chapter 6: This chapter examines social conflicts over post-consumer disposal of 

bioplastic, using the case of San Francisco as an illustration of the myriad challenges of 

reducing solid waste. As in the previous chapter, stakeholders have attempted to develop 

standards to resolve conflicts over waste handling, but significant tensions remain.  

Several companies have attempted to develop new technologies, recycling programs, and 

education campaigns to improve the image of bioplastics.  Yet, even in the best case 

scenario of San Francisco, there are a host of environmental concerns that continue to 

undermine claims that bioplastics are a sustainable option. 

1.6 Conclusion 

In contrast to the popular stories and claims being made about “the bioeconomy” I 

demonstrate the need to investigate biomaterials as complex technosocial objects.  Using 

the case of bioplastics, I describe how these objects are part of a long historical debate 

between actors, often contentiously.  Bioplastics have been part of multiple 

“unimaginable future(s).”  Today’s bioplastics are not simply a technoscientific 

innovation emanating from the relatively new fields of biotechnology, bioinformatics, 

                                                 
6 I begin by noting the food vs. fuel controversy but expand my investigation because bioplastics offer 
different possibilities and controversies to that of biofuels. 
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and synthetic biology.7  Advanced technoscientific applications are a part of the 

bioplastics we see today; however, I argue that the portrayal of bioplastics as a new 

technology ignores a century of investment, research, and buildup of institutions that 

enable a limited vision of a bioeconomy to thrive.  Equally, or arguably more, important 

to the reproduction of contemporary bioplastics are broad socioeconomic shifts in 

resource instability, public demands for goods, and promotion of particular pathways of 

development.   

In the following chapters I expand upon the story of bioplastics as conventionally 

told.  I begin by back grounding the bioeconomic visions that have existed and the 

alternatives that might have been.  During the early part of the 20th century biological 

materials were economically competitive with fossil fuels as economical choices for 

industrial products.  This included national interests in diversifying the types of plants 

grown on the farm to be more specialized and regionally specific.  Expanding demand for 

petroleum based products shifted the competitiveness toward fossil fuels, leaving 

biomass as a considerably smaller component of industrial manufacturing.  It was not 

until the 1970s petroleum crisis and environmental movement during the similar period 

that occurred in how biomass might be used as an alternative to fossil fuels.  Many of the 

same stories returned from the earlier era of biomaterials: national security, economic 

opportunity, limitless opportunity, and technological innovation.  Differences do exist 

between the time periods.  Today’s biomaterials are derived from a limited number of 

                                                 
7 These specific terms have not been used within this chapter.  The National Bioeconomy Blueprint does 
emphasize these fields as important to a successful “bioeconomy.” 
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commodity crops that have become economically competitive through long term private 

investments and public policy support for industrialized agriculture.   

Along with the sourcing of materials for biopolymers the construction of the 

polymers and plastic products are also constrained by manufacturing capacity, consumer 

demands, and consideration of post-consumption outcomes of bioplastic use.  After 

detailing critical moments in the history of biomaterials and bioplastics I investigate how 

this history influences renewed interest in bioplastics and pathways of development.  The 

final chapters of my dissertation investigate the debates and conflict surrounding 

bioplastics.  I argue that the bioplastics we encounter should be treated as politically 

charged artifacts.  The infrastructures and institutions that enable certain forms of 

bioplastics are the result of power imbalances between actors, constraining and enabling 

social structures, and assumptions of what a sustainable technology should be.  I present 

controversies at each stage in the life cycle of bioplastics, from sourcing of basic 

resources to final disposal after consumption.  These controversial hold true for many 

biobased materials and technologies claimed to be “sustainable.”   

I end with an investigation of how local communities manage the introduction of 

bioplastics.  In San Francisco, many groups have been aware of bioplastics and have 

attempted to integrate these products into existing environmental and waste reform 

efforts.  This “best case” scenario allows me to argue that the grand narrative of 

sustainable technology innovation is only a partial story.  Underappreciated in the 

national and global discussion are the difficulties in developing and incorporating new 

technologies that are both economically and environmentally sustainable.  I conclude 

with arguments and suggestions for how technosocial arrangements can be altered to 
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enable bioeconomic visions, and bioplastic pathways, that advantage environmental 

sustainability in the face of dominant concerns for economic growth.   
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2. Literature Review 

2.1 Introduction 

There are many interpretations of what should be considered a bioplastic.  Within 

the National Bioeconomy Blueprint, bioplastics are a new component of sustainable 

bioeconomic futures.  Stories within this national advocacy narrative focus on the “bio” 

of biomaterials as inherent economic and environmental positives.  Outcomes from 

sourcing biomass, construction of final products, and end of life considerations are 

largely absent within dominant visions of the bioeconomy.  This dissertation takes as a 

starting point the idea that technology is socially constructed and that bioplastics, 

specifically, are subject to social struggle over the forms they should take.  The words I 

emphasized in the sentences above indicate a portion of the normative claims and 

assumed benefits resulting from developing a bioplastics industry.  Advocates of 

bioplastics tell stories of innovation and sustainability without acknowledging the 

technology’s path dependence or the uncertain environmental impacts of deploying 

biopolymers.   

My analytical framework for investigating bioplastics incorporates several fields of 

scholarship on technoscience and politics.  I consider bioplastics from the theoretical 

understanding of the Treadmill of Production within capitalist societies.  Research 

investigating resource exploitation and waste holds particular importance to 

understanding how bioplastics are, or are not, a green technological innovation.  Use of 

natural resources has, more often than not, led to degradation of future resource and 

harms to environment and human health.  Government agents have worked with private 

companies to advance economic growth over environmental protection.  Not only are 
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environmental systems are degraded as waste accumulates, individuals are often 

exploited because they do not have the power to influence corporate behavior and 

political discourse.  Bioplastics are linked to agricultural exploitation in that support for 

industrial agriculture has led to bioplastics being made from the cheapest and most 

environmentally unsustainable feedstocks.  Oversight over the post-consumption aspects 

of bioplastics is also lacking.  Empirical research by several ToP scholars has highlighted 

how environmental reforms related to waste and recycling can result in continuation of 

over use of natural resources and exploitation of marginalized peoples.   

I also draw upon the scholarship within Science and Technology Studies that 

politicizes the social construction of technology.  In particular the research that has 

investigated where diverse actors have challenged dominant perspectives on 

technological development is essential to understanding bioplastics.  On the one hand 

bioplastics, like most other technologies, are the end result of contestation and 

collaboration between diverse actors.  Interwoven within these interactions are 

institutional norms and rules that govern thoughts and behavior.  I use these concepts to 

investigate how the bioplastics we see today are one possible option that could have 

developed given alternative arrangements of social structures, political-economic 

investment, and resource availability. 

Finally, the literature on alternatives to state centered regulation of technology 

helps to clarify the role of third party standards in technological change.  Applying direct 

control over markets or developing strong government oversight of industry has become 

a less common practice within the United States.  Bioplastics are no exception to this 

trend.  In light of the evolution of regulatory systems away from state centered 
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approaches, market and voluntary mechanisms of regulation have been constructed.  

Companies, regulators, policy makers, and environmental advocates develop and shape 

standards and certifications in order to control the shaping of technology.  In the case of 

bioplastics, what resources are used in the manufacturing of the product and how these 

products break down as waste are of particular importance to determining what pathways 

are sustainable.  Incorporating environmental ideals from multiple stakeholders into new 

governance institutions are a positive change in technological governance.  Importantly, 

however, this process of institutional formation must be kept transparent and 

continuously challenged.  Standards should remain an evaluative tool to understand 

technological construction and governance and not static measures of success or failure in 

the construction of a particular product.     

This literature review proceeds in five sections: 1) the treadmill of production and 

environmental reform; 2) social construction of technology; 3) political sociology of 

science and technology; 4) technology and social movements; and 5) the politics of 

standards. 

2.2 The Treadmill of Production and Environmental Reform 

Research in environmental sociology has examined the social forces that lead to 

environmental degradation in capitalist societies. Particularly important is Allan 

Schnaiberg’s theory of the “treadmill of production” (1980), introduced in the book The 

Environment: From Surplus to Scarcity and elaborated by Schnaiberg’s students, David 

Pellow, Kenneth Gould and Adam Weinberg. Treadmill of Production (ToP) theory 

asserts that an expanding economy trumps environmental concerns. The state, labor 

interests and capitalists tend to work with one another to support economic expansion for 
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mutual benefit.  Investment since WWII and continued globalization have continued to 

shift more balanced and sustainable local economies to technologically driven and 

exploitative systems throughout the globe (Gould et al., 2008).  Despite attempts by 

corporations to develop “greener” products and production systems, and national and 

international organizations to regulate the global economy, resource extraction continues 

to degrade ecosystems and communities are harmed. The capitalist political economy 

hinders meaningful environmental reform. Several principles of the theory have been 

developed by Allan Schnaiberg, David Pellow, Kenneth Gould, and others.   

First, economic expansion is a basic driver of social, economic and environmental 

policy (Schnaiberg, Pellow and Weinberg 2002, 17).  Within this framework resources 

are depleted and pollution accumulates faster than natural systems can sustain.  

Capitalists, workers and policy makers all benefit from supporting an expanding 

economy through profit gain, wages and political power.  Second, an expanding economy 

requires increased consumption and policy mechanisms for enabling access to credit and 

low cost goods.  Third, the means of solving any resulting problems from the treadmill of 

production are assumed to lie within the market, often through a technological 

intervention that “solves” a perceived problem.  In several well documented case studies 

in waste reform ToP scholars find that shifting from community oriented recycling 

centers to large private recycling companies in order to “solve” increasing quantities of 

waste did little to recycle resources and tended to create harsh working environments .  

For workers, this often means labor displacement requiring yet further expansion of the 

economy to produce new job opportunities to replace those lost from mechanization and 

efficiencies (Schnaiberg, 1980).  Fourth, large firms, and now multinational ones, are the 
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assumed “core” of an economic engine.  Large corporations are given tax holidays, 

public investment dollars, and considerable influence in national and international policy 

making to avoid competitions and regulation (Gould et al., 2008).   Finally, capital, labor, 

and the state align together to support the treadmill even when there is unequal benefit to 

labor, consumer, or the state.  With the mutually supportive positions of each group of 

actors, the environment will remain a secondary concern.  It is not until environmental 

damage reaches a degree that cannot be ignored that the equation changes (Weinberg, 

Pellow, & Schnaiberg, 2000).  This can occur when worker health and livelihood are 

threatened or an environmental catastrophe galvanizes public opinion against private 

companies and public figures (Szasz, 1994).   

To examine how environmental reform occur as part of treadmill processes, 

Pellow, Schnaiberg and Weinberg et al. (2000) studied the creation of recycling programs 

in two municipalities. In the first place they argue against situating the beginning of 

recycling in the 1980s and 1990s when large firms and municipalities developed 

recycling systems.  Rather, they argue that these interests largely displaced more local 

and effective recycling organizations that preexisted large firms and municipal programs.   

While these authors have systematically studied several waste reform and recycling 

efforts the long-term, detailed investigation of Chicago is particularly instructive.  The 

shift from small-scale reuse efforts to industrialized recycling largely occurred during the 

1980s with political efforts to deregulate industry.  Resulting concerns over landfills and 

litter as well as unrelated environmental catastrophes gave environmental advocates the 

political clout to rally for waste reform such as recycling and improved landfill 

management.  Large scale recycling was seen as the best option because it would reduce 
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landfill tipping fees, create new jobs, and produce resources for new and existing 

markets.  According to Pellow et al. (2000, 114):   

The state needed to find ways to alleviate pressure to site new landfills. 

Firms had to deal with shifting consumer perceptions about waste 

disposal. And environmental groups were anxious to harness renewed 

public enthusiasm into a proactive environmental practice. Recycling 

emerged as a solution that would serve everyone's agenda. The central 

promise was a new 'urban alchemy'. Private firms would take garbage and 

turn it into a resource. 

With profit motive the main driver of private recycling companies, social and 

environmental concerns remained rhetorically useful but largely undermined.  

Recyclables tended to become contaminated due to institutionalizing single stream 

recycling rather than source separation; the former was determined to be more 

economically viable.  Paper was soiled by other containers and broken glass would end 

up throughout the bags as containers were thrown about the trucks.  Broken glass and 

other dangerous contaminants such as needles and biohazards would also put exploited 

workers at risk (Pellow, 2004).   

In contrast, Schnaiberg, Weinberg and Pellow (2001) show that in a nearby Illinois 

city, Evanston, strong local advocacy organizations working alongside local government 

agencies, ensured that social and environmental principles were incorporated into the 

recycling system.  The center eventually constructed was designed in such a way that the 

most complete recycling of goods would be achieved.  This often required integrating 

training and skill development in order to encourage a higher quality end product.  

Chicago’s program, on the other hand, developed a repressive regime of labor 
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exploitation that often resulted in end products so contaminated that they could not be 

sold.  According to the authors, the success of the Evanston project was due to pragmatic 

government agencies making the political and economic decision to incorporate diverse 

stakeholders into the program.  Decisions were often slow to develop, but the reflexive 

practice encouraged worker protection and improved management of the facility (Pellow, 

Schnaiberg, & Weinberg, 1997).   

The ToP literature offers a useful starting place for conceptualizing the 

development of bioplastics. While bioplastics can be viewed as a type of environmental 

reform, they are taking shape in the context of treadmill processes that demand constant 

economic growth and tend to sideline environmental costs. To understand the historical 

emergence of the technology itself, however, requires concepts from science and 

technology studies (STS). In particular, I turn to the literature on the social construction 

of technology (SCOT) and the history of plastics. 

2.3 Social Construction of Technology 

Bioplastic is subject to social struggle over the form it should take. Scholarship in 

STS examines the social and material structures in which technologies are developed (W. 

E. Bijker, 1995; Winner, 1986). Technologies (including fossil fuel based plastics) have 

considerable interpretative flexibility until they become stabilized through social 

processes. Successful technologies, those that achieve widespread use in a stabilized 

form, are not necessarily those with the most efficient or broadly beneficial outcome.  

Rather, the construction of technologies is influenced by the capacity of people to 

develop networks of support, frame problems and appropriate solutions, and limit the 

capability of others to gain access to decision making.  The artifacts that end up 
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succeeding are the result of choices, investments, arguments, and collaborations among a 

network of actors that have differential capacity to influence the social construction 

process (W. Bijker, Hughes, & Pinch, 1989; Mort, 2002; T. Pinch & Bijker, 1984).  In 

other words, one cannot assume that the final artifact was successful due to its objective 

superiority to alternatives. 

One method of arguing for the non-inevitable outcome of technological progression 

is to historicize existing artifacts in order to determine what alternatives did or might 

have existed given different sequences of events, sociopolitical interests, and 

technological capacity.  Scholars such as Donald Mackenzie and Judy Wajcman (1999 

(1985)) and Trevor Pinch and Wiebe Bijker (1984) argue that we must consider the 

construction of technologies as multidirectional outcomes of stakeholder interaction, 

framing of problems, appropriate means of solving problems, and deployment of power.  

Technologies attain different meanings for different relevant social groups and remain 

flexible until stable forms of facts and artifacts become dominant within the network (T. 

J. Pinch & Bijker, 1989).  Stakeholders use multiple strategies and positions of influence 

to persuade, collaborate and coerce others to support their interpretation of what a 

technology or industry should look like.  To this end, artifacts themselves can help  some 

actors advance what should be the most appropriate direction for the social construction 

process by materializing values, assumptions and interpretations into the objects and 

techniques (Mackenzie & Wajcman, 1999 (1985)).   

STS scholars have studied the social construction of plastics.  These range from 

cultural and historical descriptions of plastics in society to plastics as social constructions 

developed within socio-technical networks of actors.  The literature on plastics suggests 
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that the ubiquity of plastics comes from their utility and changing culture within the 

United States. The research also shows that plastics and the large plastic industry resulted 

from substantial military demands and support from the federal government.  

Wiebe Bijker (1997) applied a SCOT perspective to the development of Bakelite, 

an early form of plastic.8  Bakelite helped usher in the era of synthetic polymers. Through 

an historical analysis, Bijker argues that if Leo Baekeland had been a part of the actor 

group that was attempting to develop cellulose-based plastics or had been part of the 

academic investigation of polymers he might have been limited in his perception of what 

techniques were possible or what could be marketed.  Celluloid and other attempts at 

developing replacements for naturally occurring polymers were limited in application, 

were expensive, or tended to be highly combustible.  The invention of Bakelite, and 

eventual commercial success, was due partly to the technical merits of the material over 

competitors.  However, Leo Baekeland was able to form a strong network of interested 

parties that were willing to support development and marketing of this technology.  

Bakelite was not an inherently better or beneficial option for consumer products.  Rather, 

the artifacts we see are the result of choices, investments, arguments, and collaborations 

among a network of actors that have unequal power in influencing the social construction 

process (W. Bijker et al., 1989; Mort, 2002; T. Pinch & Bijker, 1984).     

Bijker’s (1997) work on the social construction of Bakelite reveals many of the 

challenges and solutions that developed around how to replace scarce resources with 

synthetic polymers.  Items such as ivory based billiard balls, jewelry, and a host of other 

                                                 
8 The first synthetic plastic was developed by Leo Baekeland in New York in 1907. 
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consumer goods could be replaced with cheaper and potentially more durable synthetic 

polymers.  Several iterations of engineering and marketing were required to help change 

polymer characteristics and public perceptions in order to be suitable replacements for the 

consumer products that already had established demand.  “Replacement” of natural 

products became the overriding frame for investors, managers and engineers.  Finding 

novel alternative uses for the technologies took a great deal longer to become established.   

Jeffrey Meikle (1997) has written several influential historical studies of plastics in 

American society, most notably in his book American Plastic: A Cultural History.  In his 

analysis Meikle explains how plastics became integrated into American society after a 

long period of disinterest in the early years of plastic innovation, most of which were 

positioned to mimic natural, scare resources.  Meikle concerns himself with the co-

production of plastics and American society where the technological capacity for 

petrochemicals to become nearly anything imaginable suited a culture growing 

accustomed to choice, consumption and change.  This is not to say that plastics enjoyed 

universal support; in fact the earliest synthetic polymers were, according to Meikle 

(1997), derided as against nature, dangerous or inauthentic. Once fully integrated into 

American culture plastics would eventually become symbols of progress, choice, and 

success of the middles economic empowerment.  To limit how plastics were designed and 

consumed would have meant a recognition that U.S. society would have to restrain itself 

and be more cognizant of how it benefited from technological “progress.” 

Alison Clarke (Clarke, 1999) has written on how Tupperware was successful due to 

the useful storage capabilities of this technological innovation. More importantly, 

Tupperware became a marker of abundance in consumer culture of post-war America.  
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The company further benefited from new business models where consumers became 

spokespersons.  Marketing the product as essential to suburban life and advocating that 

the company stood for improving the lives of women stood as primary factors in enabling 

Tupperware and other plastic manufacturers to dominant consumer demand for products 

that were cheaper and more durable than the fibers, resins and metals typically used in the 

household.  Meikle and Clarke both detail how plastics have become integrated into U.S. 

society, culture, and economy over decades.  Their work is helpful in understanding how 

difficult it will be to reconstruct plastics when nearly every aspect of U.S. society is 

reliant on these technologies and the idea of what plastics should be has become as much 

a cultural touchstone as an engineering decision.   

By examining the social processes through which technologies—including 

plastics—are constructed, STS researchers have challenged narratives of linear 

technological progress. However, the SCOT approach has been criticized for its 

inattention to social structures. These structures include institutional rules and 

assumptions actors work within as well as the distribution of resources and access to 

domains in which technologies are designed (Klein & Kleinman, 2002).  Critics have 

argued that studies of the social construction of technology should explain which 

individuals and groups are in positions of unequal influence (Winner, 1993), address the 

constraints on actors through interaction with  the physical world (Jasanoff, 2004a), and 

determine how unequal allocation of resources reinforces the power of certain actors to 

shape decision making (Prell, 2009).  Government agencies and official promotion of 

innovations can result in technoscience that contains built-in biases (Harbers, 2005; 

Jasanoff, 2004a, 2005).  Langdon Winner’s (1986, p. 27) assessment of the 



 

36 
 

interrelationship between federal research funding and agricultural machines is one case 

representing,  

an ongoing social process in which scientific knowledge, technological 

invention, and corporate profit reinforce each other in deeply entrenched 

patterns, patterns that bear the unmistakable stamp of political and 

economic power. Over many decades agricultural research and 

development in U.S. land-grant colleges and universities has tended to 

favor the interests of large agribusiness concerns. 

Furthermore, many problems are invisible or ignored, with many technoscientific 

pathways left “undone” without introducing outside perspectives and realigning who 

wields power of the social construction of technoscience (Frickel et al., 2010).  The inter-

relationship between the state and technoscientific governance becomes important when 

existing structures constrain uneconomic or politically problematic opportunities and 

enable unequal access technological decision making (D. Hess, 2007; Jasanoff, 2004a; 

Sarewitz, 1996).  A growing literature on the political sociology of science and 

technology attempts to turn greater attention to these social structural concerns. 

2.4 Political Sociology of Science and Technology 

Kelly Moore and Scott Frickel  (Frickel & Moore, 2006) argue that we must attend 

to the “routinized ways of doing things” that can hinder alternative perspectives from 

developing.  Multiple interlocking institutional frameworks shape interpretation and 

action and are often reproduced by the actors embedded within these structures (Giddens, 

1984).  Frickel and Moore (2006, p. 8) describe how institutions “…even when largely 

taken for granted…nevertheless shape or channel social choices, constraining certain 

course of action and enabling others.”  Individuals working within the institutional norms 
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of an organization tend to have similar perspectives on problem finding, problem solving, 

and acceptable access to decision making.  For example, within agricultural policy 

making agencies, this could mean emphasizing information gathering from 

agribusinesses in order to analyze program success while farmer’s experiential, and often 

non-quantifiable, knowledge with crops are ignored or marginalized (S. Wolf, 2006).  

The result is the prioritization of commercial application and privatization of 

technoscientific knowledge (S. A. Wolf & Zilberman, 2001).   

State policies can be used to shield companies and products from competition or 

regulation, creating niche markets that might not exist otherwise.  Michael S. Carolan 

(2010) describes this phenomenon in the rise and fall of ethanol within the United States.  

Different forms of ethanol are supported for different reasons by state authorities 

depending on what judgment criteria are used for “successful” biofuel development and 

who has power to shape the discussions.  For example, when economic growth and rural 

development are top priorities then agribusinesses are able to work with agencies, such as 

the USDA, to promote commodity crop use over second generation biomass 

technologies—which would be more beneficial for greenhouse gas emission reductions.     

Research in the political sociology of science and technology has also examined the 

increased attention to the value of universities as sources of industrial innovation, often 

connected with regional industrial clusters (Croissant and Smith-Doerr 2007; Kleinman, 

2003; Kleinman and Vallas 2001; Etzkowitz et al. 1998; Owen-Smith 2005; Slaughter 

and Rhoades 2004).  New intellectual property regimes facilitated the repositioning of 

universities as engines of the new knowledge economy.  In the United States, the passage 

of the Bayh-Dole Act of 1980 confirmed the progressive change in direction of federally 
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funded research.  Elizabeth Berman (2008) argues that university research institutions 

have been influenced for decades by federal actors and small businesses to support the 

goals of Bayh-Dole and improve technology transfer from public facilities to private 

industry.  Federal research funds have been targeting commercial application of 

knowledge developed within public institutions for decades.  The difference since Bayh-

Dole has been a more direct reorientation of universities as an economic resource and to 

promote entrepreneurialism among faculty.  Patenting becomes critical for companies 

and laboratories within this scenario.  For university researchers success within the 

institutional setting of the school or within peer networks requires patentable research.  

Conversely, transfer of technologies and patents can influence the direction of publicly 

funded research by limiting access to patented techniques or require collaboration with 

private companies to gain access to patented items (Kleinman, 2003).   

Some research on the history and regulation of plastics is attentive to the questions 

raised by political sociologists. For example, Pap Ndiaye (2007) describes the 

interrelationship between DuPont’s synthetic chemistry research in polymers, primarily 

nylon, and production of materials for the U.S. military.  Ndiaye highlights moments 

where DuPont worked with other organizations and groups to manipulate the political 

and regulatory systems within the United States and Europe.  Among the many outcomes 

of DuPont’s actions was growth in consumption of disposable goods and construction of 

what would eventually be described as the military industrial complex.  Managers in 

DuPont and the chemical engineers they hired were capable of expanding operations with 

long term war and cold war purchasing by linking together the expertise gained from 

work on atomic weapons and ammonia based chemicals.  This buildup in infrastructure 
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and institutional capacity for innovation led to greater efficiency in production and direct 

implications for consumer society by enabling cheap production of goods.9 

Sarah Vogel (2009) investigates the making and unmaking of chemical safety 

regulation through the lens of one component of certain plastics.  In this case the 

plasticizer bisphenol-A (BPA) has been defined as safe not because of rigorous and 

impartial scientific research but rather politically contentious struggles to undermine 

claims against BPA.  Most bioplastics on the market are assumed to be benign because 

they avoid the use of synthetic plasticizers.  This does not mean that the residue from the 

breakdown of the polymers won’t become a toxin or help toxins aggregate in the 

environment.  Considering another environmentally toxic plastic Mulder and Knot (2001) 

use a large technological systems (LTS) perspective to argue how  PVC continued to 

become entrenched in U.S. markets despite considerable opposition to PVC itself and the 

broader chemical industry that utilized chlorinated compounds.10  Investors and company 

owners had entrenched interests in protecting PVC because of large investments in R&D 

and material goods needed to make and distribute products.  Along with considerable 

capital investment the authors argue that there were several powerful companies and 

                                                 
9 This aspect of synthetic chemistry has been more fully explored by Edmund Russell (2001) in his work on 
the use of chemicals in warfare, both human and environmental.  He argues that the U.S. and other western 
nations have a long history of compromising human and environmental protection in the face of profit 
motives and military demands.  The U.S. government demands for chemicals to “annihilate” aspects of 
nature that were complicating war efforts helped institutionalize the production of chemical toxins in 
industry and perception of how to solve future health and agricultural problems.  While not directly about 
plastics, the industries that form and the federal interventions that support the growth of chemical 
technologies are directly related to construction of plastics and the inevitable harms that ensue from narrow 
interests for profit.  

10 The authors explicitly use Thomas Hughes (1989) concept of large technical systems as a starting point 
from which to understand which networks of actors were influential in constructing PVC and which actors 
had the capacity to sway public opinion and private interests to ensure PVC remained available despite 
growing concern over the technology. 
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trade groups which acted as core drivers of the PVC field, going so far as to purge 

companies that produced goods that were more controversial and supported products that 

would avoid public scrutiny.   

Vogel’s (2009) study of BPA shows how regulation of toxicity is constructed 

through negotiation of private interests, scientific knowledge, public opinion and state 

concerns to promote economic growth.  To ensure BPA would continue to be available as 

an integral component of many plastic products industry advocates lobbied government 

regulators, funded scientific investigations where non-disclosure agreements were part of 

contracts, and ran consumer education campaigns to construct BPA as “safe” despite a 

lack of consensus on safety.   

Ndaiye’s (2007) and Mulder and Knot’s (2001) work more explicitly investigate 

how industry and the state work together to produce markets that benefit private industry 

and align with state interests.  In Ndaiye’s (2007) analysis U.S. federal government 

demands during wartime promoted certain technoscientific advancements over others and 

the influx of public capital helped establish a massive chemical industry that would be 

reluctant to give up its dominant position by allowing alternative markets to develop.  

The scale of DuPont and other companies allowed this industry to have considerable 

influence over private investment and public regulation.  Within the market sector related 

to bioplastics the largest multinational corporations have been able to leverage public and 

private investment and collaborate with one another to establish and protect and 

expanding bioplastic industry.11  Mulder and Knot (2001) analyzed a subsector of the 

                                                 
11 The companies that have the most investments in developing bioplastics are Dow, DuPont, Cargill, 
Archers Daniels Midland, Coca-Cola, Pepsi-Cola, Braskem (Brazil). 
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chemical industry, PVC, and find that industry groups were capable of working together 

to shut down companies that were developing controversial PVC products.  Relevant to 

bioplastics, the mechanism that the companies and industry advocacy groups used was to 

establish “voluntary” standards to restrict market access to the more controversial product 

manufacturers.  By establishing guidelines for purchasers to select products and for 

manufacturers to understand possible environmental harms the dominant companies 

protected their investments in PVC.  These standards also helped circumvent civil society 

arguments against PVC by indicating to regulators that the companies were taking 

proactive steps to limit possible harms.   

In summary, the political sociology of science and technology brings questions 

about social structure to the study of the social construction of technology. Research on 

social movements, in particular, has offered important insights about the political and 

social processes through which technological pathways might change. 

2.5 Technology and Social Movements 

Researchers have observed the importance of social movements and advocacy 

organizations in shaping technological development and challenging the treadmill of 

production (Breyman, 1999; Jamison, 2006; B. Martin, 1999).  David Hess (2007) shows 

that many kinds of advocacy groups may be influential in technoscientific production, 

such as environment activists, civil society groups, non-profit and private collaborations, 

and small, innovative businesses.  These different groups use a range of tactics such as 

confrontation with industry and policy makers and defining and developing new 

technologies and techniques that are more socially and environmentally beneficial.  More 

specifically, Hess (2005) develops a theory of technology- and product- centered 
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movements (TPMs).  TPMs involve the creation of hybrids of the private sector and civil 

society organizations.  These hybrids form as movement actors promote and/or create 

new products that do not exist in dominant industries.  As the alternative technologies 

and products garner attention by consumers and businesses these alternatives are 

incorporated into large industries.  Additionally, technologies are not constructed strictly 

by interests in efficiency but are “subject to a cultural politics and political economy of 

selection that determines which ones flourish and which ones are left in the 

demonstration-project stage” (Hess 2007: 69).  For example, Hess (2007) examines how 

zero waste activists have been working with local governments to apply corporate 

responsibility regulations to change packaging and limit land filling and incineration of 

waste.   

There are many reasons NGOs have been successful in shaping science and 

technology.  International attention to environmental groups and concern for 

environmental justice, as well as limitations on nation-state participation in 

environmental governance has prompted concerns to legitimize oversight of markets 

through diversifying participants in the construction of science and technology (Jasanoff, 

1997; Taylor & Buttel, 1992; Wapner, 1996).  Sheila Jasanoff (2004b, 94) argues, “For 

governments to neglect the richness and complexity of public knowledge, therefore, is to 

risk serious loss of credibility.” Integrating expertise from lay experts and alternative 

perspectives from NGOs and their support networks has become a necessity for 

companies wanting to avoid public controversy and to participants in market subsectors 

to legitimize their self-regulation.   
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Several global environmental debates have been influential in placing NGOs at the 

forefront of debates over how to manage environmental problems. Global climate 

change, and how best to understand and manage the outcomes of climate change, has 

been critical to expanding dialogue on who should be a part of policy discussions.  NGOs 

have challenged who is an expert or authority in negotiating the harms caused by climate 

change (Eden, Donaldson, & Walker, 2006).  Les Levidow and Claire Marris (2001) 

analyze the way in which challenges by NGOs to agricultural biotechnology have created 

“legitimacy crisis” that require more transparency and access to decision making.  In 

order to maintain authority and legitimacy in light of the climate change and 

biotechnology debates, companies are forced to engage with new forms of civic 

epistemology (Newell & Levy, 2004).   

NGOs challenge the linked actions of state and private business and help to 

construct new expertise outside of traditional academic and policy circles (Eden, 2009).  

Advocacy organizations work to redirect research investments into scientific research 

domains that have been ignored or invisible to dominant actors (Frickel et al., 2010). 

Frickel and Davidson (2004) argue that nation-states engaging in environmental reform 

actions have their assumptions and resources diverted to new ventures as government 

agents’ network with civil society groups.  Alternative perspectives and institutionalized 

sensitivity for environmental justice and new metrics for evaluating environmental 

reforms developed between activist networks alter sustainability governance (Frickel & 

Davidson, 2004).  

There are many strategies these groups take: direct action, lawsuits, public 

shaming, engaging in corporate governance, and pressuring governments for new 
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regulatory options (Benford & Snow, 2000; Pellow, 2007; Tarrow, 2011).  

Environmental movements can destabilize expert opinion on appropriate levels of 

toxicity or exposure.  Groups can create new institutions presenting alternative bodies of 

knowledge on controversies, such as toxicity and experiential health movements (D. J. 

Hess, 2004), and engage with companies to use third party standardization and 

certification options more aligned with the goals of advocacy organizations.  In the latter 

case, food advocacy groups have been effective in shaping global agrifood standards to 

protect indigenous farming practices and promote organic agriculture (Busch & Bain, 

2004; Hatanaka & Busch, 2008).   

In the U.S. the organic movement that helped stimulate organic standards and 

labeling was made up of several groups offering different sets of expertise in agriculture.  

The USDA, in order to promote organics and streamline standardization, developed 

organics standards that became a site of contention over defining “organic.” USDA 

organics standards became a site of contention as large companies attempted to allow for 

practices that were in conflict with small organic farmers and environmental groups that 

had been developing low environmental impact techniques and marketing a strict 

conception of organic (Hess 2007).  Pre-industrial agricultural practices, lay knowledge, 

and new forms of scientific techniques for growing food were presented as alternative 

practices to the dominant large industrial farm (Hassanein, 1999).  Built up since the 

1920s, the organic movement coalesced in the 1970s along with the environmental 

movement and appropriate technology movement.  Increasing market share of organic 

foods and higher price premiums shifted the organics movement into conversation with 

large agribusinesses and federal regulators.   
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Stakeholders began to work with regulators to define the term and appropriate 

practices of organic farming.  Larger agricultural companies exerted their power on what 

criteria would be applied to determine if a food met the conception of organic (D. J. Hess, 

2004).  According to Julie Guthman’s research in California (2000), the broader 

perspectives of the organic movement to integrate local systems of production and strict 

ecological farming principles was not incorporated into the USDA organic standards.  

Larger farms focused on the more limited perspective of how to redefine “organic” to 

align with use of chemical inputs and intensive farming.     

David Hess (2007) has explained how the framing of organic farming shifted away 

from the sustainability concerns of the small local farmer to the demands of large 

agribusinesses through the instillation of the USDA’s organic certification as the 

dominant organic standard.  Large firms, such as Kellogg and General Mills, bought up 

the smaller organic operations.  Once incorporated into the larger company the small 

farm practices were changed into more “efficient” operations.  With growing size of 

operations the Congress intervened with the Organic Food Production Act of 1990.  

Innovation in the technology of organic agriculture can be considered operational, e.g. 

no-till farming, as well as definitional, e.g. how much of a chemical can be applied and 

still be considered an organic farm.  Unequal power for farmers and civil society activists 

shaping the construction of organic results from layered institutional structures that 

benefit large private sector actors to advance their interests.  The Act established a 

National Organics Board within the USDA that was originally going to allow the 

application of wastewater sludge and GMO crops.  The organic movement and other 

environmental activists intervened with the Save Our Organic Standards media campaign 
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leading to a tightening of the definitions and criteria for organic food.  As a result, some 

of the principles of the early organic movement were saved; however, many of the ideals 

were pushed aside by the federal organic standards institution (D. J. Hess, 2004).   

In sum, the research on technology and social movements shows that civil society 

organizations can have an important role in producing technological change; however, 

social movement gains are often co-opted by industry. One place where this is frequently 

observed is in the development of third-party standards for new technologies, including 

bioplastics.  

2.6 The Politics of Standards 

With limited intervention by government entities in shaping technoscience through 

regulation, private companies want to secure stability in definitions of green products, 

risk, what products can be categorized to fit within a market subsector (Busch, 2011).  

State actors increasingly look to third party organizations, such as ASTM and ISO, to 

independently determine which companies and technologies might warrant further 

political support and which products and firms might require regulation (Cashore, 2002).  

Companies can then utilize these transmittable metrics and tests to determine where to 

allocate resources, limit competition, and avoid possible public controversy over 

developing a class of product that are not as ‘green’ as marketed (Busch & Tanaka, 

1996).  Steven Bernstein and Benjamin Cashore (Bernstein & Cashore, 2007) provide an 

analytic framework for how market driven governance systems are collectively 

established within a network of heterogeneous interests, condition choices made by 

participants once metrics are established, and improve market efficiency for those firms 

that agree to abide by the agreements (Patricial & Kovach, 2000).  The outcome of this 
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regulatory path is to attempt to depoliticize a particular technoscience by replacing public 

debates between public actors with “objective” standards, tests, and certifications 

assumed to be politically neutral.  Konefal and Hatanaka document how third party 

certification of shrimp farming in Indonesia is a negotiation between stakeholders on 

scientific as well as political grounds.  Increasing democratization during standard 

making decisions would advantage more diverse input into the social construction 

process and greater enrolment of stakeholders (Konefal & Hatanaka, 2011). 

While environmental and other civil society group intervention has been successful 

in creating and shaping standards, there is still the concern that incorporating social 

movement ideas into existing politico-economic institutions can be undermined.  As 

discussed above, Julie Guthman (2004) has shown how organic standards have recreated 

may problems of industrial agriculture in California and has led to large reductions in 

consumer and political oversight over the industry.  Lawrence Busch  argues that 

environmental advocates have had their concerns undermined when they become 

enmeshed within neoliberal, market based governance institutions.   

Hatanaka and Busch  (2008) argue that while non-governmental regulation can 

align with public interests, we must remain aware that designing standards is a politically 

charged process that avoids defining technologies too strictly in order to form consensus.  

Scholars like Andrew Szasz (2009) argue that Americans have largely given up pushing 

the state to regulate industry and have turned to “shopping our way to safety.”  Labels 

granted by federal agencies and third party certifications legitimize consumption because 

products become objectively good when they conform.  However, much like material 

artifacts, market driven governance mechanisms are politically charged processes that 
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enable and constrain how markets and technoscience are shaped and who has access to 

these fields (Clark, 2005; Jaffee & Howard, 2010).  Standards influence technoscientific 

development by embodying the ethics and values of the people involved in design and 

application of these definitions and quantification (Lampland & Star, 2009).   

2.7 Conclusion 

Each of these literatures draws attention to conflict in the interaction of a diverse 

network of actors.  Farmers, environmental activists, company managers, engineers, 

scientists, consumers, government agents, lobbyists, etc. are building and using 

discursive frames, technological systems, public policies, institutional norms, and 

material artifacts to advantage their position in the social construction of technology.  

Moments of tension within a sociomaterial network reveals places where there is 

instability in what a technology “should” be and who is ignored or made invisible in the 

construction of a technology.  The benefit from this perspective is to lend me the ability 

to argue for how “things might have been otherwise” in historical context.  Using a 

reconstructivist perspective (Woodhouse, Hess, Breyman, & Martin, 2002) I engage with 

policies and mechanisms that would improve governance of bioplastics and lead to a 

closer approximation to a sustainable technology.   
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3. Bioplastics from 1920-1950 

3.1 Introduction 

This chapter historicizes the precursors to bioplastics as part of a larger 

agriculturally based economy.  At least since the 1920s, bioplastics, biomaterials, and 

bioeconomy have been framed as inherently “good” for national security, economic 

growth, and environmental health.12   Who influences the success and failure of 

“bioplastics” is a question about power relationships and structures which shape these 

relations.  Success of biomaterials rises and falls based upon state support for farming 

and fossil fuels, fluctuation in resource costs and availability, technological capacity to 

alter basic resources, path dependence and increasing economies of scale, and social 

support.  In the case of bioplastics, the range of pathways the technology and industry 

might have taken was not entirely shaped by efficiency use of resources or market 

demand for a particular product.  Rather, a small group of large corporations, federal 

agencies, academic institutions and Congressional lawmakers interacted with one another 

to establish institutions and infrastructures to support the use of commodity crops for 

consumer goods.  Farmers, recycling operators, government regulatory officials, multiple 

industry sectors, farm workers, indigenous peoples, consumers, and other members of 

national and global society are implicated in the development of bioplastics and other 

biomaterials.  Despite the overlap with a diverse cross section of people only a small 

number of voices have been heard on, for example, what forms of agriculture are best for 

                                                 
12 Bioeconomy is a new term not used before the 1990s.  I have introduced the term here as a means of 
linking past and present context.  Before the 1990s, more common terms of linking agriculture and industry 
were farming economy, carbohydrate economy, or rural economy.  Differences between the terms include 
agricultural farming techniques, integration of biomass and synthetic chemistry, changes due to 
industrialization, and use of biotechnology. 
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growing the crops for biomaterials or what designs in bioplastics are most likely to 

mitigate social and environmental harms.  The bioplastics we see today are the result of 

decades of political, scientific and economic decisions that have been integrated into 

institutions which continue to shape stakeholder decision making. 

I break this chapter roughly into three periods of time critical for understanding 

why we see bioplastics rise and fall throughout the 21st century in the United States.  

First, I study early attempts to market bioplastics and visions of a bioeconomy from the 

1920s through the 1950s.  Within this time frame, government interventions in 

agricultural production and sales, expanding fossil fuel extraction and processing, and 

government unwillingness to check the power of large corporations are primary reasons 

for the rise of utilization of excess agricultural production.  Over time several frames 

developed which continue to influence debates about today.  Protecting farmers from the 

vagaries of crop price boom and bust was a strong interest for farmers’ advocates, 

investors, and policy makers.  Framing a bioeconomy as supportive of small farmers and 

rural communities repeatedly arises across the century in justifying support for 

technologies such as Agrol, bioplastic, ethanol, textiles and a host of other materials.  

National security became a paramount concern during World War II when blockades of 

global trade in commodities and demand for materials used in warfare caused shortages 

within the United States.  Disruption of global fossil fuel trade and availability of 

organics used in domestic production, such as rubber, helped establish the United States’ 

agricultural strength as an important element in security for the nation.  Coalitions that 

formed to support the integration of agriculture and industry began to break down during 

the 1940s as international trade in oil began to expand and diversify—stabilizing the 
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price and access to oil.  Successful expansion of synthetic chemistry based companies 

created new demand and cheaper supply of synthetic commodities.   Protecting farmers 

became less of a public discussion as industrial agriculture and federal management of 

commodity crops became the norm—the “family farm” simply became less central to 

national public discussions of agricultural policy.      

Changes in agriculture, both through industrializing farming and through 

agricultural policy changes, influences the construction of bioplastics.  Evolution of 

agriculture in the United States from a primarily carbohydrate based and agrarian 

economy after the 1940s was bolstered by a variety of structural changes in society  First, 

the majority of agricultural production  went from local farms and local use to large, 

mechanically intensive farms.  Second, horizontal and vertical integrated occurred 

throughout the commodity supply chain.  Companies that developed chemical inputs, 

controlled seed distribution, and who owned processing facilities expanded and 

consolidated.  Centralization in agriculture benefited from the capacity of large firms to 

acquire and merge with other companies to form regional and national monopolies 

capable of out competing smaller companies (Shoemaker 2001).  Second, the legal and 

political system has enabled the patenting of genetically modified organisms which 

limited the use and reuse of seeds as well as institute fertilizers and pesticides as the de 

facto requirement for maximum yields.  Dominance of a few agricultural corporations 

and a small number of commodity crops constrained the opportunity to utilize more 

diverse feedstocks for bioplastics.  In the case of the United States consistent support for 

corn production makes this crop the economically logical choice for polymer producers.  
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As I will show in subsequent sections, there are a number of alternatives that might have 

been or have yet to develop.   

From the 1920s through the 1950s biomaterials were competitive with petroleum 

based counterparts.  Private and public investment receded during the late 1940s and 

1950s for several reasons.  Advocates of agriculture integration with industry, 

particularly the Chemurgy Movement, criticized federal agencies for being shortsighted 

in their focus on a small number of crops.  These same advocates also challenged the 

executive branch for relying on production control, through crop burning or paying 

farmers to not produce, rather than finding new markets for the surpluses.  As 

chemurgists made enemies with the USDA and several presidential administrations the 

synthetic chemistry industry grew larger, more powerful, and more diverse.  Chemurgists 

also attempted to undermine hydrocarbons as a fuel source which helped create a schism 

between synthetic chemical companies and advocates of carbohydrate utilization.  Along 

with this schism constraining broad integration of crops into large industry, the 

economics of petroleum, advances in synthetic chemistry, war demand for new chemicals 

and appropriation of technology patents from Germany led to the failure of the 

burgeoning carbohydrate economy and Chemurgy Movement that was strong in the early 

parts of the century.  However, several policies and institutions were developed during 

this early period that helped keep research and development in biomaterials continuing.  

From the earliest vision of a “bioeconomy”, federal research facilities and public 

universities have worked with private firms to produce the precursor technologies and 

techniques for biomaterials that eventually became commercialized products.   
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From 1950 to 1990, federal agencies such as the USDA, Department of Defense 

and DOE conducted or invested in research on bioplastics and precursor technologies that 

eventually had direct application to contemporary bioplastic and biofuel.  Several 

universities, often land grant universities with agricultural interests, also continued 

researching new methods of exploiting biological material and improving processing 

techniques.  Along with public support for bioeconomic development a small number of 

private companies that were active in previous decades continued to improve upon 

existing internal research and developed partnerships with public institutions to improve 

the market competiveness of alternatives to petroleum.  Bolstering these efforts were the 

aligned interests of the state and private industry to use federal purchasing power and 

legal mandates to expand the growth of agriculture and biomaterial innovation.  

Legislation was passed at several instances to support commodity crop development and 

use while several presidential administrations passed executive orders for federal 

purchasing guidelines and agency support for development of biomaterials.  Policy 

changes from the late 1970s onward the technological, infrastructural, political, and 

institutional background for bioplastic development.  Of particular influence were the oil 

price shocks in the last decades that lead to public discussion of environmental harms of 

petroleum, concern for limits to these resources, and led to renewed interest in biomass 

energy sources.   

With petroleum access and use becoming an international concern, agriculture has 

returned as a social and environmental sector that needs to be expanded and improved 

upon.  Contemporary manifestations of “bioeconomy” involve many of the same actors 

present throughout the last century of schisms between synthetics and organics.  The 
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difference today is that a closing of the schism as companies that have been dominant in 

synthetics, e.g. Dow and DuPont, have begun to look to biomass as a means of 

augmenting feedstock demands.  This has led to collaborations with large crop processing 

and distribution companies, such as Cargill, as well as purchasing smaller technology 

firms that have patented technologies for manipulating biomass into base chemical 

inputs.  Bioeconomic development has benefited from this change; however, there have 

been corresponding constraints placed on the construction of bioplastics.  Expectations of 

what plastics “need” to be in U.S. society have been incorporated over several decades.  

Consumers and retailers expect a certain durability and functionality that many biobased 

polymers are incapable of achieving.  Manufacturers also have considerable capital 

investments in processing technologies that are not always compatible with biopolymers.  

Finally, synthetic chemistry has expansive knowledge on how to construct complex 

chemicals from basic molecules.  Transforming corn sugar, for example, into chemicals 

known to fit into synthetic polymer chemistry pathways is an easier framework to 

promote than developing entirely novel new classes of polymers.  As Bijker (2007, 122) 

argues, "People with a high degree of inclusion in a technological frame will find it 

difficult to imagine other ways of dealing with the world, of using these things radically 

differently or even not using them at all."  

Many of the industries dominant in the past era continue to exert influence in 

policy making and shaping of market and regulatory environments.  Institutions such as 

the USDA’s Agricultural Research Service are now extending the intellectual resources 

maintained through the 1960s, 70s and 80s into the private sector now that the economics 

of biobased materials are more favorable.  Firms that gained dominance during the 
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previous era play a substantial role in contemporary efforts to advance biobased 

materials, shape regulation, and advantage some variations of bioplastics over others.  I 

focus, in this section, partially on the technologies developed that are related to 

bioplastics in present context.  I also analyze how industry and government actors worked 

together to establish markets for biomaterials and how these collaborations eventually 

failed due to conflict with other private interests and political machinations. 

Across the time periods I detail how individuals develop and utilize technological 

and social frames for understanding the problems they are faced with and shape the 

responses to these problems.  I draw on literature on several literatures on framing.  

Directly related to the social construction of technology, technological frames are a 

conceptual lens for outlining how networks of actors understand technological problems 

and solutions (W. Bijker & Law, 1992).    Several previous investigations into changes in 

framing relate to bioplastics, including: interaction of biotechnology and neoliberal 

perspectives in the treatment of life as commodity (Cooper, 2008), linking progress 

through industrialization with agricultural practice (Fitzgerald, 2003), altering product 

design to integrate into existing waste management practices (Deutz, Neighbour, & 

McGuire, 2010), and shaping biodegradability criteria for bioplastics to align with norms 

for managing compostables and fit within existing testing methods (Briassoulis, Dejean, 

& Picuno, 2010).  These frames also organize networks of actors to deploy resources and 

engage in collective action.  I consider how frames embedded within the institutions I 

investigate enable and constrain actor agency by providing norms of behavior and 

mechanisms for understanding problems and solutions.  Hoffman and Ventresca (1999, p. 

1371), in a literature review of institutions and framing explain, “Institutions and 
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organizations are central in the basic framing of policy issues such as the environment 

and economics relationship.  Institutions present normative and contextual constraints 

that alter individual and organizational perspectives on relevant issues.  They also 

contribute the cultural terms and cognitive elements in the policy field around which the 

issue is debated.”   

There are three arguments that have been influential in garnering support for 

biomaterials and which shape how bioplastics have developed out of public concerns.  

First, public investment in biomaterials has come about out of concerns that resources 

would be unavailable for national security and economic development.  Crisis over fossil 

fuel availability and disruption in global trade of natural resources have prompted 

multiple attempts to diversify domestic resources for industry and military application.  

Second, protecting the United States agricultural base has been a concern of state and 

federal government agents for centuries.  In the case of biomaterials, the state has 

promoted the use of agricultural output in order to bolster the economic health of farms 

and processing facilities.  In the U.S. surpluses and decreases in commodity crops have 

linked farming advocates, private firms and the state to develop non-food markets.  The 

reciprocal outcome of integrating agricultural material into new markets is a bolstering of 

industrial competitiveness through use of cheap and stable agricultural resources.  

Finally, environmental concerns and the development of linkages between agriculture, 

industry and public research facilities have existed since at least the 1920s.  The vision of 

a bioeconomy includes not only “green” product development but also scientific 

intervention in agricultural practice to improve soil quality and reduce synthetic inputs 

that are linked to environmental and health harms.  
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While these framing arguments have been influential in developing support for 

bioeconomic growth and biomaterial development they are also challenged by groups in 

competition with narrow agricultural sourcing of biomass, farming and indigenous 

community advocates that challenge inequalities in distribution of harms and benefits, as 

well as environmental advocates that question the true environmental benefits of 

biomaterials and support for industrial agriculture and biotechnology. 

3.2 Competition between Oil and Carbohydrates 

Within this section I focus on the efforts of a collection of individuals advocating 

for the integration of science, industry and agriculture.  The movement’s strongest 

proponents, a small but vocal group, coalesced into what they called the Chemurgy 

Movement and commanded considerable national attention and support from the 1920s to 

the early 1950s.  Proponents of the movement were an elite body of scientists, industry 

leaders, and political figures which helped develop many of the scientific techniques, 

institutions and technologies that form the backbone for contemporary attempts at 

developing biomaterials.  The successes and failures of chemurgists and their supporters 

offer several lessons. 

First, many of the biologically derived polymers utilized today were developed 

either by Chemurgy proponents, researched within federal research programs or were 

patented by companies that are actively engaged in promoting bioplastics today.  My 

intention is to dispel the myth that today’s bioplastics are a natural evolution from a 

polluting “black carbon” economy to a sustainable “green carbon” future resulting from 

an expanding environmental consciousness.  Despite broad public support for using crops 

in industries over fossil fuels it was, in part, technological innovation and political 
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intervention by competing industries which led to the temporary demise of biobased 

materials. 

Second, while chemurgy as a social movement lost coherence by the middle of the 

1950s many of the organizations and institutions supported by the Chemurgy Movement 

continue to promote the industrial usage of biological and agricultural material.  During 

“slow” decades the federal government and public research universities were the entities 

continuing to improve upon methods developed during the Chemurgy era.  Privately 

owned chemical companies which had been interested in biomass research largely 

concentrated on producing new fossil fuel derived products as prices dropped and 

techniques were developed to diversify useful products from crude oil.  Public investment 

in this case creates a network of interested parties that incubate research and development 

in biobased goods until the cost differential between petroleum and commodity crops 

approaches parity and private investment returns.13 

In later chapters, I will compare this historical period with contemporary 

emergence in the U.S. of what is being described as a new “bioeconomy.”  With nearly 

half a century between the initial years I investigate, 1920-1950 and the contemporary 

era, 1990-present, the arguments and institutions present are striking.  Resource 

instability and national security are linked in both eras.  Improving the situation for 

farmers and rural communities through developing new markets for surpluses are 

similarly present in both time periods.  The USDA is still central to bioeconomic 

promotion, only the size of the organization has changed.  Federal incentives for 

                                                 
13 This parity has often been artificially created through policies favoring or disfavoring production of 
either sources of raw material, e.g. tax benefits, blending of fuels, and regulatory standards. 
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agriculturally based fuels are central to the expansion of a carbohydrate or bio- economy.  

Changing supply and demand of basic commodities, environmental events and utilization 

of sociocultural frames interweave to enable biomass integration into national and 

international markets.  Materially, the cost of basic commodities—sugars, crude oil, 

cellulose, ethanol, fats, etc.—influence the perceptions and actions of public and private 

actors.  Collapses of crop prices make these biological commodities interesting for 

investors and companies that own the means of converting these crops into non-food and 

shelf stable goods.  Price collapses also prompt Congressional and Executive intervention 

in the market through public investment in research, promotion of commercializing 

products and trade agreements between countries.  Public and private actors also are 

influenced by and draw on a pervading cultural support for farming and agriculture.  

Proponents in both periods insist on the importance of agriculture for America’s security 

and economic success. 

In all these time periods many groups are marginalized in their ability to change 

institutional and technoscientific trajectories.  Alternative conceptualization of 

agricultural methods and ownership, consumption patterns, product design, and 

regulatory systems appear to be unchallenged despite interventions by less powerful 

actors.  In Chapters 6 and 7, I will present arguments against the dominant discourses and 

actions in order to further argue for the constraints on construction of sustainable 

bioplastics. 

3.3 Plant Based Fuel Prior to 1920 

Use of crops in U.S. industrial sectors might have been established earlier, and 

more completely, than the 1920s had it not been for federal taxation on ethanol during the 
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Civil War.  Ethanol as a biofuel had existed for some time in the United States and had 

competed successfully against other fuel sources, including tallow, whale oil, coal and 

kerosene.  In order to pay for the Civil War the Northern Union placed a $2 per gallon tax 

on ethanol.  This tax lasted until 1906, creating incentives for fuel developers to look to 

other options.  Extended price inequity was perpetuated even after the tax was lifted due 

to the infrastructure petroleum producers developed and linkages with companies that 

produced anti-knocking compounds for internal combustion engines (Songstad et al., 

2009). 

With the automobile and gasoline industries on a trajectory with considerable 

political support, a large shock was required for a shift toward alternative renewable fuels 

(Dimitri, Effland, & Conklin, 2005).  When the alcohol tax was finally lifted in 1906 oil 

had already become cheap and plentiful.  National Grange, the parent organization of 

local agricultural community collectives, began parallel work on expanding alcohol fuel 

use (Carlson, 2003).  The organization wanted to support local production of fuel in 

opposition to large oil corporations and harvesting companies that were applying pressure 

on farmers to become part of national and international markets.  In late1906, the 

organization’s push for “farmer’s alcohol” was eventually co-opted by Standard Oil by 

shifting the emphasis of national support of alcohol for war demands.  Standard Oil and 

its collaborators would be the only companies with enough capital to invest in facilities 

that could support this demand.  According to the historian Laurie Winn Carlson 

(Carlson, 2003) the USDA had publicly supported the Grange efforts until a secret 

agreement was reached between the General Education Board, a philanthropic arm of 

Rockefeller Foundation and Standard Oil, and the USDA where the Department of 
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Agriculture would receive funding directly from GEB and the USDA would in turn 

retract their support for alcohol from small farms.  

3.4 Plant Based Fuel from 1920 - 1930 

Despite this dominance of petroleum, research on processing of crops for industrial 

biomaterials continued in a small number of institutions. In the same year the alcohol tax 

was lifted, the USDA began research on an engine that would run on pure alcohol.  What 

at the time was called “utilization research,” led to several new crop based materials for 

industry use (Bowers, 1992, pp. v-xii).  The performance, defined as fuel economy, was 

less than petroleum and the research was halted in 1933 (Egloff & Morrell, 1936; Wright, 

1993).  The USDA was again involved in biofuels when Henry Wallace, the Secretary of 

Agriculture under Franklin Roosevelt, proposed a mandate that ten percent of all motor 

fuel would be made from ethanol. However, the political forces of the oil industry were 

strong enough to defeat the bill (Carolan, 2009).  Radical changes in the political 

economic relationships of petroleum to the state and industry would be required to force a 

frame shift in the U.S.  As World War I came to a close the repercussions for American 

farmers was dramatic.  More acres had been planted and prices had risen during the war 

as farmers were able to sell to the Allies.  When agriculture rebounded in Europe demand 

collapsed rapidly and farm wages fell correspondingly.  The Federal government was 

stimulated to intervene and the chemical industry saw the possibility of utilizing cheap 

crops for industrial production.  The late 1920s and early 1930s also was a time of flux in 

petroleum availability and cost.  Consolidation in drilling companies, land ownership and 

production facilities created instability across oil producing states (Libecap, 1989).  The 
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relative stability of agriculture prices would likely be compelling for any industry 

attempting massive capital expenditures to create new production facilities.   

3.5 Chemurgy Movement from 1920-1950 

Stimuli for using agricultural products in industry vary depending on the actors and 

groups one considers.  For the U.S. government, national security, economic growth, and 

price stability dominated as reasons for influencing the development of new science and 

technology to expand industrial utilization of biomass.  For industry, cheap and abundant 

sources of agriculture and forest materials provided an opportunity to make cheaper and 

more diverse goods for consumers.  Farmers and their advocates were concerned with 

sustaining their livelihoods by improving the productivity of their farms and expanding 

demand for their harvest.  Straddling these groups were several visionaries and public 

figures helping to shape the Chemurgy Movement and public and private investment.  

For all parties, increases and collapse of commodity availability and lessons learned in 

the two World Wars and in the interwar period shaped decisions and enabled exploitation 

of national concerns for policy changes. 

Chemurgy as a movement was initially primed by the aftermath of WWI.  This war 

has at times been called the “chemists’ war” due to the development of toxic gases as 

well as less toxic fertilizers that came from wartime research investment.  While the 

neurotoxins and tear gas became a public opinion liability for chemists there was still 

considerable support for the science itself.  According to Gilbert Whittemore (1975, p. 

136) chemists also had a cultural shift based upon their involvement in the war effort, 

they exhibited, “…a  growing enthusiasm for  research for  its  own  sake, a 'research 

ideal'.   There was also an increasing concern with the chemists 'social obligations’, a 
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'public service ideal'.”  Successes in the application of chemistry during both wars 

positioned leaders in the community with considerable political influence.  After the First 

World War, the National Research Council and then Secretary of Commerce Herbert 

Hoover began to promote chemistry as the source for America’s future success (Pursell, 

1969).  Beyond political support U.S. industry benefited from the appropriation of 

German patents as spoils of war.  The Chemical Foundation was formed after WWI with 

Francis P. Garvin as its president to distribute these patents after buying them from the 

5000 patents from the government at a small cost.  Many of the members of the 

Foundation were the largest chemical companies in the U.S. (Pursell, 1969).  A portion of 

the proceeding sales would eventually be used as the primary funding source for the 

strongest chemurgy body, the National Farm Chemurgic Council (Finlay, 2003). 

One of the earliest federal actions was the Purnell Act of 1925, which expanded the 

agriculture extension service and introduced new federal funding for research into 

economic and social problems of rural communities and farmers.  Congressman Fred 

Purnell, of Indiana, championed the legislation in order to leverage federal investment to 

improve farming and rural life.  His home state was being hit by low crop prices which 

had a profound effect on his constituents.  The Act helped establish sociological research 

into the USDA and provided legitimacy to rural sociology.  After passage of the bill, the 

agricultural experimentation stations within the USDA began to focus on new uses for 

farm surpluses, rather than attempting to control production (Kunze, 1988).  With 

considerable federal interest in using the resulting farm surpluses, the environmental 

damage caused by overproducing on farms and new chemical techniques available 
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through domestic research and appropriated patents the Chemurgy Movement began to 

form. 

The early 1930s brought several federal agencies, research universities and 

members of industry such as Dow Chemical and Ford Motor Company together to find 

solutions to farming troubles, such as soil erosion and crop prices, and continued 

American competitiveness.  At the core of what became known as the Chemurgy 

Movement was the Farm Chemurgic Council and United States Department of 

Agriculture.  Henry Ford and George Washington Carver had already begun the process 

of investigating crops as material resources for industry and manufacturing.  Henry Ford 

realized the potential of utilizing organic materials in the production and powering of his 

vehicles.  After considerable investment in soy production and manipulation of soybeans 

he revealed to the world his ‘vegetable car’ in 1941 that contained soybean based resins 

and ran on biodiesel (Stevens, 2001).  In part, Ford’s interest coincides with rapid 

increases in domestic production of soy starting in the 1930s  (unpublished Shurtleff & 

Aoyagi, 2004). 

In 1935 these interested parties had solidified relationships enough to develop a 

national conference to exchange ideas and plan on future actions.  Several hundred 

leaders of agriculture, science and industry, and farmers, met at Ford’s Dearborn, 

Michigan facility.  This First Dearborn Conference was called together by the Chemical 

Foundation as a means of expanding opportunities for farmers to sell their crops for 

industrial use, thus managing a growing food overproduction issue, and for industry to 

utilize local and cheap feedstocks in production.  The founders of chemurgy insisted that, 

to save America's agrarian roots and ensure American industrial profitability, new 
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research and development was needed that would align agricultural and industrial needs.  

Agricultural goods would become the feedstocks for industrial development from fuels to 

chemical precursors (Pursell, 1969).  The Dearborn Conference became an annual event 

between 1935 and 1946, bringing together chemurgy proponents and powerful actors in 

agriculture, science, government and industry.  The conferences provide an interesting 

lens into the evolution of this early movement as they represent, at least early on, a 

diverse compliment of opinions on chemurgy as well as a perspective on the motivations 

and eventual failure of the movement to achieve greater market success.  Many of the 

concerns of participants in the conference resonate with present-day concerns for making 

agriculture more profitable and efficient.   

3.6 Great Depression and New Agriculture Policy 

The initial research and development proposed by chemurgy adherents was 

motivated by several stimuli.  Bringing science and industry into agriculture was thought 

to improve land management and soil conservation and increase the profitability of farms 

(Fitzgerald, 2003).  During WWI the United States was exporting crops to Europe in 

increasing amounts.  After the war, the global market for the new production collapsed.  

This led to a nationwide concern for government intervention in agricultural 

policymaking and regulation.  The stock market crash in 1929 exacerbated the losses of 

rural communities, causing many banks to foreclose on farm loans due to unsustainable 

crop prices.  In a moment of desperation, Secretary of Agriculture Henry A. Wallace, 

helped craft the 1933 Agricultural Adjustment Act which would help farmers destroy 

more than one-quarter of their crops.  It was near this time that chemurgists began to 

coordinate with one another to find an alternative to crop destruction. 
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In order to maximize the investment into chemurgy pursuits, the Chemurgic 

Council began to push the Executive and Congressional branches of government to 

develop research facilities after participants of the first Chemurgic Conference 

established the Council in 1935.  Desperate to find ways to dispose of surplus crops and 

end a collapsing farming sector the Secretary of Agriculture, Henry A. Wallace, with 

support of the Chemurgic Council was able to convince Congress to appropriate money 

for four regional research laboratories in 1938 as part of the Agricultural Adjustment Act.  

The original proposal was sponsored by Senator Theodore G. Bilbo of Mississippi in 

1938 after discussions with other Senators over his state’s cotton surplus (Finlay, 1990). 

He negotiated with other senators with different commodity interests, and they agreed to 

authorize use of federal funds for laboratories to explore new uses for regionally specific 

crops.  Each labs mission would be to find new chemical and technical uses and markets 

for farm commodities, particularly those, like wheat, cotton, milk, and potatoes, with 

“regular or seasonal surpluses.”  The resulting Second Agricultural Adjustment Act 

(1938) established four regional research centers to develop new uses for farm products. 

Locations were Wyndmoor, PA; Peoria, IL; Albany, CA; and New Orleans, LA.  The law 

was described as “a new charter of economic freedom for farmers” by Secretary of 

Agriculture Henry A. Wallace.  It provided for marketing, acreage allotments, soil 

conservation, and loans and crop insurance (Kelly, 1993).  For chemurgists, the 

installation of the regional research centers was a materialization of their demands to 

diversify USDA policy beyond production control and a small number of commodities.  

Within the same act, Congress directed the USDA to conduct a survey to determine 

the most promising avenues for research and to recommend locations for each of the four 
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laboratories. Results of that survey, which was carried out by the four scientists selected 

to head the labs, was published in 1939 as a comprehensive survey of all agricultural 

lands, crop availability, research institutions, and possible options to expand agricultural 

production and utilization.  Each center was to focus on commodities relevant to the 

region.  In the South cotton, sweet potatoes and peanuts would be the focus.  In the North 

corn, wheat and waste products would be researched.  In the Eastern area apples, milk, 

potatoes and tobacco were dominant commodities of interest.  Finally, the Western 

research facilities would focus on fruits, wheat, and potatoes.  Congress appropriated $4 

million with each lab receiving equal share (Wallace, 1939).   

While the research labs at the USDA began to work on new uses for crops the 

Chemurgic Council began to develop national campaigns in several markets.  One of the 

products that dominated the early years of the Chemurgy Movement was Agrol, or 

agricultural alcohol.  Agrol was argued to be superior to petroleum fuel and at the very 

least was a viable solution to the knocking and emissions issues of using petroleum as a 

transportation fuel.  Mechanics and scientists attested to the benefits of ethanol over 

gasoline (Bernton, William, & Sklar, 1982).  David Wright (1993) indicates that initially 

chemurgists through the Farm Chemurgic Council had succeeded in promoting ethanol 

within the USDA as a means of dealing with the farm surplus.  Civil unrest in the Corn 

Belt forced several Congressional Representatives to push through a bill that would lead 

to increased utilization of alcohol as a transportation fuel additive.  Throughout 1932 and 

1933 Henry Wallace, Director of the USDA, worked with figures in the Chemurgic 

Council and with political allies to develop a proposal and research study on the benefits 

of farm based alcohol production.   
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However, the petroleum industry put together a national campaign to discredit 

ethanol by running competitions, often faked, and proclaiming that the USDA support of 

this industry was taking taxpayer money away from useful pursuits and only benefiting 

farmers and private industry (Carolan, 2009).  According to Wright (1993) neither 

Wallace nor the Council anticipated the concerted lobbying campaign of the petroleum 

and automobile industry against the proposal.  Wallace was forced to retract his support, 

Wright argues, “It was not that Wallace…lost faith in the promise of power alcohol. 

Rather, they began to see power alcohol and other Chemurgic projects as long-term, 

capital intensive efforts of high political risk when what was needed were short-term, 

labor intensive interventions in the farm economy around which greater political 

consensus could be built” (61).  Whatever successes came from this movement were 

short-lived, though, as ethanol production was effectively abolished following the plunge 

of gasoline prices around 1940, making it impossible for the competitive pricing of 

ethanol with gasoline (Antoni, Zverlov, & Schwarz, 2007). 

Chemurgy and Agrol were further disadvantaged by a rift caused by the Chemurgic 

Council that began in 1934 when members admonished the USDA’s decision making.  

Publicly admonishing the USDA was not a new phenomenon for chemurgists.  The  

Supervisor of the Chemical Foundation, the post-WWI patent hub of german chemical 

patents, went out of his way to challenge the USDA’s New Deal policies and 

mishandling of how to best manage the United States agricultural land (Wright, 1995).  In 

public forums several members of the Council argued that the USDA research 

community was wasted due to the administration’s ‘unscientific’ and politically 

motivated decision making (Beeman, 1994; Finlay, 2003).  Chemurgy also lost a popular 
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based of support from the farming lobby, such as the National Grange, when the 

dominant members of the Council began to take on the framings of industrial profitability 

and scientific control over the farm (Beeman, 1994).  Finally, many of the core members 

of the Chemurgy Council became a political liability due to their opposition to New Deal 

policies and support for Republican political figures (Pursell, 1969).  Outside of the 

Chemurgy Movement, beginning in the mid-1930s, several states petitioned the federal 

government to initiate nationwide programs to control the supply, and thus cost, of oil.  

Oil cartels were allowed to form and were given supply coordination support through the 

federal National Recovery Administration (NRA) Oil Code.  Stability in oil continued 

until 1973 when the international cartel, OPEC, began to compete with U.S. producers 

(Libecap, 1989).  The correlation of Chemurgy’s fall and new bioplastic investment with 

the price stability of oil is no coincidence.   

It was not until Wheeler McMillan, a nationally recognized agricultural journalist, 

took over the Council 1938 that he began distancing the council from ethanol production 

and renewed focus on other opportunities.  He began to change the rhetoric of the 

Council and chemurgy generally to be more practically interested in the purchasing 

power of farmers and the production of goods in the United States for increased job 

creation.  By the time the United States became involved in World War II McMillen had 

begun to actively promote his idea within the USDA regional research facilities 

developed earlier.  He advocated for an economic nationalism whereby the U.S. could 

secure itself from resource disruptions by focusing on new crops and new non-food uses 

of these crops (Effland, 1995).   
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Participation in World War II raised concerns for developing domestic resources 

for basic chemical components used in all manner of military and civilian uses.  The 

Chemurgy Council continued to garner support throughout the interwar period and into 

the Second World War.  During WWII chemurgists began producing replacements for 

oils used in industry that were imported, such as linseed oil for palm oil, as well as 

supporting the loss of natural rubber due to embargoes and blockades (Finlay, 2009).  In 

1942 Congress appointed a “rubber czar” to produce synthetic rubber from crops.  

Through this office the federal government worked with several large investors to expand 

research in synthetic rubber and increase domestic production of guayule, the crop used 

to harvest natural rubber (Finlay, 2009).  Chemurgists and several Midwestern and 

Southern state politicians were the driving force behind this bill and would have required 

all synthetic rubber production to come from grain based alcohol.  Petroleum lobbyists 

intervened and insisted that President Roosevelt veto the bill so that petroleum interests 

could acquire the $650 million appropriated to the measure (Finlay, 2009).   

WWII also brought about scientific and technical innovation in fossil fuel 

chemistry.  Synthetic chemistry outpaced biobased materials creation.  The federal 

government, private investment and public opinion began to erode in the late 1940s.  

Interest in biobased materials declined in private markets due to the continued reduction 

and stability in the price of petroleum.  Significant improvements in extraction and the 

finding of new reserves of crude oil in the Middle East would be the final economic 

argument to dismiss chemurgy.  Outside of technological advances the petroleum 

industry benefited from oil producing states’ campaigns to stabilize oil prices through 

supply controls.  The cost of farming, uneven harvest from year to year, and 
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transportation costs of commodities also took a toll.  The idealism and promises of 

chemurgists, particularly through William J. Hale, contributed to national disinterest in 

the movement (Beeman 1994).  Scientists who might have continued work on biobased 

stocks were enrolled in wartime needs best met by the growing petroleum chemistry.  

During one of the Chemurgy Conferences near the end of WWII the President of the St. 

Louis Federal Reserve Bank, Chester C. Davis, commented: “Even before the war, rayon 

and similar synthetic fibers had cut heavily into the market for cotton, and nylon had just 

opened another door of mysterious promise. No layman knows what the test tube under 

the stimulus of war has spawned in the way of formidable future competition for our 

leading natural fibers, cotton and wool” (Davis, 1944, 1).  The Chemurgic Council went 

through a period of decline and finally closed its doors in 1977.  Even the use of the term 

chemurgy died off as well, being replaced by the term favored by scientists “biochemical 

engineering” and “industrial biotechnology” until a resurgence of interest in the 1990s 

(Smith, 2010).   

As WWII came to an end chemurgy techniques integrated into existing chemical 

refining methods and lost its power as a movement.  Even with support from Eisenhower 

with formation of the Commission on the Increased Industrial Uses of Agricultural 

Products in 1957 The Farm Chemurgic Council lost political clout.  Lobbying by 

members of the USDA and past supporters, such as the American Farm Bureau 

Federation, mitigated the Councils’ arguments for research into new products and crops 

(Finlay, 2003).  The Chemurgic Council faltered throughout the 1960s and 1970s.  

Eventually, the organization began to realize that replacing petroleum in U.S. economy 

was impossible, and instead turned to use of waste and byproducts from agriculture as a 
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more viable option.  However, even as chemurgy as a term and coherent movement 

largely died out by the 1950s lasting contributions from this period still exist in the 

United States.  Partnerships between federal agencies, land grant universities and industry 

solidified during this time and have been critical in the development of today’s bioplastic 

industry.   

The conservation ethos of chemurgy has been instrumental in contemporary 

promotion of renewable resources and use of waste as resource.  In particular the Agrol 

of chemurgy provided a template for reintroduction of ethanol from agricultural goods 

during the 1990s (Anex, 2004).  The USDA and land grand universities continued to 

research alcohol production from crops.  The U.S. Department of Agriculture’s (USDA) 

Northern Regional Research Center, in Peoria, Illinois, completed a number of biofuels 

research projects from 1942 to 1956 (Wright, 1993).  Despite the conflicted relationship 

between the USDA and chemurgists, research continued in several facilities owned by or 

supported by the Agricultural Research Service.  The USDA was involved in lactic acid 

production and developed a continuous process of producing lactic acid which was 

patented in 1948 (US Patent 2438208).  This continuous process improved the economic 

forecast for lactic acid and PLA however the high costs prevented further development of 

the resin except for specialized purposes (Kovacs & Tabl, 2011).14   

Private companies were also researching biopolymers and biopolymer/petro-

polymer hybrids.  DuPont submitted one of the early patents on the construction of PLA 

                                                 
14 Lactic acid is the byproduct of microbial fermentation of sugars.  Polylactic Acid is the polymerized 
macromolecule derived from lactic acid.  Recently, there have been advances in fermentation of glucose 
which turns the glucose into lactic acid which has dramatically lowered the cost of producing lactic acid 
and significantly increased interest in the polymer.  PLA is now one of the most widely utilized biobased 
polymers in the world. 
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from lactic acid based upon work by one of their in-house scientists, Wallace Carothers.    

Carothers was also working within Du Pont on techniques to improve the extraction of 

larger biopolymers, from a variety of sources, and shaping them into fibers (Carothers, 

1931).  Despite investments by the powerful Du Pont and Bell corporations research 

activity in biopolymers was limited.  Very little data is available on whether the research 

yielded any commercial products.  A patent search for biological, biodegradable, and 

bacterial polymers yielded little, most of which related to basic research on naturally 

occurring polymers within algae and bacteria.  Stagnation of bioplastic construction 

mirrored the collapse of Chemurgic interest in bioderived fuels. 

Perhaps in a prescient moment Wheeler McMillan understood that chemurgy 

required government support.  In a 1939 article detailing how chemurgy was an 

American invention he argues, “Much of the research in this field must be done by 

government on the broad ground that new knowledge will eventually benefit all the 

people.  Industries cannot be expected to conduct random research into farm products.  

Farmers cannot be organized to supply such large funds, nor should they be expected to 

do so since they are not the sole beneficiaries” (McMillen, 1939).  His arguments for 

government intervention came at the same moment when Agrol was being challenged by 

Standard Oil and the petroleum lobby.  Agricultural research into new products from 

crops was slower to develop than petroleum based synthetics.  The more centralized 

chemical industry was out performing and out maneuvering the Chemurgic Movement.   

As the decades proceeded and petroleum and crop prices stabilized very little interest in 

industrial use of agricultural products developed.  It was not until the Oil Crisis in the 



 

74 
 

1970s and again in the 1990s that alternative feedstocks were again considered by private 

industry.   
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4. Development of Modern Bioplastics, 1950-1999 

4.1 Introduction 

It would impossible to locate every stimulus, primer, and event that enabled 

bioplastics to become commercial products today.  However, in this chapter I will argue 

that the incubation of research and development of biomaterials by public institutions not 

only primed the rapid growth of bioplastics in private markets but also limited alternative 

pathways of development. I have shown in Chapter 3 that interest in chemurgy began in 

the 1930s and collapsed by the end of the 1950s.  At that time, biomaterials such as Agrol 

and soy-based plastics received considerable political and economic investments.  The 

products were used to replace expensive natural commodities like ivory and as mass 

marketed goods for consumer consumption, such as milk protein based buttons and pens.  

Reductions in farm wages, military applications, retail markets, and regional fuel 

demands influenced the course of chemurgy research and development.  By the end of 

the 1950s, biomass used for industrial development waned in the United States.  Despite 

considerable effort and financing, the Chemurgy Movement failed to fulfill the grand 

promises made by chemurgists.  The Farm Chemurgic Council, the dominant chemurgy 

organization, further undermined the movement.  The original president of the 

organization, William Hale, attacked the USDA’s focus on a small number of crops and 

challenged consecutive presidential administrations on agricultural and international trade 

policy (Wright, 1995).  The Farm Chemurgic Councils long obsession with alcohol fuel 

became a liability during the media battle against petroleum companies that challenged 

bio-ethanol (Carolan, 2009).  While the Council focused on realigning federal research 
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and policy programs, petroleum based industries continued to make cheaper products and 

expanded access to fossil fuel reserves.   

In the three decades following the 1950s, biomass research was primarily relegated 

to a small number of federally supported research labs.  While limited in scope, research 

and development over these decades formed pathways for new technological innovation 

in bioplastics beginning in the 1980s and commercialization by the 1990s.  In the late 

1970s and early 1980s several socioeconomic changes occurred that form the backdrop 

for rapid growth in what is now being called “the bioeconomy.”  The oil crises during the 

1970s acted as a stimulus for multiple stakeholders in the U.S. to question reliance on 

international fossil fuels.  Politicians and lobbyists reintroduced discussions of using the 

nation’s agricultural base for industrial development.  For elected officials and 

government agents, agriculturally derived biomass could help shift demand for fossil 

fuels to domestic resources, leading to securing economic and national security 

(Nameroff, Garant, & Albert, 2004). 

Events external to biomaterials helped stimulate transfer of basic research on 

biomass and bioplastics from USDA and DOE facilities into commercial application 

beginning in the 1980s, accelerating in the 1990s, and becoming a full blown sector by 

2000.  Consolidation in agricultural markets and industrialization of the farm created 

surpluses of basic commodity crops.  Instability in world oil markets stimulated new 

interests in home grown resources.  The rise of an environmental movement in the U.S. 

helped challenge the use of fossil fuels, raised concerns over plastic pollution, and 

introduced toxicity of industrial chemicals into public debates.  Global competition in 

science and technology prompted a shift in the relationship of industry and research 
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universities, promoted by a series of policies to commercialize federally funded research.  

Bioplastic demand has been greatest in Europe and Asia, providing an opportunity to 

shift import/export imbalances with these regions.  Farmers and agricultural companies 

were interested in expanding the use of their products as a means of reversing a decline in 

commodity crop prices.  Environmental groups coalesced into a social movement, 

questioning industry pollution, consumer waste, and environmental degradation caused 

by fossil fuel extraction and use.  Companies were also looking to differentiate their 

products from competitors and sought “greener” materials to improve their brand image . 

Dr. Bernard Tao, professor of agricultural and biological engineering at Purdue 

University, argues, “It’s almost like we’re seeing the same competition over who will 

dominate the plastic market as we did a hundred years ago…But this time it is a very 

different race.”  What he goes on to describe are the uncertainties surrounding petroleum 

and advances in biotechnology (quoted in De La Peña, 2007).  Many of the same 

companies and government institutions are present as in earlier decades, however, 

translation between public and private institutions becomes more important as 

relationships between federal agencies, private companies, and university research 

facilities have rapidly advanced commercialization of public and private technoscientific 

knowledge (Kleinman & Vallas, 2001; Slaughter & Rhoades, 2004).  Agriculture, as an 

industry, has gained considerable power to shape policy making and competitiveness of 

markets.  “Bio” is not just about rural farmers but a global network of multinational 

corporations and interest groups.     

Since the 1970s, environmental movement participants have helped change the 

power dynamic of decision making of new technologies and shape agricultural practices.  
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Companies have been forced to acknowledge that controversies, and public backlash, can 

occur if the products they produce do not conform to broad environmental values or 

complicate already existing environmental reform efforts.15  This might lead to a return 

of the Chemurgy Movement’s arguments for use of agricultural waste or regionally 

specific crops, rather than corn and soy, for industrial uses.  However, even as 

biomaterials regain a foothold, the social and material structures in which participants are 

embedded have changed since the 1950s.  Agricultural and chemical companies are 

larger, more homogenous, and less likely to be adaptable (Bonanno, Busch, Friedland, 

Gouveia, & Mingione, 1994; Busch & Bain, 2004).  As a result, the largest and most 

successful bioplastic manufacturers in the U.S. use a limited number of bioengineered 

crops to produce polymers.  Where alternatives to commodity crops have been pursued, 

the prevailing emphasis has been on the use of biotechnology and synthetic biology.  As I 

noted in the introduction, the assumption for the “National Bioeconomy Blueprint” is 

that, “the growth of today’s U.S. bioeconomy is due in large part to the development of 

three foundational technologies: genetic engineering, DNA sequencing, and automated 

high-throughput manipulations of biomolecules.”  Finally, the turn of federal research 

support and university research communities to commercial over basic research limits the 

number of alternatives that are available.      

This chapter is structured by decade. I investigate the transition decade of the 1980s 

in order to highlight the macro-social changes and investments that are precursors for the 

social construction of bioplastics.  Primarily, I argue that federal emphasis on corn, both 

research investment and economic support, helped create institutional structures around 

                                                 
15 I will more fully investigate environmental controversies in Chapters 5 and 6. 
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laboratories and private companies that limited commercial success to corn based 

polymers.  My intention is to transition from interest in biomaterials generally, to 

bioplastics as a distinct field of inquiry for understanding the social construction of 

sustainable technologies.  Between 1980 and 1990, academic research and privately run 

labs were brought closer together through several political interventions related to federal 

research funding for commercialization and technology transfer.  Innovative alternatives 

that which avoided food crops as a resource or were designed to complement existing 

waste reform efforts were marginalized by considerable investments in turning crops into 

plastic.  As shown in the next chapters, from 1990 to 2000, several programs in executive 

agencies formed to promote biomass use.  A number of agencies developed internal 

programs of research and purchasing while the executive branch began to publicly 

recognize green technology.  Lobbying groups pushed for investment in a new 

“bioeconomy” that would be economically beneficial and environmentally sound.  These 

groups are diverse, e.g. farming organizations, biotechnology organizations, and 

environmental advocates.  Increasing public support for green technologies and 

policymaker interests for economic development prompted a consolidation of oversight 

into a small number of federal authorities.  USDA is the primary federal agency in charge 

of “BioPreferred” purchasing for all federal agencies and distributes funding to academic 

and private institutions commercializing biomaterials.  The National Bioeconomy 

Blueprint represents a narrative based on decades of constructing the components of a 

new bioeconomy.  The future for bioplastics is secured through these interventions.  The 

social construction of bioplastics is similarly constrained by who has had the greatest 

power to influence public opinion, private investment, and government support.  
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Policymaker attention to economic growth of agriculture, chemical, and biotechnology 

markets has enabled certain characteristics of the bioplastic industry to succeed.  In 

subsequent chapters, I investigate challenges posed by experts and civil society 

organizations when an industry develops with limited oversight and expanding 

government support. 

4.2 Biopolymer Development, 1950-1979 

The USDA was central in propagating research and development on techniques for 

manipulating plant based carbohydrates from the late 1940s onward.  Several research 

facilities, including the four regional research labs that constituted the original research 

arm of the USDA, had been developed with support from the Chemurgy Movement.  Not 

long after the Northern Regional Research Lab was formed, their Fermentation and 

Engineering Division developed a new method of converting cornstarch into glucose.  

Corn processors transferred this research into their fermentation systems, reducing the 

cost of producing sugar with little capital outlay for new facilities.  This technology has 

been translated into the production of biofuels and the primary building blocks of 

biopolymers (Gregory L. Cote & Vicotoria L. Finkenstadt, 2008).  The Northern 

Regional Lab, with George F. Fanta leading the research, also developed and tested the 

starch/petroleum composites that were eventually marketed in the late 1980s (Fanta, 

1988).  Union Carbide Corporation was one of the companies that began patenting 

starch/petroleum plastic hybrids and marketing these as biodegradable plastics and 

biopolymers (Clendinning, Potts, & Niegisch, 1974).  The Northern Regional Lab was 

also involved in the manipulation of microorganisms to produce naturally occurring 

gums, a type of natural polymer often used in food applications (USDA, 1959).   
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Outside of the USDA, a few large corporations invested in researching new 

polymer types and improving on old versions.  In 1954, the DuPont Corporation 

synthesized high molecular-weight PLA, a step in enabling stronger polymers to be 

developed (Garlotta, 2001).   In the 1960s, several researchers investigated relationships 

between the chemical structures of lactide monomers and the configurations and 

crystalline structures of resulting PLA, enabling improvements in durability and 

synthesis.  Because of its inherent biodegradability, PLA was one of the earliest polymers 

used in biomedical application and has been one of the most commercially successful 

application of biopolymers to date (Ahmann & Dorgan, 2007).  Walter Reed Army 

Medical Center’s Biomechanical Research Lab was researching the production and use of 

PLA polymers throughout the 1960s (Kulkarni, Moore, Hegyeli, & Leonard, 1971).   

A second platform technology for biopolymer development was investigated 

beginning in the 1950s.  Polyhydroxyalkanoates (PHAs) are a family of natural polymers 

produced by many bacterial species for carbon and energy storage.  The first U.S.-based 

company to evaluate whether PHAs (in particular PHB) could be produced from 

microbes on a commercial scale was W.R. Grace and Co.  The company submitted 

several patents for testing, harvesting and processing PHA in the late 1950s and early 

1960s (Asrar & Gruys, 2005).  The efforts never reached commercial success and interest 

in PHA waned in the U.S for another decade.  The next commercial attempts at using 

PHA occurred in the UK within the company Imperial Chemical Industries (ICI).  

Renewed interest came about during the petroleum crisis in the 1970s when substitutes 

for petroleum across all sectors of the economy were searched for (Shen, Worrell, & 

Patel, 2010).  ICI extended upon the published research throughout the 1960s and 
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constructed a pilot plant in the 1970s based on PHB production through microbial 

fermentation.  By the late 1980s, the company began commercializing PHB polymers 

under the trade name Biopol.  The product had limited success and was used largely only 

in consumer products where “natural” was desired. 

Because agricultural alternatives to petrol-plastics largely fell out of favor in the 

post-WWII years, it took a large stimulus to reinvigorate political interest in supporting 

new biobased programs.  Even with interest from the largest multinational corporations 

investigating biopolymers--Monsanto, ICI, DuPont, ConAgra—the technologies could 

simply not compete against their petroleum based counterparts.  It was not until the oil 

shocks in 1973 and 1978 that national discussion of alternatives became more common.  

At the center of discourse was the search for biofuels, led by many members of Congress 

and several Presidential Administrations.  Support for biofuels helped create the 

techniques for efficiently producing biopolymers as well as helping to reduce the cost of 

feedstocks so that the end products were nearly of comparable cost to petroleum based 

products.  

Several legislative actions improved the economic outlook for using crops for fuel 

and other materials.  Continued political instability in oil producing nations, particularly 

in the Middle East, drove policymakers to find new mechanisms to develop domestic 

resources (Falola & Genova, 2005).  For example, in 1978 gasohol, a renamed version of 
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agrol from the Chemurgy Movement, returned to national discussion with inclusion of a 

tax credit for ethanol in the Energy Tax Act (Libecap, 2003).16 

4.3 Technology Transfer: 1980s 

Biomass for fuel use has been rapidly expanding since the early 1980s due, in large 

part, to federal subsidies for corn production and mandatory blending of ethanol with 

gasoline.  The commodity crop that has dominated in the market from these structural 

changes is corn.  While any number of biological resources can be used by companies to 

produce biobased goods corn has been the primary source of material.   

In 1980, domestically produced ethanol was given another boost with protectionary 

tariffs against foreign grain based ethanol (Yacobucci, 2012).  Attention to domestic 

resources for national security linked with intensified interest in protecting farmers and 

rural communities facing shrinking profitability of commodity crops.  Bioplastics, 

specifically those varieties derived from agricultural carbohydrates, emerged during this 

decade as a means of improving the economic outlook of biorefineries since the materials 

have a higher profit margin than fuel production. Importantly, federal research funds for 

biomass research were expanded and this research was rapidly commercialized through 

technology transfer legislation.   

Legislators began to advance policies to support the commercialization of products 

developed with government research funds. Highlighted by passage of the Bayh-Dole Act 

in 1980, technoscientific knowledge developed at universities and federal facilities was 

targeted for transfer to private entities (Sampat, 2006).  The Bayh-Dole Act or Patent and 
                                                 
16 The Act created a $0.40/gallon blender’s tax credit.  Each gallon of gasoline that was blended with a 
percentage of ethanol from U.S. only facilities.  The credit peaked at $0.60/gallon in 1984. 
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Trademark Law Amendments Act stimulated technology transfer by allowing for the 

patenting of publicly funded research.  The act, and subsequent policies, promoted 

licensing of this patented knowledge for private companies.  This was a large change in 

the institutions of higher learning and publicly funded research as this information was 

freely available for any party to utilize.  However, without patent protection shifting from 

basic knowledge to commercial application was too economically risky. The Act allowed 

publicly funded universities to commercialize research rather than having to give 

patentable knowledge to the private market for free.17  In later decades several academic 

programs were developed to help market research and at least one lab and principal 

investigator turned into an entirely private company, Metabolix.   

The Director of USDA’s National Center for Agricultural Utilization Research 

(NCAUR), Peter B. Johnson, explained the importance of emphasizing 

commercialization and patent protection of publicly funded research (Johnson, 1996, p. 

11):  

…before 1980, both government and industry leaders traveled a rocky road 

from research to product development.  Federal researchers were obligated 

to offer their technology to everyone who asked for it.  We were unable to 

grant exclusive licenses for our patented inventions….  That meant that no 

company could have the exclusive right to market—and protection while 

recovering the cost of developing—new-use technologies resulting from 

government-funded research.  As a result, companies that competed with 

one another had no incentive to make significant financial investments to 

commercialize ARS technologies. 

                                                 
17 In 1983 patent transfer was extended to large businesses that received federal funds for research. 
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This quote is contained in a progress report from a USDA research lab’s work on 

manipulating corn starch into consumer products.  The lab produced several polymers 

based on corn starches, the most promising being a material that could absorb hundreds 

of times its weight in water.18  Commercialization only occurred when authority for the 

patented research was handed over to the Biotechnology Research and Development 

Corporation for exclusive licensing to companies.   

Just after the Bayh-Dole Act was signed into law, another piece of legislation, the 

Stevenson-Wydler Technology Innovation Act, prioritized technology transfer at federal 

research laboratories ("Stevenson-Wydler Technology Innovation Act," 1980).  One of 

the findings within the bill text highlights the tenor of concern for U.S. competitiveness at 

the time, “Technology and industrial innovation offer an improved standard of living, 

increased public and private sector productivity, creation of new industries and 

employment opportunities, improved public services and enhanced competitiveness of 

United States products in world markets.”  Stevenson-Wydler has been amended on 

several occasions since passage.  One of the more important changes occurring with the 

Federal Technology Transfer Act of 1986 is allowance for government institutions to 

engage in cooperative research and development with private industry.  The amendment 

allows transfer of patents and license agreements from federal labs to the cooperating 

company, non-profit organization, or foundation ("Federal Technology Transfer Act," 

1986).  The Technology Transfer Act directly authorized cooperative research and 

development agreements (CRADA), which are now the primary means for federal 

agencies to support research and commercialization of bioplastics. 

                                                 
18 Colloquially referred to as Super Slurper. 
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With the USDA, particularly the Agricultural Research Service, developing several 

lines of research related to biomaterials, the change in regulation of commercialization 

was critical to fast tracking new private companies.  Cooperation among private 

companies and academic and government labs was extended with the passage of the 

Federal Technology Transfer Act of 1986.  Under this piece of legislation government 

agencies were directed to establish cooperative research and development agreements 

(CRADAs).  In conjunction with the CRADAs, USDA helped develop the Biotechnology 

Research and Development Corporation (BRDC) in 1989 which is composed of 

representatives from companies that are granted access through membership fees as well 

as representatives from ARS that help administer the Corporation.  Important for 

bioplastic and biomaterial development are the actions of the research board.  

Solicitations for research of interest to member companies are sent to relevant academic 

and government research labs. 

For example, administrators of the USDA developed the Biotechnology Research 

and Development Corporation (BRDC) in 1989 at the ARS Peoria, IL offices.  Founded 

with guidance from area businesspeople, including members of Dow Chemical and 

Illinois Power and Light, BRDC selects technologies in the basic research stages that 

could be commercialized.  According to ARS: 

The new system ensures that the technology that emerges from a joint 

project will actually be born. One parent, the government research entity, 

conducts the long-term and sometimes high-risk research. The industry 

parent contributes know-how about adapting the technology commercially 

and marketing it. According to industry insiders, it's a win-win 
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arrangement for companies like The Dow Chemical Co. that have worked 

with ARS under CRADAs to develop marketable products. 

Referencing the role of the federal government support to produce corn starch 

based polymers, Dow’s research and development director, Bill Dowd, stated, "This new 

relationship between private and public sectors is very critical to the continued success of 

American business…Our membership in BRDC has been very valuable…Frankly, the 

cost of basic research in some areas, such as starch and its use in composite materials, 

would have been prohibitive” (Agricultural Research Service, 1998).19 

Coinciding with BRDC was the development of the Alternative Agricultural 

Research and Commercialization Corporation (AARCC) within the USDA in 1990 (P.L. 

101-624).  This Corporation would complement BRDCs missions by acting as a venture 

capital agency that would invest in small businesses to help them develop and 

commercialize new nonfood products from agricultural and forestry commodities 

(USDA, 1999).  Eventually, the government agency would be converted entirely to a 

corporation nominally controlled by the USDA by amendment of the 1996 Farm Bill 

(P.L. 104-127).  In 1996 the AARCC financed about 60 projects using $21 million of 

appropriated funds, including several pilots studies on biopolymers (R. Armstrong, 1996; 

National Research Council, 2000). 

The importance of federal funding support for research and securing of exclusive 

patented techniques is borne out by arguments made in a 2008 report conducted by the 

                                                 
19 BRDC is composed of representatives from companies granted access through membership fees as well 
as representatives from ARS which help administer the Corporation. Solicitations for research of interest to 
member companies are sent to relevant academic and government research labs.  The current executive 
officer, and initial founder of BRDC, is Dr. Grant Brewen—formerly of Allied Chemical Corporation.   
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U.S. International Trade Commission.  The report surveyed trends in industrial 

biotechnology, focusing on cellulosic ethanol and biobased plastics.  The authors argue 

the importance of Bayh-Dole as enabler of links between firms, in this case all companies 

developing bioplastics, and the federal government (Linton, Stone, & Wise, 2008, p. i):20 

Novozymes, Verenium, Metabolix, and Cargill illustrate the important role 

that patents are playing in firm activities. They protect R&D investments 

and market share, and facilitate the strategic alliances with other firms and 

the federal government that provide the know-how and capital to move 

cellulosic ethanol and bio-based plastics technologies from R&D to 

commercialization. 

Authors of the report argue that Bayh-Dole caused an “explosion” in university 

patenting and commercialization.  The report summarizes how federally funded research, 

with technology transfer support coming out of Bayh-Dole led to the creation and success 

of these biopolymer companies, “Key genetic engineering techniques and other enabling 

technologies often were developed with federal funds at universities and research 

laboratories. These foundational technologies then were acquired by start-up firms and 

other new entrants to the field for further commercial development” (U.S. International 

Trade Commission, 2008, pp. 2-3).  Several categories of enabling technologies are cited 

within the report.  Cellulase, and class of enzymes that breakdown cellulose for use in 

bioreactors, were patented by Verenium, a company providing industrial enzymes to 

biopolymer companies, as well as the University of Georgia Research Foundation. In 

                                                 
20 Principle authors were from the Office of Industries within the U.S. International Trade Commission.  
The research drew from an analysis of patent development and consolidation as well as a questionnaire sent 
to existing biofuel, biomaterial, and biotechnology companies.  The companies listed in the document are 
all active biopolymer developers. 
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PHA related research, the U.S. government, Metabolix, MIT and Monsanto hold 

equivalent number of patents.   

As a land grant university in the Midwest it should come as no surprise that 

Michigan State University (MSU) researchers have conducted research on crop starches 

for decades.21  The University focused its attention on industrial biotechnology and 

biobased chemicals by incorporating the nearby Michigan Biotechnology Institute in 

2005.  This non-profit entity formed in 1981out of a Governor’s Task Force on High 

Technology that was directed to diversify the state’s economic opportunities.  Initial 

funding came from the Kellogg and Dow Foundations and a grant from the Michigan 

Economic Development Authority(Info Resource, 1999).  Federal, state, and private 

funding support the institute along with royalties from marketed products.  MSU staff and 

researchers work with the organization to bring university research to commercialization 

and an advisory board searches for technologies that MBI could turn into commercial 

application.  For a period of time it was the only facility with a commercial scale 

bioreactor (Stitley, 1995).22  One of the leading experts in bioplastics, Prof. Ramani 

Narayan, is currently developing starch based polymers at MBI.  Narayan and MBI staff 

worked with Cargill, Inc. on the companies PLA based plastic technology (Brown & 

Windfield, 2009).   

In one recent investigation of linking biotechnology and biological feedstocks for 

industrial processes, Dow Chemical announced a $10 million investment in an Oilseed 

Engineering Alliance (OEA).  The Alliance consists of collaborations between The Dow 
                                                 
21 For example, Prof. Ramani Narayan (1990), of MSU’s Chemical Engineering and Materials Science 
department, patented a biodegradable polymer in 1990 (patent request dates back to 1988). 
22 The university took full ownership of MBI in 2005.   
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Chemical Company, Dow AgroSciences LLC, Michigan State University, Miami 

University, Washington State University and the U.S. Department of Energy’s 

Brookhaven National Laboratory for developing new strains of crops that will produce 

materials for manufacturing plastics, food products and other commodities.  Specific 

examples of translation of research from academic lab to private industry are Metabolix 

and Novomer.  Metabolix formed from work began in the mid-1980s by a MIT based 

research team, led by Anthony Sinskey and Oliver Peoples, working on sequencing one 

of the components of the genetic sequence that produces PHAs in microorganisms.  By 

1994, the two investigators had decided to acquire the patents from MIT for the research 

they had performed and formed Metabolix.23  They eventually signed a joint venture 

agreement with Archers Daniels Midland to produce PHA in microorganisms, feeding the 

growth with extra corn sugars from a Clinton, IA processing facility owned by ADM.  

Oliver and Peoples continued research into producing PHA within plants, primarily 

looking into switchgrass.  

4.4 Industry Growth and Federal Coordination: 1990s 

Despite policy changes that would direct federal research toward crop utilization 

and technology transfer legislation, much of the research on biopolymers has been 

scattered across agencies and institutions.  Uncoordinated research efforts were 

acknowledged as a potential limitation for biopolymer development in an important 

                                                 
23 MIT receives royalty payments from Metabolix which have averaged around $100 annually based upon 
reports filed at the Security and Exchange Commission. 
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Congressional Office of Technology Assessment report released in 1993 (Office of 

Technology Assessment, 1993, p. 14):24 

At present, federal biopolymer research activities are diffuse and for the 

most part, not well coordinated. Yet, given that biopolymer materials have 

an extraordinarily broad range of possible uses, the decentralized structure 

of the Federal research system should not necessarily be regarded as a 

barrier to biopolymer development…On the other hand, a large number of 

biopolymer applications involve a range of different scientific disciplines, 

and thus some areas of biopolymer research could no doubt benefit from 

increased coordination.   

This document was requested by the Senate Committee on Energy and Natural 

Resources and is cited in multiple academic and policy oriented fields as the core 

summary of federal engagement in biopolymers at the time.  During the late 1980s and 

early 1990s, the OTA released reports on U.S. vulnerability from oil imports (Congress, 

1984) and the role of biotechnology in a global economy (U.S. Congress, 1991) which 

likely prompted interest in U.S. competitive advantage in alternatives to petroleum 

products.  The report on biopolymers insists coordination of federal programs and 

agencies will be necessary for a bioplastic industry to replicate the success of biofuels.  

Over time, this suggestion has come to fruition with the USDA holding primary 

responsibility for bioplastics, with support from DOE and a few other agencies.  Another 

policy suggestion that progressed from this report was explicit linking of biotechnology 

as critical technoscientific intervention for success of biopolymers.  The authors note, 

“Indeed, in many cases, biopolymer researchers have been able to take advantage of 
                                                 
24 Along with staff from OTA, 32 reviewers contributed to the report.  Reviewers included individuals from 
NSF, chemical companies from multiple countries, health devise manufacturers, public universities, and 
EPA. 
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innovations that have emerged from the broad-based U.S. programs in biotechnology… 

(p. 13)” and “The United States is…well positioned in some areas of biopolymer 

development because of its strong agricultural base, expertise in polymer engineering, 

and active biotechnology sector” (p. 80).  Success is implicitly economic in scope within 

the report, with biotechnology advancing processing efficiency and creating new types of 

organisms for harvesting polymers and basic chemicals.   

Industry lobby groups pushed federal policy to support bioplastics development in 

the 1990s. Biotechnology companies worked together to develop the Biotechnology 

Industry Organization (BIO) in 1993.  BIO lobbies all levels of government to encourage 

application of biotechnology and protect the industry members from regulation.  BIO 

represents more than 1,100 biotechnology companies, academic institutions, state 

biotechnology centers and related organizations across the United States and in several 

other nations.   In the next chapter, I include further information on BIO and the networks 

they have developed with federal agencies and diverse market participants.  In short, BIO 

has promoted expanding federal funding for biomaterials and commercialization of 

research at public and university labs.  They have also worked to reduce regulations on 

biotechnology companies and use of synthetic biology in creating new biopolymer 

producing plants and microorganisms. 

In 1997, the National Corn Growers Association (NCGA) released a vision 

statement, "Plant/Crop-Based Renewable Resources Vision 2020,” which garnered 

support from the U.S. Department of Energy’s Office of Industrial Technologies 

Industries of the Future program.  In 1998, the vision statement received attention from 

the DOE and USDA who co-signed a compact with the NCGA to support the vision by 
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establishing an Executive Steering Group including Dow AgroSciences, NCGA, 

Monsanto, Cargill, American Farm Bureau, and other industry representatives 

(Department of Energy, 1999).  This was one of the first multi-stakeholder collaborations 

to bring together private interests and federal agencies. Collaboration between these 

parties drew in other organizations, including other agricultural associations and four 

companies active in the field of biopolymers—Monsanto, Cargill, Genencor, and Dow 

Chemical.  The parties eventually formed an executive steering committee to produce the 

vision statement and signed a compact with the USDA and DOE to support the vision 

(Office of Industrial Technologies, 2001). They produced a 1999 report called, “The 

Technology Roadmap for Plant/Crop Based Renewable Resources 2020: Research 

Priorities for Fulfilling a Vision to Enhance U.S. Economic Security through Renewable 

Plant/Crop Based Resource Use” (Department of Energy, 1999).  The influential role of 

the National Corn Growers Association is important to highlight.  Biopolymers, and other 

non-fuel biomaterials, have been most successfully established in parallel with biofuels.  

Several researchers of bioplastics note the importance of using byproducts from corn 

ethanol as a means establishing biomaterials as more economically competitive (W. 

Gibson & Hughes, 2011; Mohanty, Misra, & Drzal, 2005; Snell & Peoples, 2009).  By 

2000, the National Research Council was emphasizing corn sugars and residue as central 

to own vision statement for U.S. biobased research and commercialization priorities 

(National Research Council, 2000).25 

Not only industry lobbying, but also external events, have driven federal policy to 

rapidly expand biomaterial commercialization.  National security concerns have always 

                                                 
25 Only a single extended case study was included in the report, on corn cellulose processing. 
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played a part in the discourse surrounding domestic and global resource accessibility.  

Between 1973 and 1990, the concern was exclusively how to keep fuel cheap and readily 

available.  During the 1990s, the scope of concern expanded to all product classes that 

relied upon the various fractions of crude oil.  Biomaterials, not just biofuel, began to be 

integrated into a “bioeconomic vision.”  In a 1999 article in Foreign Affairs, Richard 

Lugar (Senator-Indiana) and R. James Woolsey (former CIA Director) argued that 

reliance on oil from the Middle East and other unstable regions is “a fool’s game.”  They 

continue in the article to promote biomass as one part of a sustainable future for the 

United States, arguing how increased federal support for biomaterial research, purchasing 

and supportive regulations were critical to move away from global petroleum markets.  

They note that the issue is not just fuel.  Biochemicals would need to be studied to 

replace the petroleum based industrial chemicals the U.S. relies upon (Lugar & Woolsey, 

1999).  These political figures were not alone in promoting alternatives to petroleum.  

Concerns over continued oil dependence helped stimulate federal policymakers to enable 

bioeconomic development. 

Even with federal support for biochemicals, there were few bioplastics 

commercially available at the end of the 1990s.  Petroleum plastics were simply too 

cheap to be economically replaced and the characteristics of biopolymers were unable to 

compete with the more fully developed technologies surrounding traditional polymers.  

Petroleum polymer producers and plastic manufacturers have minimized costs of petro-

plastics for over half a century, refining production and distribution systems.  Without 

government artificially constructing demand and markets for alternatives, biopolymers 

would be unable to compete against traditional plastics (Office of Technology 
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Assessment, 1993).  Capital for translation of pilot products to commercialization has 

also been difficult to locate (Conolly & Kurtzman, 2011), with even a representative of 

PepsiCo suggesting difficulty in expanding bioplastic use (Papalia, 2011).  For 

bioplastics, there are also issues with the “green” image of bioplastics (Narayan, 2010), 

slow integration into manufacturing (Katsnelson, 2005), and integration with 

environmental reform institutions (BioCycle, 2006).  Several industry and non-profit 

advocacy organizations have formed to help sort through these issues.  Forums of public 

discussion, such as the USDA BioPreferred Program and President Obama’s National 

Bioeconomy Blueprint, have acted as opportunities to present compelling stories for 

bioplastics and showcase products.  In the next chapter I investigate several of the more 

active organizations helping to construct a future for bioplastics.   

4.5 Discussion 

In this chapter I investigate who has been influential in past attempts to develop a 

carbohydrate, or bio-, economy.  I also include several critical events and 

contextualization for why these individuals were compelled to shape U.S. agriculture, 

chemical industries, and state institutions to advantage a future society built on biological 

material.  Unstable costs of natural resources--be they fossil fuels or crops--occur at 

critical moments.  Surpluses of agricultural commodities after WWI and again after 

WWII helped create a political opportunity for advocates of bioeconomic development to 

push for integrating crops into industrial production.  Falling agriculture prices between 

1920 through the 1950s prompted farmers, advocates and processors to find new markets 

for the oversupply of cheap commodities.  National concern for the economic success of 

rural communities drove policy makers at the state and national levels to establish price 
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protections for crops, creating stability for a select number of commodities.  Legislation 

passed over decades changed agriculture policy to be more proactive in creating new 

markets for agricultural materials and new research into manipulating crops into 

industrial chemicals.  International threats to the social and economic stability of the 

United States also factor prominently in national interventions in research, development 

and promotion of the agricultural sector.  Technoscientific innovations in agriculture, 

chemistry, biotechnology, and manufacturing enabled further economic and technical 

potential for biobased materials.   

Evan after the dissociation of the Chemurgy Movement, a powerful advocate for 

industry/agriculture linkages, the federal government, through agency labs and publicly 

funded academic research, continued to incubate research on crops that forms the basis 

for renewed interest in bioplastics after 1990.  There are differences between the two 

periods of time I investigate, which will become more apparent in the following chapter.  

I originally indicated how chemurgists were critical of the USDA’s frame of promoting a 

small number of exportable commodity crops.  This frame was never replaced or altered 

which is why contemporary bioeconomic innovation primarily uses corn and soy as 

feedstocks.  What has changed and who has power in negotiating this innovation.  

Agricultural and political landscapes from the 1940s to the present have changed 

dramatically.  Whereas small farmers, and their supporters, were capable of influencing 

policy discussions prior to the 1940s, consolidation in all sectors of agriculture has helped 

create a context where a small handful of large companies benefit from new uses of 

crops.  Agriculture and the farm have changed along with the broader shifts in political 

economy of the United States.  Emphasis on what the “problem” is has shifted from 
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concern over the economic health of farmers due to demand changes to how to manage 

surpluses due to industrialization of agriculture.  According to Goodman et al. (1987, p. 

13):  

…the diffusion of industrial innovation has brought spectacular gains in 

total productivity growth, transforming the political economy of agriculture 

and the agro-food system….  These trends have changed the focus…from 

excess labor and low incomes to the management of the production 

surpluses generated by mechanical and chemical-genetic innovations….  

The alliance of the state, agro-industrial capitals and farm lobbies 

represents a formidable coalition to defend agriculture and ensure 

continued opportunities for accumulation in traditional agro-food chains.  

The institutionalization of production surpluses…has become the 

foundation of the appropriationist strategies… 

I will argue in future chapters that corporate dominance is not complete despite the 

influence of the powerful lobbying efforts of Monsanto, Cargill, and others.  

Environmentalism, since the 1960s, has changed the pattern of government and private 

company collusion.  Regulators and company management are more open to civil society 

interventions in the construction of biomaterials because of past successes of the 

environmental movement.  Another important change in the United States has been a 

reorientation of fossil fuel based companies to treat biomass as supportive of their 

operations rather than direct competition to their bottom line.  The schism between 

chemurgists and petroleum manufacturers is eroding.  Industrial biotechnology, the 

descendent of Chemurgic advocacy, is increasingly seen as a tool to supplement fossil 

fuel resources for the production of fuel, plastics, and other materials.  Bioplastics made 

out of biological material can offer processors and manufacturers access to another 
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subsector of plastic markets or can be developed in such a way as to be completely 

incorporated into existing processing techniques.  In the following chapter I investigate 

this new context for reemergence of bioplastics. 
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5. Building a Bioeconomy: 2000-present 

5.1 Introduction 

In 2003, Dr. Marvin Duncan (2003), member of the Office of Energy Policy and 

New Uses at the USDA, gave five reasons for a concerted federal effort to promote 

bioeconomic growth starting in the 2000s.  First, OPEC continued to keep prices for 

crude oil artificially high and conflict in the Middle East had exacerbated price volatility.  

Crude oil demand increased in developing countries, leading to further upward pressure 

on gas prices.  Second, energy security had become a primary topic of interest nationally 

after the terrorist attacks in 2001.  Duncan quoted the same Lugar and Woolsey document 

arguing that U.S. interventions in the Persian Gulf have encouraged new anti-American 

sentiment.  Third, low agricultural commodity prices have caused farm interest groups to 

seek new uses for crops and expansion of available markets.  Expanding global 

production of commodity crops limited the export opportunities for U.S. farmers.  Fourth, 

environmental concerns, particularly global warming, stimulated new discussion of how 

to shrink the nation’s environmental footprint.  Finally, plant breeding and biotechnology 

technologies had expanded, resulting in new plant materials being available for industrial 

use and improved techniques for manipulating crops into new products.  

The first four reasons are extensions of all the arguments made since the 1920s for 

biomass use.  In large part, the overwhelming financial and political support for biofuels 

has been justified on the basis of the need for massive energy resources.  With petroleum 

an increasingly unstable commodity, alternatives are required.  Agricultural biomass has 

become a politically and economically viable solution.  There are many reasons for this 

focus.  Liquid fuels have a long history in the United States, so a quick transition to 
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electric power is more difficult to accomplish.  Within the emphasis on liquid energy, 

food crops have overwhelming support as biomass feedstocks.  The most obvious reason 

for the support for crops in a bioeconomy is the large quantity of arable land within the 

U.S.  Another reason is the dominance of the USDA in biomaterial research, funding, 

guidance, and interaction with commodity crop producers and users.  Agricultural 

policies, such as the omnibus Farm Bill, are administrated by the USDA to improve the 

economic and social sustainability of the agricultural sector.  The USDA allocates 

research funds to universities and private companies.  Unlike other agencies that 

influence research in bioplastics, the USDA has an extensive, in-house network of 

research facilities.  “Bio” in bioplastics and bioeconomy becomes conditioned on support 

of agriculture, with “bio” as complementary to environmental systems of continuous 

renewal.  Solar power or some other energy solution might have been given greater 

opportunity if another agency had been capable of garnering support from a large number 

of Congress people and framed their work as supportive of a large contingent of the 

American people, e.g. rural famers.  Waste and trash might have been enabled as a 

resource for industry.  Instead the alignment for a new economy has been to support food 

crops through the USDA.   

The final, and new argument not occurring in the chemurgy days, is also seen in the 

Obama Administration’s National Bioeconomy Blueprint’s.  The argument for 

biotechnology-based biomass has two components.  Biotechnology related to biomass 

utilization has helped enable new industrial uses of crops.  In addition, public and private 

investment in expanding biotechnology applications positions the U.S. competitively in 

global markets, unlike heavy manufacturing or electronics.  A U.S. bioeconomy has come 



 

101 
 

to be entwined with biotechnology, for better or worse.  Biotechnology integration into 

the U.S. bioeconomy is being established in two ways.  Genetic modification of plants 

has been used to introduce genetic material that would overproduce useful chemicals, 

polymers, and carbohydrates.  After biomass has been harvested, microorganisms are 

used to grow enzymes for breaking down plant material or directly ferment chemicals 

from basic sugars.  Biorefineries that combine microbial fermentation with other 

thermochemical technologies are combined together to form integrated biorefineries 

producing fuels and chemicals.  Decades of political support, promises, and billions of 

private investment dollars position biotechnology based growth as a technosocial 

necessity, even if the positive outcomes are unknown.   

In this chapter, I summarize the current state of the bioplastics industry, focusing 

on federal policies as well as industrial research and development. I begin with an 

overview of some of the major firms involved in producing bioplastics, then turn to the 

policy debates that have led to the current drive to build a “bioeconomy.” 

5.2 Agriculture and Chemical Company Collaborations  

Understanding why and how plastics are constructed, petrol or bio, one must 

understand that these technologies and markets are built from the much larger sector of 

fuel.  Significant capital investment in biopolymer production facilities has been enabled 

by federal support of the so-called bioeconomy, but it has been support for biofuels that 

helped drive industry development.  Small biotechnology companies have collaborated 

with chemical companies that have large quantities of capital to offer and international 

expertise in polymer manufacturing.  Agricultural companies and chemical companies 

see low commodity crop prices and federal purchasing support as compelling arguments 
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to collaborate together, repairing the bio/petrol schism of past decades (see Figure 1).  

Petrol-polymers developed out of petroleum fuel research.  Once transportation and 

heating fuels are fractioned from crude oil the leftover hydrocarbons are often made into 

polymers.  Similarly, bioplastics are a co-product of ethanol and biodiesel fuel research 

and development  (Waltz, 2008).   

The bioeconomy envisioned in the National Bioeconomy Blueprint has been 

primarily about securing new fuel resources.  Bioplastics are incorporated into these 

visions by extending research in biorefineries and genetic modification of plants and 

microorganisms.  Economic competitiveness of biorefinery owners can be improved by 

developing higher cost biomaterials along with lower cost biofuels.  Margins on fuels are 

low and there are large numbers of competitors producing equivalent products (Federal 

Trade Commission, 2011).  Bioplastics on the other hand can be sold at higher profit 

margins and can be differentiated into exclusive product types.  For example, Scott 

Kilman, a Wall Street Journal reporter specializing in agriculture, calculated that a bushel 

of corn turned into bioplastics could yield nearly a 300% return while ethanol from corn 

is still barely cost effective (Kilman, 2007).  The following discussion highlights several 

of the largest joint ventures and collaborations between agribusinesses, biotech, and 

chemical companies to develop and market new biobased polymers in parallel with other 

emerging biomaterials.  
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Figure 1. Annual Average Corn Farm Price ($/bushel) based on USDA National 
Agricultural Statistics Service. 
 

Polylactic acid (PLA) and its many copolymers, had been successfully used for 

biomedical and pharmaceutical applications in the form of biodegradable sutures and 

drug delivery since the 1970s.  PLA is formed from the polymerization of lactic acid—

the substance in sour milk.  The chemical itself is used in a variety of industries from 

biomedicine to cleaning products.  In the U.S., Archers Daniels Midland (ADM) was the 

largest U.S. producer of lactic acid, followed by Cargill and Chronopol, Inc.  Total U.S. 

capacity in the early 1990s amounted to about 40 million pounds per year with 

projections to rise considerably as new facilities would be built by joint ventures such as 

Cargill and Purac (USDA, 1997).  While lactic acid was relatively plentiful, it was still 

expensive to produce and polymerize.  One application, biodegradable medical sutures, 

justified the high cost of continuing to research the biopolymer.  It was not until the late 

1980s that PLA received serious attention from DuPont, Coors Brewing (Chronopol) and 

 $-

 $1.00

 $2.00

 $3.00

 $4.00

 $5.00

 $6.00

 $7.00

Early Investment in Bioplastics 



 

104 
 

Cargill as potential commodity plastics (Glasbrenner, 2005).26  Part of the reason for this 

change was research funded by Cargill on carbohydrate polymers conducted throughout 

the 1980s.  Based on preliminary success with PLA polymerization, the National Institute 

of Standards and Technology’s Advanced Technology Program gave a grant to Cargill to 

develop new processing technologies that could use PLA in 1994—nearly $2 million.  

After four years of testing and over $200 million of private investment, Cargill partnered 

with Dow Chemical to commercialize the technology in a joint venture called 

NatureWorks (National Institute of Standards and Technology, 1997).    The intention of 

these investments was to develop efficient processes for transforming starches, oils and 

sugars into feedstocks economically competitive with petroleum (Rajan, 2006).  

The CEO of NatureWorks, Marc Verbruggen, indicated at a 2011 Senate 

Agricultural Committee hearing that federal investment was critical to the success of the 

company, “I want to recognize up front that the NatureWorks…was supported in part by 

an R&D grant from the Energy Efficiency and Renewable Energy Program within the 

U.S Department of Energy.  This project, ‘Making Industrial Biorefining Happen’ 

leveraged significant private investment to achieve efficiency and operating productivity” 

(Verbruggen, 2011). 

Metabolix, another bioplastic manufacturer, has experienced similar support from 

the USDA.  From 1995 to 2001 the company marketed a novel polymer type based on 

fermentation of corn sugars with lactic acid producing bacteria (Graunegg, Koller, Varila, 

& Kuschera, 2006).  Unable to produce PHA cost effectively, Monsanto sold their patents 

                                                 
26 Mitsui Chemicals of Japan is another developer of PLA production emerging near the same time as 
Cargill 
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to the newly formed Metabolix, a company with previous experience in biorefinery 

processing technology.  Metabolix shifted their focus to producing PHA within their core 

technology platform, genetically modified plants (Valentin et al., 1999).   Despite the 

company’s poor economic performance, the USDA gave $2 million to the company in 

2001 (U.S. International Trade Commission, 2008).  Metabolix continued research on 

PHA in biorefineries and eventually found a partner with the capital necessary to 

commercialize the technology, Archers Daniels Midland (ADM).  In 2006, ADM agreed 

to a joint venture company, Telles, with Metabolix in 2006 to commercialize and market 

the PHA biopolymer line Mirel ("Hilary Coyne v. Metabolix," 2012).  The entire 

manufacturing facility for producing the polymers would be financed by ADM at the cost 

of several hundred million dollars.27  Metabolix would use the sugars from ADM’s 

processing facilities and distribution networks to feed the bacteria producing PHA in the 

Clinton, Iowa plant (Ralston & Osswald, 2008).  One recent setback for the sector is 

Archer Daniels Midland’s (ADM) decision to terminate its Telles joint venture with 

Metabolix for PHA bioplastics.  ADM indicated to Metabolix in 2009 that it made its 

decision to terminate the contract on the basis that “projected financial returns were too 

uncertain as the basis for the decision.”  While Metabolix retains pilot manufacturing 

capabilities it no longer has a commercial-scale facility (Fenwick, 2012).   

However, Metabolix patent ownership places the company in a critical position for 

future PHA development.  In a DOE report on biomaterials Metabolix is argued to,  

                                                 
27 ADM eventually pulled out of the joint venture when Metabolix failed to reach the commercialization 
phase and the costs of feedstocks made the Mirel product less cost competitive. 
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Possesses a virtual monopoly on the commercial research and development 

of PHA polymers….  Most basic to Metabolix’s position are the patents 

that give Metabolix exclusive rights to the genes within the PHA 

biosynthesis pathway, as well as the use of the genes in any combination 

for the preparation of PHAs…This comprehensive ownership of 

intellectual property has given Metabolix the freedom and protection to 

invest in research…At the same time, the present situation effectively 

diminishes or even deprives potential competitors of the ability to use 

either microbes or plants to produce PHAs commercially (Ahmann & 

Dorgan, 2007, p. 84).28  

 The ability to turn naturally occurring metabolic processes in privately controlled 

biocapital is another of the institutional support mechanism in the biotechnology driven 

bioeconomy.  Return on the long term investments required to develop a new modified 

organism can be secured through the patenting system and legal protections. 

In 2009, The Coca-Cola Company introduced a breakthrough innovation globally 

that it believes will have a revolutionary impact on the sustainability of commercial 

plastics.  Coca-Cola’s new PlantBottle package contains up to 30 percent plant-based 

material, which looks, functions, and recycles just like traditional PET plastic, but with a 

lighter environmental footprint.  Since 2009 the company has distributed over 10 billion 

PlantBottle packages. In 2011, Coke also announced investments in three technologies it 

believes can deliver the first commercially viable solution for making the remaining 70% 

out of biomass.  The limiting variable has been the need for cost competitive biobased 

sources of purified terephthalic acid (PTA), another precursor chemical for PET.  

Collaborative deals with Virent, Gevo and Avantium were developed in 2011 to develop 

                                                 
28 No charges against monopolistic practices have been pursued against Metabolix at time of publication.   
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cheap biobased PTA (Coca-Cola, 2011).29  These multi-million dollar contracts are based 

on each company’s expertise in bioengineering or chemical processing.  Virent’s contract 

is focused on shortening the stages required to get from carbohydrates to the final product 

through thermal and chemical techniques.30  Gevo and Avantium are biotechnology 

focused and are designing genetically modified microorganisms to natively produce PTA.   

Despite success of the biopolymer industry, there are considerable hurdles that still 

exist even with petroleum prices rising. The historical progression of bioplastics and a 

broader bioeconomy from the 1920s is one of federal support, particularly in times of 

crisis, and consolidation across agriculture, biotechnology and chemical industries.  

“There is no question that from a scientific standpoint, industrial biotech has a great story 

to tell,” IDC Life Sciences vice president Jim Golden says. “But the commercial issues 

are the killers. The world’s industrial complex wants to change, needs to change, but sees 

change as very expensive and risky. I do not see industry investing in [industrial biotech] 

until government regulations force them to” (quoted in Herrera, 2004).  Continued 

government support for private development of biobased processes and materials is 

critical.  Stephen Herrara (2004), lead Editor of Nature Biotechnology, explains, 

“Convincing skeptical companies entrenched in business models based on 

petrochemicals, or those that cannot afford to take costly gambles on technologies whose 

ability to produce cost effective results in a predictable time frame is unproven, is no 

small challenge, either.”  In a survey of industrial biotechnology firms, the U.S. 

International Trade Commission noted that the large capital requirements for creating 

                                                 
29 Not to be outdone Pepsi is testing a 100% biobased PET bottle that is due to be in pilot stages by the end 
of 2012. 
30 Cargill, Shell and Honda are principle investors in Virent 
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production facilities large enough to compete with the benefits of scale attributed to 

petroleum based chemical processes is difficult to acquire.  In the case of smaller 

companies that have a niche product they must rely on alliances with larger firms, 

buyouts by larger firms, or federal financing to continue to develop their products.  The 

survey also found that private investments in technologies that aren’t likely to become 

profitable in the short term are ignored.  Many dedicated R&D firms, engaged in longer-

term research, rely primarily on state and federal grant funding (U.S. International Trade 

Commission, 2008).  

5.3 Bioplastics Industry Lobbying 

One policy measure directed at supporting bioplastics that came out of private 

lobbying efforts came in the form of constructing new customers for biobased products.  

In 1999, President Clinton signed Executive Order 13134 “Developing and Promoting 

Biobased Products and Bioenergy” that directed federal agencies to expand the 

consumption of biomaterials.  The decree urged a tripling of production of biotechnology 

derived materials between 2000 and 2010.  A memo attached to the Executive Order also 

included establishment of the Interagency Council on Biobased Products and Bioenergy 

composed of the Secretaries of Agriculture, Commerce, Energy, and the Interior, the 

Administrator of the Environmental Protection Agency, the Director of the Office of 

Management and Budget, the Assistant to the President for Science and Technology, the 

Director of the National Science Foundation, and the Federal Environmental Executive.  

Within the memo the administrators of the multiple agencies were directed to, “make 

biobased products and bioenergy cost-competitive in large national and international 

markets” (Executive Memorandum, 1999). 
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Also within the Act is the requirement that the Biomass Research and Development 

(R&D) Technical Advisory Committee be created from volunteers which advise research 

initiatives and evaluate agency coordination on biomass utilization.  Most of the members 

have industry affiliation, including the largest agriculture and chemical companies within 

the United States.  There is a smaller group of individuals from universities and 

environmental advocacy organizations; the latest membership list includes only the 

Nature Conservancy.31   

At the end of 2010, BIO, the national association of biotechnology companies, 

released a white paper that highlighted the importance of a strong U.S. chemical industry 

and the role that biobased chemicals could play (BIO, 2010a).  In the introduction to the 

research report, BIO members argued:  

Over the last two decades, competitive advantage for chemicals and 

plastics manufacturing has shifted towards the Middle East and Asia, as 

has the industry. U.S. employment in the sector has dropped over the last 

decade and is projected to shrink further as capital investment for the 

petroleum-based industry has essentially shifted away from the United 

States.  Biobased chemicals and plastics represent a historic opportunity to 

reverse these trends through the creation of a new generation of renewable, 

sustainable products developed and produced in the United States (p. 1). 

As an organization, BIO deploys multiple arguments for support of a biobased 

chemical industry.  Support for domestic agricultural resources had already been 

established through support for biofuels.  To differentiate biochemicals from biofuels, the 

authors of the report suggest that supporting the burgeoning industry would lead to a 

                                                 
31 All membership information can be found at http://www.usbiomassboard.gov/committee/committee.html 

http://www.usbiomassboard.gov/committee/committee.html
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return of jobs lost to globalization.  Suggesting a missed opportunity, “Congress has 

recognized the many societal benefits of biofuels through the tax code, with a 

combination of incentives to spur both capital investment and pioneering commercial 

production. No such incentives exist for non-fuel biobased products, greatly hindering 

investment” (BIO, 2010a).  The organization does not find that there is antagonism 

against biochemicals, but rather, “…once we tell the ‘story’ of biobased products, there is 

tremendous interest and enthusiasm.  This has been true in both the House and the 

Senate, as we’ve talk [sic] to staff and members of Congress about these technologies and 

pointed out that disparities exist in the incentive structure…” (Carr, Davies, & Locke, 

2010, p. 75).  In 2012, the CEO of BIO, Jim Greenwood, was one of ten people invited to 

the Congressional Committee on Agriculture’s hearing on that year’s proposed Farm Bill.  

He uses several examples of successful federal initiatives that combine biotechnology 

and biopolymers, 

Biotechnology is unlocking the potential of agriculture and forestry for 

rural economic prosperity and energy security…[T]he Biorefinery 

Assistance Program…and the Biobased Markets Program, in combination 

with complimentary federal policies like the Renewable Fuel Standard and 

supportive tax policies, are speeding technologies to commercial reality…I 

urge this committee to do its part as well and to reauthorize Farm Bill 

energy programs with meaningful mandatory funding. 

Two additional organizations that carry considerable influence I this arena are the 

Biodegradable Products Institute (BPI) and the Bioplastics Council of the Society of 

Plastic Industries (SPI Bioplastics Council).  BPI was founded in 1999 Frederick Sheer, 

the CEO of Cereplast.  Membership in BPI includes all of the largest biobased and 
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biodegradable plastic companies, processing equipment manufacturers, distributors, 

retailers, and the U.S. Composting Council.  Activities of BPI primarily target the 

development of ASTM standards for testing bioplastics degradability and recyclability as 

well as working with the Composting Council on marketing a “compostable” label for 

bioplastics.  BPI members have also been active in shaping state and federal discussions 

of a future bioeconomy that includes bioplastics.  BPI has participated in all major public 

commentary periods for biobased purchasing and regulation.  The organization’s 

compostable certification process is included in the information released by the USDA 

BioPreferred program (discussed below) as a complimentary certification standard.  They 

have also been active in shaping the Federal Trade Commissions “Green Guides” to 

define terms critical to the message being developed by BPI members, e.g. compostable 

and biodegradable.  In California, BPI involved itself in the banning of single use 

disposal bags while promoting compostable varieties (Gordon, 2011).  Within San 

Francisco, only plastics that achieve certification by BPI are acceptable for use by 

retailers and consumers (Petru, 2011).    

SPI’s Bioplastics Council was formed by the Plastics Industry Trade Association in 

2008 as the U.S. counterpart to the European Bioplastics organization.  The council is 

comprised of bioplastic producers, processors and equipment manufacturers including 

BASF Corporation, Cereplast Inc., DuPont, NatureWorks LLC, and Telles (a 

Metabolix/ADM Joint Venture).  The council has been instrumental in focusing public 

attention on bioplastics, developing a consistent description of bioplastics, and engaging 

with regulators and policymakers.  The council has held meetings with the USDA, 

Federal Trade Commission (FTC), the Department of Energy, and members of Congress.  
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On the 2010 Earth Day, Council members advocated for increased attention to 

biopolymers.  Patrick Sheer, CEO of Cereplast and founder of BPI, portrayed the limits 

of federal policies related to biobased goods,  

While there appears to be significant backing from policymakers for 

biofuels, a proactive approach to grow the bioplastics industry is also 

needed.  Bioplastics are a key component to realizing U.S. leadership in 

green technologies and policy makers and industry leaders, working 

together, can ensure that this groundbreaking industry meets its full 

potential (Quoted in Eisenberg, 2010).   

According to Melissa Hockstad, Vice President of Science, Technology & 

Regulatory Affairs for SPI, the Council has worked directly with the administrators of 

USDA’s BioPreferred program to expand the types of bioplastic products are certified 

and ensure appropriate levels of funding are available to support the program (Summit, 

2011). 

SPI Bioplastics Council works collaboratively with the Biotechnology Industry 

Organization (BIO) to promote expansion of U.S. bioplastics opportunities.  BIO’s 

lobbying arm is more extensive than the Bioplastics Council and focuses on all forms of 

bioproducts.  The organization lobbied for inclusion of a production tax credit in the 2010 

Domestic Manufacturing and Energy Jobs Act.  Memos were distributed to 

Congressional offices criticizing federal bioeconomy policy,  

The biobased products industry currently faces significant hurdles in 

reaching the economies of scale achieved by today’s petroleum-based 

products and in competing with the existing petroleum-based plastics 

industry. While U.S. policy has appropriately encouraged and supported 

the development of the biofuels sector to the benefit of rural economies, the 
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environment, and national security, Federal tax policy has largely failed to 

recognize and foster the substantial benefits provided by non-fuel 

renewable chemicals and biobased products (BIO, 2010b). 

The memo’s corresponded with release of BIO commissioned white paper on 

biobased chemicals.  Essentially, the paper is an information and advocacy document on 

how biobased chemicals should be a bigger part of policy discussions and the importance 

of this market sector is for greening industry and creating new jobs (BIO, 2010a).  In the 

report the authors note that chemical companies have shifted production and jobs to be 

closer to petroleum production sites, mostly in the Middle East.  The authors argue that 

new grants, loan guarantees, tax credits must be developed by federal policymakers to 

support the industry and note the importance of the USDA BioPreferred program in 

promoting biobased chemicals (BIO, 2010a).   

5.4 Federal Bioplastics Policy in the 21st Century 

Congress continued to refine public policy on bioproducts through the Lugar-Udall 

Biomass Research and Development Act in 2000.  In the memo attached to the bill, three 

goals were advanced by Congressmen Lugar and Udall: enhance the economy, energy 

security, and the environment.  To this end the bill allocated funding for the development 

of enzyme based biomass conversion technologies and provided over $52 million over 5 

years for R&D.  It also created a private-sector technical advisory board to advise DOE 

and USDA on R&D spending priorities related to biomass conversion.  The advisory 

committee is composed of voluntary members from research institutions and private 

companies interested in bioproducts.  Several groups have representation on the 

committee, including: biopolymer producers (e.g. DuPont and ADM), large purchasers of 
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bioplastics (General Motors), and a large contingent of universities with active 

biopolymer research expertise (Michigan State University, Florida Department of 

Agriculture and Consumer Services, and University of Georgia).  Also under the 

guidance of the Lugar-Udall Act, the U.S. Department of Energy’s Office of Industrial 

Technologies was tasked with educational initiatives and technology research and 

development.  This program is known as the Agriculture Industry of the Future.  It brings 

together businesses and federal agencies for the purpose of substantially increasing the 

use of plant-derived renewables as basic chemical building blocks.  The goal is to expand 

the 3 percent of chemical feedstocks derived from biomass today to 10 percent by 

2020(Office of Industrial Technologies, 2001) .   

The DOE and USDA were successful in getting Congress to appropriate $230 

million in discretionary funds for the Interagency Council on Biobased Products and 

Bioenergy in 2001(USDA, 2000).  Along with these funds the USDA received $150 

million to encourage increased purchases of commodities by companies for expanded 

production of biofuels (Biomass Research and Development Board, 2001).  In 2003, 

President Bush announced that his administration would provide up to $400 million to 

promote industrial biotechnology research and development. Most of these funds went to 

public universities with several large grants that did go to bioplastic companies,  

including Cargill Dow, DuPont, Archer Daniels Midland, Genencor, and Novozymes 

(Herrera, 2004).  The Acts allocated hundreds of millions of dollars to research projects 

carried out by universities and industry (Sasson, 2005).  

The progression of legislation and executive guidance positioned the USDA as the 

leading institution of support for biopolymers. At the heart of the agency’s research 
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efforts to develop biomaterials are the Agricultural Research Service, Cooperative 

Extension Programs, and Cooperative Research and Development Agreement system 

(CRADA) that enables commercialization of the R&D.32  Augmenting the mission of 

the USDA, Congress passed the Federal Farm Bill in 2002 that included a new section on 

Energy that had not existed in previous Farm Bills.  Within Title 9 the bill specifically 

targeted renewable fuels and added promotion of biobased products from agricultural 

goods.  The energy title requires each federal agency to design a program to purchase as 

many bio-based products as practical.   

The title also introduces a "USDA Certified Bio-based Product" label and 

commissioned the USDA to develop a BioPreferred purchasing system to be integrated 

into federal agency purchasing systems.  The BioPreferred program hadn’t existed more 

than a few months before being criticized as too slow to develop and pass companies 

through testing.  In 2004, the GAO conducted an analysis of USDA support for 

biomaterials that included stakeholder interviews.  The program had originally begun in 

the Office of Energy Policy and New Uses (OEPNU), a small advising group within the 

USDA.  Stakeholders had complained enough to their representatives in Congress and in 

the White House so that a transfer of authority from OEPNU to the larger body of USDA 

administrators was planned.  The GAO report’s final point in the executive summary 

effectively demands reduced evaluation of bioproducts, “Stakeholders…generally 

                                                 
32 Along with the USDA, a number of other agencies encouraged biomaterials over the last several decades.  
Of these, the Department of Defense and Departments of Energy funded bioplastic research and 
development explicitly.  For example, the DOD through DARPA, invested in basic research on biobased 
plastic packaging materials in 2004 that could be broken down in the field as a biofuel.  This line of 
research has been placed under the Mobile Integrated Sustainable Energy Recovery program, and 
corresponds with DOD’s concern for security vulnerabilities and environmental concerns caused by 
reliance on fossil fuels (Gourley, 2008). 
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believed that USDA's proposals for testing a biobased product's content and performance 

are appropriate…However, stakeholders generally questioned the need for doing life-

cycle analysis of a product's long-term costs and environmental impacts”  (Dykman & 

Jones, 2004). 

Biobased products received a boost in the ARS Strategic Plan for 2006-2011 

(USDA, 2007), particularly the subsection entitled National Program 306: Quality and 

Utilization of Agricultural Products Strategic Vision.  The mission of the program is to,  

Enhance the economic viability and competitiveness of U.S. agriculture by 

maintaining the quality of harvested agricultural commodities or otherwise 

enhancing their marketability, meeting consumer needs, developing 

environmentally friendly and efficient processing concepts, and expanding 

domestic and global market opportunities through the development of 

value-added food and nonfood technologies and products, except energy 

and fuels (p. 1). 

See Table 1for a sample of active (as of November 2012) grants given to 

companies and universities, including the research agendas, supported by the Biomass 

Research and Development Advisory Committee and other divisions within the USDA.  I 

only include a sample because a search for “biopolymer” funding in the USDA-Research, 

Education & Economics Information System yielded 342 entries through November 

2012.  I have chosen each as an example of university or private research funding, new 

biomass sourcing, or link between biofuels and bioplastics. 
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Table 1.  Active Bioplastic Research Projects Funded through the Bioplastic 
Research and Development Initiative and other USDA programs 

• Kansas State University Grain Science and Industry.  2012.  $5,078,932. 

Experimentation on a new biomass source, camelina, as well as development of 

biopolymers from gums, proteins, and oils derived from the plant.   

• Cooper Tire & Rubber, OH.  2012.  $6,854,213. The grant application explains 

that the research will extend existing work on using guayule as a replacement for 

synthetic rubber.33   

• University of Florida Genetics Institute. 2011.  $5,430,439.  In many of the 

southern states the use of sweet sorghums has been used as a source of sweetener 

and animal feed for over a century.  The sugars have also been used to produce 

ethanol through fermentation to a lesser extent.  This research intends to find 

other technologies that could be developed from sorghum carbohydrates.  The text 

of the introduction to the grant application is representative of many of the 

arguments for pursuing bioplastics as a co-product of biofuel refining, “Biofuels 

will only be competitive if they can be produced at low cost. As a complement to 

reducing the costs associated with biofuel production, generation of co-products 

with a high market value can off-set some of the processing costs.”  

• University of Kansas Center for Research, Inc.  2011.  $5,635,858.  This research 

proceeds in conjunction with Archers Daniels Midland to produce new catalysts 

for breaking down biomass.  A second stream of research would create pilot stage 

systems for producing biopolymers and other biochemicals.   

                                                 
33 Research into guayule was supported by the Chemurgy Movement and USDA during the 1940s when 
there were dual concerns over supply of rubber during WWII and oversupply of crops directly after WWII 
(Ott, 1987). 
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• Washington State University Institute of Biological Chemistry.  2009.  $839,909.  

This grant was written with two agendas.  The first is basic research on 

understudied biomass sources and biopolymer varieties.  The second goal is to 

seek, “…future supply of other key petrochemical intermediates, such as 

monomers for industrial polymer production…In this regard, about 12% of all 

petroleum is currently used for such purposes. This proposal thus addresses 

urgently needed novel and innovative approaches to obtain a more balanced and 

diversified bioenergy/bioproduct portfolio.” 34 

• North Carolina State University.  2009.  $497,605. Lignocellulosics as Precursors 

of High Performance Biopolymer Structures. North Carolina State University.  

The grant covers research on transforming non-food and forestry cellulosics into 

biopolymers  (National Institute of Food and Agriculture, 2007).  

President Obama’s appointment of Tom Vilsack to the Secretary position in the 

USDA will likely shift more investment to research and development of biochemicals.  

He was the former head of the Governor’s Biotechnology Partnership, which attempted 

to remove all restriction on experimental crops.  He has also supported the use of corn for 

ethanol, as the Governor of Iowa, and biotechnology company operations throughout the 

Midwest (Organic Consumers Association, 2008).  In a press release from his office 

responding to President Obama’s 2013 budget plan Secretary Vilsack (2012) suggests a 

strong emphasis on non-food application for agricultural land: 

At home, we're working to encourage the development of a bio-based 

economy, where what we grow and raise is used to make fuel, chemicals 

and consumer goods to complement our traditional production of food, 

feed, and fiber. Our work to promote local and regional food systems 

provides another opportunity for income growth for farmers of all sizes.  

                                                 
34 Funding information was derived from a survey of the complete grant database found at 
http://cris.nifa.usda.gov/  

http://cris.nifa.usda.gov/
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The 2013 budget will increase the record number of acres of working land 

in conservation programs, rewarding farmers, ranchers and growers for 

cleaning our air and water, preserving soil and wildlife habitat.  

Alongside the USDA, the EPA has been involved in biomaterial development when 

the research could be applicable to new energy resources or greater energy efficiency.  

Between the years of 1995 and 2004, the NSF and EPA jointly funded the Technology 

for a Sustainable Environment (TSE) Program as part of the NSF/EPA Partnership for 

Environmental Research (Ahmann & Dorgan, 2007).  Table 2 includes examples of 

funded research projects that have direct links with bioplastics.  

Table 2.  NSF and EPA Funding for Bioplastic Related Research 

• EPA-R824726 Fermentation of Sugars to 1, 2-Propanediol by Clostridium 

thermosaccharolyticum (University of Wisconsin-Madison).   DuPont and 

Tate & Lyle Bio Products announced a joint venture in 2010 to expand 

production of a similar polymer based upon similar research performed at the 

University (Erickson, 2011). 

• NSF-9985421 Metabolic Engineering of Carbon Fixation and Utilization for 

Biopolymer Production by Cyanobacteria (MIT).  Novomer utilizes a similar 

system for sequestering carbon dioxide from power plants into biopolymers. 

The process involves transferring CO2 from smokestacks to cyanobacteria 

that produce PHA polymers in situ.   

• EPA-R826733 Environmentally Benign Polymeric Packaging from Renewable 

Resources (Colorado School of Mines).  Granted in 1998, this research lab 

conducted early industrial scale polymerization experiments on lactic acid.  

The research has benefited NatureWorks, and other companies, that create 

PLA biopolymers from lactic acid. 

• NSF-9728366; EPA-R826123 Development of Green Chemistry for Synthesis 

of Polysaccharide-Based Materials (Wayne State University).  This research 

lab specializes in co-polymers, e.g. plastics combining biobased and 
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petroleum based chemicals.  Co-polymerization has become increasingly 

prominent as a means of including biobased materials into plastics that retain 

all the characteristics of pure petro-polymers. 

• EPA-831436 Plant-Derived Materials to Enhance the Performance of 

Polyurethane Materials (University of Massachusetts-Amherst).  The research 

out of this lab is also concerned with co-polymerization of biomass and 

petroleum based chemicals.  The claims made in the proposal indicate the 

intention of the researchers is not to replace petroleum plastics, but rather to 

extend their capabilities with biological additives and decrease toxicity of 

polymerization technologies. 

While much smaller in quantity of funds allocated to biopolymers than the USDA 

or DOE, other agencies, such as the Department of Commerce, have provided funds to 

support biopolymer commercialization.  One of the biggest success stories in U.S. 

biopolymer manufacturing has been the growth of NatureWorks. Cargill spent $25 

million developing PLA technology during the 1990s; however, they were unable to 

complete the commercialization process (Office of Technology Assessment, 1993).  The 

Department of Commerce and National Institute of Standards and Technology’s 

Advanced Technology Program (ATP) provided an additional $5 million for R&D with 

the Department of Energy providing additional R&D funding from 1994-1997 (National 

Institute of Standards and Technology, 1994).35  These funds helped Cargill improve the 

technology to a point where they could move beyond the pilot stage.  The impetus for the 

investment was a massive reduction in the cost of industrial enzymes necessary for 

breaking down plant material into useful chemicals.  David Morris, a long term advocate 

                                                 
35 NSIT’s ATP program was developed during the transition of President H. W. Bush’s Administration to 
the Clinton Administration.  Concerns over lagging competitiveness of U.S. industries to Japanese state 
supported companies prompted formation of federal programs supporting commercialization of science and 
technology (Benedetto 2005).  
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and lay expert for bioplastics at the Institute for Local Self Reliance, notes that the cost of 

these enzymes dropped 90% between 1980 and 1995.  Economically, for example, PLA 

manufacturing went from $100 per pound in 1980 to just over $1 per pound in 1990 

(Morris, 2006). 

Funding, through grants or tax breaks, have not been the only means of promoting 

biopolymers.  In 2005, President Bush created the Presidential Green Chemistry 

Challenge.  EPA’s website explains the program:  

The Presidential Green Chemistry Challenge was established to recognize 

and promote innovative chemical technologies that prevent pollution and 

have broad applicability in industry. The Challenge is sponsored by the 

Office of Chemical Safety and Pollution Prevention of the United States 

Environmental Protection Agency (EPA) in partnership with the American 

Chemical Society Green Chemistry Institute and other members of the 

chemical community.36   

Criteria for winning the award must promote research and development of domestic 

resources—jobs and sales are not enough.  Several large and small biopolymer 

companies have won the award including: Donlar (1996)37, Cargill Dow LLC (2002)38, 

DuPont (2003), Metabolix (2005), Cargill (2007)39, Genomatica (2011)40, BioAmber, 

Inc. (2011).41  The award carries direct and indirect benefits.  For example, the 

                                                 
36 Members that are relevant to the bioplastic industry are the American Chemical Society, American 
Chemistry council, American Petroleum Institute, Council for Chemical Research, Dow Chemical, DuPont, 
National Research council, Society of the Plastics Industry 
37 The patents and rights were purchased by NanoChem Solutions Inc. 
38 Now known as NatureWorks. 
39 Award given for the production of a component of foams, BiOH™ Polyol 
40 Owns proprietary methods of producing BDO, a constituent of many polymers.  Collaborates with Tate 
and Lyle and Waste Management in the U.S. 
41 Technology includes biobased succinic acid, a precursor component to many industries including 
polymers.  Is collaborating with DuPont and Cargill among others. 
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Department of Energy, in conjunction with the USDA, was tasked by the Obama 

Administration with funding research projects that would yield new biofuel and 

biomaterial resources.  As part of the funding stream Metabolix received $6 million of 

funding to work on switchgrass and processing technologies that could be used for both 

polymer production and for energy generation (Department of Energy, 2011).   .   

On October 8, 2009 Executive Order 13514, Federal leadership in environmental 

energy and economic performance was mandated by President Barack H. Obama.  This 

order mandates that government agencies must comply with environmental requirements 

including the reduction of waste and the use of “environmentally preferable materials, 

products, and services.”  The mandate also requests that businesses with federal contracts 

must complete sustainability reports yearly.  The order has already changed the way 

businesses function and has made them more conscious about the effect they have on our 

environment (Abbott & Marchant, 2010).   

BIO, the National Corn Growers Association, and other organizations were closely 

involved in developing President Obama’s Bioeconomy Blueprint of 2012. The Office of 

Science and Technology Policy submitted a public request for information (Maxon & 

Stebbins, 2011).  Underpinning the announcement is the assumption that advances in 

biological research and technologies would bring significant benefit to human health, 

economic growth, and environmental improvement.  In the announcement bio-based 

industries are targeted for their potential to develop new energy, chemical and material 

technologies (STPO, 2011).  The official announcement of the Bioeconomy Blueprint 

suggests that biotechnology applications and harnessing the U.S. agricultural base are at 
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the core of this policy.  John Huldren, senior advisor to the President on science and 

technology issues laid out the tenets of the Blueprint: 

The rapid pace of progress in biological sciences and biotechnology across 

a wide range of fronts has been opening up in recent years even greater 

opportunities….  In addition the U.S. bioeconomy is going to mean the 

addition of new businesses and jobs in rural and urban sectors alike….  

Today we are releasing a blueprint…that can be seen as an amalgamation 

of the United States original bioeconomy and the industrial revolution and 

scientific revolutions that followed….  Nature after all is the ultimate 

innovator…but today we are in a position to expand our understanding of 

these natural systems… [and] we are also capable of making modifications 

at the genetic level….  This new blueprint will be a guide for departments 

and agencies to ensure that the investments they make in this sector will 

be well coordinated and highly likely to generate real economic impact….  

Among other elements the federal government will increase its 

procurement of biobased products creating jobs in rural America where 

many of these products are produced (Whitehouse, 2012a).    

Deregulation and streamlining of regulation was a repeated topic of discussion in 

the National Bioeconomy Blueprint and accompanying press releases.  Upon release of 

the Blueprint, Agricultural Retailers Association, American Farm Bureau Federation, 

American Seed Trade Association, American Soybean Association, American Sugar beet 

Growers Association, Biotechnology Industry Organization, National Association of 

Wheat Growers, and National Corn Growers Association co-signed a letter sent to the 

House Committee on Agriculture.  The letter focuses on the constraints on bioeconomic 

development due to overlapping federal regulations and burdensome legal challenges.  

The industry lobbying organizations argue (Biotechnology Industry Organization, 2012),  
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Regrettably, inefficiencies and duplication within the regulatory structure, 

in addition to a stream of lawsuits that are filed against the U.S. 

government’s science-based deregulation determinations for agricultural 

biotechnology, slow down the regulatory process for emerging products 

and create uncertainty for growers and for academic researchers and 

innovators eager to introduce valuable new technologies into the 

agricultural marketplace.  

An executive memorandum and fact sheet were also released on April 26, 2012 

that highlighted a number of agency actions that supported the goals of the Blueprint. The 

USDA BioPreferred program was altered to include intermediate biochemicals that 

would allow companies and agencies to source biomaterial beyond final retail products—

a direct request contained in the BIO report.  Federal purchasing requirements related to 

the program were released that would increase Federal procurement of BioPreferred 

products.  Applications to the program would be streamlined so that more commodities 

could be designated and accepted quickly.  All of the changes in the USDA would result 

in, “significant support for the goal of reducing our reliance on petroleum-based products, 

and…drive the creation of innovative new products, markets, and jobs in rural 

communities” (Whitehouse, 2012c). 

5.5 Conclusion 

Because of the difficulty of establishing competitors to petroleum and the 

diversity of stakeholders that must be networked together to produce a commodity market 

as large as plastics, the bioplastic industry requires capital and expertise from the largest 

companies and only with federal stimulus.  The interrelationship between a diverse 

network of actors, all of which have considerable preexisting investments, narrows the 
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field of interests present in the social construction of bioplastics. The federal government, 

and to a lesser extent state level policymakers, diverted resources to protect and 

encourage a market for biopolymers while encouraging companies to build on preexisting 

technological pathways and private market strengths.  Cargill built their PLA production 

center as an addition to one of the large corn biorefineries the company manages.  The 

scale of the refinery has given Cargill competitive advantages compared to other 

bioplastic companies that have not been supported by agricultural production policies and 

corn ethanol mandates.  Cargill can outproduce most other biopolymer facilities, leading 

to solidification of pathways where food is turned into biopolymers rather than non-food 

resources.  As a much smaller company, managers of Metabolix have accumulated 

patents on technoscientific processes to secure their competitiveness.  Grants from the 

DOE and USDA enabled Metabolix to develop a portfolio of techniques that private 

companies can license to produce biopolymers. The dominant companies in the field of 

bioplastics are also the same companies that dominate chemical markets and agricultural 

markets.  Developing cheap consumables out of their own resources, within their own 

technological systems, is to be expected in a system designed for resource exploitation 

and externalizing harms.           

Biopolymers have become a project that resembles another instance of a treadmill 

of production.  Federal and state policymakers are compelled to advantage existing 

industries and institutions to construct materials that could lead to economic gain through 

increased production and consumption.  Slow economic growth since the early 2000s has 

only refined policy maker attention on economic growth.  The focus on rapid 

commercialization of publicly funded research for private ownership enables a small 
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number of companies to influence the construction of bioplastics.  The U.S. government, 

corporations, and now public research institutions work together on economic growth as 

a primary concern for a bioeconomic vision.  Farming is treated as a resource for 

industrial development, as much as fossil fuels, with little concern for diverting a human 

necessity for non-essential consumption.  Post-consumption bioplastics are discussed as a 

solution to increasing amounts of plastic waste.  However, precautions have not been 

built into the policy measures promoting bioplastics to ensure appropriate collection and 

disposal.  As a result, bioplastics after consumption become another environmental 

harm.42  Resource exploitation of cheap, bioengineered commodity crops drives this 

industry, while public debates push aside known harms to advantage economic growth.   

Alignment of public research with private interests further encourages the social 

construction of bioplastics to be grounded in economic, rather than environmental or 

social, improvement.  Bioplastic research piggybacks on decades of research in turning 

plant carbohydrates into fuel.  Bayh-Dole Act, and subsequent technology transfer 

policies at the federal level, focuses publicly funded research from basic science-for-all to 

applied development for patented, private use.  For example, Metabolix, one of the few 

major companies working on non-food biomass sources, leverages their patented 

technologies that were originally developed for biofuel production (Snell & Peoples, 

2009).  Potential for alternative pathways could be developed but that would require 

greater appreciation of social structures and institutional trajectories limiting the 

opportunities for these pathways to develop.  Federal institutions, primarily through the 

                                                 
42 I will show in Chapter 6 how bioplastics can be worse than a simple replacement of plastic waste by 
conflicting with recycling and composting efforts. 
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authority of the USDA, worked with agricultural and chemical sectors to advantage 

biomaterial development.  Many of the same companies and agencies have been active in 

developing biomaterials throughout the last century.  Dow, DuPont, USDA and Ford 

Motor Co. which helped the Chemurgy Movement begin have been involved in shaping 

the politico-economic landscape since the earliest days of the Chemurgy Movement.  

Overlaying this landscape are long term investments in platform technologies and 

infrastructures for crop based polymers.  Unlike the Chemurgy Era, bioplastics today are 

an opportunity for this network of actors to work together to develop mutually beneficial 

products and processes, breaking down a schism between chemical and agricultural 

companies.     

Further, the regulatory environment is supportive of the use of biomass from 

industrial agriculture and biotechnology designed organisms.  Or perhaps, more to the 

point, there are few regulatory mechanisms that are positioned to question whether 

biomaterials from food sources are a social and economic good, what forms of bioplastics 

are best positioned to reduce the harms of fossil fuel based polymers, and what 

institutions for post-consumption aspects of bioplastics are needed.  Dominant actors and 

groups have framed bioplastics and other biomaterials as beneficial for many sectors of 

society and environment more generally.  I show in the next chapter several instances  

where integrating “bio” integrated into industries do not lead to benefits for small farmers 

or reduce environmental harms.   

Currently, bioplastic production benefits already powerful investors, companies 

and the most politically well positioned advocates.  However, there are critics who 

challenge this technosocial trajectory calling for environmentally sustainable feedstock 
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production, alternative product design, and institutions for regulating materials before 

they produce unintended consequences.  I will argue in the next two chapters that the lack 

of foresight and integration of more diverse interests than that of economic growth have 

led to a number of conflicts with a diverse cast of actors across multiple sectors of 

society. 
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6. Food for Bioplastics 

6.1 Introduction 

In this chapter and the next, I examine the challenges of developing, using, and 

disposing of bioplastics.  This chapter investigates controversies surrounding the use of 

productive farmland to grow feedstock for plastics.  While “bio” has become 

synonymous with “green” and “sustainable,” producing and manipulating the raw 

biological materials in a bioeconomy are not without controversy.  Many positive 

environmental and economic claims have been introduced as part of a bioeconomic 

vision.  Vociferous challenges to these claims have developed as technologies move from 

research to commercialization.  Figure 2 is a diagram of the, simplified, steps in 

production of bioplastics with corresponding positive and negative claims against each 

step in “a bioeconomy.” 
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Figure 2. Positive and Negative Arguments at Several Stages of Biomaterial 

Production 

 

In this representation there is no differentiation between production of bioplastics 

or biofuels.  Most bioplastics, and all commercially available varieties in the U.S., are 

built on the same platform technologies as biofuels—and are necessarily implicated in 

similar food vs. fuel debates.  In the diagram above I list most of the supporting positions 

on biochemicals.  On the right of the diagram are major and minor arguments at each 

stage of converting arable land and biological material into biochemicals.  I must note, 

many of these claims and counterclaims are speculative.  New techniques might be 

developed and incorporated into the production of biomaterials.   This could mean use of 

waste material to grow designed microorganisms.  On the other hand, engineered 

biopolymer producing plants could reduce the need for petrochemical pesticides or could 
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become origins of a super-weed do to gene transfer across species.  The rest of this 

chapter is devoted to unpacking both sides of the debates.  I also indicate important 

differences in how bioplastics are treated in comparison to biofuels.  I present arguments 

from multiple stakeholders on the use of genetically modified organisms, industrialized 

farming, food diversion, and conversion of land from regionally specific use to global 

commodity.  Counter-claims are critical to understand how bioeconomic visions can lead 

to inadvertent environmental harms and alternative opportunities to mitigate the damage.  

Controversies also help reveal where and how social structures enable and constrain 

interpretations of, and power to influence, the construction of bioplastics.  

6.2 Cheap, Surplus Corn to Food Instability 

Decades of federal research support in corn production and processing and 

financial support for biorefineries established corn starches as a core resource for 

biomaterial developers.  To understand many of the controversies in this chapter, one 

must also understand that bioplastics are almost exclusively derived from genetically 

modified (GM) plants, require large chemical inputs, and are farmed in large operations 

(Bohlmann, 2007; Piemonte & Gironi, 2010).  Some of the largest private backers of 

bioplastics—through research funding, capital investments, and political influence—are 

deeply involved in corn markets.  Monsanto, as a seed and chemical supplier, or Cargill, 

through dominance in nearly all aspects of corn markets, support expanded interests in 

corn based biomaterials.  Use of large scale industrial farming and GM corn is not likely 

to change in the current social context.  Professor Robert Anex (Anex, 2007), Biosystems 

Engineer at Iowa State University explained at a joint US-EU workshop on 

biotechnology, “Demand for biomass as a feedstock may allow a redesigning of 
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agriculture, in terms of crops, cropping systems and nutrient management.  But there are 

no economic incentives that will facilitate this.”  Turning biomass into a lucrative 

commodity could increase investment into improving how we farm and how we source 

biomass.  The economic importance of sustaining high levels of production could, in turn, 

lead to altering commodity crop farming away from practices that erode soil quality, 

contaminate water resources, or decrease biodiversity.  However, U.S. bioplastics and 

biofuels are currently constructed with the cheapest available feedstock—corn.  Without 

political support to regulate how corn is currently grown or to remove incentives 

supporting harmful farming practices, corn will remain king in a U.S. bioeconomy.  

The last few decades of political support for biomass use has explicitly been 

concerned with promoting constituent interests in farming states.  An interchange 

between Senator Bob Dole and T. Boone Pickens in 1988 is telling.  Pickens is a Texas 

oil baron who had been arguing that federal support for ethanol has been about propping 

up agriculture rather than a concern for energy shortages.  Dole  (Quoted in Epplin & 

Haque, 2011) responded: 

…You need to understand that everybody up here understands what you 

tell them. . ., there are 21 farm states and that’s 42 senators, and they want 

to subsidize corn,…they’re going to subsidize corn…You’re wasting their 

time and your time both. They are going to subsidize ethanol… 

There are multiple positions on how much of an impact price subsidies and blender 

credits have on corn pricing I have indicated in previous chapters that federal demand 

support and supply price support has been augmented by  investments in technosocial 

infrastructure for promoting corn and chemical centered industries.  Not surprisingly, In 
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2010, the top corn producing states were also the states which produced the most ethanol 

and voted in supportive elected officials to sponsor corn ethanol (Schnepft, 2010; 

Yacobucci, 2006).     

Price protections, supply controls, and import tariffs have helped keep prices of 

corn stable—that is until biofuel production rapidly increased starting around the year 

2000 (Figure 3).  Crop price protection and demand support can influence biofuel market 

growth and limit any need to invest in alternative, non-food feedstocks.  For example, in 

2006, the low price of corn, policy measures to increase ethanol transportation fuel use, 

and renewable fuel mandates combined to create a scenario where a large ethanol plant 

owner could pay off capital investments in less than a year.  When production of 

biomaterials was limited, concerns were less pronounced over crop prices and supply.  In 

short order, industrial use of crops for fuel and expanding global food and feed demand 

forced debates over ethanol support into public forums.   

 

Figure 3. U.S. Corn Use43 

 
                                                 
43 Figure reproduced from (Trujillo-Barrera, Mallory, & Garcia, 2011) 
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Crop price instability throughout the 2000s and a spike in global crop prices 

between 2007 and 2008 caused a panic over the role biomaterials demand had on food 

prices (Piesse & Thirtle, 2009) and what solutions are available to avoid perpetuating 

food scarcity (Babcock, 2011).  Admittedly, uncertainties exist over causal links between 

biomaterial demand and food diversion, scarcity and prices (Piesse & Thirtle, 2009).  

Despite uncertainties over how to quantify policy impact on food and biomaterial 

interaction, critics have raised a variety of concerns about the social and environmental 

consequences of using agricultural land to produce biomaterials.  Assessments make it 

clear that biomass can be a problematic feedstock in several ways.  Corn, potatoes, or 

sugarcane that would normally go to food and animal feed are used to produce non-food 

goods (Tenenbaum, 2008).  Consequences include food shortages and increased costs of 

food.  In 2006 alone, global food and feed prices increased by 10% (Coyle, 2007).  I 

document in Chapter 5 how corn dominates as the primary source of sugars for the 

production of most biopolymers in the United States.44  Using arable land for production 

of resource intensive, genetically modified corn can increase water scarcity (Mubako & 

Lant, 2009), expand use of polluting chemicals (Fargione, Hill, Tilman, Polasky, & 

Hawthorne, 2008), degrade soil and water quality (Kort, Collins, & Ditsch, 1998), and 

further incorporate biotechnology manipulation in agriculture (Chapotin & Wolt, 2007).  

Even use of non-food portions of corn, e.g. corn stover, have been challenged as harmful 

(Marshall & Sugg, 2009).   

                                                 
44 Globally, there is slightly greater diversity in agricultural goods used in biopolymer production, including 
tubers and sugarcane.   
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It is not just environmental advocates that are making these arguments.  Energy 

scholars (Cassman & Liska, 2007), agricultural and social scientists (Pimental et al., 

2009), and libertarian think tanks (Avery, 2006), among others, are actively debating 

potential benefits and harms of agriculturally based chemicals.    Although the  

greenhouse gas outcomes of production and use may be less harmful than petroleum 

based goods and agricultural markets may benefit, these benefits are balanced by the 

harms caused by industrial-scale, biotechnology driven agriculture.  Environmental 

advocates, academic experts, and other stakeholders argue that promoting a bioeconomy, 

without acknowledging chemical inputs and agricultural practices, leads to externalizing 

environmental and social harms caused by a shift toward biobased materials.  For 

example, an influential study released in 2010 in the Environmental Science and 

Technology journal presented a meta-life cycle analysis (LCA) of 12 polymers: seven 

derived from petroleum, four derived from biological sources, and one hybrid (Tabone, 

Cregg, Beckman, & Landis, 2010).  In the evaluation each plastic had its environmental 

footprint cataloged, from global warming potential of petroleum utilization to soil erosion 

to release of human carcinogens.  The authors conclude that while most bioplastics 

require less energy input for feedstock production and manufacturing, the impact of 

increased fertilizer and pesticide use, coupled with residues accumulating in different 

environments, tipped the balance of environmental benefit against bioplastic use—at least 

as currently imagined.  This study is one of a series of academic and popular publications 

that question sustainability of bioplastics from seed to disposal (Gerngross, 1999).  The 

“green” message surrounding bioplastics should not be assumed, but needs greater 

oversight and investigation.   
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Technological systems, private investment, agricultural resources, and 

socioeconomic context are similar for all biobased materials.  Compared to ethanol, 

bioplastics currently use relatively small quantity of biomass.45  This difference has not 

protected bioplastic companies from controversy.  However, unlike biofuels, one of the 

benefits to limited demand for crops and arable land is the opportunity to alter the 

trajectory of using industrialized agricultural feedstocks without significant economic or 

logistical burdens.  Before I begin to note events representing reevaluation of the status 

quo of biomass production I need to integrate several related issues.  Looking back at 

Figure 2, there are no NGO campaigns that challenge each individual controversy 

separately.  Global food demand is related to crop selection and farming practices.  Crop 

selection and what inputs are required to maximize investments are related to whether the 

seeds are genetically modified or are hybrid specific.  Soil health is as much related to 

how much waste is left after harvesting, whether beneficial crop residues or harmful 

petrochemicals.  The following sections outline several of the complex controversies and 

how bioplastic companies and policy shifts have accounted for these challenges.    

6.3 Biotechnology and Bioplastics 

Biotechnology, as a suite of technologies, is envisioned as a critical tool for 

improving the economic and sustainable applications of biomaterials.  Contributors to the 

National Bioeconomic Blueprint insist biotechnology companies will create new crops 

and microorganisms that produce biopolymers inside tissues and improve the efficiency 

                                                 
45 This is not to say that bioplastics will not require a great deal of land or introduce GHGs during their life 
cycle.  Based on a meta-analysis by Piemonte and Gironi (2011), replacing petrol-plastics with bioplastics 
could release 9-170 times more CO2 than simply keeping the status quo.  The principle concern of the 
authors is land use changes as arable land is converted to crop production.  
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of bioreactors.  Rarely is use of biotechnology questioned, whether by policymakers or 

during public commentary.  Manipulating biological materials at the genetic level has 

become synonymous with popular interpretations of what a future bioeconomy will look 

like.  I have already shown in previous chapters how contemporary bioplastics are 

enmeshed with biotechnology companies, federal funding sources, and genetically 

modified organisms.  Existing bioplastics are derived primarily from GMO crops.  

Claims for sustainability of bioplastics, within a pro-biotechnology paradigm, will require 

further integration of genetic changes to the microorganisms that convert raw material 

into polymers (Gerngross, 1999; Narayan & Patel, 2005).  Bioplastics in development 

stages continue this trend.  Next generation biopolymers will grow within plants that have 

been genetically altered to produce biopolymers within their cells.  Metabolix has already 

developed tobacco and switchgrass that express PHB polymers originally native to 

microorganisms (Bohmert-Tatarev, McAvoy, Daughtry, Peoples, & Snell, 2011; M. N. 

Somleva et al., 2008).  

The use of biotechnology to manipulate the genetic material of crops follows a long 

line of consolidating power over biocapital and agricultural production.46  This has 

occurred through the promotion of production through mechanization of the farm and 

subsequent debt of farmers (Buttel, 2001), development of hybrid seeds that limit 

productivity of future generations of plantings (Kloppenburg, 1988), attempts at 

developing ‘terminator seeds’ (Van Dooren, 2007) and linkage of transgenic crops with 

proprietary chemical inputs.  The political economic regime within the United States is 

                                                 
46 In using “biocapital” I am referring to Melinda Cooper’s (2008) conceptualization of biotechnology as a 
means of relocating economic production at the genetic level, and in so doing altering ownership over 
biodiversity and life. 
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supportive of these technoscientific interventions that direct public and private resources 

to exploit natural resources and secure inequalities in power over biological life and food 

(Kloppenburg, 2005).  The release of the National Bioeconomy Blueprint by the Obama 

Administration has elicited considerable debate over what the future of a bioeconomy 

might look like.  Friends of the Earth, through their food and technology policy specialist 

Eric Hoffman, argued, “This report largely seems to be an endorsement for the 

biotechnology industry to rush ahead without any real oversight…. The biotechnology 

industry ‘says that it has been calling for this type of legislation for a long time.’  That 

makes sense, given that the industry stands to gain the most from the types of policies 

laid out in the Blueprint” (quoted in Biron, 2012).  One member of the ETC Group, a 

civil society organization that has challenged biotechnology applications, cautions that 

even in avoiding GMO corn there are problems with bioplastics:  

There is nothing sustainable or organic about most industrial agriculture 

feedstocks....[P]plastics made from potatoes – such as Stanelco’s ‘Bioplast’ 

– raise similar concerns…potatoes have one of the highest pesticide 

contamination levels of any food – the links between genetic modification 

and future bioplastics are everywhere.  Besides GM corn, there are already 

four genetically modified (GM) potatoes approved for growing in North 

America and BASF have now produced a high-starch GM potato aimed 

squarely at the bioplastics market – soon due to be approved for growing in 

Europe.  In fact, only two major bioplastic producers, Italy’s Novamont 

and EarthCycle of Canada, tout their products as non-GM (J. Thomas, 

2008).   

A report from the Global Forest Coalition had a similar outlook, “The bio-economy 

proposal is not about protecting the environment: it is about promoting the economy – in 
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spite of clear indications of the harmful impacts that are already resulting from massive 

new demand for biomass, including loss of biodiversity and escalating hunger and 

conflict.  The bio-economy agenda is especially attractive…to biotechnology companies 

desperately in need of a Trojan horse to provide safe passage for risky and unpopular new 

technologies” (Hall, Smolkers, Ernsting, Lovera, & Alvarez, 2012, p.2).  The claims 

might be taken as extremist propaganda from environmental advocates; however, if the 

reader looks back at the promotional material that was released along with the Blueprint 

it becomes obvious that biotechnology is treated as a technological fix to secure a 

sustainable bioeconomy.  For example, the public comment to the  Blueprint from the 

Biotechnology Industry Organization (Greenwood, 2011, p. 1), includes the following 

claims: 

Only by investing in biotech today can we unlock the scientific potential 

that resides in the thousands of American biotech companies and unleash 

the promise of biotechnology into the breakthrough cures, treatments, 

enhanced agricultural products, vaccines to defend against bioterrorism and 

revolutionary biofuels that can transform society…Today’s fossil fuel-

based economy is the product of over a century of private and public 

investment in fossil fuels. Industrial biotechnology offers a set of tools 

which can be used to develop the fundamental value chains of a biobased 

economy; but industrial biotechnologies must compete with mature and 

entrenched fossil incumbents and the accompanying infrastructure 

developed over the last century. 

Along with concerns over GMO crops there is also a sustained concern over the use 

of GM non-food plants and microorganisms.  While the processing of organic materials 

into polymers destroys any genetic material which might be of concern for downstream 
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toxicity, mitigating a public backlash as occurred with Starlink, demand for these 

products will only encourage support GM in agriculture (Price, 2002).  Co-mingling of 

polymer producing crops with food grade crops could still cause cross-fertilization and 

contamination.  I have already noted how Metabolix and a few other smaller companies 

have been working to modify existing microorganisms to overproduce the naturally 

occurring PHA molecules.  Metabolix, producers of the Mirel brand of biopolymers, is 

first and foremost a biotechnology company.  The technology platform involves 

expression of biopolymers within metabolic systems of organisms.  They began working 

on E. coli but have since added switchgrass, tobacco and sugarcane to their portfolio 

(Maria N.  Somleva et al., 2008).  Within the biotech research community there is known 

concern for how altering metabolic pathways can influence plant health.  A team at 

Oregon State University is attempting to modify poplar trees to express PHB, a 

component of several biopolymers.  They included a proprietary catalyst—

methoxyfenozide, obtained from Dow AgroSciences—before PHB would be expressed.  

The addition of a primer for PHB gene expression was introduced because production of 

the polymer in situ is a metabolic expense that reduces the viability of the tree (Dalton, 

Ma, Murthy, & Strauss, 2012).  Transference of this genetic material into other tree 

species could be detrimental to the health of future tree health.  

Concerns over these practices are multifaceted.  First, and most basic, is that 

genetic engineering of organisms for the production of plastics is simply a distraction 

since the overall environmental outcome, as quantified in several studies on life cycle 

GHG reductions of transgenic PHA production in corn, is marginally better than the 

resulting harms (Gerngross, 1999).  Second, there is considerable uncertainty over the 
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human health impacts of intentional and unintentional exposure to GM crops (Pryme & 

Lembcke, 2003).  Third, as the Sustainable Biomaterials Collaborative argues in their 

bioplastic guidelines, there is always the issue of cross-pollination of genetic material 

across similar species (Sustainable Biomaterials Collaborative, 2009).  In the case of the 

plants that artificially produce PHA/PHB in their cells, cross-pollination with wild 

species could decrease the plants health as resources are diverted to polymer production 

instead of repair of damage.   

To intervene in the linkages between biotechnology and bioplastics a formal 

offsetting program has been developed by the Minnesota-based Institute for Agriculture 

and Trade Policy.  The Working Landscape Certification programs are a voluntary 

method for offsetting GMO use.  Modeled on the Sustainable Biomaterials 

Collaborative’s (SBC) Guidelines for Sustainable Bioplastics, the credits are purchased 

by bioplastics manufacturers and retailers and the proceeds go to farmers who have 

agreed to implement sustainable agricultural practices.  Up until 2012 only one company, 

Stonyfield Farms, has purchased these certificates according to an NRDC study (NRDC, 

2011).  One of Stonyfield’s spokespersons has indicated that the choice was based on 

management concerns over GMO-crops and other unsustainable agricultural practices 

(Hirschberg, 2011).47  This has since changed with a new company, Green Harvest 

Technologies, developing materials solely based on WLCs and the largest U.S. 

manufacturer, NatureWorks purchasing certificates to offset the use of GMO corn.  

                                                 
47 Patagonia is another company interested in utilizing bioplastics, in this case NatureWorks Ingeo PLA.  
That was until they realized that the only material’s the company used in production was GMO corn.  
Despite the compostability and recycling options that aligned with Patagonia’s mission the use of GMO 
corn was deemed intolerable (Patagonia, 2006).   
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Editors of the online magazine, Organic and Non-GMO Report, explain the reasoning 

behind the program after Stonyfield began working with IATP:  

The Working Landscapes Certificates program was created by IATP to 

address a core issue: linking the emerging biobased market to more 

sustainable farming.  Currently, however, direct sourcing of more 

sustainably produced feedstock crops for the production of bioplastics is 

logistically and financially difficult.  So the WLC program provides an 

alternative mechanism for companies like Stonyfield to support farmers 

who want to grow corn more sustainably (Roseboro, 2011).   

Questions remain as to whether the existence of the certificates will act as a deterrent to 

changing the use of GMO industrial crops.  The homepage of IATP-WLC (Institute for 

Agriculture and Trade Policy, 2012) states the situation:  

By its nature, the commodity system makes tracing and separating crops 

difficult, allowing few mechanisms for companies and customers to 

distinguish and compensate for farming in ways that benefit the 

environment.  Until the processing and transportation infrastructure to 

support this product differentiation can be built, there is a clear need for an 

approach that rewards farmers for both their agricultural production and the 

environmental services they provide.   

The European Bioplastics organization suggests that when their members use 

feedstocks from the U.S. they should purchase WLC certificates since it is nearly 

impossible to avoid GMO contamination (European Bioplastics, 2012). Outside of the 

United States, the use of genetically modified organisms has been slower to take hold.  

Italy’s Novamont uses only sugars derived from non-GMO crops to produce their 

polymers, even if the starch source is still corn.  Novamont collaborates with a large 

farming cooperative near their refining facility to source starches and oils for their Mater-
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Bi line of polymers.  Co-op members specialize in “traditional farming practices” for 

production of corn.  According to their 2010 Sustainability Report, working with the 

local cooperative enables Novamont to work with farmers directly to improve farming 

practices and support the local community that hosts the processing plant (Novamont, 

2010).  The company has also performed, or had third party investigations prepared, 

several environmental analyses from farm to waste collection to ensure they conform to 

existing environmental regulations.  In expanding operations to other regions, company 

representatives acknowledge they do not have complete control over the entire chain of 

production.  Publicly available materials from the company include concerns for use of 

GMOs and their efforts to avoid supporting their use:  

The opposition to the use of GMO is based on the perception of a 

biohazard posed by the creation of new inter-specific genome 

combinations…On the other hand, the decrease of biodiversity and 

economic damage to local, traditional crops are also elements of concern 

from social and economic viewpoint…Novamont’s policy is to source and 

use only non GMO natural raw materials (such as starch). To reach this 

objective, traceability of natural raw materials is routinely applied as a 

quality control procedure in cooperation with suppliers.  Whenever the 

GMO origin cannot be excluded because additives are sourced in markets 

and geographical areas where GMO organisms are already grown, 

Novamont takes part to off-set programs in order to assure the growth of 

non-GMO crops proportionally to the additives (Novamont, 2010). 

At the same moment that companies are attempting to avoid controversial 

agricultural products, there is the issue of finding alternatives.  Depending on the criteria 

one chooses, GMO seeds and industrial scale farming are seen as more efficient per acre 

than more traditional farming.  Switching to non-GMO seeds and more traditional 
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farming methods could mean new arable land would need to be returned to production 

and/or less fertile land would be used in conjunction with robust plants.  Another 

alternative would be the use of biomass acquired from “waste.”  This might mean using 

waste water treatmen t plant output as biomass sources or wasted agricultural and forestry 

products. 

6.4 Land Use, “Waste” and Land Grabs 

The U.S. had a surplus of commodity crops through the 1990s and up until the mid-

2000s  (Trostle, Marti, Rosen, & Westcott, 2011).  It was this surplus, and 

correspondingly low crop prices, which prompted policy changes to promote 

biomaterials.  Biofuels, in particular, were widely successful and began to eat into the 

surplus.  By 2006, crop prices had begun to spike with expanding ethanol fuel blending 

requirements, biomaterial purchasing executive orders, and subsidies for biorefinery 

plants, while crude oil prices remained high (Hochman, Sexton, & Zilberman, 2008).  

Farmers began switching the crops they sowed and began double cropping to maximize 

production (Mallory, Hayes, & Babcock, 2011).  Even with expanding corn production 

demand has outstripped supply (Wallander, Claassen, & Nickerson, 2011).  To fulfill 

demand arable land that is currently protected is being considered for use.  Companies 

are also expanding operations into other countries that have underutilized agricultural 

land or could improve yields with more advanced crops and practices.  (Holt-Gimenez & 

Shattuck, 2009) .      

Within the United States, opening up protected land is currently under 

consideration.  Since 1985, privately owned land has been left fallow through the 

Conservation Reserve Program (CRP).  CRP protected land has been commonly 
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mentioned as a source of land for the purpose of growing food crops and non-food crops 

for bioplastic and other biomaterial use (Avery, 2006; Colwill et al., 2012).  Under the 

current system, the federal government pays farmers to leave land completely unused or 

restricts use.  Protected land works as a means of controlling soil erosion and crop 

production, with other environmental benefits (Feng, Kling, Kurkalova, Secchi, & 

Gassman, 2005).  The USDA was authorized to develop programs that would set aside 

environmentally sensitive acres of cropland through long term contracts with farmers (M. 

Martin, Radtke, Eleveld, & Nofzinger, 1988).   Depending on the advocate or 

investigation, this land can be considered either a wasted resource or a critical ecological 

protection for biodiversity and habitat.  Supporters of the Farm Security and Rural 

Investment Act of 2002 argued the former, citing a desire to improve the economic 

opportunity for farmers and promote biofuels due to their “zero” carbon emissions 

(Downing, Walsh, & McLaughlin, 1995).48  The Act passed with provisions allowing 

reconfiguration of the CRP to allow harvest of CRP grasslands only for feedstocks for 

biorefineries.  In a forecast by members of the USDA and NREL on the impact of 

shifting the CRP to food or switchgrass for corn ethanol production would result in little 

to no GHG reductions, and could increase nitrogen leaching into waterways and soil 

erosion” (Del Grosso, Ogle, Parton, & Adler, 2008). 

Advocates of using CRP lands suggest that under a responsible management 

regime that still protects the most sensitive landscapes, these goals will not be 

compromised.  One study suggests that depending on the management priorities, 33 to 

                                                 
48 Many federal policies treat biofuels as neutral in terms of greenhouse gas emissions because the carbon 
released on combustion is sequestered by future crop growth. 
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50% of CRP could be used for energy crops (De la Torre Ugarta, Walsh, Shapouri, & 

Slinsky, 2003).  The Sustainable Biomaterials Collaborative’s Bioplastic Guidelines 

mention use of the CRP with caution.  The authors of the guidelines report that, 

“Conservation Reserve Program (CRP) lands can be used only with crops and farm plans 

compatible with the CRP purpose” (Sustainable Biomaterials Collaborative, 2009).  This 

aligns with the majority of stakeholder arguments made in the public comment period of 

the USDA’s BioPreferred program that so long as marginal lands were utilized, e.g. those 

that did not protect fragile ecosystems, then it was justifiable to open the CRP (USDA, 

2012).  However, even advocates of biofuels are concerned with opening up the CRP for 

expanding the use of arable land for industrial use (Fargione et al., 2008).  Opening up 

these lands will have considerable impact on future federal policymaking.  A Senior 

Research Fellow at the National Defense University, Robert Armstrong (2002, p. 1), 

argues that, “Agriculture will become increasingly important as a part of the Nation’s 

industrial base, as it offers the most economical way to produce large quantities of 

biological materials.  Homeland defense will have to consider heartland defense, as 

agricultural fields will assume the same significance as oil fields.”49   

Recent droughts across the United States place claims such as this into question.  

Beginning in early 2011, severe drought conditions throughout the country have 

expanded and have been unrelenting.  According to the federal Drought Monitor 

Program, two thirds of the continental U.S. is in severe drought conditions, the worst 

                                                 
49 Robert Armstrong has previous background with the USDA developing commercial facilities through 
public-private joint ventures and investments. 
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since 1936.  One of the results has been that 50% of corn fields are in poor condition.50  

One of the editors of Plastics Today online magazine, Karen Laird (Laird, 2012), notes 

how drought conditions have changed perspectives on biomaterials, “As a result, the food 

versus fuel/bioplastics debate has revived with a vengeance…It’s a debate that won’t be 

resolved until…the use of food/feed crops for such purposes as fuel and plastics are no 

longer necessary.”  Laird continues, arguing that second generation feedstocks will be 

necessary to quell the debate.  She notes that agricultural residues, such as corn stover, 

are available in abundance.  Since residues are “waste,” then diversion of food resources 

can be avoided.  

Along with “wasted” arable land, supporters of bioeconomic development have 

turned to the use of “waste” in agricultural production as sources of biomass.  Most of the 

material being considered is the residual material left over after harvesting, primarily 

corn stover, since the amount of material left over can be considerable.  In public 

discussions, the turn to waste materials from farming is part of a larger second wave of 

biomaterial development which use cellulosics, rather than sugars and oils, from plants in 

biorefineries.  The idea is to avoid the food vs. fuel debates by diverting what is 

considered a waste product to be managed into another co-product of farming.  However, 

as is the case with all the other fields of bioeconomic development I analyze there are 

cautionary arguments against assuming that diversion of biomass should occur.   

Stover, and other residual biomass, are not currently monetized or treated as a 

commodity.  As a result the materials are assumed to be inefficiency in agricultural 

                                                 
50  Percentage of territory taken from the database http://droughtmonitor.unl.edu/  [accessed 10/23/2012] 

http://droughtmonitor.unl.edu/
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production better diverted to industry.  Ken Sayre and John Dixon, working at the 

International Maize and Wheat Improvement Center, have researched extensively the 

questions of how bioeconomic growth with impact international development in 

agriculture and best practices to avoid social and environmental harms.  These authors 

have repeatedly questioned the idea that crop residues, particularly in corn and wheat 

production, are a waste product that should be used for fuel or removed for use in 

biorefineries.  They argue that high till, high input, and low residue leftover agricultural 

practices are unsustainable for the vast majority of farmers.  While acknowledging the 

potential economic benefit for small and large farmers they have concerns that removal 

of corn stover and other residues will lead to soil degradation through uncoupling of soil 

nutrient cycling and soil erosion (cf. Langeveld, Dixon, & Jaworkski, 2010; Sayre & 

Dixon, 2006). 

Kurt Thelen, a professor in Crop and Soil Sciences at Michigan State University 

has studied the possible outcome of using large quantities of crop residue for fuel and 

other biomaterials.  Thelen argues that residue should not be considered a waste, but is 

rather a valuable fertilizer and protector of soil health.  His studies indicate that thousands 

of pounds of residue are necessary per acre of land simply to maintain the productivity of 

arable soil.  Removal of this organic matter would require a corresponding increase in 

artificial chemical inputs or the possible degradation of the soil (Thelan, 2008).  Alice 

Friedmann (2007), writing for CultureChange.org, surveyed several soil scientists on the 

subject of biomass for industrial use.  Below are a few relevant quotes from these 

interviews: 
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I have no idea why soil scientists aren't questioning corn and cellulosic 

ethanol plans. Quite frankly I’m not sure that our society has had any sort 

of reasonable debate about this with all the facts laid out. When you see 

that even if all of the corn was converted to ethanol and that would not 

provide more than 20% of our current liquid fuel use, it certainly makes me 

wonder, even before considering the conversion efficiency, soil loss, water 

contamination, food price problems, etc. 

As agricultural scientists, we are programmed to make farmers profitable, 

and therefore profits are at the top of the list, and not soil, family, or 

environmental sustainability. 

Government policy since WWII has been to encourage overproduction to 

keep food prices down (people with full bellies do not revolt or object too 

much). It's hard to make a living farming commodities when the selling 

price is always at or below the break-even point. Farmers have had to get 

bigger and bigger to make ends meet since the margins keep getting thinner 

and thinner. We have sacrificed our family farms in the name of cheap 

food. When farmers stand to make few bucks (as with biofuels) agricultural 

scientists tend to look the other way. 

You are quite correct in your concern that soil science should be factored 

into decisions about biofuel production. Unfortunately, we soil scientists 

have missed the boat on the importance of soil management to the 

sustainability of biomass production, and the long-term impact for soil 

productivity. 

Alice Friedmann (2007) continues with a quote from an agronomist from the 1980s 

to further show that crop residues have been critical to agriculture production since the 

earliest push for biofuels in the U.S: 

Removing crop residues…would rob organic matter that is vital to the 

maintenance of soil fertility and tilth, leading to disastrous soil erosion 
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levels. Not considered is the importance of plant residues as a primary 

source of energy for soil microbial activity. The most prudent course, 

clearly, is to continue to recycle most crop residues back into the soil, 

where they are vital in keeping organic matter levels high enough to make 

the soil more open to air and water, more resistant to soil erosion, and more 

productive. 

While there have been a small number of challenges on land use changes within the 

United States, most of the attention from non-governmental organizations and research 

scientists has focused on international markets.  U.S. and European companies are 

expanding operations, particularly in Southeast Asia, to be closer to developing consumer 

markets and to take advantage of new biomass resources.  Rachel Smolker, editor of the 

Energy Justice Network, has repeatedly cautioned that people should be the first priority 

in developing a bioeconomy.  In one of her articles, she focuses on indigenous 

communities displaced by biomass plantations and the horrendous working conditions 

individuals take at these plantations to replace the income they had received from their 

own farming (2008).  Focused primarily on bioenergy, the Energy Justice Platform the 

network developed argues, “Creating huge new demands for biomass combustion is 

incompatible with human and ecosystem health and well-being and should not be 

supported and/or subsidized under the false pretense of providing "clean and green 

renewable energy” (Energy Justice Network, 2011).  Future exploitation of “marginal 

lands” for biomass will likely exacerbate these problems as demand drives land use 

changes and further competition to reduce production costs.  Arguments against the 

popular assumption that a new bioeconomy would be socially beneficial for rural 

communities, consumers, and nations attempting to develop new trade opportunities (cf. 
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ETC Group, 2010; Iles & Martin, 2012).  According to the ETC Group’s (2010, p.1) 

report on biotechnology and synthetic biology use in the global bioeconomy,  

What is being sold as a benign and beneficial switch from black carbon to 

green carbon is in fact a red hot resource grab (from South to North) to 

capture a new source of wealth.  If the grab succeeds, then plundering the 

biomass of the South to cheaply run the industrial economies of the North 

will be an act of 21st century imperialism that deepens injustice and 

worsens poverty and hunger.  Moreover, pillaging fragile ecosystems for 

their carbon and sugar stocks is a murderous move on an already 

overstressed planet. 

6.5 Non-governmental Organization Response to Land Use Changes 

Concern over changing local agriculture practices in small, poor communities is 

often ignored in the positive stories told about an international bioeconomy.  The World 

Wildlife Fund (WWF) developed a new program in 2012 that is attempting to make more 

visible global land use changes due to bioplastic demand.  WWF formed the Bioplastic 

Feedstock Alliance as a means of investigating the outcomes of bioplastics use and how 

best to mitigate unintended harms from biomass sourcing.  BFA is a multi-stakeholder 

group that engages with companies purchasing large quantities of bioplastic to have a 

positive influence on the upstream production of biomass for their products.  Speaking 

with the Senior Program Officer at WWF and administrator of BFA, Erin Simon, she 

indicates that, WWF is concerned about all life stages of bioplastics but that land use and 

farming practices are most critical to improve the sustainability of this technology.  She 

notes that the largest percentage of potential negative environmental impact is in the 

sourcing of biomaterials (Interview with author, 11/7/2012).     
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Participants in biomass accounting programs for bioplastics believe that significant 

reforms are possible in this domain because the volume of biomass required for 

biopolymers is small enough to reduce hurdles to institutional changes.  One of the more 

vocal groups intervening in the production of bioplastics is the Sustainable Biomaterials 

Collaborative.51  One of the programs the collaborative promotes is the IATP designed 

Working Landscape Certificates (WLC).  The certificates are an “offset” that bioplastic 

producing companies can by to improve their environmental footprint.  Farmers that 

comply with the program guidelines can sell their product and the certificate at an 

additional cost.  I have noted previously how WLC certificates are targeted at 

encouraging farming practices that do not encourage the use of biotechnology.  SBC 

focuses on bioplastics because of the limited feedstock requirements of this market 

sector,  

The WLC program is only intended and available for sectors where there 

are limited supply and production facilities, such as the bioplastics 

industry. In areas such as biofuels, where the infrastructure and ability to 

directly source are much greater, an offset program such as WLCs is not 

necessary, nor as effective in promoting feedstock sustainability… As one 

of the fastest growing areas of commodity utilization and a sector that is 

billed as environmentally preferable, it is crucial that the bioindustrial 

sector incorporates sustainability criteria into the entire life cycle of 

products (Levine & Kleinschmit, 2010, p. 1) 

                                                 
51 The steering committee at SBC includes members from: Institute for Local Self-Reliance, Institute for 
Agriculture and Trade Policy, UMASS-Lowell Center for Sustainable Production, Environmental Health 
Fund, and Clean Production Action.  There are also several advisory members that are expert consultants, 
company representatives, university researchers, and public officials. 
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Stonyfield is one of these companies, purchasing certificates to offset 500 acres of 

GM corn used in NatureWorks packaging for their products.  In 2010, the cost of each 

certificate/acre was $60.  That would cost Stonyfield a rather small amount of $30,000, 

for a company with revenues of $300 million.52  Supervisors of the WLC program 

acknowledge that the certificates are only a step in a positive direction, and only for those 

industries that do not require considerable quantities of crops.  They are attempting to 

expand the program to new participants while strengthening the criteria of the 

certificates.  The intention is to develop enough participating farmers to be able to 

transition from an indirect, off-set program to direct purchasing of sustainably produced 

crops (Levine & Kleinschmit, 2010).  Internationally, the International Sustainability and 

Carbon Certification body proposed new guidelines specifically tailored to bioplastics 

and durable biochemicals.  Much like the program developed by WWF, the ISCC is 

concerned primarily about biomass production over end of life concerns.  Their ISCC-

Plus program is a standard and certification scheme that conserves protected 

environments, arable land, and protects farmers from land use changes from increased 

demand for bioplastics (International Sustainability & Carbon Certification, 2012). 

NatureWorks has been able to import enough non-GMO crops and crop derived 

starches from external sources because the demand has been limited to organic and 

holistic goods producers.  A spokesperson for the company explains,  

For food packaging specifically some packaging brands with whom we 

work have expressed a preference for Ingeo sourced from a region of the 

world which does not support a genetically engineered agricultural 

                                                 
52 Stonyfield is now majority owned by the French multinational Group Danone. 
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practice…Although they fully realize that there is no genetically modified 

material in their packaging…they still prefer not to support an agricultural 

practice with which they philosophically disagree” (quoted in, Astley, 

2011).  

Because of this sector they secured funding to expand operations into Thailand to 

ensure they have facilities that will produce their bioplastic from non-GMO sources 

exclusively (Astley, 2011).  Demand for organic biopolymers has also helped stimulate 

investment in unlikely agricultural areas such as a market study performed by researchers 

at the University of Maine on the use of potato waste from Maine’s organic potato 

harvest in the production of PLA (Maine Technology Institute, 2010).53.   

  Coca-Cola is so concerned with the negative public perception of exploiting 

fragile land and indigenous peoples that they have gone so far as to ensure that the 

materials they source for the production of their new PlantBottle line come from farms 

which are classified by third party organizations as using the “best practices” available.  

The company searched out several organizations that target different aspects associated 

with growing crops for biomaterial development.  Sugar cane became the dominant 

source of feedstock for production of their PlantBottle as well as the harvesting of sugars 

for drink production.  Concerns over the extent of child labor in El Salvadorian sugar 

farms which Coca-Cola purchased from prompted a review of the practices within this 

country and other Central and South American nations.  A report by Human Rights 

Watch which drew on communications within Coca-Cola’s management and executives 

                                                 
53 Collaborating organizations include: The Environmental Health Strategy Center, True Textiles Inc., 
Rynel, Inc., Biovation, Tom’s of Maine, Grow Tech Inc., The Margaret Chase Smith Policy Center, 
UMaine’s Process Development Center, the Maine Potato Board, Maine Organic Farmers and Gardeners 
Association, and Green Harvest Technology, LLC. 
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as well as extensive interviews with individuals who had worked on these farms was 

critical (Bochenek, 2004), along with the International Labour Organization’s 

International Programme on the Elimination of Child Labor, along with other 

stakeholders.  According to the company documents, most of Central American sugar 

plantations have shown improvements in avoiding child labor.  However, there is no 

information that I have been able to find which indicates that Brazil, the focus for 

PlantBottle development, has been equally targeted for reform.  Lack of 

acknowledgement in public discussions over bioeconomic development is concerning, 

considering the last U.S. Department of Labor’s studies of child labor exploitation on 

sugar plantations has not been updated since 2002 (Labor, 2002).   

Outside of labor practices, the WWF has encouraged Coca-Cola to work on 

developing guidelines for reducing water use in sugarcane and corn production.  Their 

“Better Sugarcane Initiative (BSI)” and “Agricultural Water Initiative” consists of 

collaborations between the company, WWF members, and sugarcane producers to reduce 

the environmental and social impacts of sugarcane farming.  The company describes the 

programs as, “…a multi-stakeholder collaboration whose mission is to promote 

improvements in the key environmental and social impacts of sugarcane production and 

primary processing.  Working with our agricultural partners…The partnership will 

engage producers to promote better management practices that measurably reduce 

impacts, and to design procurement strategies that help us to further reduce the 

environmental impacts of our supply chain” (Coca-Cola, 2010).  Dr. Jason Clay, senior 

vice president of market transformation for the WWF, indicates that “Preserving natural 
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resources through sustainable agriculture is essential for businesses like Coca-Cola as 

they search for ways to alleviate environmental challenges” (BusinessGreen, 2009).    

WWF has been incorporated into the Coca-Cola Company as a strategic partner in 

many of their operations.  The NGO works on improving the company’s operation 

efficiency to avoid unnecessary GHG emissions, improve water quality, and avoid 

harmful agricultural practices.  Building off this strategic partnership WWF has been 

successful in challenging Coca-Cola to adopt precautionary practices in developing their 

PlantBottle line.  PlantBottles are used in product lines that have already come under 

scrutiny by multiple stakeholders.  Soda, because of the massive quantities of water 

consumption and contaminated waste (Wherther & Chandler, 2005), fruit juices because 

of labor exploitation (Gill, 2007), and bottled water for any number of possible harms.  

PlantBottle, as a product and symbol, needs to be protected from being linked with 

existing controversies.  Cooperating with NGOs helps to protect the brand by ensuring 

that harms and opportunities are not missed and gives credibility to the company’s 

actions.   

6.6 Discussion 

Despite the opportunities for change the production of biomass for bioplastics 

continues to be a concern.  Profit motives drive the market and that means that the 

cheapest commodities will be sourced.  In the United States that means genetically 

modified corn produced on fertile lands with heavy use of synthetic chemicals and 

mechanized apparatuses dominate.  Promoting bioplastics at this time is implicitly 

supporting the status quo of corporate dominance in agriculture policies.  Without 

expansive changes in biomass production and the institutions supporting limited 
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pathways of development and stakeholder input this is unlikely to change.  Efforts such 

as the Working Landscapes Certification process is a step in a more sustainable direction, 

but integrating the stringent criteria into an industrial sector dominated by agriculture and 

chemical companies antagonistic to environmental reform has a debatable future.  The 

SBC has only been able to get a small number of companies to sign onto the program.   

The WWF has been able to leverage their long term affiliation with Coca-Cola to 

directly influence management in the company.  Coca-Cola has been repeatedly 

challenged on labor and environmental controversies, and as a result has appeared to be 

more reflexive on developing their PlantBottle technology.  Early integration of non-

economic perspectives into the construction process allowed ideas on social and 

environmental sustainability to compete against demands for profit and economic 

expansion.  This has not been the case in the other companies developing  bioplastics. 
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7. Bioplastics as Sustainable Alternative or Technological Fix Gone 

Awry? 

7.1 Introduction 
This chapter considers the outcome of introducing bioplastics into society as material 

objects.  Stakeholders have challenged dominant ideas that are and inherent 

environmental good.  There are unique concerns over how to manage new technologies 

that do not have existing mechanisms of regulation and institutions for public dialogue.  

Along with selling the “bio” of bioplastics as a benefit, supporters argue that these 

technologies are beneficial in post-consumption.  Petroleum based plastics have well 

documented problems when placed into different environments.  Chemical components 

of plastics have been documented as toxic to human and environmental health.  The 

durability of traditional plastics creates disposal problems when they escape into marine 

and terrestrial environments.   

Bioplastics are marketed as offering the most environmental benefit at the point of 

disposal.  Mechanical and chemical properties of many bioplastics result in faster and 

more complete degradability compared to petroleum plastics.  Even at the stage of 

manufacturing, bioplastics require less, or no, known toxic chemicals.  However, 

bioplastics are a diverse collection of techniques, materials, industries, and products.  

Once consumption is factored into analyzing the claimed benefits of bioplastics, the 

sustainability of this technology becomes less convincing.  In the last chapter, I argued 

that bioplastics are not as beneficial an alternative to petrol-plastics when the growing of 

biomass is taken into consideration.  I focused on feedstock and polymer production for 

biomaterials as a build-up of political and technological institutions advantaging certain 
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technological pathways over others.  Here I include the second half of the story on 

bioplastic use and end of life considerations.  A variety of market demands, social 

pressures, and institutional structures influence the social construction of bioplastics.  

Several different technosocial pathways have developed over the last few decades leading 

to a variety of biopolymer types and an even greater number of bioplastics product lines.  

Each product has several different intended consumer uses and disposal options.   

Many promises are made where bioplastics factor into alleviating challenges posed by 

plastic waste.  As with promises of biomass vs. petroleum, the actual outcomes of 

bioplastic use lead to controversies over how best to incorporate these materials into 

recycling, composting, and waste diversion programs.  This chapter is devoted to 

representing these conflicts at the national level and within the community of San 

Francisco, California.  I include analysis at the municipal level as a means of 

understanding how bioplastics perform in society and to represent how an engaged 

citizenry can shape the social construction of technology and adoption.  The challenges 

for this chapter are to locate where bioplastics hold promise or fail to support existing 

environmental reform efforts.   I will detail the complex life of different bioplastics 

throughout the chapter; however, as orientation, see Figure 4 for a simplified diagram of 

polymer to post-consumption pathways.   
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Figure 4. End of Life Options for Different Bioplastics.  Items in parenthesis are 
examples of companies and products that fit within each type of bioplastic.  Dashed 
lines indicate limited or unproven routes of waste management [Source: Author]  

 

7.2 Early Challenges and Priming Events 
Bioplastics were originally marketed for their degradability characteristics in the 

1980s.  Landfills running out of space and plastic litter were the paramount concerns at 

the time.  Petroleum was cheap again after the crises of the 1970s so domestic sources did 

not have the same cache.  These early “bioplastics” were an unmitigated disaster.  A 

number of large companies developed disposable plastic products that were marketed as 

biodegradable.  Mobil Corporation, ICI Chemicals, and other less high profile companies 

focused on single use plastic bags for degradability because these items had become a 

public relations problem due to mounting concern over bag litter.  Unfortunately, the 

plastics did not biodegrade entirely, but simply broke down into smaller sizes due to a 

small amount of starch impregnated within the polymer structure.  Several state 
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regulatory agencies, as well as the Federal Trade Commission (FTC), realized there were 

few regulations on marketing claims of this sort and began investigating whether these 

companies were in violation of false advertising laws.  The National Association of State 

Attorneys General quickly formed a task force in 1990 directed at examining the 

regulation of environmental marketing claims. Eleven state Attorney General staff 

members issued two reports, Green Report and Green Report II that provided 

recommendations for regulating environmental marketing claims.  The panel worked 

with the EPA and FTC to host a public forum in 1990 to discuss green marketing claims 

and biodegradable plastics specifically.  According to the Preliminary Report (National 

Association of Attorneys General, 1990, p. 12-13),  

The Public Forum revealed a wide degree of consensus among business 

and environmental groups on many important issues.  Significantly, almost 

every organization testifying at the Public Forum urged the development of 

national standards, guidelines or definitions to guide business in making 

environmental claims and to help consumers understand the claims made.  

The Public Forum also exposed disagreements on several issues, the most 

notable being the role of degradable plastics in solving our nation’s serious 

solid waste problems.  

Several State Attorneys General filed lawsuits against companies marketing “green”, 

“biodegradable”, “ecofriendly” plastics.  The end result of all the public attention was 

removal of the products from retail shelves and an entirely new series of actions taken by 

the FTC to qualify environmental marketing claims and development of tests and 

standards by ASTM (Narayan & Pettigrew, 1999).  
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The message from consumers, environmental advocates, and federal regulators was 

resounding.  Bioplastics faltered in the market and greater concern was placed on post-

consumption issues.  It is no wonder that many of the newer bioplastics to come after this 

controversy were designed to degrade so effectively as to be marketed as safe to put in 

one’s compost.  To ensure that companies would be able to convince consumers and 

environmental organizations over the “greenness” of their products a number of new 

standards, testing procedures, and certifications were developed.  Even with scientific 

testing and third party verification, bioplastics continue to be challenged.  Previous 

experiences with false green advertising have positioned bioplastics in a tenuous position.  

Skepticism has been further conditioned in activist networks because the diversity of 

products hitting consumer shelves has proliferated in the last five years.  The very idea of 

what “a bioplastic” is has created further cause for concern over how society will manage 

a bioplastic industry.   

By the mid-2000s, three classes of biopolymers began to form.  The earliest 

bioplastics targeted at rapid degradability remained the largest market as they were 

intended for single use consumer goods.  A second class of bioplastics includes those that 

were more durable, had unique properties, or were hybridized with petroleum chemicals 

for strength.  This is where companies use existing polymers in combination to achieve 

specific performance characteristics.  Durability is often a criterion of design, with 

plastics used in applications such as car parts or beverage bottles.  By the end of the 

2000s a final bioplastic class began to garner support from some of the largest consumers 

of plastics.  Coca-Cola was interested in using bioplastics in their product packaging.  

Rather than use PLA, PHA, or some other existing biopolymer the company invested in 
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turning corn and sugarcane into polymers molecularly similar to petroleum plastics.  

They did this for two reasons.  First, their extensive bottling operations and marketing 

interests required the new bottles to be compatible with the old bottles.  Second, 

biodegradability, compostability, and recyclability of bioplastics have come increasingly 

under fire.  NatureWorks had already been pressured to pull their bottling product line 

after recycling companies and recycling advocates grew concerned over PLA based 

beverage bottles contaminating one of the few successful recycling successes in the U.S.  

Pepsi, Heinz, Ford, Nike, and P&G have begun looking into these bioreplacements 

(P&G, 2012; Westervelt, 2011).54  Companies developing the different formulations of 

bioplastic are again marketing their products as sustainable alternatives to petroleum 

plastics.  Questions continue to be unanswered: which bioplastics, which applications, 

which regions, which disposal method?  

At the national level, bioplastic narratives revolved around economic growth for U.S 

farmers, companies, and, to a less extent, greenhouse gas emissions.  As a result, less 

interest has been paid to how bioplastics are used and disposed of in policy discussions.  

Manufacturers have the ability to turn biomass into a number of polymer and bioplastic 

types.  If polymers are tailored for specific applications that would translate into existing 

recycling and composting streams then concerns over bioplastics as waste would be less 

controversial.  As the current situation stands, companies are diversifying their products 

as quickly as possible to establish their technology as dominant in the market.  Diverse 

products could create opportunities for bioplastics to mitigating pollution and augment 

waste reduction efforts.  Compostability, recyclability, closed cycle, non-toxic, etc. are all 

                                                 
54 See chapter 5 for a sense of the diversity of biopolymers and bioplastics. 
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negotiable.  Surprisingly, prior experience with controversial “green” plastics and new 

forums for influencing the social construction of bioplastics has not led to any cohesive 

movement by civil society groups.  I say cohesive because challenges over what 

bioplastics should be do come about through opposition movements or media campaigns.  

National and international environmental organizations tend to collaborate with 

individual companies to selectively alter material sourcing, production, or design.  More 

commonly, business organizations and environmental advocates’ interests align, as in the 

case of protecting recycling from PLA contamination.  Third party administered 

negotiations have also become common in the field of bioplastics.  In these cases, 

environmental consultants, venture capitalists, biopolymer manufactures, and other 

stakeholders negotiate voluntary regulations and mechanisms to ensure the validity of 

sustainability claims. 

7.3 Bioplastic(s) and Post-consumption   

Despite the drive to find new polymers and plastics that would avoid another public 

backlash, tensions continue to appear.  In a conversation with World Wildlife Fund’s new 

Sustainable Packaging Senior Director, Erin Simon, she notes that silence from the 

environmental activist community on bioplastics comes from past experience and future 

concerns.  Controversy over starch impregnated plastics in the 1980s and vagaries over 

how degradable each bioplastic is has left organizations treating bioplastics as a “false” 

green technology.  She also suggests that organizations are focusing much of their 

attention on biofuels because most of the NGOs are concerned with land use and 

biodiversity rather than waste.  Finally, she argues that most groups are afraid of picking 

a “winner” or “loser” because their reputations are on the line—with funding and media 
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attention suffering if they end up incorrect in their assessment.  Jack Macy, San 

Francisco’s Zero Waste Coordinator, suggests a similar perspective on bioplastics in an 

interview on challenges of dealing with bioplastics in the city, “You risk the trouble, 

however, with letting the perfection stop the possibility of bioplastics.”  In other words, 

he acknowledges that bioplastics present a number of challenges to his attempts at 

increasing recycling and composting, but that a complete band could prevent the “good” 

bioplastics from replacing the “bad” petroleum plastics.   

Fortunately for those interested in intervening in bioplastic development, 

commercialization of biopolymers began again in the 2000s during heated debates over 

all plastics.  During the 2000s, multiple reports were released by independent and 

government organizations on the issue of plasticizers mimicking the hormones in the 

human body.  Pthalates (PVC) and Bisphenol-A (PET) are heavily used industrial 

chemicals found in body tissues and in the environment (Beauchesne, Barnabe, Cooper, 

& Nicell, 2008; Jobling, Reynolds, White, Parker, & Sumpter, 1995; Lubick, 2006).   

USDA-ARS has been involved in developing non-toxic plasticizers for the bioplastic 

industry since at least 1996, the following is text from a research report submitted to the 

journal Starch (S. Thomas & Greene, 1997): 

Concerns over the landfill burdens of plastics, as well as legislation to 

eliminate the dumping of plastics at sea (MARPOL Treaty), have increased 

awareness of the need for biodegradable plastics. Starch- based plastics use 

an inexpensive and renewable resource, yet such materials can be extremely 

brittle unless other materials, called plasticizers, are included to increase 

flexibility. Under certain conditions, common plasticizers such as urea can 

produce noxious products. The research benefits the fledgling bioplastics 
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industry, as well as the general American populace, by potentially replacing 

imported petroleum-derived plastic materials with renewable, home-grown 

commodities. 

Strong opposition to plasticizers and false claims of degradability throughout the 

early development stages of bioplastics led companies to avoid toxic chemicals and to 

collaborate with environmental advocates and waste regulators.  From my experience 

looking into the chemical inputs and speaking with a number of individuals, 

compositions of compostable and biodegradable bioplastics do not contain known toxins 

or hormonal disruptors.55  There are also examples, which are included below, of 

companies avoiding developing specific bioplastic products due to early intervention in 

company decision making by NGOs.  The remainder of the chapter details moments of 

controversy and collaboration in the social construction of bioplastics from an end-of-life 

vantage point.  I begin with an analysis of how environmental claims surrounding 

bioplastics cause controversies when the materials do not behave as expected in real 

world environments.  A diversity of tests, standards, and third party organizations have 

been created to help align claims with expected behavior of bioplastic products.  In other 

words, there has been an interest in establishing market-based, voluntary regulations so 

that the network of bioplastic companies can create bioplastic goods that work with 

existing state regulations and waste control systems.  The next series of sections analyze 

the routes that bioplastic artifacts take after consumption.  I include national debates over 

                                                 
55 I should note, this does not mean that durable or hybrid varieties might contain toxins or that there are 
unknown additives.  In an interview with Miriam Gordon, of Clean Water Action in San Francisco, she 
cautions that, “we don’t know what is in these products because all of the testing is done under non-
disclosure agreement” (Gordon, 2011).  Her concerns are not without merit, the Materials Safety Datasheet 
for the BioBest polymer includes the ingredient “Proprietary Processing Aids,” at nearly 50% of the mass 
of the product (BioPlastic Solutions, 2010).      
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how to manage bioplastics and negotiations between stakeholders to reconstruct 

bioplastics to be more sustainable.  I use San Francisco throughout as a “best case 

scenario” in how bioplastics fail to live up to expectations and resulting actions taken by 

regulators and environmental advocates to challenge the bioplastic industry.   

7.4 Defining and Regulating Bioplastics 

Within federal agencies, there is a near complete disinterest in regulating 

bioplastics so that they do not contribute to plastic waste.  Leslie Tamminen (2012), finds 

fault in the lack of intervention by the EPA in the construction of the bioplastic industry.  

She has been an environmental advocate for marine protection and currently consults 

with 7th Generation on post-consumption of products.  She argues in a letter sent to an 

EPA sponsored dialogue on sustainable financing of municipal recycling ,  

…it is imperative that EPA overall take a more active role in also defining 

the metrics of what qualifies as “sustainable packaging.” To date, industry 

has largely controlled the criteria companies use to develop sustainable 

packaging. We urge EPA not to abdicate its responsibility, and “let the fox 

guard the henhouse.” The lack of protective regulation and action is 

especially apparent in the arena of bioplastics. Like incineration of 

packaging, bioplastic materials score high on industry-funded metrics of 

sustainability, but in fact, such materials may be no better than regular 

plastics, and in some ways, worse.  

Part of the “industry-funded metrics” Tamminen cites is the use of life-cycle 

assessments (LCA) to determine, aka prove, the “greenness” of bioplastics compared to 

traditional plastics.  She councils EPA that California’s Implementation Strategy, i.e. 

testing products in pilot studies before accepting into recycling streams, should be 

adopted for bioplastics.  In order to quantify the environmental benefits (or harms) of 
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bioplastics many scientists, industry members and government officials have turned to 

compiling metrics on different products and comparing them throughout each product’s 

life cycle.  In the case of bioplastics, a complete analysis would begin at the farm and end 

at the point of reuse or disposal.  Investigations of this sort, and comparisons of bioplastic 

and petro-plastics, have been carried out for a number of years.  However, there is little 

consensus on which bioplastics have the most desirable LCA.  In part, consensus is 

difficult to achieve because LCAs by definition are partial inventories of a product or 

process.  There are three basic steps in developing an LCA (Bier et al., 2011): 

1. Define and collect an inventory of relevant inputs and outputs. 

2. Define potential environment impacts associated with the inventory of inputs and 

outputs. 

3. Interpret the potential environmental impacts against the objectives of the study, 

be they policy oriented, reduction in greenhouse gases, or mitigation of energy 

use.   

Each of these steps can be argued to be incomplete or limited in some way or 

another.  Relevant inputs in LCA cannot account for the full life cycle of a good or 

process because information on the primary inputs and outputs might be too expensive 

and there will always be secondary, tertiary, ad infinitum impacts that cannot be 

accounted for much like any bounded rationality in scientific practice.  In a review of 

LCAs by two of the leading academic figures in defining criteria for understanding the 

environmental harms and benefits of bioplastics, Ramani Narayan and Martin Patel 

(2005, p. 197) indicate that considerable uncertainties exist in published LCA studies: 

“The most important uncertainties in published LCA studies relate to the waste 

management phase, especially regarding methane emissions from landfills, energy 
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recovery yields in waste-to-energy facilities and carbon sequestration due to 

composting.”  They go on to describe how different bioplastics perform with greater and 

lesser environmental impact across the full life cycle.  Most studies they reviewed that 

compared petroleum to bioplastics were negative in the assessment due to the greenhouse 

gases released during harvesting, production and during degradation. 

Despite these uncertainties on full life cycle sustainability companies and third 

party groups continue to release new studies.  The most recent example was the creation 

of a “cradle to cradle” methodology for bioplastics.  William McDonough & Michael 

Braungart, the same authors contributing defining literature on cradle to cradle thinking 

helped established the Cradle to Cradle Products Institute as an institution that would 

work with industry to transform markets into closed cycle operations.  The first bioplastic 

to be awarded a certificate from the Institute is NatureWorks.  They obtained a Silver 

rating which means that, among other attributes, Ingeo polymers were assessed for 

toxicity to human and environmental health and the polymers can be recycled or 

composted.  What is disconcerting is that the next higher category was not reached 

because there was no “plan for product recovery and closing the loop.”  In other words, 

the possibility exists that Ingeo polymers can be a better alternative than petroleum based 

polymers, but there are no assurances that the materials will be reintroduced as useful 

inputs to agriculture or future polymer production.  Assuming possible benefits on the 

basis of intended end of life for bioplastics is a dominant framework in how many 

understand this technology.   
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Defining sustainable or biodegradable is a concern for both private and public 

stakeholders.  In a publication that came directly after release of the FTC Green Guides a 

Dow Chemical researcher, Graham Swift (1992, p. 345), argued,  

The complexities and confusion surrounding the use of biodegradable 

polymers in environmental waste-management can be resolved by clearly 

defining what the polymers are expected to do.  They must not contribute 

harmful effects and be preferably mineralizable.  Test Methods are 

available to establish biodegradability, though protocols for estimating fate 

and environmental effects are not yet developed.  Consequently, the only 

really acceptable environmentally biodegradable polymers, at this time, are 

those from natural sources which are compatible by virtue of their origin 

and mineralizable synthetics. 

At the time, only pilot stage versions of PLA were mentioned by Swift as fulfilling 

these requirements.  Swift’s arguments might have come out of his desire to protect 

Dow’s synthetic polymer market; however, his arguments on bioplastics as waste were 

valid and continue to be valid.  When more compostable plastics entered the market, 

composting experts began to challenge the claims made by companies on the 

degradability and mineralizability of the products.  Bruno DeWilde and Richard Tillinger 

(1998), composting experts in the Netherlands and United States, questioned the testing 

reports released by companies claiming they had compostable polymers that would turn 

into compost at home or in industrial facilities.  The authors noted that depending on the 

product’s physical dimension, not just the molecular makeup, composting might not 

occur in a reasonable time period.   

Concern for the future of bioplastics due to confusion Swift acknowledge and 

limited institutions for confirming performance of polymer and product led companies to 
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collaborate together on self-regulation programs.  One influential example was the multi-

year, multi-stakeholder process begun in 2004 by the non-profit consulting agency Future 

500.  The organization specializes in greening businesses and developing collaborations 

between civil society groups and large corporations—the name is a nod to Fortune 500 

companies.  Staff and fellows working in Future 500 include former environmental 

lobbyists, recycling company lobbyists, managers at large corporations, sustainable 

venture capitalists, and consultants.  Much of the organizations work is devoted to 

encouraging voluntary producer responsibility, e.g. waste reduction and pricing 

emissions.56  Hosted by Future 500, a series of three meetings brought together experts in 

the field of polymers and environmental testing, environmental activists, regulatory 

officials, and private company representatives to outline a roadmap for developing 

bioplastics.  Held between 2004 and 2006 in San Francisco, the final product was a PLA 

Guidelines and Roadmap and meeting report that were designed to guide the market in 

avoiding unintended controversies and avoidable environmental harm.  Meetings 

included a September 2004 Stakeholder Summit on PLA, May 2005 Multi-Sector 

Stakeholder Roundtable, and May 2006 Review of the resulting report by external NGOs.  

Future 500 eventually released a consolidated document containing suggestions garnered 

from the stakeholder inputs (Future 500, 2006).  The meeting report indicated that: 

1. A new polymer resin information program should be designed.  Participants 

indicated that the resin numbering system designed by the Society of Plastics 

                                                 
56 Future 500 worked with CalRecycle, California’s waste and recycling agency, and BioCor, PLA recycler, 
to raise private and public funds for testing technologies for segregating bioplastics in recycling streams.  
The company has been working on bioeconomic development since 2005 when they released the “Bio-
Economy Action Agenda.” 



 

172 
 

Industry (SPI) was inadequate to differentiate polymer types and was 

uninformative for consumers.     

2. Bioplastics should be compatible with Zero Waste programs as defined by zero 

waste advocates.  

3. The materials should contain no synthetic chemicals and should avoid non-

renewable energy throughout the life cycle. 

Within the report, Future 500 staff expands on the first point by considering a two-

tiered zero waste system with composting and recycling.  Participants were almost 

exclusively concerned with PLA because it was the most dominant product on the market 

at the time.  PLA is also easily reconverted back to its original form, lactic acid.  This 

means materials can be recycled without the same degradation that occurs with petroleum 

based plastics when they are recycled.57  As such, recycling was represented as the 

preferred option because the energy required for recycling PLA was smaller according to 

many reports.  A PLA buyback system developed by manufacturers and public education 

campaigns would be necessary to establish a successful reuse and recycling network.58  

Future 500 has subsequently worked with NatureWorks, BioCor, and agencies in San 

Francisco and California to find effective technologies for differentiating PLA from other 

plastics (Descoins & Centers, 2006).  As advisors, Future 500 worked with the California 

Department of Conservation on a $2 million public/private funded project on PLA sorting 

machines (Padia et al., 2006).  As of the publication of this dissertation, there is no 

sorting of PLA from waste or recycling collections.  What little recycling of PLA does 

                                                 
57 The reason you mostly see recycled plastic in down-cycled material is based on the long string polymers 
getting shorter over time, much like paper fibers. 
58 NatureWorks eventually tried to implement a buyback program of their own when recycling supports 
determined that PLA was a contaminant to other resins and the cost of implementing sorting machines 
would be uneconomical. 
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occur is purchased back from NatureWorks or BioCor on a limited basis (Esposito, 

2012).  

In the middle of developing the PLA guidelines Future 500 staff began working on 

another document for the bioeconomy at large.  Starting in 2005, a similar multi-

stakeholder process was instituted to design the Secure, Sustainable Energy and 

Environmental Demand (SEED) Action Agenda.  The process had considerable support 

at the time.  Over 70 environmental organizations endorsed SEED, including: Global 

Exchange (international human rights advocates), Institute for Local Self-Reliance 

(environment and rural community advocates), Rainforest Action Network, and Sea 

Change (Wohlgemuth, 2005).  Fifty organizations are still signatories; however, there is 

much less publicly available information on the success of the program.     

Within the stakeholder network, composting was treated as less compelling because 

composting programs within the United States are rare and many products that were 

biodegradable would not break down quickly enough in compost.  The group also 

concluded that bioplastics at the time would not be helpful in reducing litter or be able to 

break down in marine environments.  The authors concluded: “Bioplastics are not a 

solution to plastic contamination of oceans and other bodies of water…Bioplastics are not 

a solution to litter.  In the absence of sufficient heat and moisture, they do not break down 

quickly enough to eliminate the aesthetic costs of litter” (Future500, 2006, p.6).  Erin 

Simon, of WWF, echoes this sentiment.  She argues that very few bioplastics are 

economically compostable, and the resulting organic material isn’t sufficient to justify 

use of chemicals in farming and loss of soil nutrients upon harvest.  Finally, Future 500 

and those who commented on the report conclude using synthetic chemicals as 
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plasticizers or to create hybrid bio/petro-plastics were deemed counter to the goals of the 

stakeholders participating in the report.     

Much as EPA has been reluctant to determine how bioplastics should be treated 

after consumption, USDA administrators of the BioPreferred Program, caution against 

assuming biobased equates to more environmentally sound.  In the FAQ section of the 

Programs homepage the program managers take up the question of environmental 

benefit: “…while many of the biobased products on the market today may have a more 

benign effect on the environment, are biodegradable and have lower disposal and cleanup 

costs than the fossil petroleum based products they replace, a USDA certified biobased 

label is not a guarantee or expression of environmental preferability or impact.”  And 

further along these lines, “The USDA BioPreferred program does not test or judge 

product safety.”   

7.5 Formation of Standards and Certifications for Bioplastics 

I have mentioned throughout this dissertation how ambiguities over what 

“bioplastics” are defined as, and how this technology should develop, acts as a site of 

contestation by many stakeholders, both supporters and detractors of bioeconomic 

development generally and certain bioplastics specifically.  Standards, and the means of 

identifying product characteristics, are critical for understanding bioplastics.  Standards 

are often employed as tools of coercion to exclude competitors or to hide limitations in 

the characteristics of the polymers behind an authoritative, third-party seal of approval 

(Briassoulis et al., 2010; Busch, 2011; C. S. Gibson, 2007).  The American Society for 

Testing and Materials (ASTM) compostability standard, is a case in point where passage 

through their testing procedures allows a company to market their product as 
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scientifically proven to act in a certain way.  Standards and the standards making process 

have also been utilized by less powerfully positioned companies and environmental 

advocates to influence the actions of industry members to produce more sustainable 

goods by tightening the criteria from which the terms “bio-”, compostable, degradable, 

etc. can be attributed.  The USDA BioPreferred labeling criteria has changed several 

times due to public comment.  The original percentage of biomaterial that a product had 

to contain was originally a large majority of the total mass.  This was reduced in order to 

allow for a larger quantity of materials (Platt, 2006).  It is currently under review again to 

determine how to increase the percentages.  Businesses and advocates have turned to 

alternative means of protecting and projecting their interests such as manipulating third-

party testing and developing alternative certifications.  An entire class of biodegradable 

polymers, oxo-degradables, have been excluded from consideration for being labeled as 

“biopolymers” since they use no biological material in their makeup (SPI, 2010).   

In the case of bioplastics, nearly all of the individuals I have spoken with have 

insisted that the use of standards and certifications, such as those developed within 

ASTM International and European Committee for Standardization, have enabled them to 

influence policy making and the industry at large to align more with their interests.  Many 

of the interventions in construction and use of standards, labels and certifications have 

developed out of concerns over the sustainability of bioplastics from feedstock to landfill 

(Narayan, 2010).  Controversy, false claims, unknowns and the perceived inadequacies in 

the regulation of bioplastic materials has forced negotiations over how best to correct 

these problems.   
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ASTM is far and away the dominant standard setting organization in the field of 

bioplastics.  ASTMs process is important to understand because it reveals who has 

access, and at what point, for the construction of these standards.  ASTM has been 

developing voluntary consensus standards for well over one hundred years beginning 

with standardizing rail lines across the U.S.  I highlight the terms in the preceding 

sentence because third party standards are voluntarily used by companies wishing to 

prove to others that their products or processes conform to expectations and that a body 

of ‘experts’ has reached consensus on the appropriate tests and metrics.  The organization 

consists of multiple committees that oversee different sectors of the economy, from 

testing of nuclear material oxidation to construction of sewing thread, to appropriate 

sizing of consumer labels.  Each committee is composed of volunteers from academia, 

companies, and government agencies who have expertise in the subject matter of a 

particular committee.   

The process of building consensus might take years, as was the case for developing 

tests for biodegradability that began at least as early as 1990 and was not completed until 

1994 (Narayan, 1990).  The standards are reevaluated by the subcommittees as needed 

and as new technologies develop.  Participation in the technical committees and 

committee meetings that occur throughout the U.S. is open to anyone willing to pay a fee 

to be an ASTM member and public commentary is often sought.  In this regard, ASTM 

appears as a transparent body.  The process of standards creation at ASTM is a laborious 

process that begins with an individual or group request for a new standard; ASTM lists 

that these proposals come from all sectors of society from trade associations, government 

agencies, professional societies, manufacturers, and consumers.  The request is presented 
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to an ASTM technical committee and the process of standards development begins 

(ASTM, 2012).  A task group is formed by the subcommittee and a survey of available 

testing technologies, thresholds, criteria of acceptable performance, and any number of 

details associated with reporting results are defined.  The standard must gain 

subcommittee, main committee, and full ASTM society approval before becoming an 

official ASTM International standard.  A certain threshold of positive votes must be 

achieved before moving into subsequent levels.  The voting also requires a balance of 

interests between producers, users, and general interest members.  In the example of 

standards related to bioplastic degradability the relevant committee is D-20 and the first 

subcommittee formed was D20.96 on Environmentally Degradable Plastics to address the 

issue of standards for degradable polymers.  According to one of the participants in the 

process, a long time researcher on polymer chemistry and developer of ASTM standards, 

Ramani Narayan, D20.96 was unique (Narayan & Pettigrew, 1999, p.39): 

Over 170 members representing a broad spectrum of interests ranging from 

producers, converters, users, consumers, and general interest joined the 

subcommittee.  Industry, government, academia, and national laboratories 

were represented on the subcommittee.  Interestingly, the large majority of 

the members joining were new to ASTM and its consensus process.  Thus 

the ASTM process was, once again, called upon to provide the framework 

to bring order and understanding in the form of standards to yet another 

emerging industry.  Since the subcommittee formation 26 standards have 

been developed covering different environments bioplastics might be 

introduced to, the process and timing of degradability, labeling and 

reporting.      
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Ostensibly, the use of standards is voluntary for private companies.  “Voluntary” in 

this case could be considered misleading because while a company has the option of 

testing to ensure their product meets the standard, if a buyer requires that a standard be 

met before purchase, then the voluntary aspect is trumped by the demands of buyers.  

Matt Defosse (Defosse, 2001), Editor in Chief of one of the industry’s online magazines, 

PlasticsToday, describes the importance of standards for producers and buyers of 

biopolymers: “With so many materials entering the market amid so much hype, it’s easy 

for a processor to be confused.  For some processors and others, the solution has been a 

‘greenwashing’ strategy of fake or undocumented sustainability claims.”  Defosse 

continues in the article to quote the global marketing manager at Innovia Films on the 

double standard placed on bioplastics and traditional plastics in terms of qualifying 

claims: “As a processor of both standard materials and bioplastics, I see the double 

standard….  For our [oriented polypropylene], customers ask about properties and cost.  

For our [cellulose-based films] they ask us about properties and cost, compostability, 

biodegradability, and every standard there is” (Defosse, 2001).   

Considering the importance of standards to the developing bioplastic industry, 

many businesses and their advocacy organizations have supported new organizations that 

can “stay out in front” of the ASTM consensus process by producing tests and standards 

before contrary interests can propose new items to the subcommittee.  A recently 

developed research arm of the bioplastic industry was created to engage in testing of 

bioplastics and consult with ASTM and other institutions interested in biopolymer 

characterization; it is called the Committee on Degradable Polymers.  This committee’s 

sponsoring members can be found in Table 2; most of the organizations listed are 
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dominant private stakeholders in the bioplastic market sector (Narayan & Pettigrew, 

1999).   

Table 3. Sponsoring and Founding Members of the Committee on Degradable 
Polymers (Derived from Narayan & Pettigrew, 1999) 
Cargill  
Dow Chemical  
DuPont  
Eastman Chemical  
Ecochem  
US Army Natick RD&E  
Kimberly-Clark  
Mobil Chemical  
Novamont  
Novon International  
Procter & Gamble  
Zeneca Bioproducts  
National Com Growers Association  
Association of the Nonwovens Fabrics Industry (INDA) 
 

Sponsoring members have a compelling interest in ensuring that another sequence 

of events does not occur like that of the “degradable” starch impregnated plastics of the 

1980s.  Over the last several years, the committee has released several iterations of tests 

and standards for determining how polymers and products must degrade in specific 

environments.  There are separate standards for marine degradation, compostability, 

bioreactors, and landfills.  What must be noted is that many of the standards are not 

associated with a “pass/fail” determination.  In the case of composting and marine 

environments, products are tested and given rates of degradation.  This has not stopped 

companies from promoting their products as “compostable” or “marine safe.”  There is a 

criterion in the standard that the bioplastic must comply with “available” disposal 

options, but not whether those products are likely to reach appropriate disposal options. 
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After ASTM, the most discussed alternative organization involved in bioplastic 

testing and certification is the Biodegradable Products Institute (BPI).  BPI was formed in 

1999 by biopolymer producers and plastic manufacturers to manage concerns over 

bioplastic end of life.  Membership is largely made up of producers and sellers of 

compostable plastic materials.  The organization claims partnerships with academia and 

government agencies; however, of the 140 active members of BPI, as of November 2011, 

only the Massachusetts Department of Environmental Protection and U.S. Composting 

Council were non-industry stakeholders.  The goal in forming BPI was to fill a perceived 

gap in the knowledge of what to do with bioplastics at end-of-life and how to ensure that 

compostable plastics were visually obvious to consumers and waste handlers.  Through 

the process of developing the certification, the goal of the guidelines was to aid in the 

identification of products which are compostable in large scale, industrial facilities.    

There is also a less commonly discussed institution working on alternative 

certifications for bioplastics, the Sustainable Biomaterials Collaborative (SBC).  Core 

members of SBCs governance include: Brenda Platt and Heeral Bhalala (Institute for 

Local Self-Reliance), Mark Rossi (Clean Production Action), Jim Kleinschmit and Julia 

Olmstead (Institute for Agriculture and Trade Policy), David Levine (Environmental 

Health Fund), Cathy Crumbley (Lowell Center for Sustainable Production), Clinton Boyd 

(Sustainable Research Group), Jack Macy (City and County of San Francisco), Lee Kane 

(Whole Foods Market), Tom Lent (Healthy Building Network), Tom Wright (Sustainable 

Bizness Practices), Dr. Joseph Green (California State University at Chico), and Dr. 

Ramani Narayan (Michigan State University).  According to the organization’s 

documents, the mission of SBC is,  
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…to advance the development and diffusion of sustainable biomaterials by 

creating guidelines, engaging markets, and promoting policy initiatives. 

The SBC works with a wide range of stakeholders, including green product 

businesses, social investment firms, recycling professionals, academics, 

and environmental health advocates (Sustainable Biomaterials 

Collaborative, 2009). 

SBC applies no new tests and does not work with specific second or third party 

certifiers.  Instead the organization has released additional criteria for evaluation of 

bioplastic products related to food service.  In addition to referencing available ASTM 

and international tests the guidelines give a three tier rating (bronze, silver, gold) based 

on minimum biobased content, use of genetically modified organisms, product additives 

including nanomaterials and toxic chemicals, use of environmental offset purchases (such 

as the Working Landscapes Certificate), worker protection, product labeling, and 

compostability/biodegradability claims.  Any interested purchaser of bioplastics is 

supposed to contact the seller of the materials and ask for information related to the 

guidelines.  SBC would then work with the purchaser to evaluate the product.  Most of 

this process is informal and the committee in charge of the guidelines is trying to work 

with second and third party certifiers to establish a system of testing that would make 

product characteristics more transparent.  

I have included this section on voluntary, third party regulatory institutions because 

the following sections on post-consumption of bioplastics rely heavily on their use.  

Biopolymer companies use standards to convince manufacturers of product 

characteristics.  Manufacturers use standards and certifications as means of engaging with 

regulatory officials and civil society groups over how to ensure bioplastic goods reach the 
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appropriate recycling, reuse or composting facilities.  The standards have also been built 

into federal and municipal legislation as a means of ensuring only certain products are 

purchased or to ban products that do not meet the testing criteria built into the standards.   

7.6 Compostable Bioplastics and Bag Bans 

One method by which bioplastic companies have been given competitive advantage 

over petroleum plastics has been through campaigns to ban or tax single use bags.  

Several municipal governments and the state of Hawaii have instituted bans directed at 

halting use of bags at retail establishments.  Where bans were politically unobtainable, a 

smaller number of cities passed user fees for bags; Washington, D.C. very recently joined 

this movement.59  Ban or fee, these attempts have met with considerable challenges.  

Retailers are afraid of lost business from consumers limiting purchases when bags are not 

available.  Manufacturers of these bags and lobbying representatives of chemical question 

the environmental arguments by suggesting paper bags have a larger carbon footprint and 

voluntary bag recycling has been successful.  A recent attempt in the California State 

Legislature to ban plastic shopping bags pitted a coalition of environmental activists 

against the lobbying efforts of the American Chemical Council (ACC) and SPI.  ACC has 

been active in all plastic bag debates in major cities (Romer & Foley, 2012, p. 381): 

[The ACC] has by far been the biggest bulldog on the issue, spending $5.7 

million in California during the 2007 and 2008 legislative sessions and  $1 

million  in  2010 when the California legislature was considering a 

statewide ban. The ACC also succeeded in convincing other jurisdictions, 

including New York, to shelve proposed bans or charges on plastic bags in 

favor of adopting plastic bag recycling programs.  Most notably, after the 
                                                 
59 See http://plasticbagbanreport.com for an up to date reference on plastic bag bans and fees. 

http://plasticbagbanreport.com/
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Seattle City Council passed a twenty-cent charge on plastic bags, the ACC 

spent over $1.5 million on a successful ballot initiative to overturn the 

plastic bag charge.  

Civil society groups advocating for consumer choice and less market regulation 

also voiced concerns over the effectiveness of the ban, cost of compliance, and wasted 

attention of policymakers on what appears to be the minor issue of plastic litter (Romer & 

Foley, 2012).  Several of these bans were amended to include the option of using 

bioplastics that are degradable, including in the City of San Francisco.  The reasoning 

behind the change in policy to include certified compostable and biodegradable 

bioplastics was to avoid conflict with the constituents concerned with inconvenience and 

the relatively higher environmental cost of paper bags (Joseph, 2010).  There have also 

been arguments leveled against these bans based on jobs because plastic bags are largely 

made within the U.S., both traditional and bioplastic varieties (Verespej, 2012a).    

While this is most often portrayed as a reasonable compromise or even supportive 

of green technologies and industry, the positive has not always been the default.  Miriam 

Gordon of Clean Water Action in San Francisco is critical of the inclusion of 

compostables within the City’s bag ban.  Rather than a compromise, she argued that the 

intention of many of the environmental groups supporting the ban was to remove 

unnecessary consumption of single use disposables, regardless of composition.  Patty 

Moore, founder of the consulting firm Moore Recycling Associates, criticized “the last-

second end-around by companies marketing compostables.”  Going back further in the 

history of the bag ban, the reason that a ban was considered in the first place was due to 

an attempt by local environmental activists, San Francisco Department of the 
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Environment, and City supervisors to impose a tax on shopping bags in 2005.  While city 

agencies attempted to document the cost and impact of the tax, the California State 

Legislature placed a clause in a plastic bag recycling bill that pre-empted localities from 

imposing a tax on bags.  Assembly Bill 2449 was passed and signed in 2006.  The 

relevant text that limited local governments from developing alternative regulations to 

recycling is, “Unless expressly authorized by this chapter, a city, county, or other public 

agency shall not adopt, implement, or enforce an ordinance, resolution, regulation, or rule 

to do any of the following: (2)  Impose a plastic carryout bag fee upon a store that is in 

compliance with this chapter” (Chapter 845 §42254).  Citizens and elected officials in the 

city eventually re-tooled the campaign to a complete bag ban and thus avoiding the State 

fiat.  Many cities in California passed resolutions banning plastic bags altogether.   

Unfortunately, consumers transitioned to paper and compostable bags rather than 

bringing in reusable bags as had been the intention when the bag debates began in 2005.  

As communities began considering charging for paper and compostable in order to pay 

for recycling of bags another limit on taxing consumers use of plastic bags was passed by 

the industry sponsored Proposition 26 in 2010.  Promoted as regulating transparent 

taxations, the position redefined any regulatory fee as a tax, and requiring a legislative or 

voter supermajority for passage (Romer & Foley, 2012).  Also in 2010, California 

Assembly member Julia Brownley sponsored Bill 1998.  The bill would eliminate single 

use bags across the state.  The only caveat was a section acknowledging that San 

Francisco officials had promoted compostable bags within their organics collection 

efforts and would be exempt from the ban on bioplastic bags.  All other communities 

would have to phase out all disposable bags, regardless of material characteristics.  The 



 

185 
 

bill failed in the Senate.  Brownley reintroduced a modified bag ban in 2012 that included 

compostable bags as optional for all California communities so long as they are certified 

by ASTM.   

Jennie Romer (2007), in her analysis of the evolution of the bag ban in San 

Francisco, indicates,  

…banning plastic bags—while allowing for compostable plastic bags—

avoids the disproportionate-impact argument involved with a fee, but a ban 

may do little to reduce overall consumption absent a successful public 

awareness campaign.  Without properly educating the public as to the 

importance of curbing the needless waste associated with single-use bags, a 

ban on traditional plastic bags might do little to curb consumption and 

serve only to alter the type of plastic polymer flowing to landfills.   

In practice, this claim seems warranted.  Consider the photo of a warning posted in 

a Whole Foods in San Francisco (Figure 5).  The photo indicates that plastic cutlery 

Whole Foods has purchased to complement their composting operations were deemed 

unfit for composting at the sole composting facility the municipality has contracted for 

composting.  Whole Foods executives had decided to augment their recycling and 

organics separation by using “compostable” cutlery.  The intention to include the plastics, 

plates, cups, etc. along with the food waste ended up not turning out as planned.  While 

Taterware is marketed as compostable, the facility which accepts organics in the city, 

Jepson Prairie Organics, determined that the material would take too long fit within their 

economic need to keep a 60 day rotation from waste to usable compost.60  Scott 

                                                 
60 Taterware’s multiple products lines have been deemed to conform to ASTM D6400 Compostability 
Standards. 
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Smithline of Californians Against Waste, indicated that in all the advocacy work he has 

been a part of on composting and bioplastics, he knows of no facility that would accept 

this or any material beyond thin bags.   

 

Figure 5.  Taterware is one of the most common types of "compostable" cutlery in 
the U.S. (Thirupuvanam, 2010) 

 

Compounding the confusion over whether bioplastics can fully integrate into 

composting streams or end up as benign chemicals in different environments is the fact 

that most of the products are hybrids of multiple types of traditional and new polymers.  

Professor Narayan of Michigan State University, an advocate and expert on biopolymers 

since the early 1980s, has been concerned about the final degradability of bioplastics for 

decades.  He has argued repeatedly that even where visual breakdown has occurred there 

is still the issue of the remaining residues: “whatever we put into compost we must know 

will completely assimilate if it is to be considered biodegradable” (quoted in Satkofsky, 

2002).   
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Miriam Gordon, State Director of California’s Clean Water Action Fund said in an 

interview that she has repeatedly attempted to work with scientists who test the 

biomaterials on what remaining chemicals are left over time.  Her frustration was evident 

when she complained that these tests are typically performed at the expense of private 

companies and are accompanied by non-disclosure clauses (Gordon, 2011).  With all this 

confusion and a lack of public information it becomes difficult to determine whether 

bioplastics are a sustainable alternative to petroleum plastics.  It becomes yet more 

complicated when there are so many biopolymers, plastic manufacturers and markets 

being targeted. 

7.7 Bioplastics and Food Composting 

In the United States, one of the largest components of municipal solid waste is 

organics in the form of food and lawn waste.  Collection of lawn waste is fairly common; 

however, food waste is an intransigent problem.  The mass of food waste in landfills is a 

concern along with methane released during its anaerobic breakdown, are good enough 

reasons in their own right to divert organic materials.  Another important reason for 

collecting and reusing organics is that beneficial organic nutrients and minerals are 

contained within this “waste.”  Without a closed cycle of collection food waste that 

would otherwise be used as compost material for future agricultural production must be 

replaced by synthetic fertilizers and soil amendments.  Compostable plastic bags and 

food containers could benefit efforts to close the organic waste cycle by easing food and 

packaging separation or circumventing complaints over the “ick” of collecting one’s food 

waste.  Dave Douglas (2011), a waste diversion specialist in North America, put this 

succinctly in a presentation to the U.S. Composting Council: 
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Figure 6. Visual explanation of hurdles to expanding composting (reproduced from 
Douglas, 2011)  

 

However, in the United States there is a near complete lack of organics collection 

programs, let alone composting facilities.  Bioplastics used to collect and transfer 

organics are more likely to end up in landfills or be released into the environment like so 

many other plastic films.  Even where facilities do exist, composting companies and the 

agencies that regulate waste have permanently or temporarily banned compostable plastic 

bags.  Cities such as Portland (Portland Bureau of Planning and Sustainability, 2009), 

Seattle (Grove, 2011), and San Francisco (Scavenger, 2011) are examples of 

municipalities actively developing organic diversion systems.  Because bioplastic 

sustainability hinges on integrating with recycling or composting institutions, I will turn 

to my investigation of San Francisco as an ideal opportunity, and eventual failure, to 

achieve a closed loop or “cradle to cradle” bioeconomy.   

Let me begin by documenting my first experience encountering bioplastics in the 

city.  While I was enjoying a lunch on Fisherman’s Wharf I noticed that the utensils I had 
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been given were made of a bioplastic material marketed as Potatoware.61  Knowing that 

the city had an extensive organics collection infrastructure I began looking around for a 

receptacle to deposit the leftover food and utensils hoping to send my waste to a new life 

as compost rather than an addition to a landfill.  Even knowing what to look for, a bright 

green bin, it took me a period of time passing common trash cans before I finally located 

the elusive green bin.  As I began to pay attention to the actions of my fellow lunch-goers 

I was struck by how often compostable materials would end up in trash bins bound for 

the landfill.  To begin to answer these and other questions I decided to follow my lunch 

from compost bin to what I had hoped would be its final destination at Recology’s 

industrial compost facility outside of town, Jepson Prairie Organics, or even perhaps the 

farm that would be using the compost.   

                                                 
61 Potatoware is in the same family of polymers as Taterware.  At the time I was not aware that these 
products were excluded from composting facilities. 
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I knew that compostables can either be deposited into city provided rolling bins or 

the fairly ubiquitous three bin system for trash, recyclables, and compostables dispersed 

throughout the city.  Bins can be lined with compostable film bags that have acquired BPI 

certification for compostability and that have been approved by Recology and Jepson 

Prairie Organics.  More often is the case that there are no liners and the compostables are 

left loose in the bins.  The trucks that come by keep the already separated materials 

segregated, a more expensive process than single stream recycling, but it is a necessity 

for reducing the contamination of the final compost with potentially toxic or non-

biodegradable materials.  I followed the trucks as they proceeded to collect the refuse 

throughout the Wharf.  Without a car I eventually lost the truck that contained the 

remnants of my lunch as it headed through Chinatown.  I knew at this point that the 

trucks would head east toward the transfer stations at 501 Tunnel Avenue (Transfer 

Station) or the Pier 96 (Sorting Facility).  As it turns out, the Transfer Station has a tour 

of some of the buildings which I proceeded to sign up for.  What I found was a rather 

primitive system for collecting and processing organic materials and compostables 

allowed in the city collection program. 

 

Figure 7. On the right is a shot of a person hand sorting out plastic bags from 
compostable at Jepson Prairie Organics (Sala, 2008) 
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The photo is a shot taken from the building that houses the compostables before 

they are transferred to 18 wheelers for shipment out to the two composting facilities with 

which the city has contracts with. Restaurant and market food waste dominate as a 

percentage of total compostable material.  With the degree of investment placed into 

trucks and the compost facilities, the process is still rather primitive and malodorant.  

Compostable plastics were present in limited quantity as trash bags, cups and utensils.  

After transfer to the trucks, San Francisco’s compostable waste travels either to 

Recology’s Jepson Prairie Organics or more recently to Grover Environmental Products 

(GEP)62, both of which are several counties east of the city.  Success of the composting 

program prompted Recology to purchase GEP as well as search for permitting for 

expanding Jepson Prairie Organics facilities.63  Compost is eventually sold to area 

agricultural operations or bagged for retail sale.   

At Jepson Prairie, several workers are responsible for removing non-compostable 

contaminants, plastic bags being by and large the most common contaminant.  It is not 

only standard plastic bags which are removed.  One source at the other composting 

facility, RGEP, claimed that, “No reputable composter, in their right mind, would leave 

(bioplastics) in compost…unless the material was bound for landfills as cover material” 

[Anonymous interview 4/27/2011].  The Program Director for the Organic Materials 

                                                 
62 Grover Environmental Products was purchased by Recology in March of 2010. 
63 Further impetus for expanding composting and recycling infrastructure involves the transfer of 
landfilling authority from Waste Management to Recology as the result of a required renegotiation of 
tipping fees with Waste Management in 2015.  Recology does not own a large landfill operation and would 
thus be inclined to recycle and compost most of the collected waste. 
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Review Institute64, Lindsay Fernandez-Salvador, explained why San Francisco, through 

operations at Recology, have integrated bioplastics into waste diversion efforts.  

Recology and the composting facility they contract with have labor intensive ‘foreign 

removal programs’ that diverts all material that is not clearly labeled as compostable 

(Welte, 2012).   

Unfortunately, even the bags that are labeled as compostable have to be taken out 

of the composting stream.  Jack Macy, who coordinates San Francisco’s Zero Waste 

program, explained to me in an interview that regulators worked with Recology to 

include compostables, even knowing that most would not be composted, because the city 

wanted to capture more of the food scraps that were being landfilled, “Every composter 

would prefer not to take that stuff because of the challenges of identification and the 

breaking down aspect. It’s easier to say no” (interview with author, 7/20/2011).  Bob 

Besso, an employee of Recology in San Francisco, has been working with the residential 

and commercial organics collection programs in that city for a number of years.  In his 

opinion, organic waste generators and collectors are so desperate for “biodegradable” 

plastic products that they settle for compostable or degradable labels stuck on any 

product.  Besso suggests one potential alternative that might improve coordination of 

using bioplastics within composting streams (quoted in Satkofsky, 2002):   

Maybe a new bag classification(s) could be established, keeping truly 

biodegradable products as the ‘Gold Standard,’ and having an acceptable 

‘activated’ bag rating(s) for others marketed as compostable.  My personal 

experience with degradable plastic bags tells me that some types would 

                                                 
64 OMRI is an Oregon based independent certifier of products that can be used in organic farming 
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likely be more problematic than others in specific processing operations.  

This rating could allow each processor to identify, to their feedstock 

suppliers, which bag rating was acceptable for their specific operation.    

Some may not allow any and some may allow all types of bags, based on 

their ability to remove the pieces and market the finished product.”65   

Besso has several insights into bioplastics from an experiential perspective that I 

want to highlight.  First, consumer demand for bioplastics is so high that companies are 

moving as quickly as possible to fulfill the demand.  One of the consequences is that our 

ability to understand the repercussions of these actions becomes nearly impossible.  Even 

in San Francisco with the infrastructure, institutions, community support, and strict 

regulatory policies using testing and certifying criteria, bioplastics still fail to reach a 

final destination that would support all the marketing and public commentary supporting 

bioplastics.  Second, bioplastics are designed by large international companies looking 

for the largest scales of production to remain competitive.  Each city and region has 

different environmental characteristics that would influence how bioplastics act when 

placed into different locations.  Diversion into on post-consumption stream, whether litter 

or recyclable, is yet further based on the products themselves.  A thin enough bioplastic 

bag might compost in time.  A fork might not degrade and a phone shrouded in bioplastic 

most definitely will not degrade in a reasonable amount of time.  What has not occurred 

to alleviate some of these challenges has been a sustained inquiry in how support for a 

bioeconomy might result in new problems that cities and citizens have to manage.   

The reasons behind this claim are three fold.  As with the Taterware bioplastics I 

have already mentioned, most compostable plastics rarely break down at the same rate as 
                                                 
65 http://www.jgpress.com/BCArticles/2002/030260.html 
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food and other green waste.  The advanced systems employed by Recology can turn food 

into compost in less than 60 days while most certifications and standards require only a 

significant portion of the bioplastic material to degrade within 90 days.  The extra time 

eats away at the profitability of compost operations so bioplastics are most often removed 

entirely from the system and transferred, along with other contaminants, to landfills.  

Second, there is considerable uncertainty on whether compost that is derived in part from 

bioplastics can still be certified by the Organic Material Review Institute or California 

Certified Organic Farmers organization as organic.  Certification as organic compost 

allows for an up-charge on compost and marketing opportunities for the compostable 

products.  The USDA has also been unable to provide guidance on the national campaign 

for compost certification based upon the agency’s guidelines.  Bioplastics are assumed to 

be synthetics, which means that bioplastics are a contaminant in compost.  Third, while 

compostable bags are useful for reducing the “ick” factor of handling food waste for 

residencies these bags will often bind up the machinery used by composters to transport 

materials from truck to truck, clog filters, and gunk up grinding machines that break 

down larger materials for more rapid degradation [Anonymous interview with a member 

of Cedar Grove Composting, Seattle, WA, 4/24/2011].   

While a monopoly normally implies a position of power and inertia, Recology, in 

its various incarnations, has been part of many progressive waste reform programs.  

Often changes came at the behest or even outright requirements of city lawmakers and 

regulators; however, the company managers have also willingly expanded recycling 

operations, upgraded vehicles to run on renewable fuel and purchased composting 

facilities.  Recology is also geographically limited to the areas surrounding the Bay Area, 
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unlike larger waste companies that have multi-state operations, such as Waste 

Management.  Combining the cozy relationship between city agencies and the manager—

which allowed a monopoly to form within San Francisco—with the fact that San 

Francisco is Recology’s  largest customer creates a situation where the company must be 

willing to shift operations in order to maintain their privileged position.  With that in 

mind city officials have considerable influence in the development of the company and a 

vested interest in ensuring that the company is able to make the capital investments 

necessary for separating recyclables and compostables (Gokaldas, 2012).   

 To even get to this non-ideal scenario the municipal government, with the support 

of citizen activists and private companies, had to develop extensive overlapping systems 

of waste collection, separation, diversion, and citizen and corporate investment.  The full 

story in San Francisco is a rather long and complex history.  It begins from a 1932 

Ordinance which limited the number of waste collectors in the city.  Over time a 

sanctioned monopoly developed and went through several consolidations and 

management and name changes before becoming what is now called Recology.  The 

company is the sole operator of waste collection, separation and distribution in the city as 

well as recently operating composting and landfill facilities.  It operates as an unlikely 

partner in waste reform when compared to other large waste companies such as Waste 

Management.  In fact one of the company’s spokespersons was quoted as saying, “Waste 

Management is the largest landfill owner in the world.  Recology is a recycling company 

that owns a few landfills and, for that reason, does innovative things like the food scraps 

program” (quoted in, Phelan, 2010). Recology and San Francisco citizens got to the point 

of having a comprehensive set of waste diversion institutions based on the monopoly and 



 

196 
 

city relying upon the continued cooperation of each other.  ncludes core policies passed 

which helped enable a better than 75% rate of diversion from landfills. 

Table 4. Important Legislation and Directives Associated with San Francisco’s 
Waste Reform Efforts 

• California Integrated Waste Management Act (1989).  Requires cities and 

counties to reduce, reuse and recycle (including composting) solid waste 

generated in the state to the maximum extent feasible before any incineration or 

landfill disposal of waste, to conserve water, energy and other natural resources, 

and to protect the environment.  Local jurisdiction must divert 50% of waste from 

landfills.   

• Zero Waste Goal (2001).  California Integrated Waste Management Board 

adopted a Strategic Directive statewide zero waste goal.  The Board of 

Supervisors adopted goals of 75% diversion by 2010 and 0% waste going to 

landfills or incineration by 2020.  

• Food Service Waste Reduction Ordinance (2007).  Requires biodegradable or 

compostable or recyclable disposable service ware to be used in food service 

establishments.  The Ordinance also required food service establishments to work 

with Recology to develop an organics collection system.  The Ordinance allows 

Recology and their sub-contractors to determine how compostables are treated 

within the collection system. 

• Mandatory Recycling and Composting Ordinance (2009).  After the success of the 

Food Service Waste Reduction Ordinance City Supervisors expanded organics 

collection to include all citizens.  All persons are to collect and separate 

recyclables, compostables, and landfilled trash and participate in recycling and 

composting programs.   

Even with law makers backing zero waste and a citizenry investing in waste 

diversion programs, there are still complications even when bioplastics arrive at their 

intended destination.  I mentioned briefly above confusion over how compostable plastics 

can integrate into composting systems that are intended for organic only farming.  
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Plastics designed to compost in order to close the carbon loop and return as soil 

amendment in farms are currently restricted by the National Organics Program, a USDA 

section, because there is no criteria within the regulations to differentiate these 

compostables from contamination—plastics of all varieties are detailed by the existing 

regulation as de facto synthetic and thus a non-organic.  This means that the coveted 

“organic” label for compost, which allows for an upcharge on compost, is unavailable to 

composters willing to accept bioplastic bags and food service ware into their systems 

(Bakx, 2009; Bakz, 2011; B. Wolf, 2011).  Presently there are few standards for how 

bioplastics should be labeled or designed in order to be perceptively different than 

petroleum based plastics.  In my experiences handling each, it is nearly impossible to 

determine which are bio-derived and which are fossil fuel derived; this is particularly true 

with bags.  All of the sorting concerns are compounded by the fact that the existing 

labeling requirements for resins developed originally by the Society of the Plastics 

Industry (SPI) has avoided categorizing bioplastic resins, lumping bioplastics along with 

specialized polymers as a ‘0’ in the resin number system.  With limitations on the ability 

to differentiate bioplastics from petroleum plastics the possibility of recovery is 

diminished.  Bioplastic manufacturers are now increasingly turning away from 

compostable and degradable biopolymers for technologies that integrate into existing 

labeling schemes and recycling programs. 

7.8 Altering the Construction of Bioplastics for Recyclability 

An alternative option than assuming a bioplastic product will disappear after 

consumption would be to recycle the polymers.  Most of the packaging and products 

made of bioplastics that are replacing petroleum plastics are not classes of material 
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collected for recycling.  This includes disposable films and utensils that get thrown out 

with food.  NatureWorks, around 2004, began selling their polymers to manufacturers of 

beverage bottles.  Before that time, bioplastics had not been an issue large enough to 

warrant concern for recycling advocates.  When PLA drink bottles began to reach a 

critical mass at recycling facilities concern over separation and contamination with PET 

began to evolve.  In a widely cited Guardian news article,  the reporter interviewed an 

individual from the UK government funded Waste Resources Action Programme 

(WRAP) and the Chief Marketing Officer at NatureWorks on the issue (Vidal, 2008): 

• Peter Skelton of WRAP: "It's so confusing that a [PLA] bottle looks 

exactly the same as a standard PET bottle.  The consumer is not a polymer 

expert. Not nearly enough consideration has gone into what they are meant 

to do with them. Everything is just put in the recycling bin." 

• Snehal Desai of NatureWorks: "The recycling industry in the UK has not 

caught up with other countries.  We need alternatives to oil. UK industry 

should not resist change. We should be designing for the future and not the 

past." 

 

Bioplastic manufacturers in the U.S. argue that their products can be recycled 

without undue burden to recyclers also plays out in the United States.  Packaging and 

bioplastic experts from Michigan State University compared PLA, PET, and polystyrene 

environmental footprints (Madival, Auras, Singh, & Narayan, 2009).  The authors note 

that there are no recycling facilities within the U.S. that recycle PLA.  According to their 

calculations, for PLA based plastics to compete against petroleum plastics on an 

environmental assessment, recycling of the polymers is a necessity. As experts and 

recycling advocates continued to question bioplastics because of recycling contamination, 
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NatureWorks released a press statement on their research on recycling PLA, claiming, 

“NatureWorks Discovers There is No Technical Barrier for Recycling Plastic Bottles 

Made from Plants” (NatureWorks 2009b).  The “discovery” has been called into question 

by recyclers and advocates who helped develop municipal recycling systems.   

Throughout 2005 and 2006, recycling companies and industry supporters began to 

call for a moratorium on NatureWorks PLA products, particularly bottles, because there 

was not available infrastructure that could differentiate PLA from any other petrol-plastic 

(BioCycle, 2006).  A coalition of recycling advocates and industry representatives 

claimed that not only did PLA contaminate the successful recycling stream of PET, but 

that PLA and PET appeared exactly the same to the eye and would thus require expensive 

machinery to determine the difference.  New York City’s WasteLess department in the 

city government makes the same arguments on their website when they caution against 

purchasing these products.   

While recyclers acknowledge that systems do exist that can sort bioplastic from 

regular plastic, the issue is only partly technical.  In 2008, the New York Times (Gies, 

2008) published an article on the viability of a bioplastic industry that contained an 

exchange on recycling PLA., the reporter presents arguments from Davies of 

NatureWorks and Brenda Platt of ILSR on the issue.  According to Institute for Local 

Self Reliance staff member Brenda Platt, "Right now, if a PLA bottle ends up in a 

recycling facility, it's either going to be rejected and end up in a landfill, or it is going to 

be a contaminant in PET recycling."  NatureWorks CEO, Steve Davies, acknowledges 

this problem and argues that recycling and composting facilities should include infrared 

scanning technology at their facilities, the same technology NatureWorks demonstrated 
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to be effective, in order to identify and separate bioplastics from conventional materials.  

Platt remained skeptical of this assumption, “…that proposal is utopian. The technology 

is expensive, and out of reach for the 400 to 500 recycling facilities in the United States, 

most of which sort plastics by hand.”   

Even when implemented, sorting machines are effective but not perfect.  

NatureWorks has been testing separation technologies to determine if the difficulty in 

differentiating between plastics types was as impossible as recyclers had argued.  They 

ran tests in actual recycling facilities to gauge the success rate of differentiation and had 

considerable success (NatureWorks, 2005).  The systems they tested were over 90% 

effective at differentiating PET and PLA.  That still left mixed resins in the final 

collection.  Recycling is marginally profitable in the best of circumstances.  

Contaminants not only reduce the price recyclers can ask for in the market, incompatible 

polymers cause the reused polymers to be less durable and alter mechanical properties 

(Greene, 2011).  Speaking with representatives of Recology in San Francisco, they argue 

that the separation testing has not been independently verified and would cost millions of 

dollars to implement, making the economics of recycling more challenging (Butler & 

Oster, 4/26/2011).  NatureWorks eventually stopped selling manufacturers of bottles their 

resins in order to avoid the debate.  With the remainder of product types, NatureWorks 

began working directly with municipal waste companies and recycling consortiums to 

collect PLA materials.  In their “buy back” program, they will purchase all bundled PLA 

based plastics for deconstruction and reuse.  NatureWorks LLC has been promoting their 

environmental image through this program despite limited volumes returning to their 

facilities.  The company can produce 300 million pounds of PLA per year from their 
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Nebraska facility (Verespej, 2012b).  In the 10 years they have been in operation and 

collected back PLA they have recycled 25 million pounds (Esposito, 2012).    

In light of degradability controversies and cost of sorting, a number of large 

purchasers of plastics have begun to develop materials that can fit within existing 

manufacturing and recycling systems.  Coca-Cola and Pepsi independently created their 

own biobased PET products that are molecularly identical to petroleum derived PET.  

Their products can easily integrate into PET sorting machines or hand separation 

processes.  Kristy-Barbara Lange, communications head for European Bioplastics, 

indicates that, "Currently, the big trend is towards bio-based, non-biodegradable standard 

polymers…This preference for plant-derived plastics with the same structure and 

performance as standard polyolefins contrasts with what was, up until very recently, a 

widespread focus on biodegradability and compostability” (quoted in Food Manufacturer, 

2011, p. 21).  This shift was made readily apparent when five of the largest international 

brands released a statement that they would form a collaboration to develop new markets 

for bio-PET rather than focus on compostable or biodegradable biopolymers.  These 

include Coca-Cola, Heinz, Proctor and Gamble, Ford, and Nike (P&G, 2012).   

7.9 Discussion 

With all the problems attributed to bioplastics, there has been an increasing variety 

of stakeholders intervening in the construction of bioplastics.  Many of the controversies 

revolve around a disjuncture between the claims made about bioplastics and the actual 

outcomes of using the polymers within society.  Regulators have done little to clarify this 

ambiguity.  For example, a representative for the American Plastics Council evaluated the 

USDA BioPreferred Program:  



 

202 
 

The biobased products procurement program, as proposed, may create a 

confusing picture of what the program is intended to cover. The terms 

‘biobased,’ ‘biodegradable’ and ‘compostable’ are used at times 

interchangeably.  Do Federal purchasing agents understand the term 

"biobased"? A biobased product is not necessarily biodegradable.  

Compostability most often only occurs when a product that is designed to 

be compostable is properly managed in a composting facility.  There are 

very limited numbers of commercial composting facilities in the U. S.  

Why are some of the biobased items designated as ‘biodegradable’ and 

others are not (Dunbar, 2006, p. 2)?   

Without answers to questions of these sorts of questions there is little reason to 

assume bioplastics will be more environmentally beneficial alternatives to petroleum 

plastics.  In my analysis of San Francisco, the municipal government representatives were 

capable of regulating disposal of bioplastics because advocates pushed back against the 

industry and the waste monopoly is tightly regulated.  Very few cities have these 

enabling characteristics.   

Oversight over the biobased economy is now largely forming outside of traditional 

government agencies.  These reform efforts and the institutions that solidified influence 

how policy makers and private companies manage new bioplastic products.  Concerns at 

the local level have influenced which problems are acknowledged and which solutions 

become viable.  Municipalities have been forced to insert themselves into environmental 

debates and regulate industries as the federal government retreats from actively 

regulating and shaping markets.  City level intervention in technological development 

offers opportunities for non-dominant actors to become involved, due largely to 

accessibility.  In the case of San Francisco, sustained incorporation of citizens and 
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environmental advocates in decision making have yielded successful institutions for 

recycling and composting.  Broad investment in waste reform helped condition responses 

to bioplastics when they did not “fit” within prevailing interests in supporting recycling 

systems and protecting the viability of composting.   

One mechanism local officials and environmental activists have used to ensuring 

continued success of environmental goals has been to involve themselves in non-

governmental regulations.  Environmental activists whom I encountered within the city 

have used, and helped develop, new standards that align with their concerns.  Different 

environmental groups have promoted or outright protest bioplastics.  Many of these 

actions have resulted in legislation that uses third party standards and certifications as 

solidifying stakeholder interests.  Recycling and composting companies have also 

intervened in protecting their interests by conducting media campaigns against bioplastic 

companies and inserting themselves into standards making processes.  These companies 

do not have the same political power to influence the USDA or EPA to acknowledge how 

a national bioeconomy and bioplastics can hurt their interests.  As with so many other 

federally supported technologies, precautionary measures that would mandate a company 

and product prove environmental benefits are absent or undermined by economic 

interests.   
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8. Conclusion 

8.1 Political Construction of Sustainable Bioplastics 

The concept of “a bioeconomy” is a repackaging of old debates within new 

technoscientific and social context.  Repeatedly, U.S. government policies have leveraged 

agricultural resources for industrial development.  Chemurgy was one early example 

where government and rural interests in bolstering an ailing economy aligned with 

private interests in developing new bioeconomic markets.  In the 1930s, stagnant farmer’s 

wages, due to fluctuations in global commodity crop prices, led toa national debate over 

how to improve the outlook of agricultural dependent sectors.  Fossil fuels had not 

become the dominant resource for commercial and industrial production, leaving 

biological alternatives a promising opportunity for capital exploitation.  Small farming 

cooperatives and rural community advocates attempted to direct the federal government 

to support regionally specific crops and distributed control over processing facilities.  

Instead, an alignment of interests between policy makers, industrial agricultural interests, 

and the chemical industry has been the driving force behind the development of 

biomaterials since the early 20th century.  Chemurgists were supported by Ford, DuPont, 

and national lobbying groups to develop large scale production technologies and 

industrialize farming.  Agrol, soy protein polymer resins, rubbers, and hard biobased 

plastics developed as pathways for businesses to appropriate natural resources for 

economic growth.     

Despite efforts by public and private stakeholders to produce agricultural ethanol, 

develop new crops for industry, and invest in research on new biomaterials and 

techniques that would open up more pathways of biobased innovation, the Chemurgy 
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Movement faltered.  Fossil fuel based resources became cheaper and more available, 

leading to the eventual dominance of this resource in nearly every portion of U.S. society.  

Technoscientific improvements in diversifying petrol-materials created new market 

opportunities.  Large private investment and policy support helped develop the 

infrastructure for greater efficiency in collecting and processing petro-chemicals.  

Producing materials from plants and producing materials from petroleum became highly 

politicized.  Drilling and processing companies lobbied federal agencies and manipulated 

public opinion to disadvantage biomaterial pathways.  Petroleum won the argument over 

which fuel type was “best” and petrol-plastics were promoted as cheaper and more 

technically advantageous. 

Agricultural policy eventually settled into several decades of promoting the 

industrialization of the farm, mono-culturing of a small number of commodity crops, and 

introducing chemical and biotechnology tools to the farm.  Ensuing was an example of a 

treadmill of production where federal policies and capital investments favored larger, 

more efficient production of corn, soy, and a small number of crops.  Efficiency 

improvements included mechanization of farming and use of chemical inputs to 

maximize yields.  As treadmill of production theorists argue, pursuit of efficiency is part 

of the capitalist imperative for economic expansion and profit.  By the 1970s, “Big Corn” 

dominated in agricultural as the competitive advantage of large producers drove off less 

power actors.  Small farmers were unable to keep pace with increasing expectation of 

yields and regional diversity in farming suffered.  Industrialization and consolidation in 

agriculture caused ecological devastation and subordination of less powerful 

communities.   
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Private investment in new industrial uses of agricultural goods slowed after the 

1950s.  Research did continue, but much of the innovation resulted in food additives, 

such as high fructose corn syrup, rather than chemicals that would be destined for fuel or 

polymers.  Between 1950 and 1970, it was publicly funded research that incubated many 

of the techniques that enabled a new bioeconomy to rapidly flourish.  Biomaterials later 

deemed viable economic opportunities built off these public investments.  Much like the 

time period when chemurgists challenged the USDA to diversify agricultural production, 

the USDA regional laboratories focused on corn and soy.  The regional labs, along with 

research at publicly funded research communities, helped establish the tools for starches, 

proteins, and oils into chemically useful commodities.  During the 1970s, federal 

institutions and private companies began to look again into biomaterials.  Global oil 

instability and cheap agricultural products helped cause a rethinking of what a U.S. 

economy should be built on.   

Techniques for manipulating the components of corn for commercial and industrial 

uses created new institutional constraints on alternative crops and farming practices as 

well as on researchers, agency members, and regulators considering alternatives to 

industrial crops and the chemical industry.  Publicly funded research became increasingly 

dedicated to supporting commercialization of a limited number of commodity crops 

designed for dominant private companies.  Dominance of biotechnology now structures 

how a future bioeconomy is envisioned.  Biotechnology during the 1990s and 2000s is 

treated as a new fix for U.S. competitiveness.  A bioeconomy becomes synonymous with 

a biotechnology driven economy. 
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The rise of environmental movements during this time challenged the use of 

polluting fossil fuels, toxic chemicals, and intransigent plastics.  Ethanol and 

biodegradable plastics became broadly available.  The federal government promoted the 

production and consumption of ethanol.  Private companies developed new plastics that 

would be a greener alternative for regulatory officials and consumers concerned with the 

harms of petroleum based plastics.  Environmental advocates eventually revealed the new 

starch impregnated plastics to be greenwashing.  The Federal Trade Commission’s 

regulations on green marketing were developed because of a series of public and legal 

challenges to biobased plastics.  Bioplastics would leave the marketplace for a decade as 

companies researched alternative technologies. 

Augmenting private investment was a new emphasis during the 1980s on 

commercialization of technoscientific knowledge sponsored by federal funds.  A series of 

executive orders and legislation created institutions for transferring academic and federal 

research to private parties.  Technology transfer agreements would give exclusive license 

to individual companies, rather than releasing the research for any interested group.  This 

would ensure that companies could outlay capital on new facilities and have an increased 

opportunity to recoup their investment.  The 1980s also brought about tighter links 

between academic researchers and private interests.  New institutions formed within 

universities to improve the relevance of research for commercialization.  Several 

biopolymer companies formed out of these changes.  For example, Metabolix was not 

only given exclusive licenses to several publicly funded technologies, the co-creators of 

the company were originally faculty within MIT.   



 

208 
 

Cohesive policies to support biomaterials began to form  in the 1990s as federal 

agencies sponsored research into what biomaterials were available and what future 

development might be plausible.  The Office of Technology Assessment, Department of 

Energy, Department of Agriculture, and several other federal institutions began 

developing programs that would support biomass research, biofuel development, and 

production of new biomaterials.  Home grown resources and visions of a sustainable 

bioeconomy resurfaced in public discussions.  Fossil fuels were again under fire, crops 

had been cheap for years, and U.S. economic competitiveness was of growing concern.  

Bioplastics, biochemicals, biofuels, and biopharmaceuticals became intertwined with 

U.S. policies supporting growth of biotechnology.  Much of the growth in the 

biotechnology sector was occurring in the U.S.  Visions of a biotechnology-enabled 

bioeconomy were embedded within public and private institutions.   

The incubation of techniques to manipulate biomass enabled a rapid translation of 

basic research to commercial application.  By 2000, large agribusinesses were managing 

overproduction of crops, large capital investments in biorefineries, and stagnating 

demand for food additives.  Chemical companies were looking for new materials that 

were more sustainable and had novel properties.  The third leg of a bioplastic industry 

was biotechnology companies.  Promises of vast economic growth and sustainable goods 

built off of biotechnology technoscience had not been fulfilled.  Applying these 

techniques to biorefineries and development of non-food GMOs would avoid some of the 

public backlash against GM crops.  Collaborations across these market sectors helped 

improve the economic viability of bioplastics.  Agri-processing companies collaborated 

with biotechnology firms to improve the efficiency of their operations.  Chemical 
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companies would collaborate with both sectors to produce useful feedstocks and process 

chemicals into products.  A strong lobbying presence within all branches of government 

of these firms helped establish new policies supporting bioeconomic development.  

President Obama’s National Bioeconomy Blueprint is an outline of the last decades 

alignment of public institutions, academic research programs, and private investment in 

biomass and biomaterials.   

NatureWorks is a manifestation of the synergy of capital and state interests.  Cargill 

and Dow Chemical exist because the companies have benefited from exploiting cheap 

resources and externalizing harms within a supportive political environment.  At the 

creation of NatureWorks, Cargill was one of the largest processors of agricultural 

products, controlled a large percentage of seed markets, and was benefiting from federal 

incentives to produce more crops and new bioproducts.  Dow had expertise in chemistry, 

massive infrastructure for processing chemicals, and connections with global markets for 

industrial chemicals.  Together, these two companies were capable of rapidly 

commercialization and marketing their polylactic acid polymer.  Federal programs, such 

as the USDA BioPreferred program and executive orders mandating biomaterial 

purchasing, gave the company a willing buyer and access to agency resources.  

Environmental concerns have also helped promote the construction of “sustainable” 

bioplastics.  PLA, PHA, and other biopolymers can be produced with less energy inputs 

and be designed for recycling and composting.  Integration of environmental concerns 

into public policy and private decision making should be seen as a positive change; 

however, the reality for bioplastics has not fulfilled the environmental promises. 
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Critics have challenged the prevailing construction of bioplastics.  Without 

reflexive and precautionary governance of “sustainable” technologies environmental 

harm and controversies will arise.  Bioeconomy advocates insist that members of society 

must not be allowed to derail this opportunity.  For example, according to an expert 

witness invited to speak at Obama’s Bioeconomy Blueprint announcement, “We need to 

apply appropriate scientific methods and we must not be held hostage by anti-science 

sentiments and advocacy groups.  We must use science where it is most appropriately 

used to solve the problem that society is faced with” (Whitehouse, 2012b).66  As Steven 

Hilgartner’s (2007) has argued, this approach to the bioeconomy is less an attempt to 

anticipate what a bioeconomy might look like, and more an attempt to drive institutions 

to enable particular forms of industrial development.  The dominant perspectives assume 

biomaterials will be a large part of society; discussion tends to focus on what pathways 

should be supported.   

Social and environmental movements have attempted to reshape the social 

construction of bioplastics.  Robert J. Nuner, an unaffiliated citizen67 and self-described 

supporter of biofuels, cautions that a blueprint must investigate not just the opportunities, 

but the extent of biomass integration:  

As part of our projections into the future, I'd like to see us remember the 

very long-term future in terms of the effects of the bio-economy….  I'm 

also concerned about the long-term health of U.S. soils, and would like to 

know that there is more research (and attention paid) on how MUCH 

                                                 
66 Per Pinstrup-Andersen , Professor at Cornell University in the Dyson School of Applied Economics and 
Management and the College of Agriculture and Life Science. 
67 In his comment he does not include organizational affiliation, which most commentators in this forum 
had.   
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biomass of any kind can be removed from the soil….  I'd like to see 

research and, ultimately, (bio)economic policies, that acknowledge that we 

must re-build the soils upon which society rests; and that this focus – 

admittedly a very long-term view – differs significantly from current 

general practices of value extraction (Nuner, 2011). 

Such debates over bioplastics, and other biobased industries, occurs largely outside 

of traditional government forums.  Environmental groups have challenged the 

government agencies and private companies that have supported the production of 

ethanol and bioplastics.  However, many other environmentalists are supportive of 

biomass use.  A coherent frame on bioplastics is lacking due to the industry changing 

rapidly and the multiple varieties of polymers possible.  Multiple perspectives on 

different stages of bioplastics reveal conflicting views in the environmental advocacy 

community.  Specific biobased materials are challenged in different ways depending on 

where feedstocks come from, what technologies are used at each stage of production, and 

how bioplastics are managed once consumed.  Despite variability of responses to 

bioplastics from environmental advocacy groups there has been some success in altering 

the social construction of bioplastics. 

As I indicate with the Working Landscapes Certificate, bioplastics can be a more 

manageable challenge than entrenched biofuel programs.  Groups that helped formed 

WLC indicate that altering national support for “bio” is impossible.  Bioplastics were 

targeted as a new innovation that could still be shaped through intervention of NGOs and 

environmental advocates.  The organization handling the certificate program operate 

outside of government regulatory discretion, engaging directly with companies to 

improve the sourcing of the feedstocks for bioplastics and protecting workers.  The 
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World Wildlife Fund performed a similar intervention based on their long running 

involvement in Coca-Cola’s sustainability initiatives.  In this case, WWF extended the 

existing programs they helped establish within management at the company, “Better 

Sugarcane Initiative (BSI)” and “Agricultural Water Initiative”, to the company’s 

PlantBottle program.  Before the first PlantBottle was sent to retailers, the company 

worked with WWF and their partners to source sugarcane from cooperatives that pledge 

to use sustainable agricultural practices and safe working practices. 

Bioplastic advocates also claim environmental benefits when post-consumption 

aspects of plastics are debated.  Since the 1980s, biobased plastics have been marketed as 

an alternative to durable petroleum plastics.  When marketed there were no regulations on 

green marketing.  These bioplastics stimulated government regulations at the Federal 

Trade Commission after consumer and environmental groups showed that the 

degradability claimed was only partial.  The earliest bioplastics were a failure and 

conditioned responses to later bioplastics.  Subsequent versions of bioplastics have been 

designed to degrade or compost completely in a relatively short time.  With further 

improvements in the design of bioplastics, this could mean that plastic as waste could be 

avoided.  Bioplastic litter would break down completely, compostable bioplastics could 

be collected along with organics, and the remaining bioplastics would be recycled.  There 

would still be the problem that the U.S. has a patchwork of recycling programs and 

effectively non-existent composting institutions.    

My investigation of San Francisco offered a perspective on which questions need to 

be asked and which institutions need to be built to ensure the appropriate perspectives are 

engaged to make these determinations.  The municipality is presented as a “best case 
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scenario” for incorporating bioplastics into society.  Waste diversion has been 

successfully embedded within most communities, composting and recycling facilities 

exist and are supported by political and civil stakeholders, and there is a demand for 

using “green” products.  My analysis is that bioplastics have been incorporated 

reluctantly, and only where the use of this technology will support an already existing 

program.  National debates over recycling and bioplastics, as well as concerns over 

compostability, have positioned bioplastics at a disadvantage.   

Bioplastic companies and experts have been concerned with how the industry can 

self-regulate to avoid the mistakes of the past and reduce future controversies.  ASTM 

standards for degradable and biological plastics were conceived early in the evolution of 

the technology.  Prior greenwashing failures had conditioned stakeholders in this market 

to be conscious of public opinion and false environmental claims.  San Francisco is 

representative of how the existence of non-governmental standards can be incorporated 

into regulations to shape how technologies are constructed.  Environmental groups are 

aware of the growing importance of third party organizations and certification programs, 

and many locate the greatest oversight potential in these voluntary standards.  Standards 

can be developed faster than legislation can be passed or large bureaucracies can develop 

new regulations.  Standards and certifications also actively enroll those stakeholders that 

will be most affected by their passage.  This can create opportunities for activists to 

engage with dominant actors on specific characteristics of products or processes.     

My investigation of bioplastics integrates with existing studies within Science and 

Technology Studies, Environmental Sociology, and Political Sociology of Science and 

Technology.  The historical buildup to bioplastics and bioeconomy are related to the 
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larger economically driven political-economic context of capitalism in the United States.  

Centralized power in agriculture, chemical industries, and biotechnology markets is the 

result of a treadmill of production where economic expansion dominants political 

discourse.  Environmental ideas and protections are often treated as secondary to profit 

(Gould, Pellow, & Schnaiberg, 2004; Gould et al., 2008; Pellow et al., 1997).  The social 

construction of bioplastics is influenced by socio-political context as much as the material 

constraints of artifacts and available technological tools (Winner, 1986).  Negotiations 

over implementing a sustainable technology and eventual design are contingent on who 

has the power to access technological decision making and what institutional constraints 

are placed on participants (Frickel & Moore, 2006; Klein & Kleinman, 2002). 

Environmental and social movements have played a part in negotiations over how to 

produce a bioeconomy for the last century; although always in subordinate positions to 

economic and government interests.  Increasingly, environmental advocates have become 

more successful in promoting alternative pathways of science and technology 

development (D. Hess, 2007) and integrating into non-government regulation of industry 

(Busch, 2011).  These challenges and successful interventions reveal opportunities for 

reconstructing bioplastics along more sustainable pathways. 

8.2 Reconstructing Sustainability 

We cannot assume that the use of biological material is an inherent pathway to 

sustainability.  U.S. agriculture, the primary source of feedstocks for the bioeconomy, is 

built on ecologically tenuous supports.  The very idea of constructing a bioeconomy that 

requires massive inputs of petroleum chemicals is grounds for reanalyzing the dominant 

narratives of a national and global bioeconomy.  There are opportunities for bioplastics to 
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avoid the biggest challenges posed against continued support for industrialized 

agriculture.  Companies in the U.S. have already begun to search for non-GMO, 

sustainably harvested biomass at the behest of environmental advocates and skeptic 

consumers.  Novamont, one of the largest European bioplastic companies, is a model of 

how a company can work with local communities to produce products based on 

ecologically and socially sustainable principles.  Agricultural cooperatives near the 

facility are supported by the companies purchasing contracts while the company has a 

supply of feedstocks that support their mission to decrease their environmental footprint.   

Italy benefits from a much more decentralized agricultural sector and one that has 

been skeptical of industrial agriculture.  There are social movements within the United 

States that are challenging the trajectory agriculture has been channeled into, but these 

are small compared to the vast agribusiness operations.  The relatively small demands for 

biomass for biopolymers could coincide with a strong demand for sustainably produced 

plants, grown on non-arable land.  Companies could benefit from taking this path by 

leveraging the use of these resources in marketing campaigns.  Problematically, the same 

companies that are producing bioplastics are the same companies that benefit from 

industrialized agriculture.  Without disentanglement of large agricultural interests, 

chemical industries, biotechnology firms, and supportive policy makers there is no likely 

change that would lead to a sustainable future.   

Bioplastics should also be questioned on whether the post-consumption reality 

matches the waste avoidance promises.  Any number of biopolymers could be designed 

into any number of products and still be able to conform to a Cradle to Cradle system of 

production.  However, there are a number of challenges to enable full accounting of how 
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this would be possible.  Integration of post-consumption outcomes of technology use into 

debates over sustainable technological construction is essential.  NatureWorks’ 

experience with recycling is representative of how environmental metrics support claims 

made about biobased materials.  In the case of PLA, it can be recycled indefinitely.  Non-

toxic, low energy processes can break apart the polymers into constituent parts.  What 

does not exist is the infrastructure and institutions for this to become a reality.  The 

United States, as a whole, has struggled to solve its waste issues.  Few communities have 

gone as far as San Francisco in developing waste reform policies and there is, essentially, 

a void in leadership at the national level.   

There are two possibilities that could enable more sustainable bioplastic technologies.  

The precautionary principle has been adopted through the EU on such items as 

biotechnology and chemical regulation.  San Francisco has performed an equivalent 

practice with bioplastics by actively protecting successful recycling and composting 

programs until the bioplastic is deemed compatible.  This process is also akin to producer 

responsibility practices whereby a company would have to “prove” benefit before release 

into markets.  NatureWorks saw firsthand how the supposed benefits went unfulfilled 

when PLA products eventually reached recycling facilities and were treated as 

contaminants.  While at a much smaller scale, the buyback program they designed is 

similar to the collection systems Germany mandated where companies have to create 

systems to take back their products.   

There are broader implications for this dissertation than simply improving the 

sustainability of bioplastics.  My research contributes to conversations on the 

construction, and resistance, to sustainable technologies.  Even with a full understanding 
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of the non-sustainable aspects of bioplastics, environmentally harmful processes and 

products are still utilized.  Scientific and technological interventions are treated as tools 

to solve problems that are historical and social in origin.  Technologies that exemplify 

sustainability goals can only be constructed when the material and social dimensions of 

technoscience are included in broad conversation.  I have treated bioplastics, a seemingly 

uncontroversial alternative to ubiquitous plastics, as arising out of complex social, 

political, economic, and historical contexts.  Technologies are not simple artifacts and 

tools.  They develop within complex socio-technical systems.  Many of these systems 

have been built up over long periods of time.  Institutions overlapping agricultural 

production, manufacturing, transportation, consumption, regulation, and waste influence 

which problems are considered and what solutions are deemed possible.   

Government intervention in the bioeconomy have tended to maintain dominance of 

powerful interests even when these interests are known to support means of production 

that are ecologically harmful.  The influential BioPreferred Program is only one of many 

programs that have been manipulated by large companies exerting powerful influences 

on policy making.  Final selection of “approved” materials are those that meet a standard 

designed to include the largest number of qualifying technologies rather than condition 

approval on environmental criteria.  Other mechanisms of government support in which 

corporations benefit are research funding, realigning public research for 

commercialization, purchasing mandates, and financial assistance.  This holds broadly 

true throughout the United States.   

Since the 1970s, participants in the environmental movement have introduced 

alternative concepts, values, and perspectives into public debates over how to realign 



 

218 
 

social and technoscientific relationships.  These interventions have begun to alter our 

collective understanding of sustainability, but further incorporation of these ideas into 

technological governance is needed.  This will require institutions for environmental 

perspectives to have the same power as economic ones.  I argue that non-governmental 

programs of technological governance will also need to be reevaluated.  Nation-states are 

often incapable of working together to regulate markets that cross international 

boundaries.  Companies have been turning to the use of scientific tests, agreed upon 

standards, and respected third parties for alternative means of influencing market 

participants.  Global supply chains continue to expand and diversify.  The social 

construction of sustainable technologies will require investigation of these ways of 

understanding and governing industries.  While argued to be objective and scientifically 

based, standards are politically negotiated outcomes.  Who is involved in producing the 

standards will have power over future design decisions and policy debates when 

standards become incorporated into regulatory negotiations.   

 Sustainable solutions to environmental challenges will require fundamental 

reconsideration of who has power to influence socio-technical systems.  This includes the 

incorporation of subordinate perspectives on what are our problems and what solutions 

are available that would lead to collective benefits.  My historical analysis highlights a 

need to reorganize the ownership and governance of production so that less powerful 

stakeholders can give equal influence and alternative pathways of development become 

viable.  Any new technology will be built on existing institutions and infrastructures that 

are often unsustainable.  Rather than attempt to make a new innovation “fit” with 
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available resources and markets, the precursors of the innovation need to be investigated 

over whether a sustainable future is possible without fundamental changes.   
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