Anth 112B: Synthetic Biology

Biofuels Group

Jenn Bowyer

Sarah Kang

Jaime Lyon

Kristen Milliken

Kelly Thaker

Biofuels and Synthetic Biology: Problematizing the Energy Crisis


The energy crisis is not just a local or national issue but a global one as well. Various groups are responding to energy needs in particular ways—the U.S. and several other countries are looking into synthetic biology to address these problems. Research in this new field, as it is emerging in the United States, is largely devoted to the production of biofuels. Several institutions, which we will call “biofuels interest groups,” envision this energy source to play a significant role in the remediation of current energy challenges. But what are the current challenges that are motivating these groups to pursue this particular resource through a particular and new science such as synthetic biology? After an examination of four of these interest groups, stationed here in the U.S., we have come to the conclusion that the energy crisis to which each group responds is framed by them in a particular way such that biofuels plays a major, if not the only viable and sustainable, role in the remediation of the problem. These groups claim that synthetic biology offers unique and viable paths toward a sustainable future. We will examine exactly what kinds of future are illustrated by each institution—what they mean by a “sustainable future”—by identifying the views, resources, technologies, and management strategies of each group. In addition we will situate them in their human practices context to view not only what they plan to do, but how and to what extent they will carry out their plan. The groups we present are the Joint Bioengineering Institute (JBEI), Amyris Biotechnologies, and the Energy Biosciences Institute (EBI). In order to assess the feasibility of these models outside of the lab we will present a section which provides an overview of the current socio-political atmosphere in which they must operate. This section examines alternative approaches to the energy crisis, motivations for realizing a certain approach, and the decision making forces at play. Two distinct ideologies are represented by the US Department of Energy (DOE) and Tad Patzek to aid in this discussion. 

AMYRIS

Modes

The Amyris Biotechnologies Institute web site is implicitly divided into two sections targeted at different audiences.  Both sections are sparse, lacking information of interest to the lay public and to those in the industry.  The company overview and explanations of their platform technology, synthetic biology, and projects are less than three hundred words long and only mildly technical.  A separate publications page lists links to technical articles in scientific journals.  The target audience of this section is clear. 

In a separate section, current management, directors, and scientific advisors are listed, with brief descriptions of the officers’ role in the company, including scientific background where applicable, and external links to additional background information, including faculty and research homepages where applicable. The web site’s brief project overviews use little of the same terminology as the officers’ descriptions.  The company’s scientific advisors are all affiliated with universities.  While only the managers’ and directors’ names are listed, embedded in a couple of descriptive sentences, the advisors are listed with pictures and their titles are separated from the block of descriptive text, perhaps betraying the privilege of the company’s relationship with research over those with consumers or industry.  

Besides a mention of funding providers on the biofuels projects page, partnerships and funding are left out of the site apart from when they are mentioned in company press releases and announcements, which are indexed on their own page.  Grant proposals are not available.

Amyris’ web site does not aim to explain its vision or philosophy in depth to the internet-viewing public.  The company claims it is “translating the promise of synthetic biology into solutions for real-world problems” and “engineering microbes capable of producing high-value compounds to address major global health and energy challenges” (http://www.amyrisbiotech.com/index.html) and the problems are identified as malaria and lower-cost, less-polluting fuel alternatives. Conditions surrounding these problems, such as overpopulation, pharmaceutical pricing and climate change, are not mentioned.  

The Amyris web site does not provide any history of the company or even the date it was founded. Its history is mentioned only obliquely, in the “Platform Technology” section; the mention is limited to the following: “One example of this approach was developed at the University of California, Berkeley, in the laboratory of Professor Jay Keasling and published in July 2003 in Nature Biotechnology” (http://www.amyrisbiotech.com/technology.html).  This refers to Jay Keasling’s artemisinin project.
The obvious focus of the Amyris web site is technology, and though the site pays lip service to the layperson and to its place in industry, Amyris’ perspective seems to be a narrow view of a technological fix for trendy problems.  The biofuels section is titled “New Technology for Energy Needs,” as if technology is the most promising fix for the oil crisis.  If the web site did more to sell this angle, it would seem that Amyris were purely entrepreneurial in spirit, exploiting a perceived need.  However, Amyris does not make grand claims to solve the fuel crisis, but rather explains, in little detail, its new technology.  The focus is on their biofuels technology as a possible fix that is technologically very interesting.  The web site operates in mode one, representing technical experts and their research to other experts, without comprehensively addressing the applications and implications of this technology.

Construction of the Problem

Amyris constructs the need for biofuels as an engineering challenge.  The web site does not provide any treatment of the environmental crisis.  It is possible that the company takes it as read, and assumes either that its audience consists of members of environmental and biofuels interest groups, or that the environmental crisis is common knowledge.  The web site introduces its biofuels project thus: “Amyris is developing a gasoline substitute that contains more energy than ethanol, will result in lower cost and less polluting biofuel blends, and is fully compatible with today’s cars and the existing petroleum infrastructure” (http://www.amyrisbiotech.com/projects_biofuels.html).  The company’s main concerns are energy content, cost, the vague notion of “pollution,” and compatibility with our current lifestyle.  Amyris does not appear to be concerned with radical change in social relationships or ways of life.  
To take a cynical perspective, business-as-usual is easier to sell than radical change, and this has its advantages for a private company that seeks private funding.  Although Amyris has connections to the academy, the demands of being a business require a focus on a deliverable solution.  Thus, the environmental problems which biofuels address must be framed optimistically, in terms of a deliverable solution.  The most straightforward question to ask is how to replace dwindling oil supplies so we can continue our current dependence on oil.

“The Promise of Synthetic Biology”

     Amyris’s tagline is “Realizing the promise of synthetic biology.”  The company’s purpose is not merely to manufacture chemicals; this could be achieved with chemistry alone.  Amyris concentrates on synthetic biology as a production process that can circumvent high production costs and pollution resulting from production.  Thus, synthetic biology expands the possibilities of chemical manufacture, prompting founder Jack Newman to say, “We looked at the Merck Index and said, If you could pick any molecule to use as fuel, what would you pick?” (http://www.technologyreview.com/Biotech/18476/).  The synthetic biology production process makes feasible the production of a biofuel that is higher in energy content than ethanol.  With its artemisinin project, Amyris discovered that they could use microbes to create hydrocarbons more abundantly, more cheaply and in a less polluting way than by using the purely chemical distillation process.  Amyris now seeks to create hydrocarbon biofuels using a similar process.
The process of engineering microbes to create certain chemicals is Amyris’ platform technology, and a hydrocarbon fuel is its application.  Amyris’ biofuel is an example of applied, rather than basic, research.  Rather than starting with the problem of diminishing oil supplies and exploring all possible treatments, in the vein of Weber’s vocational researcher, Amyris started with the technology and applied it, almost opportunistically, to an existing problem.  Amyris does not seem to be interested in biofuels as such, but in their use for synthetic biology.  This begs the question of Amyris’ orientation toward scientific research.  The company found a new application for an emerging technology, but does it mean that they are socially-conscious applied scientists?  Although their technology happened to apply to a real-world problem, is it the best solution, or simply a way to make money?
What is the promise of synthetic biology?  Amyris’ method does not appear to build in ethical considerations to the development of technology.  If synthetic biology is just another discipline of science, then it has no obligation to consider ethics.  However, various synthetic biology endeavors aim to solve human problems.  Does this not beg for the consideration of human practices and ways of life?  Is synthetic biology a pure research discipline, and can it function without the consideration of human practices?

JOINT BIOENERGY INSTITUTE (JBEI)

Background

In August of 2006, the Department of Energy passed a bill (Biological and Environmental Research Genomics: GLT research program in the office of science) that would give $375 million towards research in biofuels.  JBEI is on of three institutes that was initiated and is supported by this money. JBEI stands for Joint Bio-Energy Institute and is a partnership between DOE’s Lawrence Berkeley National Laboratory (Berkeley Lab), DOE’s Sandia National Laboratories, DOE’s Lawrence Livermore National Laboratory, the University of California campuses of Berkeley and Davis, and the Carnegie Institution.  JBEI will receive $125 million over the course of 5 years in order to fund the research. The DOE asks that the research focus on the development of cost efficient, easily integrated, biofuels derived from plants. 

JBEI’s approach

The task of developing the basic science and technology to create and array of fuels using plant biomass is complex and unexplored.  In order to attack the problem, JBEI has created a system in which they will organize and do their research, which breaks the larger problem of biofuels into three emphases. The three key areas of research are: feedstock production, deconstruction, and fuel synthesis. The idea is that this will compartmentalize the research and allow for specification within the larger problem of biofuels.   Yet, all the reach will be done under one institute (JBEI), in one building, in Emeryville, which will allow for communication between the emphases. 

As opposed to doing research for the sake of knowledge, JBEI will focus on applied science, more specifically, the development of a biofuels that can be integrated into society.  The long term goal is to alleviate the systems of the oil crisis, such that the usability of the final product is of the utmost importance. For JBEI, this means making a fuel that will run in cars already on the roads. In order to make the “transition form the flask to the fuel tank” go more smoothly; JBEI has created an “alliance with relevant industry groups.” According to JBEI alliance members will have opportunities to participate at a variety of levels commensurate with there interests.  JBEI states, “Participation in JBEI will yield numerous benefits, including the chance to partner with some of the world's finest scientists in shaping the biofuels research agenda, access to world-class equipment and facilities, and opportunities for preferred access to JBEI's intellectual property. JBEI envisions industry participation across all levels of the organization, from the lab bench to the Board of Directors.” 

JBEI does not specify exactly how industry will be involved in the process of making biofuels, nor do they mention exactly what industry will participate in this alliance.

The Science

As mentioned before, the research is split into three emphases.  Each emphasis uses synthetic biology in one way or another.  The feedstock emphasis will focus on finding the best possible and then possibly altering a feedstock, or base plant. The goal is to have a feedstock that is renewable, with a high concentration of carbon.  A fast growing crop is also important, because the plant must have the potential to produce enough sugar, and then fuel, to 1. be cost effective, 2. make a dent in the fossil fuel consumption. The second emphasis, deconstruction, focuses on developing the science and technology needed to break down lignocelluloses material into usable sugar monomers. The goal is to discover and engineer more efficient cellulases, hemicellulases, and lignases for greater performance and stability in production environments. The last step is fuel synthesis. This step in the biomass-to-bio-fuels process involves turning processed biomass into ethanol and other fuels for transportation. This thrust area of JBEI will engineer a minimal set of microorganisms to convert the monomer products of deconstruction into fuels and other desirable products. Special effort will be devoted to integrating monomer utilization and bio-fuels synthesis in a single pathway or organism.
Abstraction

JBEI uses a common engineering concept called abstraction in its approach to and organization of their research. The concept of abstraction, in relation to synthetic biology, is like black boxing.  The whole is split into parts and each part is a whole in and of itself with inputs and outputs.  It allows for more specialization within a complex process. Abstraction allows the scientists to work separately but together on a project.  It can also lead to a degree of ignorance because it allows one to be responsible, solely, for their part of the process. One might know the inputs and outputs of one process but be ignorant of the details and complications of the process as a whole.  In many cases, including JBEI’s research and development of bio-fuels, abstraction is necessary to facilitate quick development.  It also allows many people to have input into the research of bio-fuels.

Modes

JBEI does not fit into one mode neatly and displays characteristics of all three modes. JBEI is attempting to work in Mode 3. Mode three is characterized as a mutually enriching relationship and collaboration between the human and biosciences.  Since the research is still not yet in progress it is difficult to evaluate the extent to which JBEI succeeds in Mode 3. There are two important unique aspects of JBEI that seem to facilitate a Mode 3 situation. The role of industry and the spatial organization of JBEI speak of Mode 3.

Role of Industry

Industry’s input will mold the process and output of the biofuels research which is both positive and negative. Allowing industry to be a part of the processes will most likely speed up the processes of going from the flask to the fuel tank.  Furthermore, to some degree industry is a representation of society, in that they often mirror the needs of society. Furthermore these industry representatives are non-experts. For this reason, their input can been seen as positive, simply because they hold a different set of ideals and values.  The relationship between science and industry intends to be mutually enriching, and is characteristic of Mode 3.

Yet there are possible drawbacks in the incorporation of industry into biofuel research.    One drawback is the final product might be driven by the question of “what can make us the best profit?” Implicit in the research is a cost benefit analysis of biofuels.   The plant source and the fuel that researchers decided on is important, and they are making judgment calls in their decisions on these two factors. For instance, what importance do they place on the fuel’s ability to be easily integrated into our current fueling system i.e. how usable is it?   Is this more important than a fuel that is more carbon neutral?  So industry involvement could have a large impact on the research that is done, and the final product.

Arguably the most unique and important aspect of JBEI’s organization is the spatial set up.  All the research will be done in one station. JBEI’s headquarters will be located in one floor of a building in Emeryville. Furthermore, the key players have all committed a significant amount of time not only towards the research being done, but also  have committed to being physically present at the research station. All the research being done in one facility facilitates communication between specifications.  In such close quarters, cooperation is a must and collaboration likely.  

The Framing of the Problem


JBEI frames the problem to which their reach is a solution in three different ways. First they cite an impending energy crisis, stating that “Worldwide: oil consumption is high, natural resources will peak in 10-30 yrs, after the peak price will increase, as supply gets smaller and smaller.  This resource will eventually be exhausted.” Next they imply that oil is a foreign affairs issue, insinuating that our dependence on oil increases our international/geopolitical tensions.  Lastly they say that the environment is threatened by our current oil/energy practices: The consumption of energy releases co2 and other greenhouse gases into the atmosphere causes global warming. Fossil fuels are especially carbon positive because it takes thousands of years for fossil fuels to form in the earth, so this resource is non-renewable. 


According to JBEI, the problem is broad and all encompassing.  Most people feel passionate about one of the three problems.  Whether it is because of the probable increase in gas prices, global warming or because of political ideals, most people will feel some desire to find a new resource for fuel. 

THE ENERGY BIOSCIENCES INSTITUTE

In June 2006, BP (formerly British Petroleum) announced plans to create the Energy Biosciences Institute (EBI), a research and development organization that will perform research aimed at the production of new and cleaner energy, initially focusing on advanced (or “next-generation”) biofuels for road transport but also looking into other applications of biology to the energy sector. After competing with several leading academic institutions to host the proposed EBI, UC Berkeley, and its strategic partners—the University of Illinois and the Lawrence Berkeley National Laboratory—received the partnership with BP, signing the contract on November 14, 2007. BP has said that it will spend $500 million over the next 10 years to fund the Institute, making it the first public-private research lab dedicated to renewable fuels and clean energy. 

The EBI Proposal


Change seemed to have developed overnight, immediately after the contract was signed on Wednesday, November 14, 2007. One would have found, on November 13, after Googling the “Energy Biosciences Institute,” a simple and bland web site containing not much more than a few lines of text about BP’s announcement of the EBI and a link to UC Berkeley and its strategic partners’ grant proposal, which was the main attraction. The next day, using the same URL, one would find a completely redesigned and colorful web site featuring pictures, a quote from Dr. Chris Somerville (Institute Director), and blurbs about the Institute’s five areas of research, as well as links to a range of topics and news articles. 


The web site offers a section titled “EBI At-a-Glance,” which summarizes the goals and objective of the Institute and its proposal. The EBI, quite ambitiously proposes to harness “advanced knowledge in biology, the physical sciences, engineering, and environmental and social sciences to devise viable solutions to global energy challenges and reduce the impact of fossil fuels to global warming” (www.energybiosciencesinstitute.org). It will initially focus on the development of advanced biofuels, and be the “first research institution solely dedicated to the new field of energy bioscience” (ibid). Besides creating a new discipline of Energy Biosciences, the Institute claims it will also conduct research into the economic, social and environmental impact of energy choices and alternatives. It will do all this through, what it calls, a “unique collaboration” between its strategic partners. 

Discussion

There is, clearly, a problem to which the EBI, through its establishment and research, is responding. This is the global energy challenges. Although the proposal fails to provide any details on what these challenges really are, it does provide a specific context to the Institute’s work: The EBI is responding to a particular energy challenge of global warming from the impact of fossil fuels on the environment. One begins to wonder why the EBI has chosen this particular energy sector. Then one may get a glimpse of the answer in what follows: the EBI solution. Its solution is biofuels, specifically through research in a new energy bioscience. The proposal does not question whether or not biofuels is the most viable answer to global warming but is built on the assumption that to a technical/scientific problem, the logical answer is also technical/scientific. In other words, the EBI has framed the energy challenge in a particular way—as a technical/scientific problem—so that its solution fits in very well. If the problem is the fuel we are currently using, then we just need to find better fuel, and global warming can be remediated. The solution to a technical/scientific problem is, according to the EBI, also a technical one that can be realized through science. And whether or not the solution can actually be realized through science is not a question here.

Areas of Research and Synthetic Biology


The EBI proposes research in five areas: Feedstock development, biomass depolymerization, biofuels production, fossil fuels bioprocessing, and ESE (environmental, social, and economic) dimensions. The first three areas focus on the production of biofuels. 

Feedstock Development: The EBI scientists will try to identify and “improve” plant species—other than corn and sugar cane, with which current biofuels are made—that can be used to produce biofuels with more efficiency, on a global scale. The research entails examining the fuel-producing capabilities of plants, such as switchgrass and miscanthus. These plants can produce more biomass (which the EBI defines, in its glossary, as “living or recently living biological materials that can be used as fuel; usually refers to plant matter”) and can be grown in a “sustainable fashion”—which the EBI interpret as to mean that “they won’t harm the environment or require too much energy to harvest and store.” As a result of research and discovery of plants that can produce more biomass per acre, the EBI hopes to “minimize the amount of land, water and energy needed to produce the fuel,” also leading to “the biofuels industry being expanded.” Ultimately, this will lessen our dependence on fossil fuels, which, as the EBI frames it, is a major component of our energy challenge.

Biomass depolymerization: Once sustainable plants that can produce more biomass are discovered and tested for efficacy, the depolymerization process will chemically prepare the sugar molecules of the plants to produce biofuels. This is done by severing the chemical bonds that hold the sugar molecules together, because fashioning fuel requires the use of individual sugar molecules (monomers). The web site provides an effective metaphor to explain the process to a lay audience: The chemical bonds are like the “a sturdy string [that] binds the pearls on a necklace,” and depolymerization is “cutting the necklace’s string.” Currently, this step is the most expensive aspect of producing biofuels, so the EBI researchers believe that more efficient depolymerization methods will reduce the costs of producing biofuels, reducing its price on the market.

Biofuels Production: This area deals with the technical process of producing biofuels from the molecules that have undergone depolymerization. The production process resembles the fermentation practices used to make beer and wine. However, the EBI claims that these practices are inadequate in the production of biofuels, especially on the scale that’s been set by the U.S. Department of Energy (the target is to have the U.S. satisfying 30 percent of its transportation fuel needs from biofuels by 2030). The EBI researchers feel that searching for ways to “boost the concentration of fuel produced by the biofuel fermentation process” is important and necessary so that the cost of making biofuels can decrease, “causing a surge in demand for this environmentally friendly substance.”

Discussion

The first three areas of research resemble the abstraction hierarchy of Synthetic Biology. Individual research in these specialized areas makes possible more complex research and development. A researcher doing biofuels production does not have to do or know how depolymerization is done. He or she can concentrate on his or her specialized task and finds ways to perfect it. 

What’s interesting is that in the EBI glossary page, Synthetic Biology is defined as “the design and construction of new biological entities such as enzymes, genetic circuits and cells, or the redesign of existing biological systems[, and it] builds upon advances in molecular cell and system biology and seeks to transform biology [the way] synthesis transformed chemistry.” Compared to how Synthetic Biology has been examined, defined, and redefined in the course and in various articles (i.e. Rabinow & Bennet, 2007), the definition offered by the EBI is technical and focuses on the science of this new field. The definition does not even mention that Synthetic Biology is an emerging field. The construction of Synthetic Biology as a discipline and the way it is promoted and branded are either taken for granted or overlooked. 

The research proposals are also focused on the science. Each area claims to have a goals, for example, discovering a more efficient way of severing chemical bonds and breaking plant molecules into sugar monomers will lead to a decrease in the price of production biofuels, which translates into lower costs on the market, or so the EBI claims. But the reality is often not that simple or clean. The EBI fails to recognize the socio-political context in which scientific research is taking place. It does not examine nontechnical factors that will come into play between production and mass consumption. But one has to wonder whether the EBI “experts” did not think of this. The Institute, after all, has been and still is under great scrutiny, and the BP-Berkeley deal has been criticized from the very beginning, so issues of intellectual property, ownership, and patents are controversial matters. Therefore, instead of inciting more controversy, the EBI proposal attempts to neutralize the situation by putting most of the focus on the science, at the expense of real environmental, social, and economic concerns. These are, after all, the dimensions of the last area of research. One can only wonder if the EBI is paying lip service.

The fourth area of research—fossil fuel bioprocessing—really makes one question the EBI’s dedication to cleaner energy sources. The EBI claims that improving the process of obtaining fossil fuels (e.g. altering semi-porous rock that holds oil and enhancing its flow to the surface) “will help consumers use this important but finite energy resource wisely and ensure that it remains part of a diverse mix of energy choices.” However, if the energy problem is in the impact of fossil fuel and the cause of global warming, one can only wonder how research to increase oil access and production and expand coal use aligns with the initial goal of the Institute, which is discovering and producing renewable and sustainable energy sources. 

The EBI Structure


The research collaboration is divided up into two components: open and proprietary. The open component will include UC Berkeley, University of Illinois, and the Lawrence Berkeley National Laboratory. The researchers will conduct academic research that will be published in journals. Of the $50 million annual budget ($500 million over 10 years), $35 million will be used to fund open research, while the $15 million will be used to fund proprietary research. The proprietary research will be conducted in the rented spaces at UC Berkeley and University of Illinois and will be staffed solely by BP employees. While BP has access to open research, the products that are produced in proprietary labs will be owned by BP, and there will be controlled access to proprietary labs.


The governance structure has two components also: the governance board and the executive committee. The governance board will approve the budget and overall direction of open research. It has no authority over the proprietary component. That will be managed entirely at the discretion of BP. The executive committee determines which projects are funded.


The public, outside the academic community, has played a minimal role in all of this. The Master Agreement that was signed in November does not include any mention of the public interest, public good, public accountability or transparency, except in page 6: “No notice of any such [Governance Board] meetings [is] required.” Essential Action, Greenpeace USA, and the Foundation for Taxpayer and Consumer Rights have requested for the release of the EBI agreement prior to signing the contract, for public comment and analysis. However, the EBI has failed to be transparent in its operations. The Master Agreement was not available to the public until after the deal was signed.

Discussion

Decisions and discussions related to the EBI operations have been mostly made at the top, and the public has been excluded. The vice chancellor of research at UC Berkeley, Beth Burnside, has been quoted saying that “the contract could not be drawn up using democratic processes because there would likely never be a consensus on the matter” (http://www.dailycal.org/sharticle.php?id=23773). But there is public fear of how research will be determined, fear that corporate research will focus on questions that promise patents and other opportunities for profit, rather than areas that benefit only the public. Scientists will play a part in the governing process, but now there is a new player—the corporation. BP, as an industry partner, brings in different set of concerns about what’s viable and what’s not, and what the public fears is that what’s viable will align with what’s profitable.


The EBI is devoting one of its research programs to environmental, social, and economic concerns, and it appears the Institute is driving at a mode two collaborative engagement. The goal of this research is to understand the impacts of meeting energy needs through sustainable energy by asking specific questions. By asking these questions, researcher will aim to provide answers to environmental, social, and economic concerns, and with these answers, policymakers will have a “solid scientific basis and use them as guides when they devise policies” concerning biofuels. This, however noble and progressive it may appear at first glance, is mode one. The researchers work under the assumption that there are knowable questions and there are answers to these questions. Science frames the question, and science will provide the answers. Although the program will look at the ways the products of science might inform decisions that affect the world, it fails to examine the ways the world can inform scientific research and ultimately the product of that research. 


There is definitely no human practices component. Energy Biosciences, like Synthetic Biology, is an emerging field (the EBI has yet to define what it exactly is). There are not experts. Therefore, problems cannot be foreseen and definitely cannot be addressed and pre-empted. However, the EBI fails to acknowledge this. There is no assessment of the research. What determines the science is not necessarily the social realities, and it may not even be environmental realities. This may all be lip service, and the structure of research definitely reinforces such skepticism. Furthermore, what’s also lacking is inquiry in the viability of biofuels themselves as “viable” solutions to our energy needs. There may be research in the environmental, social, and economic dimensions, but this is done after-the-fact, after the products are created. The EBI does not plan on using such research to inform the science. The Institute actually illustrates the very opposite picture: The science informs the world. The EBI has framed our energy needs in terms of science and the technical such that their technical and scientific solutions fit nicely into the picture. 

ALTERNATE WAYS OF APPROACHING THE ENERGY CRISIS

In answering questions raised by the development of biofuels and their integration into the US fuel economy, two big ideologies emerge, and both agree that the primary issue is one of supply.  There is simply not enough petrol to go around (or there is, but Americans are unable to access it).  It is crucial to note that this paper focuses on America due to constraints in time for research and space for presentation, and there was great difficulty in selecting material and case studies.  We chose a local approach, keeping examples in this section and others within the same country and, where possible, the state as the members of our presentation’s audience to enable communication and understanding.  Within this framework emerge two mostly polar ideologies.  The first is the capitalist platform dominated by government and industry (or corporate interest), which holds that we need to seek out other fuels within our borders because we can’t be assured to maintain one outside them.  The second takes an environmental and often humanist approach which holds that we need to radically shift our priorities to avoid a global calamity involving far more than fuel supplies.  Within this paper, these ideologies are represented, respectively, by the US Department of Energy (DOE) and Tad Patzek.

US Department of Energy

For the DOE, the energy crisis surrounds issues of national security.  Their emphasis, regardless of presidential administration, revolves around national security and seeking sustainability within US borders.  It is how they go about ensuring these perceived needs are met that differs depending on the president.  Such an emphasis relates to the principles of safety, security and preparedness, wherein safety is a fairly tangible thing, the physical well being of the workers, the public, and occasionally the environment.  In the realm of security, the impulse is to create a nation wide self-reliance, and it is felt that once such solidarity is achieved there will be little need for engagement with other countries for oil production.  In regard to preparedness, no one expects demand to change, or thinks it should, and consequently must prepare for a shortage of the traditional fuels.

The DOE has this breakdown of fuel categories, although they do recognize overlap between them: bioenergy, coal, electric power, fossil fuels, fusion, geothermal, hydrogen, hydropower, natural gas, nuclear, oil, renewables, solar, and wind (US DOE).  The rhetoric does give a nod to the environment, seeking out sustainability and minimal environmental impact.  However, the majority focuses on the current fossil fuels, with oil, coal, and natural gas as the primary source for US energy and seeking out ways to make these sources last despite dwindling supply globally.  The focus is on tapping sources within US boarders, including the Artic National Wildlife Refuge, and bulking up the Strategic Petroleum Preserve which currently holds, according to government statistics, about fifty-five days worth of oil for the country (White House Office of Communications).

In a nod to environmentalists, there is an effort being made to make these less polluting to the air when they are burned, however they are still burned.  The question then becomes which scientists one listens to, as George Bush does not seem to acknowledge global warning as caused by greenhouse gases emissions from human industry.  And as the DOE is a part of the executive branch, the president can manipulate it to his advantage.  However, this often deters any actual progress, as politicians generally work within the timeframe of their own time in office and the next individual to hold the same position may or may not agree with them.

The current administration has created several energy programs, including 20 in 10, which is specifically oriented, in part, towards biofuels.  This program endeavors to reduce US oil consumption by twenty percent in the next ten years, and is expected to use the resources of Congress, the EPA, the Department of Transportation, the DOE, and the Department of Agriculture, although the extent to which each has thus far participated is unclear.  (For comparison, about 99.9 percent of current US gasoline and diesel is oil based.)  In addition to building infrastructure that will be more efficient, the plan is to convert twenty percent of US gasoline use to alternate fuels, primarily cellulosic ethanol and hydrogen.  To achieve this goal money is being sent to various R&D laboratories.  (White House Office of Communications)  The intention, and the belief, is that a scientific and technological breakthrough will happen if we just throw enough money at it.  There is no consideration on the part of the politicians as to just how long science can take, for instance, as discussed with Jay Keasling, the five year success with the anti-malarial drug artemisinin was unprecedented.  Nonetheless, people continue to follow the words of people such as James Watson who continually spouts that science can solve the problem in a fairly short time, such as five years.

The Biomass Research and Development Initiative was formed as a multiagency group to implement policies and encourage R&D in biofuels and work towards accomplishing the goals outlined in the twenty in ten program.  The agencies involved are the DOE and the Department of Agriculture.  To date, the initiative has given a litany of grants and awards to academic institutions, companies, and national laboratories.  These grants focus on technical areas, including improving feedstock production, developing technologies to turn plant cellulose into fuel, developments in infrastructure to improve the potential of biofuels as feasible and sustainable in large scales, and improving technologies to make them more environmentally friendly. (Biomass Research and Development Initiative)

This is exemplary of mode one, where the focus is on a means-ends relationship.  Scientific developments are funded with the expectation that they will fit into the pre-formed issues.  Not only is it highly bureaucratic with the means adapted to the desired end, but there is a limited human practices element.  Work is described as being what is necessary for the American public, but what work is done is determined by a minority.  While this is characteristic of the representative republic, this program has received a deluge of criticism.  In effect, political action does not equate to human practices, especially considering how much of the publicity is oversimplified for the perceived ignorance of the consumer.  (Rabinow 9-11)

Tad Patzek

Tad Patzek is the antithesis of the DOE in his beliefs about biofuels.  As a representative of a growing group of scientists and members of the public who are dubious of technological advances, he does not see a future in biofuels.  His arguments revolve around global and environmental issues and highlight political instability and environmental deterioration.  While he does see the energy crisis as a global human crisis, he focuses on the US and Europe as the primary users and abusers of the planet as coming from these regions.  He believes there is an over reliance on new technologies and a belief that science can solve whatever problems arise, or are created.

This environmental devastation has lead Patzek to conclude that business as usual cannot continue, and biofuels will not be sufficient to maintain it.  The supply of fossil fuels is running low, and we continue to use them far faster than they were created, so new fuels must be sought out if we intend to continue with a lifestyle at all similar to the one we enjoy today.  In making this claim against biofuels, Patzek sites the comparative inefficiency of ethanol, the technical difficulties with making it on a large scale from cellulose (such as how it takes on water during transport and sometimes requires more energy to produce than it releases), and the lack of infrastructure to support a mostly ethanol based fuel supply.  (Patzek 16-25; lecture)  He also cites the President’s ethanol production goal as being woefully inadequate to alleviate US oil consumption as the maximum predicted output of cellulosic refineries is well below the desired quantity. Patzek also predicts that events will take a sudden and drastic downturn by the year 2042, when US consumption is predicted to equal world production of fossil fuels (Patzek 8).

Despite his apparent distrust of technological solutions, Patzek’s solution is based in drastic global change on the social level, which is effectively social technology.  To achieve sustainability, he believes society must digress back to a time when communities were smaller and more localized in addition to building effective public transportation systems to drastically decrease demand (Patzek lecture).  In terms of fuel, he sees solar and electric as the most sustainable as they posses they greatest output compared to the input required to create them (Patzek 38).  Unfortunately, the infrastructure does not exist to support these on a large scale, so the most important thing humanity needs to do is decrease its fuel consumption.  In other words, business as usual is unsustainable, and there must be a radical shift in practice if the human race is to survive with the lifestyle it has grown accustomed to.

It is difficult to frame this discussion into a mode as it is more a critique than a practice, however the critique takes on elements of mode two.  For instance, his critique takes an ethical look at the scientists’ work after it has taken place and while his work is not a part of a specific scientific project, it is still downstream.  Much of Patzek’s work involves problemitizing the concept of good, as he attempts to destroy the current notion that new technology is good and will save humanity.  Additionally, the timeframe which Patzek considers is much longer than that of the politicians discussed in the previous section, as he is examining global resources to measure how long they will be available, not just how much fuel one garner for one group during their time in politics. (Rabinow 14-15)

CONCLUSION

Amyris Biotechnologies identifies the problem as a lack of oil for supplying high demands for fuel. Their framing of the crisis reveals a demand for an energy efficient, low cost substitute for gasoline. They focus on a deliverable product in light of being a profit seeking company that needs to appeal to private investors. Their solution is applying existing technologies of engineering microbes to generate high-value compounds to make hydrocarbons.  This company demonstrates that engineers can be informed of a specific demand for a biological compound that possesses particular capabilities and they can then apply synthetic biology to create such a compound from scratch. The company also demonstrates that a commercial setting can harness expert knowledge and profits to up-scale the production of biological materials in the aims of academia where academia does not necessarily have the means. From this perspective their collaboration starts to approach mode two but, on the other hand their affiliation with academic research does not obligate them to engage in moral discussions over the far-reaching implications of their product. While they market their product with its use in mind, its actual use is not prioritized within the scientific means to an immediate end rationality. In short Amyris shows us how a business setting is appropriate for scaling up production of biological materials, but is not necessarily the best site for prescribing the application of these materials or taking the initiative of seeing them through into real life situations. 


The Joint Bioenergy Institute (JBEI) perceives a triangular problem of diminishing supply, rising political tensions, and environmentally risky production and expenditures of energy.  They frame the crisis from more than simply a technological standpoint of needing to substitute oil for something else by conducting research with politics and the environment in mind from the start. Also different than Amyris, they seek more government support which ties their solution to political aims. Both are profit driven which means that research is a cost benefit analysis of biofuels and is meant to work with the existing infrastructure. Their research is not limited, however, to immediate applications such as modifying the use of biomass-to-fuels process. They diversify their research to some extent by simultaneously preparing for the future by innovating science itself and contributing more tools to the tool box. They take environmental health and sustainability seriously as one of their primary objectives by considering agricultural bi-products and waste as environmentally sound substitutes. This employs the from-scratch approach rather than just applying existing technologies.  


The Energy Biosciences Institute (EBI) shares the immediate view of the problem as a demand for fuel for transportation that does not rely on oil. This is obviously a result of megacorporation BP invested interest in the research. They seem to focus more heavily on the environment, however, than either Amyris or JBEI. The collaboration of industry with academia implies a new discipline of combined basic and applied research. The management is organized differently than in the other examples in that it is composed of representatives from the university, the lab, and BP. Although the private-public collaboration model necessitates something like a human practices component to address emerging questions and problems, the EBI does not discuss these needs. The focus, here, is on the science and what science can do to address energy needs. 


The US Department of Energy (DOE) frames the crisis not simply as a lack of resources to meet demands, but as a lack of resources within the United States to be self-sufficient. This is because they are focused on the political turmoil which results from depending on resources from abroad. Their first plan of action is therefore to make sure we have found all of the oil left in the United States despite dismal projections. They are willing to make environmentally conscious decisions only when all else is equal. Political decisions are usually final, despite their lack of grounding in scientific understandings and their limitation to 2 to 4 year courses of actions. Their hope appears to be that by throwing money at scientists, magical solutions will inevitably appear. Similar to how Amyris and EBI are led by experts, the decision making for the DOE is reduced to a small circle of people with a lot of lobbying power. 

In all of these cases, it has been a lack of oil to meet demand that is the issue at hand, but  the EBI through BP was the only one to recognize a problem in consumption, although their analysis did not go far, and the focus remains on increasing energy through scientific means. Tad Patzek pointed to this as the fault of a progression ideology which leads researchers, policy makers, and the public alike to count on science to solve all of their problems. He is not alone in his pessimism about the solutions above and says even if they are successful they are going to be insufficient because the problem is just too big. He suggests that a radical shift in society is necessary for the survival of the human race. 


In line with this proposal to make change occur from within the society, there were a few places where society was cited as having some control over the direction of science. Three of these places where society played a role were society as voters, as consumers, and as active members of their academic and public domains.  A closer look at the business models reveals that it is society as consumers that make money driven changes. What we learn from these examples is that social change will only happen gradually where it is economically viable and solutions work with the existing infrastructure will take hold faster. Orienting consumers to the idea that energy efficiency is also cost efficient for them could trigger larger social changes on the level that Patzek advocates. 


Due to this finding, we acknowledge the need to prepare for the future and lean toward social change, but feel that at least reducing the problem with what is already available to us is the first step in this direction. While the interest groups we have examined in this paper appear to be focused primarily on short term solutions—and at present, synthetic biology cannot solve the energy crisis in its entirety—they have demonstrated short term means for at least slowing the crisis down carry great potential for discovering new means in the future. Future technologies such as chemical energy from sunlight may become a reality, but in the mean time we can use what we already know about genetically modifying crops to make biomass more efficient, while keeping sustainability on the forefront for the future. For example, we know how to engineer plants already such that they require less fertilizer, use less water, grow faster, and are resistant to pests. It is essential to highlight the fact that they have maintained the importance of performing science for science's sake as an essential means in opening up possibilities for future solutions. The biofuels interest groups we examined would agree that synthetic biology is the most important thing we can invest in now both for working to improve what we are already doing, while simultaneously planting the seeds now that are our best hope for a sustainable future. Cross fertilization through an open system was a common method which accelerating the discovery on all accounts. 


The fast onset of applying synthetic biology to the energy crisis is positive in this respect, but it has also created a sense of urgency in simultaneously developing the human practices elements from within the system to regulate technologies as they diffuse into society. In assessing each groups mode of collaboration we determined that none of the groups have met this demand, while each of them do show efforts toward it. In our analysis we faced similar challenges as we imagined the groups did in trying to find cohesion in a system which was only loosely categorized from the start and is becoming increasingly pluralized and contextualized as the knowledge base and infrastructures build. The challenge going forward is to develop a mode of collaboration in which knowledge, values, social organizations, technology, and the biological system can co evolve in healthy competitive rather than aggression toward the common good.
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Work distribution and collaboration

We worked on research on our topics individually. In group meetings, we discussed how to unify the individual research into something cohesively organized. We discussed the organization of the group paper and that of the power point. We also discussed specific topics (i.e. modes, abstraction, human practices) as they related to each individual research test bed. 

Jenn Bowyer: research and writing on alternative approaches to the energy crisis—focusing on Tad Patzek and the DOE; putting together the PowerPoint slides.
Sarah Kang: research and writing on the Energy Biosciences Institute; putting together and editing the group paper.

Jaime Lyon: writing the introduction and conclusion to the paper.
Kristen Milliken: research and writing on the Joint Bioenergy Institute.
Kelly Thaker: research and writing on Amyris Technologies.
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