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I.
Project Objectives

I.1
Project Goal, Outcomes, and Specific Activities 
In this introductory section we provide a statement of our project goal, outcomes, and specific activities. We preface this introduction with a brief background rationale. 
I.1.1
brief background

The early successes of the field of synthetic biology bring into the world ever-greater capacities to design and engineer molecular systems for accomplishing specified ends. 
 The potential scope of these emergent technological and scientific capacities underscores the need for formulating frameworks for how these capacities can and should be more precisely identified and critically addressed. 
Our project responds to this need by focusing on the capacity of synthetic biology to design and engineer molecular systems for the production of biofuels. The production of such molecular systems is currently gaining importance in light of a range of pressing concerns—price increases in petroleum-based fuels, global warming, and national security needs. The successful contribution of synthetic biology to such vital challenges, however, requires more than technical and scientific advance alone (though such achievements are not to be taken for granted). 
The challenge of successfully addressing these concerns will depend on the ways in which synthetic biology is connected to economic, ethical, and political domains—domains characterized by conflicting expectations, constraints, and uncertainties. The work of our project consists of understanding how these relationships are taking shape, and contributing to the adjustment of scientific practices and institutional organization. Such understanding and adjustment calls for real-time collaboration among and between synthetic biologists, anthropologists, and ethicists. 
 It also requires cooperative interaction with commercial and political stakeholders. In broad terms, the problem that orients our project is: How might synthetically produced biofuels favorably increase capacities, both biological and human, without simultaneously intensifying negative political, economic, social, and biological effects?
Since the 1970s, with the establishment of the National Commission for the Protection of Human Subjects of Biomedical and Behavioral Research, ethicists and anthropologists have worked in conjunction with researchers and physicians. This work has assessed the ways in which scientific and medical innovation continues to play a formative role in the shaping of contemporary human life in such domains as genetic counseling, dignity of life, the future of nuclear power, and others. 
 Ethicists, physicians, and scientists have developed a cooperative division of labor that focuses on ways to prevent scientific excess (e.g. the abuse of human subjects, violations of privacy, assaults on human dignity), through regulation and oversight. 
These cooperative efforts have positioned ethics and the human sciences external to, and downstream of, the scientific and medical work per se. This positioning was congressionally mandated in the Human Genome Initiative and its associated ELSI project. 
 The advantage of such external and downstream positioning has been that it allows for scientists to pursue technical optimization while others work to limit and channel applications. Positioning ethics and anthropology downstream, however, structurally undervalues the extent to which ethics, human sciences, and biological sciences might, if embedded in shared work spaces, collaboratively contribute to and constitute human well-being. 
 
I.1.2
project goal

The goal of our project is to invent and implement a distinctive form of collaboration among and between synthetic biology, anthropology, and ethics adequate to identifying and responding to the challenges and opportunities presented by the production of synthetic biofuels in real time. As a mode of work, collaboration should be distinguished from cooperation. A collaborative mode proceeds from an interdependent division of labor on shared problems. A cooperative mode consists in demarcated work with regular exchange; cooperation does not entail common definition of problems or shared techniques of remediation. Standard cooperative models of science and society, such as those developed under the HGI ELSI program, need to be adjusted. By adjusted we mean resituating cooperative practices by collaboratively engaging with synthetic biologists as their scientific work unfolds.

The norms and practices of such collaboration will turn on how synthetic biology will inform and be informed by the salient domains within which synthetic biology is being positioned. 
 Two such domains are particularly significant: (a) corporate strategies for designing new biofuel products and networks, and (b) civil society activists attempting to engage with such hybrid bio-energy conglomerates. Which norms are actually in play in these inter-connected domains and how they function is the prime topic of our research. These norms must be observed, chronicled, evaluated, and adjusted in an on-going fashion. 
Such engaged observation can contribute to making emergent scientific formations more responsive and responsible by identifying challenges and opportunities in real time and calibrating scientific practices accordingly. For example, separating the growth of technical capacities in synthetic biology from the commercial and environmental agenda of biofuel research runs the risk of misdirection and normative conflict. Even if such an agenda were to be established in a thoughtful manner, its’ unfolding and development is not predictable. Hence it must be observed and analyzed in real time. 
Such work can be effectively realized by conducting ethical and anthropological inquiry in direct and ongoing collaboration with scientists, policy makers, and other stake holders. We are persuaded that within such collaborative structures biology, ethics and anthropology can better orient scientific practice to increasing human well-being. 

I.1.3
outcomes

Our project addresses a core challenge identified by DOE, to “more precisely define the agenda of issues that may arise and analyze potential options for dealing with identified issues.” 
 In view of this challenge our project will have five principle outcomes: 
1. We will design and implement new forms of sustained collaboration among synthetic biology, ethics, and anthropology on problems pertaining to the production of synthetic biofuels.
2. We will chronicle, analyze, and publish the results of this collaboration, reporting on the ways in which the collaboration was and was not productive.
3. We will propose adjustments to practices and organization in synthetic biology in view of opportunities and challenges identified in collaboration. 
4. We will produce whitepapers on how salient domains adjacent to synthetic biology are shaped by and function to shape scientific developments. 
5. We will produce a template for collaboration, generalizing our work for use in related fields. 

We are uniquely positioned to produce these outcomes. Our current work within synthetic biology is located in the Human Practices division of the Synthetic Biology Engineering Research Center (SynBERC) at the University of California, Berkeley. 
 SynBERC hosts one of the nation’s leading synthetic biology research initiatives. One of SynBERC’s next projects is to develop components and platforms for biofuels. As synthetic biology’s engineering goals expand into the domain of biofuel development, we are seeking funds to create a collaborative Human Practices model in bio-energy and related technologies. 
 The SynBERC biologists and engineers are committed to working with us to develop next-generation ELSI collaborative approaches to synthetic biology and biofuels. 
We are also uniquely positioned to analyze the co-formation of synthetic biology and commercial developments of biofuel. SynBERC scientists at the University of California are connected to the Energy Biosciences Institute (EBI). 
 The EBI is a $500million venture from BP as a 10-year research partnership with the University of California, Berkeley, in conjunction with the Lawrence Berkeley National Labs and the University of Illinois at Urbana-Champaign to develop the basic science needed to achieve new cost effective and scalable biofuels. EBI’s goals and organization will provide a model for how work in synthetic biology is shaped by commercial design strategies.
I.1.4
specific research activities

In parallel with our five principle outcomes we will have four principle research activities: 
1. We will work with Global Business Network (GBN), an international leader in scenario thinking, and the SynBERC biofuel scientists and engineers to develop group processes, workshop designs, and scenario narratives for collaborative work. 
2. We will facilitate ongoing collaborative working groups and scenario workshops that will monitor and propose adjustments to scientific practices and organization in view of developments in adjacent salient domains. 
3. We will develop cooperative research relations with EBI and with carefully selected civil society activists, with the aim of assessing how commercial and political strategies affect synthetic biology. The data collected in these cooperative relations will provide material for collaborative scenario work. 
4. We will compose whitepapers and generalized templates for the collaborative production of responsible knowledge in cutting-edge science and engineering.

I.1.4.1
Principle Activity 1: Development of Scenario Processes 

In the first year, our task is to develop practices make visible the relations between strategic planning and current modes of organization in synthetic biology. The central methodological challenge is to develop techniques for systematically thinking about and responding in practical and organizational ways to emergent and uncertain futures. Such techniques must be designed to help synthetic biologists working on biofuel to imagine, shape, and prepare for a range of logically possible alternative futures.

In order to this, we propose to adapt extant techniques of scenario thinking, developed by Global Business Network to specific issues in synthetic biology and biofuels. 
 We propose to use these adapted techniques to identify blockages, norms, and practices that are tacit in synthetic biology and its emergent relations to biofuel. This adaptation will take place in part through a series of scenario workshops.
The technique of scenario thinking entails a collective identification of goals and shared problems so as to orient future work. 
 The value of scenario thinking is its ability to “design and facilitate strategic conversations between key stakeholders that shift the focus from identifying constraints to imagining and pursuing shared opportunities. [It] facilitates dialogues that reveal and connect divergent perspectives into a more cohesive vision and commitment to action.” 
 Scenarios provide a common framework and vocabulary for collaboration.
I.1.4.2
Principle Activity 2: Collaborative Working Groups and Workshops 

Equipped with processes and scenarios developed in year 1, we will facilitate ongoing collaborative working groups consisting of synthetic biologists and human practice experts. In compliment to these working groups, we will facilitate a series of dissemination workshops. These workshops will allow for the wider community of SynBERC researchers to participate in the refinement of scenarios. We already have observed that all of the key actors—synthetic biologists themselves as well as commercial and governmental funders, political activists, and others—are envisioning a zone in which synthetic biology will operate in the near future. This zone provides the foundational parameters for current strategies and practices. Our second principle activity will be ongoing across years two and three, and will consist of working with the SynBERC scientists and engineers in order to orient their work in light of the expectations and pressures produced within this zone.

I.1.4.3
Principle Activity 3: Cooperative Research
Our third principle activity will consist of specifying how strategic goals and concrete practices are adjusted to each other. Synthetic biology is in the process of forging ties and working relationships with diverse industry partners, various civil society activist groups as well as several governmental agencies. We cannot know in advance what form these relationships will take; however we do know that they are privileged sites that are likely to play a pivotal role in how biofuel production is realized or stymied. As such, we propose to conduct inquiry into these relations in order to develop substantive materials for consideration in our collaborative working groups and for use in refining scenarios. 
Research in activity 3 will be oriented toward understanding how scientific, commercial, and social design strategies emerge, how these strategies might inform synthetic biology, and what efforts are undertaken to integrate them into a comprehensive approach to the near future. These cooperative relations will be established in year one and will be enriched throughout the project.
I.1.4.4
Principle Activity 4: Whitepapers and Generalized Processes
Activities 1-3 will be archived and analyzed. This material will serve as the basis for organizational summit meetings in year three and for the production of whitepapers and generalized processes. Organizational summit meetings will identify implications of scenario work for organizational adjustment and will evaluate collaborative work. Following these meetings we will compose two sets of whitepapers. The first set will focus on strategies for designing new biofuel products and the mutually formative relation of synthetic biology to these strategies, and on civil society activists and their engagement with hybrid bio-energy conglomerates. We will also produce papers on generalized processes for collaborative work and scenario thinking in cutting edge science and engineering. Early materials for these whitepapers and templates will be developed in year two. They will be produced in year three.

I.1.4.5
Detailed List of Activities

1. Conduct interviews and a literature review concerning developments and possible connections between and among synthetic genomics, bio-energy, anthropology and ethics for use in scenario work.

2. Educate scientists working in synthetic genomics on the strengths and limitations of standard practices in bio-ethics and anthropology in order to familiarize them with standard approaches and past controversies; 

3. Such education will contribute to designing and implementing modes of collaboration, both organizational and analytic.

4. Establish collaborative working group with select researchers from the labs of Jay Keasling and Adam Arkin at U.C. Berkeley, as well as other significant stake holders.

5. Establish cooperative research relationships with the Berkeley Energy Biosciences Institute and a carefully chosen sample of bio-energy activists.

6. Conduct ongoing anthropological research on two critical domains bearing on the development of synthetic biology: (a) strategies for designing new biofuel products and networks, and (b) civil society activists concerned with bio-energy.

7. Develop evolving scenarios that focus on critical uncertainties for to use as frameworks for collaboration.
8. Transform generic scenario techniques into collaborative equipment useful for adjusting practices and organization in biofuels and synthetic biology.

9. Design and facilitate dissemination workshops to allow SynBERC researchers and other stake holders to refine scenarios used in collaborative working group.

10. Design and facilitate wikis for recursive refinement of scenarios in view of ongoing developments in synthetic biology and adjacent salient domains.
11. Generate transferable collaborative equipment (i.e. processes, forms, and practices) for conducting collaborative work that extend beyond the ELSI model

12. Publish results of empirical research and collaborative methods in a timely manner as topic specific white papers and as online media. 
I.2
Overview of Research Sites 
The distinctive quality of our approach is the construction of a work structure and method that brings synthetic biologists, anthropologists, and ethicists into close, ongoing collaboration. This structure and method is situated within the institutional context of the actual synthetic biological production itself. Hence, we want to study the mutually formative relations of synthetic biology and salient “social” domains at Berkeley, rather than the familiar approach of studying the impact of science on society. 
 Our goal is to develop a method of collaborative work that will enable all concerned to be responsive and responsible to the significance, form, and direction of their work. 
To this end we are identifying three specific research sites – SynBERC, the Energy Biosciences Institute (EBI), and civil society activists (to be identified during initial stages of inquiry). Within these sites, we will employ two modes for our research activity: collaborative and cooperative. As noted above, collaborative modes proceed from an interdependent division of labor on shared problems. Cooperative modes consist in demarcated work with regular exchange but no agreement to define problems in common or to address modes of remediation. At SynBERC, we will be working collaboratively with the laboratories of Professors Jay Keasling 
 and Adam Arkin 
 of UC Berkeley. The Keasling and Arkin labs are directing the SynBERC work on biofuels. At EBI we will be working cooperatively with corporate and university entities strategically designing biofuel products and networks. We will also be working cooperatively with the civil society activists. Our cooperative research activities will provide information and experiences that will be reflexively integrated into the collaborative work with the Keasling and Arkin labs through techniques and methods described in the following sections. 
From the perspective of synthetic biology and its design choices, we will be analyzing the ways in which (a) EBI frames its core design issues and (b) civil society activists frame their strategies. Such analysis provides critical materials for orientation to problems in scenario thinking as well as ongoing collaborative work. We are not proposing an ethnographic study of EBI or civil society activists. Rather, as noted above, we aim to “design and facilitate strategic conversations between key stakeholders that shift the focus from identifying constraints to imagining and pursuing shared opportunities. Facilitate dialogues that reveal and connect divergent perspectives into a more cohesive vision and commitment to action.” Research conducted in our two cooperative domains will provide material for this strategic work.
I.2.1
Collaboration on SynBERC Biofuels Project 

In the coming year, the SynBERC laboratories of Jay Keasling and Adam Arkin will be developing a project in biofuels. The specific goal of this project is to invent and standardize biological components and a “chassis” (or platform) for production of biofuels. Their aim is to engineer metabolic and chemistry parts (MCPs): (1) to synthesize a biofuel from intracellular metabolites; (2) to engineer transporter devices to transport the fuel outside the cell; and (3) to integrate the MCP’s and transporter devices with gene expression control devices into a suitable microbial chassis to produce a biofuel. 
The goal of the first aim is to develop metabolic and chemistry parts for a novel biofuel biosynthetic pathway. The second aim of the work is to develop transporter devices for transporting the fuel outside the cell.  Having transporters for the fuels of interest will allow the cell to produce large quantities of the fuel without the limitations of accumulating the fuel inside the cell, will reduce purification costs, and will improve resistance to the fuel. The third aim of the proposed work is to integrate the MCP’s and the transporter devices into a suitable chassis for production of the biofuel. 

I.2.1.1
Problem Specification

Biomass is the most abundant renewable carbon source on the planet and has long been a major combustible fuel for mankind. Biomass in the form of corn currently serves as the source for most of the ethanol produced in the United States (roughly 3.4 billion gallons in 2004). To meet the US Department of Energy goal of displacing 30% of current gasoline with ethanol by 2030 would require production of 60 billion gallons ethanol/year and consumption of 22.9 billion bushels of corn, 194% of the 2004 US harvest. Because of the high energy, fertilizer, and water requirements of growing corn, biomass that can be sustainably harvested from forests and agricultural lands is being explored as a source of carbon for fuels production. (It has been suggested that 1.3 billion tons of biomass can be sustainably harvested from US forests and agricultural lands without seriously depleting soils of needed nutrients.) 
While biomass has the potential to meet most, if not all, of the transportation fuel needs, there are several difficulties in using biomass for production of fuels. The first problem is that current biomass crops are far from optimal for energy- and water-efficient production. The second problem is the expense and inefficiency of the process for converting biomass to fuels. The work of the SynBERC labs will address the second problem. 
A key limitation in the biological production of fuels is the fuel itself. Ethanol is currently the dominant fuel produced from renewable resources (starch). While ethanol has a number of advantages, it is very toxic to microorganisms that produce it and it cannot be piped over long distances (dry ethanol can easily pick up water in pipelines). As a result, it is produced in low concentrations in fermentations, making purification from the broth energy intensive and expensive. Substitution of ethanol with a fuel that is less soluble in water and potentially less toxic will reduce separations costs and potentially allow for the fuel to be transported through existing pipelines. Indeed, most biofuels that are currently being considered are molecules that are naturally produced by microorganisms rather than those that would be ideal as fuels. Synthetic biology promises to produce molecules not naturally produced by existing microorganisms but that would be ideal fuels. 

I.2.1.2
Biofuels and Human Practices
Given our current engagement with SynBERC as Human Practices leaders, we have already established working relationships with the Keasling and Arkin labs. Through the further development of these relationships we are situated to identify and analyze the ways in which biofuels research in these labs is unfolding. We are positioned to analyze and inflect the mutually formative relations between and among synthetic biology and the complex matrix of vectors, such as industry, the university, and political activism, within which it is emerging. Unlike some of the other areas of synthetic biology research, such as the Artemisinin work on malaria, the biofuels arena is characterized by conflicting expectations and constraints that traverse scientific (e.g. SynBERC), economic (e.g. EBI), and social practices (e.g. civil society activists). Therefore real-time collaboration among and between the synthetic biologists, anthropologists and ethicists would appear to be pertinent and timely.
I.2.2
The Energy Biosciences Institute: Assessing strategies
The Energy Biosciences Institute (EBI) has been funded with $500million from BP as a 10-year research partnership with the University of California, Berkeley, in conjunction with the Lawrence Berkeley National Labs and the University of Illinois at Urbana-Champaign. Research in synthetic biology is central to EBI’s structure and goals. Synthetic biology has the potential to create more economical, less polluting, and more environmentally attentive biofuels. EBI has articulated a fourfold set of goals: (1) to commit “human and infrastructure resources” to the development of so-called “disruptive technologies,” designed to meet the “energy needs of our global community”; (2) by assembling teams that seek holistic, or, “total-system solutions” to the production of biofuels; (3) they intend to produce the “next generation of scientists,” characterized by a commitment “to the vision of the EBI”; and (4) ambitiously position themselves as the “model for the type of large-scale academic-industry partnerships” that they claim will be needed in “solving the major global problems of the 21st century.” 
 
I.2.2.1
EBI and Human Practices
The scope and ambition of EBI’s mission statements provide several important openings for Human Practices interface. What it means to produce a generation of scientists committed to the vision of a brave new institutional assemblage constitutes a first issue to be monitored. EBI’s exact relation to the university and its norms of open public academic research very definitely remain to be specified. Given EBI’s total-systems approach to the problem of bio-energy, its impact on synthetic biology more generally is certain to be significant. In order to ensure our scientific independence we need to remain formally distinct from EBI. For this reason funding from DOE is essential. Our research will take into account the form EBI actually takes and the influence of this form on directions in synthetic biology at SynBERC. 
EBI is a distinctive assemblage of major industry, venture capital funded start ups, and public university and national laboratories. This assemblage will significantly inform the orientation and innovations of synthetic biology. We will focus on EBI’s project of forecasting human futures when specifying its industrial goals. This “total-systems” forecasting provides an interface for inquiry as well as cooperative investigation. We start with EBI’s efforts to establish standardized design parameters for new fuel technologies through their collaborative work with synthetic biologists. 
 We will observe EBI’s visions of possible human futures and how these visions take the form of elaborating market strategies through the redesign of biological processes.
I.2.2.2
Framing Biofuel Strategies
It would seem that EBI’s goals will have to articulate with synthetic biology in terms of long-range product and institutional design, although how this articulation will take place remains to be monitored and researched. Research will be oriented toward understanding how potentially viable design strategies emerge, how these strategies might inform synthetic biology, and what efforts are undertaken to integrate them into a comprehensive approach to the near future. For example, the success of fossil fuels has depended on their versatility from the perspective of design in portability, storability, conversion to other forms of energy, scalability, cost and abundance of supply. 
 
Although such variables have important cost implications, more importantly, they demonstrate how it is that design plays an overarching role in linking viable business strategies with the configuration of human practices. 
 This research will take the form of understanding the array of truth claims, affects and social orientations that EBI will use to anticipate the potential future of newly developed biofuel products. Our work will consist of analyzing strategies, and specifying how truth claims and practices are adjusted to each other. Again, this is not a study of BP or the EBI per se but an analysis of these developments as they are taken up within SynBERC. 

An anthropological engagement with design strategies represents a novel and promising approach to understanding the human dynamics associated with new technologies. Consequently, we will concentrate on EBI’s strategies for designing new biofuel products as well as its institutional innovations, especially as pertaining to design standardization. 
 Although most critical social science has taken up business practice in terms of relations of production and property rights, our approach will focus on dynamics of design as a domain of practice through which corporations anticipate and configure human futures. 
 We will identify and analyze the ways EBI uses strategic visions of the future. This focus provides a point of contact with our overall methodology. The design strategies and the social and political reflections that accompany the production of these strategies in such strategic visions about the future, provide critical materials for problem specification and scenario narratives within our SynBERC collaboration.
I.2.2
CIVIL SOCIETY ACTIVISTS: Assessing strategies
Environmental thought is deeply invested in a particular view of science, economic growth, and the environment. Since the 19th century, environmental concern (broadly construed) has been offered as a practical critique of economic growth and modernization. 
 Its dominant trope counsels conservation and restraint. Synthetic biology, to the extent that it is successful in making biofuels feasible on a broad scale, could transform some of the core framings of the relation between the environment, energy, and development. 
In broad outlines, it is already possible to discern this tension in environmental thought related to the EBI. Research conducted on the work of civil society activists allows us to study in real time how environmental thought confronts emerging energy productions. Attending to the work of activists shows us both how conceptions of synthetic biology modulate political and social strategies of regulation and how such perceptions can be considered and responded to by the synthetic biology community from the outset. 

I.2.2.1
Civil Society Activists: Framing Political and Social Strategies

Biofuels activism represents a unique configuration of transnational civil society networks. These networks are unique for their entrepreneurial approach to public involvement, their aggressive networking capacities, and the situated work to strategically assess and target specific policy or corporate practices based on an applied environmentalism. 
 They have articulated a range of concerns about the social and environmental consequences of large-scale biofuels production. Such concerns focus on the scale of agricultural production, biofuels’ relative benefits in carbon reduction and other environmental effects, and their relation to global economics. 
Synthetic biology might well change the parameters of debate as it introduces new approaches to existing problems associated with ethanol. In any case, activists are making truth claims about how synthetic biology will contribute to the near future and are mobilizing a range of responses in light of these claims. As with our analysis of EBI, the visions about the future being developed and deployed by civil society activists provide an interface for investigation. The new objects and the social and political reflections that accompany the production of these objects in such visions of the future provide critical materials for problem specification and scenario narratives within our SynBERC collaboration. 

Activism is a form of sociality through which multiple conceptions of the future are posed and contested. Like all social forms, it emerged under specific historical conditions, and represents an array of techniques with differing degrees of practical utility. Anthropological analysis is uniquely positioned to take account of how such emergent forms inflect developments in technology and industry. The ways in which activists are imagining the future involves a diagnosis of relation between synthetic biology and broader concerns about bio-energy, the environment, and social problems. For example, organizations like the UK-based Biofuelwatch have developed transnational campaigns linked to biofuels production in countries like Brazil and Indonesia. 

I.2.2.2
Civil Society Activists and Human Practices
Like commercial firms, nongovernmental organizations utilize extensive forms of knowledge to articulate practical programs for envisioning different possible human futures. Most environmental activism relies on broad networks of “para-scientific” research that develops narratives about the futures in language meant to convince and mobilize. 
 The work of these activists takes the form of a practical relation of anticipation of and action on an uncertain future. 
 Understanding the work of biofuels activism will provide an assessment of the transnational forms through which energy futures are framed, the practical dynamics enabling activists’ social orientation toward the future, and the ways in which these framings will be modulated by developments in synthetic biology. At the same time, understanding these dynamics will provide a more complex range of considerations that may bear on policy or business expectations of the Energy Biosciences Institute. 

Observing the work of activists and others makes visible how deliberation about possible human futures takes the form of elaborating social and political strategies of regulation. We can understand this regulatory equipment as an array of truth claims, affects and social orientations through which activists anticipate potential futures of newly developed capacities for bio-engineering and work to rhetorically frame the stakes of such capacities. 
 Parallel to industrial and marketing processes, activists have shown concern for economic and ecological consequences of global agriculture related to biofuels production. As with our observation of EBI, initial work with activists will involve analyzing strategic visions of the future, and specifying how truth claims and practices are adjusted to each other.

I.3
Methodology 
During the 1990s collaboratories were developed in areas of the natural sciences. These collaboratories were characterized by distributed research networks articulated by means of information technology. Developments in synthetic biology call for new collaborative practices among ethicists, anthropologists, and biologists. Such practices must be designed to facilitate inquiry and exchange in order to re-imagine and remediate norms, standards, and mechanisms of inquiry. The goal of such dynamic exchange is to produce knowledge and tools for thought, as well as modes of critical intervention, analytic work, and mutual care. 
 We are founders of such a collaboratory, the Anthropology of the Contemporary Research Collaboratory www.anthropos-lab.net. We will take advantage of its extensive scientific resources as they become pertinent to the current project. 

In this section we provide an overview of the methodological tools—existing and to be invented—that we will design, develop, and deploy in this project. We begin with a broad distinction between extant technologies (i.e. scenario thinking), emergent equipment (i.e. collaborative practices), and design materials and principles for the adjustment of such equipment to synthetic biology (i.e. ontology, ethics, remediation).
I.3.1
Extant TECHNologies
As noted above a central methodological challenge is to develop techniques for systematically thinking about and responding in practical and organizational ways to emergent and uncertain futures. Such techniques must be designed to help synthetic biologists working on biofuel to imagine, shape, and prepare for a range of logically possible alternative futures. Techniques of scenario thinking as it has been developed by Global Business Network can be adapted to meet this methodological challenge. As GBN puts it, “Ultimately, the result of scenario planning is not a more accurate picture of tomorrow but better thinking and an ongoing strategic conversation about the future.” Our plan is to work closely with GBN and other significant actors in adjusting techniques of scenario thinking to emergent configurations of bio-energy, ethics, and anthropology.
I.3.1.1
From Forecasting to Scenario Thinking
It is helpful to distinguish scenario thinking from forecasting. Forecasting refers to the use of quantitative analysis to identify the future trajectories of current trends. The goal of such forecasting is to anticipate small variations from these trends (e.g. variations in oil prices). 
Forecasting has two built-in limitations. First, it bases its conclusions on the logical outcomes of only one possible future. Second, this one possible future is thought to be a direct and predictable unfolding of current states; as such it assumes a much greater similarity between the present and the future than usually proves to be the case. Forecasting as a way of dealing with the future requires assembling technical experts that can quantitatively elaborate extensions of current trends. If the future is uncertain and emergent as in zones such as synthetic biology and biofuel, however, such technical expertise has limited value. 

By contrast, scenario thinking identifies a range of logically distinct futures. All of these futures are feasible, and yet each one entails dramatically different implications for current and near future practices and institutional organization. 
Techniques of scenario thinking help to create a matrix of much more complicated future possibilities than forecasting does. It helps stake holders to tease out and pull apart assumptions about the relation between the present and the near future. It underscores that what is needed is not better predictions about the unfolding of current trends, but the development of capacities for imagining different futures and exercising real time changes in practice and organization. This work highlights the ways in which current practices and organizations may or may not adequately prepare us to respond affectively to such different futures.
I.3.1.2
Critical Uncertainties: From the Outside In
Scenario thinking is structured by a number of other key methodological principles. First, it involves “outside-in” analysis. Such analysis consists of an exploration of the dynamics and factors beyond synthetic biology per se, such as industrial objectives and activist strategies. This approach makes visible ways in which synthetic biology might evolve as part of a wider field of dynamics related to biofuel development. “Outside-in” thinking moves beyond standard approaches for assessing the impact of science on society by attending to mutually formative relations.

Second, scenario thinking involves the identification of “critical uncertainties” about the future that may play a formative role in the shaping of synthetic biology. This approach underscores that the stakes of scientific development cannot be sufficiently known in advance, and that forecasting and prediction by experts is likely to provide false assurance. Critical uncertainties can be fleshed out and articulated as variations within specific scenarios. In turn, these alternatives establish a common framework for articulating and working on shared problems.  

Third, scenario thinking involves workshop design and process segmented into distinct phases. This segmentation allows for flexible redesign as required. These workshops and processes will be adapted to challenges and opportunities that emerge in synthetic biology. They will also provide the foundational materials for the development of generalizable processes and forms. 
The Project Timetable section below includes a detailed description of the distinct phases of this scenario work. 

I.3.2
emergent Equipment 
In this section we provide a summary of the conceptual background that situates our current work and highlights what work needs to be done in order to adjust existing ELSI models to collaborative work in synthetic biology. 

I.3.2.1
Defining ‘Equipment’ 
From the first, efforts to bring together experts from the biological, human, and philosophical disciplines to address innovations in the biological sciences have faced a central practical problem: the development of methodological practices and forms adequate to the task of precisely defining and effectively responding to challenges and opportunities. To use a technical term, these efforts have faced the challenge of designing and implementing new equipment. Such equipment has needed to be calibrated to precise specifications and appropriate to specific scientific developments. Moreover, it has needed to be responsive to specific set of world events, and thereby adequate to the task of critically contributing to the adjustment of scientific to better human futures. 
An important example of the early development of such equipment is the work of the National Commission for the Protection of Human Subjects of Biomedical and Behavioral Research. The National Commission was tasked with developing practices appropriate to the protection of human subjects of research. It needed to respond to public outrage over the Tuskegee and Willow Creek experiments. And it needed to be adequate to the task of preventing the abuse of research subjects in the future. In sum, the National Commission was faced with the task of developing equipment appropriate to particular kinds of problems under particular circumstances and addressing those problems in particular kinds of ways. Each subsequent generation of bio-ethical work has required reassessment of prior practices, in order to adjust those practices to new events and new challenges. 

Equipment, though originally conceptual in design and formulation, is altogether pragmatic. Defined abstractly equipment is a set of truth claims, affects, and ethical orientations connected into a set of practices. Equipment, which has historically taken different forms, facilitates productive responses to changing conditions brought about by specific problems, events and general reconfigurations. 

Consider again the work of the first National Commission. The Commission was established, in part, as a response to the abuse of research subjects of medical research. The Commission was mandated to develop practices by which research subjects could be protected from future abuse. The form these practices took was guided by the following considerations: a truth claim (human beings are subjects whose autonomy must be respected), an affect (outrage at the abuse of such infamous research projects as the Tuskegee experiments), and an ethical orientation (human subjects must be protected from such abuse in future through the guarantee of their free and informed consent). 

I.3.2.2
Extant Equipment: ELSI 
The standard forms of equipment being used today are not sufficient to collaboratively address challenges and opportunities presented by synthetic biology in real time; these forms need to be assessed and adjusted, i.e., remediated. 
Standard equipment today tends to be grouped under the umbrella of ELSI—ethical, legal, and social implications. This equipment, first developed as part of the Human Genome Initiative, was, like all equipment, designed to identify and address particular kinds of problems. With genomics more than the autonomy of subjects appeared to be at stake in research. For many, genomics presented both practical and fundamental challenges. On the practical side, genomics seemed capable of unleashing new forms of social abuse, such as the violation of privacy or discrimination of certain population groups. Furthermore, in a fundamental sense, many feared that these new capacities threatened the integrity of human nature as well as nature more generally. 

Both sets of concerns were connected to a central truth claim: that genomics was going to reveal and make available to interventions essential dimensions of life, including but not restricted to the human. The affect this situation produced was trepidation—concerns about the impact of science on critical domains of human life. Trepidation called for an ethical orientation of mitigation—ethical, legal, and social reflection was needed in order to mitigate the impact of scientific work. 

Whereas the protection of research subjects involved the development of regulations “upstream” from research in the form of Institutional Review Boards and protocols for obtaining informed consent, human genomics appeared to require the design of “downstream” equipment. The objective of this equipment was to prevent consequences by restricting those directions and applications of research thought to pose a threat to the dignity of human beings or to the integrity of a just society.
While the ELSI model of equipment has been and continues to be valuable for such downstream work, it does not appear to be well suited to the kind of collaborative practices we are developing as part of synthetic biology. From the first the ELSI model encouraged what we are calling a cooperative division of labor in which the problem domains worked on by the human and social sciences were thought to be quite distinct from, and external to the core problem domains and methods of biology. Human and social scientists were assigned the task of monitoring and even forecasting how biology was or might be impacting other domains. This framing effectively put anthropology and ethics in a position external and downstream to biological work per se. 
I.3.2.3
Emergent Equipment: Collaboration 
By contrast, from the first our Human Practices work at SynBERC has been committed to an approach that conceives of the relations between and among the biological, human, and philosophical disciplines in a collaborative mode. In its constitution SynBERC recognizes that biologists and non-biologists are working within shared problem spaces, though focused on different aspects of problems and employing different kinds of expertise. Ethicists and anthropologists are not responsible for technical tasks of bio-engineering, such as synthesizing DNA. Likewise, biologists are not responsible for developing specialized philosophical arguments, such as differentiating the relative merits of deontological and virtue approaches to ethical questions in synthetic biology. However, ethicists, anthropologists, and biologists are interested in and oriented toward the same outcomes—namely, the ways in which science plays a formative role in the shaping of contemporary human life in critical domains.
Such a collaborative approach requires us to rethink basic assumptions about the relationship between and among domains of expertise, and such rethinking is already well underway. 
 In many post-genomic and other domains of scientific research, scientists are formally required to frame their work in terms of human well-being. SynBERC’s Human Practices work is designed to make explicit a shared commitment to human well-being and to design collaborative equipment adequate to advancing it under the specific arrangements within which synthetic biology is unfolding. 
I.3.2.4
The Purpose of Collaborative Equipment: Remediation
Today we are again at a juncture of equipmental reassessment and adjustment—a process we refer to as “remediation.” The design challenge is to develop collaborative equipment that operates in a mode of remediation. The term remediation has two relevant facets. First, it means to remedy, to make something better. Second, remediation entails a change of medium. Together, these two facets specify a mode of equipment. When synthetic biology is confronted by difficulties (conceptual breakdowns, unfamiliarity, technical blockages, and the like), ethical and anthropological practice must be able to render these difficulties in the form of coherent problems that can be reflected on and attended to. That is to say, ethical and anthropological practice remediates difficulties such that a range of possible solutions become open to discussion and exploration. 
In sum, our challenge is to design contemporary equipment that will operate in a mode of remediation, thereby contributing to the development of practices and strategies of synthetic biology in responsive and responsible ways. 

I.3.3
Design of equipment: Materials and Principles 
The design of new equipment requires collaborative analysis of the kinds of new techniques, logics, relationships, etc. that are being produced by synthetic biology as well as the kinds of practices that are forming or might need to be formed in relation to these objects. In other words, the design of new equipment requires careful ontological and ethical work. Such work will help us better determine which truth claims, affects, and ethical orientations are appropriate to current developments in synthetic biology generally, and the domain of bio-energy more specifically. 

I.3.3.1
Assessing New Things in the World: Ontology 
The issues of what things are, which new things are significant, how they are significant, and how one knows they are new and significant, are of prime importance pragmatically, culturally, and philosophically. Whatever else it does synthetic biology will bring new things into the world. These things will have effects both directly within the biological sciences and, undoubtedly, far beyond. 

The term that Western philosophy has used to describe reflection on the essence of objects is ontology. Since the Greeks, philosophy has been concerned about what it means to name the most general kinds of things that exist. That general task, like almost all important philosophical debates, has endured for millennia. Constructing a general ontology is not the task proposed here. Rather, we propose an anthropology of the contemporary world; one which designs techniques to change these philosophic discussions into topics of inquiry. This shift produces a more modest and empirically based approach. 

How things come into existence, are named, sustained, distributed, and modified is an issue of primary importance for many scientific disciplines, especially for synthetic biology whose goal is precisely the creation of such objects. What stakes are introduced or modulated by such new objects, and how ethical and political strategies can or should be adapted to them is a question of critical importance. Observing, reflecting, analyzing, and representing these contemporary ontological changes is one of our prime interests.

I.3.3.2
Defining Ethics 
We hold that bio-ethics, as frequently positioned in official settings, structurally undervalues the extent to which ethics and science, when positioned in shared work structures and focused on shared problems, can play a mutually formative role. As noted in our project overview section, within these official settings the role of ethics has principally been to restrict scientific excess through regulation and oversight. 
While such work remains valuable its positioning outside of scientific research per se undervalues the extent to which science and ethics can collaboratively contribute to and constitute a “flourishing existence.” As a place-holder, we note here that flourishing is a translation of a classical term (eudaemonia) and as such a range of other possible words could be used: thriving, the good life, happiness, fulfillment, felicity, abundance and the like. Above all, eudaemonia should not be confused with technical optimization, as capacities are not already known. We do not understand flourishing to be uncontrolled growth or the undirected maximization of existing capacities. 
The question of what constitutes a good life today, and the contribution of the bio-sciences to that form of life must be vigilantly posed and re-posed. Which norms are actually in play and how they function must be observed, chronicled, and evaluated in an on-going fashion. It is plausible that engaged observation stands a chance of contributing positively to emergent scientific formations. It is worth seeing if such observation can be effectively realized by conducting ethical and anthropological inquiry in direct and ongoing collaboration with scientists, policy makers, and other stake holders. We are persuaded that within such collaborative structures: biology, ethics and anthropology can orient practice to the flourishing as both telos and mode of operation. 

I.3.3.3
Designing Equipment 
Our goal is to make our understanding of ontology and ethics contribute to the design of new equipment. Such equipment should facilitate work in synthetic biology through pedagogy, the assessment of events, and work on shared problem spaces:
· Pedagogy: Pedagogy involves reflective processes by which individuals become capable of flourishing. Pedagogy is not equivalent to training, which involves reproduction of expert knowledge. Rather, it involves the development of a disposition to learn how one’s practices and experiences form or deform one’s ethical existence. 
Our inquiry is directed at the practices and experiences of the synthetic biology community. How is it that one does or does not flourish as a researcher? Flourishing here involves more then success in achieving projects; it extends to the kind of human being one is personally, vocationally, and communally. Adequate pedagogy of a bioscientist in the 21st century entails engagement with those adjacent to biological work: ethicists, anthropologists, political scientists, administrators, funders, students, and so on. Pedagogy teaches that flourishing is a life-long formative process, one that is collaborative, making space for the active contribution of all participants.

· Events: A second set of concerns involves events that produce significant change in objects, ends, or techniques. By definition, these events cannot be identified until they happen. Past events that have catalyzed new relationships between science and ethics include: scandals in experimentation with human subjects, recombinant DNA and its regulation, crises around global epidemics, the Human Genome Initiative and the growth of bioethics as a profession, and 9/11 and the rise of a security state within whose strictures science must now function. Just as scientists are trained to be alert to what is significant in scientific results, our work is to develop techniques of discernment and analysis that alert the community to emergent problems and opportunities as they happen. 

· Problem space: Events proper to research, as well as adjacent events, combine to produce significant changes in the parameters of scientific work. These combinations are historically specific and contingent. At the same time they produce genuine demands that must be dealt with, including ethical and anthropological demands. 
Synthetic biology arose once genome mapping became standard, once new abilities to synthesize DNA expanded, and once it became plausible to direct the functioning of cells. Its initial projects address a part of the global crisis in public health – malaria. At the same time, the first ethical concerns that it has to deal with arise from the risk of bio-terrorism. Its current challenges cluster around the production of biofuels. The synthetic biology community is obliged bring these heterogeneous elements into a common configuration. 
In sum, synthetic biology can be understood as arising from, and as a response to, new capacities, new demands, and new difficulties that oblige, in an urgent manner, new ways of thinking and experimenting with vitality, health, and the functioning of living systems. Our goal is to provide conceptual analysis of this shared problem so as to reflect on its ethical significance; and equipment to make it function more responsively and responsibly. 
Given the emergent character of innovations in synthetic biology, the precise form of this collaboration cannot be settled in advance. However, it will involve intensive and ongoing reflection with selected SynBERC PI’s on the evolving ethical and governance problem spaces within which their work is situated. We will draw on traditional methods of participant observation, philosophical exchange, and ethical review while exploring forms of participation and process development that enrich and in places move beyond these traditional methods. This framing allows us to adjust our designs to the substantive and specific challenges and opportunities presented by innovations in bio-energy. Such adjustment will require the coordination of appropriate expertise and the development of new collaborative equipment.
II. Project Timetable

II.1
Year 1: Orientation and Scenario Frameworks
In year one, we will use scenario group processes and workshop design to create the collaborative framework within which we will be working during years two and three. This collaborative framework will provide a common vocabulary and identification of critical uncertainties about the future of synthetic biology and biofuels. 
Our work will consist of four principle activities. First, we will conduct intensive interviews with key actors, building upon systematic literature review. This work will facilitate the agenda for scenario workshops. Second, we will formalize our cooperative relations with EBI and civil society activists, and formulate procedures for ongoing work in cooperative sites. Third, we will conduct scenario workshops with significant actors and GBN specialists. Fourth, we will collect critical uncertainties identified above and integrate them into working scenarios. 

II.1.1
Year 1 Timetable

	QUARTER
	RESEARCH ACTIVITY
	OUTCOME

	1, 2
	Constitution and meeting of core scenario team (the collaborative working group), including the two PIs, research team coordinators, and at least one representative from EBI and civil society activists
	Initial orientation of collaboration

	1, 2
	Formalization of cooperative relations with EBI and civil society activists
	Interface with cooperative researchers

	1, 2
	Conduct literature review. Pre-interviews with scenario workshop participants.
	Establish baseline of materials for initial scenario workshop

	1, 2
	Refinement of cooperative research agendas based on analysis of interviews and other relevant data
	Identification of key research problems in strategic design with EBI and with activists

	2
	Initial scenario workshop attended by collaborative working group and other significant actors in synthetic biology and biofuels. The workshop will be facilitated by GBN.
	Identification of significant zones of uncertainty in synthetic biology and biofuels that are likely to be critical over the next 5 years; prioritized research agenda for additional interviews and literature review.

	3
	Additional interviews aimed at refinement of critical uncertainties. 
	Working documents to serve as pre-read for second scenario workshop.

	3
	Second scenario workshop to be attended by participants from initial workshop. Also facilitated by GBN.
	Selection of scenarios which will serve to frame and orient work in years two and three.

	3, 4
	Collaborative working group will conduct additional background research and interviews needed to finalize articulation of working scenarios.
	Initial draft of working scenario narratives for years two and three

	4
	Third scenario workshop to be attended by same workshop participants and facilitated by GBN.
	Finalization of scenarios that will be used in years two and three, giving particular attention to key audiences and issues.

	4
	Review and analyze the scenarios. Identify ways in which scenarios may involve changes of practices and institutions.
	Produce working grid of relation between scenarios, practices, and organization.


II.2
Year 2: Research, Scenario Work, and Working Papers
In year two we will facilitate collaborative working groups, using scenario frameworks developed in year one. We will also design and conduct workshops for the dissemination and ongoing recursive refinement of these scenarios. These workshops will provide insights for the ongoing adjustment of practices and institutions in synthetic biology. 
Work in year two will consist of three principle activities. First, we will facilitate ongoing collaborative working groups, adjusting and refining the processes used in these groups as work unfolds in synthetic biology and other salient domains. Second, we will conduct ongoing empirical research in our cooperative sites. The materials collected and analyzed from this research will be synthesized for use in the collaborative working groups and for online working papers. Third, we will conduct dissemination workshops and host dissemination wikis for SynBERC researchers.

II.2.1
Year 2 Timetable

	QUARTER
	RESEARCH ACTIVITY
	OUTCOME

	1-4
	Ongoing monthly meetings of bio-fuel collaborative working group
	Analysis of current work in light of evolving scenario frameworks

	1-4
	Ongoing research in cooperative sites
	Synthesis of research materials for use in collaborative working group and website based working papers

	1, 2
	Design workshops for dissemination of scenarios through group processes. These dissemination workshops orient the broader community of SynBERC researchers to the scenarios developed in year one. 
	Creation of forum for the refinement of scenarios in view of real time developments.

	1, 2
	Development of wikis for online discussion of materials presented in dissemination workshops. Wikis will concentrate on specific topics that emerge as work in synthetic biology and adjacent domains unfolds. 
	Creation of wikis

	3
	Initial dissemination workshop to be held at Berkeley for researchers in the Keasling and Arkin labs. The scenario wikis will be introduced at this workshop.
	Dissemination of scenarios and introduction of wikis for use in refining scenarios.

	3, 4
	Interviews with select participants in initial dissemination workshop and review of wikis.
	Refinement of workshop design for second dissemination workshop; synthesis and analysis of wikis

	4
	Second dissemination workshop with Keasling and Arkin labs. Scenarios will be refined and collaborative processes adjusted in light of ongoing developments. 
	Identification of initial implications for recalibrating practices and institutions.

	4
	Collection and analysis of materials from year two for use in year three.
	Identification of challenges and opportunities that scenario frameworks did not identify; initial proposal for practical and organizational implications of collaboration 

	4
	Initial design of templates generalizable collaborative processes
	Circulation of initial generalizable designs to SynBERC community and other significant stakeholders.

	4
	Synthesize work to date in cooperative work with EBI and civil society activists for use in year three.
	Materials for publication


II.3
Year 3: Production of Generalizable Materials

In year three, we will focus on applying insights developed in years one and two. This will concentrate on the ways in which the evolving practices in synthetic biology suggest organizational and intuitional changes. It will also involve the development of a generalizable collaborative model for the production of responsible knowledge. We will analyze, synthesize, and give general form to our experimental design of Human Practices collaboration and the research materials produced in connection with this collaboration. We will compose whitepapers on the strategies being used in the design of new biofuel products and on civil society activists and their engagement with synthetic biology. Finally, we will produce whitepapers reporting on and schematizing generalized processes for collaborative work and scenario thinking in cutting edge science and engineering.

II.3.1
Year 3 Timetable

	QUARTER
	RESEARCH ACTIVITY
	OUTCOME

	1-4
	Ongoing monthly meetings of bio-fuel collaborative working group
	Analysis of current work in light of evolving scenario frameworks

	1, 2
	Ongoing research in cooperative sites
	Synthesis of research materials for use in collaborative working group and website based working papers

	1, 2
	Preparation for organizational summit workshop at which the key implications of scenario work will be identified. 
	Initial proposal of implications for use at organizational summit.

	2
	Summit workshop with significant stakeholders. The materials developed in year two will be disseminated at this workshop.
	Identification of critical implications for changes in practices and organization in view of challenges and opportunities.

	2, 3
	Formation of action teams based on summit workshop output. These action teams will meet regularly over six months.
	Recommendations for practical and organizational changes to be distributed and refined at final summit workshop.

	4
	Final summit workshop. Outcomes of the action teams will be evaluated. 
	Agenda for Human Practices collaboration in coming years; review of which elements of scenario thinking were productive of collaboration.

	3, 4
	Review and synthesis of research materials on civil society activists and bio-energy in view of developments in synthetic biology
	Whitepaper on EBI, activists and bio-energy

	3, 4
	Review, synthesis, and analysis of materials from all three years 
	Whitepaper on generalizable processes and practice oriented techniques for the collaborative production of responsible knowledge in cutting edge science and engineering.


III. Project Performance Site: UC Berkeley and SynBERC

At UC Berkeley, common laboratory and administrative space of approximately 36,000 square feet houses the majority of the faculty, graduate students, and post-doctoral fellows employed by SynBERC at UCB. 
These students and post-doctoral fellows are jointly supervised by SynBERC faculty and work on the tools and challenge problems. In addition, this space houses the SynBERC headquarters including offices for the Center Director, support staff, and several meeting areas. It is located within the Berkeley West Biocenter, a multidisciplinary research facility in synthetic biology, cell and molecular biology, cancer research, and quantitative biology. Fully renovated for biotech research in 1997, the space contains large general laboratories, adjacent cold and warm rooms, viral suites, tissue culture rooms, lab benches and hoods, and other equipment and furniture. The Berkeley West Biocenter is located in the heart of the Bay Area bioscience hub, with proximity to other institutions that might engage in collaborative research, such as Bayer, Xoma, Dynavax, UC San Francisco and its Mission Bay campus, Chiron, and other biotech firms.

The layout of the center facilitates frequent interaction between administrative and research groups. It currently houses the Human Practices thrust of SynBERC, in which biological scientists, human scientists, and ethicists interact in office and wet lab settings. The project (through various ongoing SynBERC collaborations) will also have access to world-class research facilities at UC Berkeley, Lawrence Berkeley National Laboratory, the Joint Genome Institute, and SynBERC partner institutions.

In addition to physical facilities, the project will have access to “virtual” resources. These include OpenWetWare (a public resource for research collaboration in synthetic biology) and SynBERC’s existing video teleconference and web collaboration hardware and software.
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