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September 12–13, 2011 

National Science Foundation 


Arlington, VA 


ABOUT THE WORKSHOP 
The Workshop on the Design of Sustainable Product Systems and Supply Chains was held 
September 12–13, 2011 at the U.S. National Science Foundation (NSF) offices in Arlington, 
Virginia. The Workshop was co-sponsored by the U.S. Environmental Protection Agency (EPA) 
Office of Research and Development (ORD), the National Science Foundation, (NSF) and the 
American Institute of Chemical Engineers (AIChE) Center for Sustainable Technology Practices. 
The purpose of the Workshop was to foster collaboration and promote the development of a 
research community focused on sustainability and supply chains. This was accomplished by 
bringing together a diverse group of researchers and other professionals with experience relevant 
to sustainable supply chain design. 

GOALS OF THE WORKSHOP 
The goal of the workshop was to engage experts with experience in several areas. From experts 
with experience working within a broad, systems perspective, the goal was to elicit 
understanding of the key shortcomings of current practices and identify practical ways in which 
new or repurposed approaches could be integrated within existing frameworks. In the case of 
experts with experience working within a narrower focus, the goal was to work together to 
understand how these approaches could be integrated within existing frameworks or larger-scale 
models. Finally, the goal was also to explore opportunities for applying discipline-specific 
approaches to other problems related to the design of sustainable supply chains. 

OVERVIEW 
The following report provides the agenda of the meeting events, an executive summary of the 
reports back from the Breakout Groups, as well as additional perspectives. The report includes 
two Appendices: the first provides the notes from the Breakout Group sessions, as well as 
meeting materials, including the goals of the meeting, a list of participants, biosketches and 
position statements of the participants, and complete contact information on the participants; the 
second provides the PowerPoint presentations given at the meeting. Readers are advised to refer 
to these resources for more detailed information. 

Workshop on the Design of Sustainable Product Systems and Supply Chains, September 12-13, 2011 
Final Report, February 29, 2012 3 



  

   

 
   

 
 

 

 

 

 
 

 

 
 

 
 

 

 
 

 
  

 

 

 

  

MONDAY, SEPTEMBER 12, 2011
 

WORKSHOP SESSION I: PERSPECTIVES ON THE DESIGN OF SUSTAINABLE PRODUCT SYSTEMS 

AND SUPPLY CHAINS 

Introduction of Organizing Committee & Staff Support 
Troy Hawkins, ORD, EPA 

Welcome to NSF 
Bruce Hamilton and Maria Burka 

Introductions of Participants 

Workshop Goals and Overview 
Troy Hawkins 

PRESENTATIONS 

Design of Sustainable Products Systems and Supply Chains: Some Concepts, Cases, and 
Lessons from an Engineering Perspective 
Bert Bras, Georgia Institute of Technology 

Consumption, Sustainability, and Social Benefits 
Thomas Theis, University of Illinois, Chicago 

Avoiding Unintended Consequences in the Design of Sustainable Supply Chains 
Sherilyn Brodersen, Kraft Foods 

LCA from an Industry Perspective 
Bill Flanagan, GE Global Research 

EPA Sustainability and the Design of Sustainable Product Networks and Supply Chains 
Joseph Fiksel, U.S. EPA, The Ohio State University 

SUPPORTING SUSTAINABLE ENGINEERING RESEARCH THROUGH NSF AND EPA 

Funding Opportunities at NSF for Proposals on Sustainable Product Systems and Supply 
Chains 
Bruce Hamilton, NSF 

P3 (People, Prosperity, and the Planet) Award Program: A National Student Design 
Competition for Sustainability 
Cynthia Nolt-Helms, National Center for Environmental Research (NCER), EPA 
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SESSION II: DISCIPLINARY DEFINITION OF THE PROBLEMS AND OPPORTUNITIES 

Discussion of Session II Breakout Questions 
Ignacio Grossman, Carnegie Mellon University 

Participants were provided with the following series of questions to discuss in their Breakout 
Groups: 

1.	 What are the challenging industry and societal problems to be solved? What are the 
future drivers for design of sustainable products, manufacturing systems and supply 
chains? What are the next generation sustainable design-enabled strength areas in the 
U.S.? 

2.	 Where are the gaps in knowledge? What are the problems faced by existing sustainable 
design capabilities? 

3.	 What are the opportunities for design of sustainable products, manufacturing systems, 
and supply chains? 

SESSION III: WHAT ARE THE COMMON PROBLEMS, COMMON AREAS OF NEED, 
COMPLEMENTARY AREAS TO BE INTERFACED, AND OPPORTUNITIES FOR CROSS-DISCIPLINARY 

FERTILIZATION FACILITATED BY DESIGN OF SUSTAINABLE PRODUCT SYSTEMS AND SUPPLY 

CHAINS? 

Orientation for Session III 
Eric Williams, Rochester Institute of Technology 

The Breakout Groups were asked to discuss the following specific questions within their groups:  

 Group 1: How does sustainable design affect or impact economic drivers? 
 Group 2: What technologies/tools and their integration are needed, where is the expertise, 

and what is the state of technical capability? 
 Group 3: What are the respective roles of industry, government, and academia and how 

should they interrelate? What partnerships/coalitions are needed? 
 Group 4: How will new and emerging technologies and capabilities need to affect 

organization roles and responsibilities (academia/industry, researcher/research teams)? 
 Group 5: Where education and training are needed? 

BREAKOUT GROUPS REPORT BACK 
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TUESDAY, SEPTEMBER 13, 2011
 

SESSION IV – WORKSHOP DELIVERABLES 

On the second day of the workshop, the participants were asked to work within their groups to 
discuss the following issues and develop recommendations in the context of near-term and long­
term, priority, and reality: 

1.	 Identify and exemplify major application impacts, directions, and the potential for design 
of sustainable product systems and supply chains 

2.	 Identify and recommend research areas that aim toward the fulfillment of this potential 
3.	 Identify associated areas of needed emphasis with sustainable design education and 

training, interdisciplinary development, and support and approaches to collaboration. 

The Breakout Groups were also asked to answer the following questions: 
1.	 What investments are needed by whom, financial and other? 
2.	 What are the key learnings and take-aways from the workshop? 

SESSION IV BREAKOUT GROUPS REPORT BACK 

WRAP UP AND NEXT STEPS 
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SUMMARY
 

By Troy R. Hawkins and Raymond L. Smith 

Who participated in the workshop? 
The workshop brought together 50 participants selected to represent a range of expertise related 
to sustainable product systems and supply chains. Participants were selected based on their 
ability to contribute to discussions based on their experience, accomplishments, and current 
positions.  The most represented discipline was engineering, including in particular chemical, 
environmental, civil, and mechanical.  Participation by country included Brazil, Germany, the 
Netherlands, Singapore, and the U.S. U.S. participants represented a wide range of regional 
perspectives with a bias toward the east coast, Ohio, and Washington D.C.  Participation by 
sector could be broken down roughly as one-tenth non-profit, one-fifth industry, one-third 
academic, and one-third government.  The government portion included representatives of the 
Army Corps of Engineers, Department of Energy, Environmental Protection Agency, and 
National Science Foundation. 

Why Design Sustainable Products and Supply Chains?  Framing the Issues. 
Sustainability is a unifying concept underlying a wide range of efforts to improve the 
performance of human-influenced systems in terms of their effects on natural resources, 
ecosystems, human health, and long-term viability.  Decision-makers in both industry and 
government are under increasing pressure to incorporate sustainability considerations into their 
activities. At the same time, industry must respond to globalization and constantly evolving 
resource challenges through improved economic efficiency, and policy-makers are under intense 
pressure to promote domestic job creation and retention and reduce budget deficits through 
decreasing spending and improving efficiency.  A key sustainability-related concern is that the 
pace of this economic development has set up a situation where traditional market forces may 
not respond quickly enough to the constraints of natural systems to prevent undesirable and 
potentially severe consequences. This situation is exacerbated by the fact that competing 
economic and regulatory drivers often create barriers to effective collaboration between industry 
and policy-makers around the topics of sustainability or environmental conservation.   

Sustainable development has been famously defined by the World Commission on the 
Environment as: “development that meets the needs of the present without compromising the 
ability of future generations to meet their own needs.1” Discussion around the industrial and 
societal problems that must be addressed in order to meet this mandate focused on ensuring long­
term and uninterrupted resource availability, maintaining human and ecosystem health, and 
minimizing disruption of natural cycles.  The primary resource availability concerns expressed at 
the workshop included hydrocarbon sources for fuels and chemical feedstocks including 
petroleum, natural gas, and coal; water; phosphate; minerals and organic matter relevant for soil 
fertility; rare earth and other elements used in high tech applications; and other scarce minerals. 
Human health concerns related primarily to airborne emissions and other releases associated with 

1 WCED (1987). Our Common Future: Report of the World Commission on Environment and Development. Paris, 
France, United Nations. 
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acute and chronic exposure issues as well as long-lived and bioaccumulative pollutants. 
Ecosystem health concerns related primarily to the maintenance of ecosystem services and 
concerns regarding complexity and unanticipated consequences.  The minimization of disruption 
of natural cycles is closely related to ecosystem health and refers to concerns regarding the 
unprecedented scale of the effect of human activities on natural systems including the cycling of 
carbon, nitrogen, water, phosphorus, and biomass resources.  An overarching theme throughout 
discussions was the imperatives of responding to climate change, shifting toward energy 
pathways that can be maintained over the long-term, reducing and improving the efficiency of 
water use, avoiding dissipative uses of materials, minimizing the footprint of human production 
and consumption activities, and improving human health and worker safety. 

An exponentially increasing population, the global imperative of economic growth, and 
increasing consumption in fast growing economies result in strong pressures counteracting 
efforts to achieve sustainability and establish a situation where a slow or delayed response means 
that even greater actions could be required in the future to mitigate human-induced disruptions 
and restore balance. Key dynamics include the rising middle class in emerging economies such 
as the BRIC countries of Brazil, Russia, India, and China and the failure of wealthy nations to 
mount a sufficient response to sustainability concerns.  From the perspective of businesses, 
appropriately responding to sustainability is hampered by short-term decision horizons and the 
failure of markets to value externalities.  From the perspective of regulatory agencies, effective 
decision-making is made particularly challenging by the complex interplay of social, economic, 
and environmental factors.  At the intersection of industry and government, the failure of 
government to provide predictable policy actions or even to clearly express priorities hampers 
investment in sustainable technologies and product pathways.  Relatedly, the need for policy 
leading to the creative destruction of industries in response to sustainable development is 
counteracted by the vested interests of well-established industries and their ability to influence 
policy-making through lobbying efforts.  To date, scientific communities have been unable to 
provide a clear consensus regarding priorities and how to effectively regulate for sustainable 
development while sufficiently accounting for the framework and constraints under which they 
operate. The research community is facing a challenge unlike any it has previously dealt with 
owing to the urgency of sustainability concerns together with the irreducible complexity and the 
high-degree of interaction between areas of study traditionally addressed by distinct fields. 
Unwillingness to make sacrifices in analyzing tradeoffs, perverse outcomes of well-intentioned 
policy, the proliferation of partially informed findings, and apparent scientific flip-flops lead to 
contentious public discourse and confound decision-making. 

Recent U.S. experience with biofuels policy provides an oft discussed example.  The desire to 
promote domestically sourced energy and to reduce greenhouse gas emissions lead to the 
enactment of the Energy Independence and Security Act of 2007 in the U.S.  Initial modeling 
efforts lead to the decision that renewable fuels would be classified as those capable of providing 
at least a 20% improvement in life cycle greenhouse gas emissions when compared with 
conventional gasoline. First considerations included primarily combustion-related emissions 
along the supply chain. Desire for a prompt regulatory response meant that these analyses were 
acted on in the final rulemaking.  Subsequent studies raised a host of concerns and have lead to 
significant debate regarding the wisdom of initial rulemaking.  Meanwhile, litigation, legal 
mandates, and other pressures stand in the way of immediately revisiting the regulatory 
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framework.  The grand challenge is to collectively learn from this and other similar experiences 
and to move forward through preemptively engaging the scientific community to ensure that the 
necessary data and models are available for decision-makers in the government and industrial 
sectors and their supporting partners in NGOs, research institutes, and academia to draw upon 
early in future decision processes. 

Drivers for the Design of Sustainable Product Systems and Supply Chains  
Discussion around the question, “what are the future drivers for design of sustainable products, 
manufacturing systems, and supply chains?” could be organized into the high-level categories 
policy drivers and market drivers. Under these headings, policy drivers could be placed along a 
spectrum between government-initiated and industry or externally-initiated. Market drivers 
could be cleanly divided into supply-driven and demand-driven. 

To place the policy drivers of sustainability in context, it should be noted that the policies 
themselves are responses to pressure from the public or special interest groups.  Government-
initiated policy refers to policies first promulgated through legislative or regulatory mechanisms 
while externally-initiated policy refers in this case to voluntary standards first developed by 
industries or non-governmental organizations.  The Energy Independence and Security Act and 
the associated Renewable Fuels Standards are an example of government-initiated policy 
intended, in some respects, to serve as a driver of sustainability while the Leadership in Energy 
and Environmental Design (LEED) Standards promulgated by the US Green Building Council, 
the Greenhouse Gas Protocol Initiative promulgated jointly by the World Resources Institute and 
the World Business Council for Sustainable Development, and the Forest Stewardship Council 
Certification Program all provide examples of externally-initiated drivers of sustainability. 

The government clearly plays an important role in creating rules for markets that correct for 
externality distortions or preemptive adjustments to prevent sudden and undesirable crashes. 
Nonetheless, there are a number of ways in which even well-intentioned policy can hinder 
sustainability. In many cases, meeting sustainability goals requires dramatic changes to existing 
systems.  This fact coupled with the irreducible complexity of the systems involved and 
legislative and regulatory constraints raises significant challenges to basing decisions on a 
comprehensive understanding of the implications.  Thus, while policy can drive the creation of 
value from sustainable solutions, mechanisms such as subsidies often result in less than optimal 
outcomes and undesirable distortions.  Stakeholder engagement, early involvement of industry in 
framing policy, and being open to mid-course correction can help avoid or correct unintended 
consequences. However, the uncertainty associated with impending policy changes hinders 
investment and delays adoption of sustainability measures.  Even policies intended to provide 
benefits in an area seemingly isolated from sustainability outcomes may work against 
sustainability when actions are taken in isolation of broader system implications.  In this vein, 
economic growth policies are often cited as drivers of unsustainable consumption patterns.  In a 
more targeted example, efforts to promote environmentally-preferable purchasing within the 
government sector have to date been stymied by the vast array of other regulatory requirements 
for and restrictions on government contracts.  In summary, there is general agreement that policy 
is an important driver of sustainability, yet there are a number of considerations which must be 
taken to ensure that the pressures applied have an overall positive effect. 
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Economic markets also serve as drivers of sustainability.  In the best case, supply constraints are 
internalized in market pricing and markets adjust appropriately.  Within industry, the perception 
of risk associated with resource availability drives current efforts to minimize the use of energy, 
water, and selected materials.  Proactive efforts related to sustainability on the supply side 
include the scenario considerations behind investment decisions involving fixed, long-lasting 
infrastructure and efforts to increase the resilience of supply chains to supply shocks.  These 
decisions are made directly through management decisions but also indirectly through the pricing 
models applied on the behalf of private investors.  Insurance can also serve as a driver to the 
extent that sustainability-relevant risks are incorporated in premium pricing.  For example, 
insurance has already begun to consider connections between global climate change, the 
frequency and severity of weather events, and effects on coastal communities.   

A second type of market driver is on the demand-side.  From a company perspective, these 
drivers take the form of product differentiation, long-term branding, and sustainability in terms 
of corporate longevity. Educating consumers about sustainability serves to strengthen demand 
for sustainable products and services. As markets evolve, so do the ways in which they drive 
movement toward or away from sustainable outcomes.  Key dynamics include providing for a 
rapidly growing global population, bottom of the pyramid design, and providing for a growing 
consumer class.   

Sustainable design in itself affects economic drivers.  Sustainable design represents a change to 
an existing market.  Organizations will fall somewhere along the development profile for an 
industry: innovator, early adopter, early minority, late majority, and laggard.  For innovative 
organizations in a leadership position, sustainable design could potentially be a competitive 
advantage reducing liabilities, allowing for early influence with political organizations, and 
improvements in brand performance with consumers.  For organizations responding to changes, 
their position is to minimize the cost of catch up, discredit green claims, take a legal defensive 
position, and obfuscate policy-making. 

Competitive pressures can act to delay advancement.  Modifying existing business practices 
introduces risks which may not be sufficiently rewarded through competitive advantage alone. 
The existence of externalities and incentives to benefit individually from collectively destructive 
behaviors leads to the tragedy of the commons. By nature, professional organizations are slow to 
adopt new designs or modify existing standards or establish criteria that could be perceived as 
advantaging a particular firm or that are associated with a foreign company. 

Policy actions, economic drivers, and sustainable design cannot be separated.  Differences 
between environmental regulations and true costs can skew markets.  Subsidies can jump start 
new technologies, but may not be efficient in achieving long-term goals.  Externality markets 
such as those for sulphur or carbon dioxide can level the playing field, but they must first address 
import concerns.  In the case of certain externality markets, such as carbon, the legislative 
mandate is yet to be determined.  When promoting technologies, decision-makers need to be 
aware of scarce materials, scalability, and unintended consequences.  There are marked 
differences between optimal outcomes from individual versus collective perspectives, as is 
demonstrated by controversy surrounding the long-term consequences of destroying habitat. 
From a company perspective, there are economic advantages to sustainable product lines. 
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Litigation, insurance, and infrastructure are all important considerations which must be 
incorporated in sustainable design efforts.   

Opportunities for the Design of Sustainable Product Systems and Supply Chains 
Moving forward, the viability of an economy within the increasingly flat Earth2 requires 
continual adjustments and creative destruction.  In the case of certain industries, sustainable 
design requires significant shifts.  In these cases, there is a distinct opportunity to redirect 
expertise within marginal industries toward their next-generation corollaries within a sustainable 
system.  Affecting this shift proactively places companies in a leadership role and offers growth 
opportunities not available under the status quo.  Examples of such shifts include redirecting 
expertise in pulp and paper toward bio-refineries, in fossil-based supply chains toward bio-based 
analogs, off-shore oil platforms toward floating wind turbines, waste management toward 
material recovery, primary material beneficiation toward secondary materials recovery, and 
logistics management to materials tracking.   

There are a number of key challenges to sustainability that offer distinct opportunities for 
sustainable design in conjunction with research and development.  New technologies can be 
game changing in terms of our understanding of sustainable systems.  These include innovative 
designs for renewable energy sources, material recovery, material and energy efficient 
technologies, and material substitution.  Sustainable design is essential to ensuring the safety and 
viability of high tech solutions developed via the fields of nanotechnology, nano-manufacturing, 
cyber-infrastructure, advanced information technologies, and biotechnology. 

Beyond targeted improvements, the development of highly efficient networks and industrial 
symbiosis offers an opportunity for applying sustainable design capabilities and transforming 
regional economies.  A framework and tools are needed for optimizing and assessing highly 
interconnected material and energy networks in terms of their benefits and implications for 
regional economies, ecosystems, health, and social conditions.  This would allow for harnessing 
the greater global effectiveness of a well designed system that would not be accomplished 
through the status quo of optimization from an individual perspective. 

Informing government sustainability policy offers a distinct opportunity for sustainable design. 
The Environmental Protection Agency is in the process of adopting sustainability as the 
paradigm for protection of human health and the environment.  Sustainability offers a means of 
promoting coordination and efficiency across agencies.  Tools capable of providing quantitative 
results actionable for regulatory impact assessment incorporating sustainability concerns 
represent a vision for the next generation of cost benefit analysis and risk assessment studies. 

Sustainability is inherent in corporate efforts to promote their brand in over the long term.  In this 
sense, brand sustainability and sustainability in the broader sense can progress hand in hand. 
This realization is driving many corporate sustainability efforts and private sustainability 
consortia which allow corporations a better means of engaging their suppliers around a broad 
range of sustainability-relevant concerns.  New efforts related to conservation coupled with the 

2 Friedman, T. (2005). The World Is Flat: A Brief History of the Twenty-First Century. New York, New York, 
Farrar, Straus & Giroux. 
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rapid exchange of information through social networking have placed a new burden on 
companies to be cognizant of a broad array of issues across their supply chains.  This fact has led 
to a new market for tools that address these concerns in a comprehensive and concrete way. 

The opportunities for designing sustainable products, manufacturing systems, and supply chains 
involve organizations, methods, impacts, technologies, and policies. Organizational 
opportunities center on collaboration.  Solutions are needed at multiple scales (local to global), 
so prospects for crossover efforts between small scale interests (e.g., small businesses or 
communities) and larger ones (such as corporations, cities, or regional and national 
organizations) with academic and NGO input can work toward designing more sustainable 
systems.  As businesses focus on sustainability issues it might be possible (assuming it’s legal) 
for pre-competitive collaboration networks to develop, where these noncompetitive groups work 
on a sector approach to specific issues. In research, collaborations need to focus on long term 
sustainability or at least bridge the gap from short term solutions to the longer term. Researchers 
could develop design consortia that compete to be the most sustainable.  Another research 
opportunity would involve cross-industry symbiosis to both work together and to focus on 
sustainable material management, a term geared toward valuing every material rather than 
labeling some output streams as waste.   

Methods and tools for sustainable design are needed.  In particular, it would be beneficial to have 
tools that allow for rapid screening and assessment of supply chain and product systems. 
Another perspective would be meta-modeling (i.e., models of models) for assessing systems 
and/or for creating a single integrated system model.  Specific methods could include industry 
standards, crowd sourcing, and resilience of systems to pressures or impacts.   

Various impacts are of interest in the design of these systems.  Climate change is at the forefront 
of many lists of concerns (although perhaps in part because other impacts have been studied 
extensively and releases controlled for a much longer time).  Another topical area is reusing, 
remanufacturing, and recycling, where these methods are used to (potentially) conserve material 
and energy feedstocks. Knowing when to apply these methods to conserve materials would be 
valuable information.  In addition, the availability of specific materials over time is a natural area 
for sustainability analysis.  Determining whether a specific material can be substituted for is not 
necessary a straight forward problem since the use of materials is always done in context, which 
defines the opportunity for replacement.   

The replacement of rare earth elements is an example of a technology of current interest.  Others 
of interest range from efficient shale extraction and clean coal to carbon sequestration.  A 
renewable source of materials worth studying is algae, although currently it appears 
breakthroughs are needed to make it a cost effective source.  On the product side, RFID systems 
could be exploited to improve systems and develop information.   

A discussion of these systems would not be complete without considering policy.  Some believe 
that the connection of technology and policy is the analysis of systems, so that an informed 
policy can guide system development.  The idea is that policy will affect funding and finance, 
which will determine development.  A question of interest is whether this end can be achieved 
through efficiency improvements rather than increased consumption.  For instance, is the answer 
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(i.e., means) an eco-design standard?  In most cases one finds trade-offs between policy desires 
and also between the means of achieving desires.  Can schemes be developed to deal with 
various trade-offs that are inherent to sustainable systems?  The answers may be relatively 
simple, but may not necessary be easy to implement as policies.  Perhaps one could hope that 
misinformation can be avoided, and if not, then education appears as a clear need. 

Knowledge Gaps and Barriers 
In the design of sustainable supply chains and product systems knowledge gaps and barriers can 
limit the development of systems.  The costs in filling gaps and overcoming barriers offer 
resistance towards achieving a holistic and complete analysis, and the risks associated with gaps 
and barriers preclude strong moves to develop sustainable systems in the short term.  Proponents 
of a these sustainable systems are often unaware of the historic development that has led to the 
current system.  At the same time, detractors have not been educated or are unable to envision a 
system that differs significantly from the current system.   

As people work on supply chain and product network problems, they face a number of issues. 
For instance, is research on these systems to be industrially focused, or take into account aspects 
that many would consider more academic (e.g., ecological economics)?  Can these be brought 
together so that actual values replace current costs, which do not represent certain externalities, 
like permitted pollution?  If research needs to meet incremental goals, especially always 
improving profitability, can one expect it to also meet long term sustainability goals?  One 
should also realize that when research is focused in this way, it’s likely that education is as well.   

Supply chain and product system designers are striving to optimize aspects of the system, 
meeting criteria for costs, resources, feed or product quality, robustness, timeliness, etc.  As one 
considers various vulnerabilities and uncertainties the opportunities for simultaneously 
approaching a sustainable solution are limited.  In fact, a process that is flexible enough to handle 
large fluctuations is inherently far from optimized.   

In addition, the results of analyses are most often performed in silos of a particular sector, media, 
risk, or impact category.  When analyses are attempted holistically they are often time 
consuming and confusing without offering a quantifiable overall goal, and answers like “it 
depends” are very difficult to work with. Instead of working holistically some will focus on 
material scarcity (for both energy and material feedstocks), while others focus on an impact, like 
greenhouse gases. And even if a complete analysis is done, one has to question whether one 
really knows all of the possible impacts.  Further, methods which purport to encompass all 
effects (e.g., full cost accounting) normally fall short.  Other methods, like standards or score 
cards, only address a necessarily limited field.   

The analyses which attempt to meet long term sustainability goals face barriers themselves. 
These large analysis problems always deal with data inventory issues.  Data sets lack a consensus 
of researchers who agree to their appropriateness (sometimes logically so, since a different use 
can require a different inventory data focus).  In step with this lack of consensus is the lack of 
standards for openly shared data. Even when inventory data are developed to be transparent and 
complete it is still very difficult to verify results.  Beyond the inventory data, impact assessment 
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results add another layer of complexity which is difficult to verify and interpret.  The 
interpretation is especially difficult across disparate goals like money, risks, and various impact 
categories. 

Educational Needs 
The educational needs for the design of more sustainable supply chains and product systems can 
be implemented through educating youth, college, and graduate students, funding and 
implementing research projects, and preparing professors.  Much of this education is simply 
about sustainability or the environment, rather than any concentrated focus on supply chains or 
product systems.   

For young people education opportunities usually come through topics that allow subject matter 
to overlap with meeting other curricula demands.  Youth are often receptive to ideas about 
sustainability, but may not be exposed to the ideas.  Some can get experience through 
extracurricular activities.  For those who will obtain their information through K-12 classes, a 
promotion of science teachers with knowledge of sustainability would help.  Education of those 
teachers presents another gap. 

Science teachers and other college students / graduates can be provided with courses or class 
modules that focus on sustainability issues. For those whose future work could relate to supply 
chains and/or product systems, there is an opportunity to receive information that is directly 
relevant during college. Professors need to develop classes and have modules (or whole books) 
available to them to educate their students.  In some college settings there may be an opportunity 
to encourage cross disciplinary teams of students to work on various aspects of a sustainability 
(supply chain or product system) problem.  This holistic approach which integrates system 
thinking breaks from the silo-based method of learning, and can address problems of significance 
like the sustainability of energy, water, and improving / maintaining quality of life.   

The diverse team that can approach issues from across disciplines is perhaps uniquely qualified 
for research funding.  Funding that focuses on sustainability (for supply chains and product 
systems) can guide development that leads to daily activities (both in everyday living and 
business) that are sustainable. To move in that direction, organizations can continue or adopt 
similar funding of research like NSF’s Innovation Corps (I-Corps) Program that promotes 
technologies, products, and processes for the benefit of society.  Also, funding can develop PhD 
scientists and engineers through programs such as the Integrative Graduate Education and 
Research Traineeship (IGERT).  The implementation of associated research projects can develop 
ideas for sustainable systems and well-rounded able researchers.   

One place where the academic model does not do well is in developing industrially oriented 
professors. If the path to becoming a professor remains (most commonly) to progress from a 
PhD program to a postdoctoral position followed by becoming a professor, then professors will 
not obtain much industrial experience. This experience is important in educating people about 
real-world sustainability (for supply chains and product systems).   
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Technical Needs 
During Session III of the workshop, certain breakout groups were tasked with responding to the 
questions: What technologies/tools and their integration are needed, where is the expertise, and 
what is the state of technical capability?  This section is based on the notes from these groups, 
the larger group discussion that took place in connection with their report out, and some 
additional points pulled from other discussions that took place during the course of the sessions.   

There was general consensus that system-level analyses are needed to synthesize a broad range 
of considerations into information relevant for decision-making.  A transition is needed to move 
beyond one-off analyses with a singular focus to more inclusive, systems-level studies to provide 
actionable information related to technology transitions addressing dynamic relationships 
between different aspects of the system.  In the case of biofuels, this might involve pulling 
together dynamic relationships between market effects, government initiatives such as the 
Conservation Reserve Program, physical and biological effects such as carbon and nutrient flows 
to and from soils, and behavioral analysis of key actors in supply chains such as farmers, 
commodity traders, fuel retailers, and consumers.  And in fact, a system dynamics modeling 
approach is being applied to biofuel systems by the Department of Energy.  In addition to the 
systems dynamic approach, the integration of life cycle assessment and risk assessment with 
incorporation of behavioral aspects was also specifically proposed as a pathway toward a well-
organized and more inclusive system analysis approach. 

In order to provide the necessary systems analysis capability, data and tools for seamless, 
consistent analyses at multiple scales need to be developed.  A key tradeoff is between the 
accuracy associated with the narrow scale analysis versus the uncertainty/variability of the more 
comprehensive scale analysis.  A challenge for research and development moving forward is to 
continue to develop models capable of maintaining the rigor associated with narrow analyses 
while extending the scope to include all of the system aspects at play. 

A number of specific research needs were identified which contribute to the overarching goal of 
supporting systems level analyses including.  A primary need is for well organized datasets that 
could be leveraged in systems analyses, in particular life cycle inventory data which are updated 
and maintained and provided at a low cost.  Another research need is for the development of 
models incorporating non-linear, dynamic relationships to provide predictive capability in 
connection with life cycle assessment.   

Another category of technical needs address gaps in the practical tools and approaches available 
to practitioners.  These include the practical need for an agreed upon approach for producing 
streamlined or qualitative life cycle assessment studies.  Because of the large amount of data and 
detailed analysis associated with a full LCA study, it often becomes impractical to apply LCA in 
certain areas where the available time and resources cannot support it or where the number of 
potential options is large. Related to this need is the need for product-specific models that could 
be incorporated in the design workflow to allow for parametric studies of design alternatives. 
When more complete systems analysis studies are performed, there is also a need for linking 
with benchmarking tools to allow for comparison to standard or consensus-based results or to 
allow for data envelope analysis. 
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Alongside the need for more inclusive analyses lies the need for integration of uncertainty in 
assessments.  This need must be addressed at various levels.  First, data and models must be 
developed in a way which captures uncertainty.  For data this will involve recording not only 
static values, but ranges or distributions describing the variation of values under a specified set of 
conditions. Second, decisions must be made on the basis of likelihoods rather than definitive 
results and arrangements must be put in place for adjusting directions based on new information. 
This is especially true in connection with policies and decisions made in support of sustainability 
considering the wide range of considerations and the evolving nature of the science.  This is not 
to say actions should not be taken, rather that policies should be developed following a no regrets 
approach taking into account a range of alternative outcomes for uncertain aspects and choosing 
a path that would yield benefits regardless of the way uncertain aspects turn out.  Such an 
approach is taken by insurance companies to set policy rates and has been used in connection 
with infrastructure investments such as the development of harbors under consideration of the 
potential for sea level rise. 

A clearly identified set of attributes that should be measured in connection with the design of 
sustainable product systems and supply chains is another requirement for moving forward. 
While definitions for sustainability exist and are to a large extent agreed upon within the context 
of product systems and supply chains, there are a wide variety of characteristics which are 
tracked in connection with this definition, for example: 

fuel efficiency, weight, resource use, scarcity, conflict materials, emissions, 
material and use intensity, life cycle water use, labor practices, local employment, 
durability/longevity/upgradability/recyclable, local sourcing, avoidance of 
hazardous, scarce, or conflict materials, use of recycled content where possible, 
incorporation of remanufacturing opportunities, use of renewable materials and 
energy, minimization of water and energy requirements, closed loop recycling of 
resources where possible, conversion of residual wastes to byproducts, 
appropriate utilization of ecosystem services, avoidance of airborne emissions, 
noise and dust, minimization of transport and packaging requirements, customer-
supplier collaboration on sustainable design solutions, emphasis on occupational 
and public safety, encouragement of supplier diversity and social responsibility, 
responsible and ethical treatment of workers, support for local capacity 
development 

This list is not comprehensive in any sense, but rather provides insight into the broad range of 
considerations which could fall under the umbrella of sustainability.  In practice, this long list of 
concerns presents a distinct challenge for businesses seeking to address sustainability in their 
operations. There is clearly a need for a consensus-based set of attributes and/or sustainability 
metrics which could be used to inform the design of sustainable supply chains.  Together with 
this set of attributes, there is a need for straightforward and streamlined approaches for assessing 
each attribute to avoid placing an overly burdensome responsibility on individual businesses and 
to provide certainty in connection with addressing sustainability concerns. 

One approach to addressing everything must be included barrier to integrating sustainability with 
operational activities is to narrow the field of considerations associated with specific products 
through the use of product category rules. Product category rules provide consensus-based 
information regarding the hotspots associated with a particular product system and/or supply 
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chain thereby providing a more focused framework within which decisions regarding that 
product could be made.  However, the needs for development of product category rules in many 
ways relate back to the needs that must be met in order to support the design of sustainable 
product systems and supply chains.  The process of developing product category rules should 
include a broad range of sustainability considerations.  The advantage is that when a product 
category affects a number of businesses, there is the potential for pooling resources or at least 
leveraging a single effort to inform a broad range of companies involved in activities related to 
that product category. Product category rules must be developed such that they are flexible 
enough to incorporate new findings that arise over time and that they appropriately acknowledge 
uncertainty so as to avoid the shifting sands associated with making definitive statements based 
on inconclusive data. 

There is also a need for new expertise in the workplace in connection with the move toward 
designing product systems and supply chains for sustainability.  In terms of domain-specific 
expertise, there is no shortage. The U.S. maintains a well-educated workforce.  However, there 
is currently an expertise gap in the area of integrating the wide variety of models and data 
necessary for gauging sustainability with the workflow used in the development of products. 
One approach to filling this gap is through engaging enterprise resource planning and product 
lifecycle management providers to provide new software tools and to further develop existing 
tools to address sustainability within the context of existing operational protocols.  In fact, some 
such tools already exist and others are under development.  However, these tools will still require 
users capable of running them and appropriately interpreting results.   

An area of expertise that will be required to a greater extent as efforts to design sustainable 
products systems and supply chains move forward is for individuals capable of validating the 
models and accounting developed in support of these efforts.  The market is already beginning to 
respond to this demand as can be seen in the growth of the consulting industry related to 
environmental sustainability and life cycle assessment.  While transparent models and data are 
needed to provide a consensus-basis for sustainability assessments, it is also clear that 
confidential business information will dictate an increase in demand for third party validation 
should data-intensive supply chain sustainability assessments become an industry standard. 
Continuing to support education initiatives designed to develop a pool of well-educated 
practitioners in this area would help meet this need.  Also, processes will need to adapt to the 
need for greater scrutiny associated with sustainability concerns.  For product design, this may 
involve additional steps in the process and additional iterations as a broader range of 
considerations are addressed. Changes may also be required in the policy-making process as 
understanding the implications of policy initiatives for product systems and supply chains may 
require more extensive regulatory impact assessment than has been done previously. 
Approaches to validation and a pool of qualified independent validators may be needed in both 
cases. 

While designing sustainable product systems and supply chains will require new expertise, it is 
important to keep in mind that this expertise cannot supplant the conventional domain expertise 
which has traditionally been applied to product and supply chain design.  Rather, domain 
expertise must be integrated with sustainability concerns in the decision-making process.  To 
address this need, already many education institutions are integrating sustainability with 
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traditional engineering and business programs.  This approach is useful for preparing the future 
workforce to understand the premise behind sustainability and to have an appreciation for the 
approaches used to design sustainable systems.  As these complex considerations can only be 
addressed through interaction with cross disciplinary teams and coordination of efforts to achieve 
synergies, it is increasingly important that the interpersonal and teamwork expertise relevant to 
these interactions also be cultivated and rewarded.  Incorporating a range of considerations in 
decision-making also requires expertise in understanding the variety of metrics tracked, 
processing these into a condensed set of information, and dealing with tradeoffs and multi-
criteria decisions. Integrating sustainability with traditional fields such as risk assessment, 
operations management, mathematics, optimization, economics, public health, and behavioral 
sciences could serve as a means of developing the required expertise. 

A number of other specific needs for technical development in association with the design of 
sustainable product systems and supply chains were expressed.  Key needs are formulated in the 
following list. 
	 Screening level risk assessment approaches starting with general principles such as 

irreversibility and accumulation in environment, before moving on to complex endpoints 
	 Sustainability metrics and means of communicating risks, understanding the limitations 

of existing metrics and improving our ability to communicate the potential risks 
associated with current and emerging technologies 

	 Approaches for accounting for differences in the timing of outcomes.  How do you 
discount future problems or benefits to inform today’s decisions? 

	 Approaches for incorporating uncertainty regarding future scenarios and adapt them for 
application to design decision-making, perhaps incorporating techniques used by the 
insurance industry. 

	 Organizational structures capable of promoting data availability and transparency while 
maintaining confidentiality 

	 Impact assessment methods focused on specific issues associated with emerging 
technologies (our ability to make a new technology vastly outstrips our ability to answer 
questions about its impact) 

Roles Moving Forward 
Building the capacity for designing and maintaining sustainable product systems and supply 
chains requires the involvement of a number of stakeholders.  Government, academia, industry, 
and non-governmental organizations each play a role.  These groups must interrelate with one 
another effectively. In some cases partnerships and coalitions are necessary while in others a 
certain amount of adversarial debate and even litigation is needed.   

During the Session III of the workshop, the following questions were posed. What are the 
respective roles of industry, government, and academia and how should they interrelate? What 
partnerships/coalitions are needed?  How will new and emerging technologies and capabilities 
need to affect organization roles and responsibilities, academia, industry, researchers, and 
research teams?  This section is informed by the discussion around these questions. 
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The Role of Industry 
Industry is the key player in the design of sustainable product systems and supply chains.  While 
other groups play roles in providing means and creating the right conditions, in the long term, 
success requires incorporate sustainable design in all aspects of business.  In our capitalist 
society, industry includes the ownership of production systems and is comprised of the direct 
decision-makers regarding products and supply chains.  Industry is the supply chain and the 
structure of industry is a key component of sustainability.   

Industry’s primary focus is, and will always be to deliver value to consumers.  It is unreasonable 
to expect industry to play a strong role in a move toward sustainable product systems and supply 
chains without providing the right conditions within which to operate.  That said, in many cases 
industry plays an important role in determining conditions through branding and advertising to 
influence consumer choice on one hand and lobbying activities to affect policy on the other.  A 
role for industry in the move toward sustainability is to view these activities through the lens of 
sustainability. Promoting sustainability and providing a more sustainable product are good for 
branding and advertising and can contribute to the long-term success of a brand.  Similarly, 
influencing regulation and market conditions to provide advantage associated with sustainability 
can lead to stable economic growth and a competitive advantage on the world market in the long­
term.  Accomplishing this requires adopting an honest assessment of the sustainability 
implications of an industry and using this to gauge long-term profitability.  The move toward 
sustainable product systems and supply chains will involve growth in many areas, but also 
decreased activity and strategic shifts in others.   

In the midst of the shift toward sustainable design, leveraging industry expertise is crucial. 
Given the right opportunities, industry will provide expert input to research and development as 
well as policy-setting activities.  The attitude of individuals in industry and their organizations 
should be one of respect and receptiveness regarding input from other industry experts, 
academics, non-governmental organizations, and government.  This input should be used to 
formulate appropriate responses and incorporated into decision-making while industry experts 
also serve as key voices in the public conversation ensuring that the knowledge and perspectives 
gained through business experience are well represented and incorporated. 

The Role of Government 
A primary role of government related to supply chain sustainability is to protect.  In the case of 
the Environmental Protection Agency this role is made explicit, to protect human health and the 
environment.  Other government agencies have missions involving other aspects of protection 
relevant for sustainability, for example the Food and Drug Administration (FDA), the Centers for 
Disease Control and Prevention (CDC), the Occupational Safety and Health Administration 
(OSHA), National Highway Traffic Safety Administration (NHTSA), Department of Agriculture 
(USDA) National Resources Conservation Service (NRCS), Department of Energy (DOE) 
Office of Energy Efficiency and Renewable Energy (EERE), the DOE Federal Energy 
Regulatory Commission (FERC), and the Nuclear Regulatory Commission (NRC).  Government 
protection can take the form of rules and initiatives which restrict hazardous activities, but can 
also involve partnering with other organizations to develop and implement means of minimizing 
risks and reducing compliance costs.   
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Another role played by government is to remedy market failures.  The benefit of a free market is 
that it is self-regulating in many ways, this is the idea of the invisible hand. Nonetheless, there 
are cases in which certain externalities are not well-represented in the considerations governing 
behavior within a free market or in which society is unwilling to accept the scale of 
consequences required to evoke a market reaction.  In other cases, society is unwilling to impose 
an unequal burden on individuals or groups negatively impacted by market forces.  In these 
cases, government has played a role in setting boundaries or creating incentives to minimize 
negative externalities and provide justice.  Although it is sometimes the object of contention, the 
government also plays a role in providing a level playing field and overseeing that welfare is 
created through the application of fair rules. 

These two roles, protection and remedying market failures, could potentially lead to a number of 
government actions that would promote the design of sustainable product systems and supply 
chains. At present, government clearly plays a role in markets through providing incentives 
through taxes and subsidies. Thus, the government role in designing sustainable product systems 
and supply chains requires the capability to determine which actions will be most effective in 
achieving sustainability-related goals. On the other hand, there is a need for a mechanism to 
identify instances when actions taken for other reasons also have sustainability-related 
implications.  The economics literature is full of examples of how well-intentioned measures 
have yielded unintended consequences.   

Government is also plays a key role in research and development.  In the U.S., through allocation 
of research funding, the National Science Foundation and other government agencies play a key 
role in setting the course for technological development pathways and economic development. 
A number of government agencies are also involved in research and development directly.  Of 
particular relevance to the design of sustainable product systems and supply chains are the EPA, 
DOE, USDA, Department of Defense (DOD), National Institutes of Health (NIH), and National 
Institutes of Standards and Technology (NIST), although there are certainly others with relevant 
activities as well.  In fact, these agencies are already involved in a variety of research and 
development activities which contribute to providing the capacity required for design of 
sustainable product systems and supply chains.  In the report Sustainability and the U.S. 
Environmental Protection Agency, the National Academy of Science provides recommendations 
for how the EPA should respond to the challenge presented by sustainability.  The authors 
foresee EPA moving into a leadership role in using a sustainability framework to deliver better 
results. While the report focuses on application to the EPA, the findings and recommendations 
have relevance for other agencies as well.  The committee recommend (1) fostering a culture of 
sustainability to implement better solutions, (2) leveraging sustainability-relevant expertise 
developed through regulatory activities in nonregulatory environmental programs for businesses 
of all sizes, creating synergy for the sustainability, public health, and competitiveness of 
American businesses, and (3) targeting activities to reduce risks toward disadvantaged 
communities and seeking their engagement and cooperation. 
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The Role of Academia 
A primary role of academia is to understand the system and educate.  When it comes to the 
design of sustainable product systems and supply chains, understanding the system is a big task 
involving a wide range of disciplines, as has been previously described.  Academia has been a 
key driver of innovation in the area of sustainable design.  Academics and their institutions own 
a significant number of ideas and serve as significant creators of new knowledge.  Academic 
institutions often also partner with industry and/or government, playing an exploratory function 
within the work of those groups, paving the way in testing new approaches, and providing initial 
capacity as these groups move into new areas. All of these roles have relevance in moving 
toward a system where product systems and supply chains are designed for sustainability. 
Preparing a workforce with skills relevant for the design of sustainable product systems and 
supply chains is an essential role played by academia.  Specific education needs are described 
separately within this report. 

Working Together Effectively 
There is a general consensus that in order to effectively embrace sustainability as an organizing 
principle for the design of product systems and supply chains, collaboration both within and 
between industry, government, academia, and non-governmental organizations is required.  This 
section describes some of the key aspects of this collaboration which deserve attention. 

There has been a recent shift in universities toward increased collaboration between disciplines 
and a blurring of the lines between traditional programs of study.  This has occurred in response 
to a changing society and marketplace which demand graduates with new skills and a broader 
range of skills than has been taught in the past.  In contrast to previous generations, technology is 
now pervasive in all aspects of life and information moves much more quickly.  Globalization 
has led to a new era of competitiveness.  Responding to these changes presents opportunities for 
innovative ideas and new approaches. There is also a changing view of how innovation happens.  
Rather than spontaneous jumps in progress, many of the new ideas shaping our world today are 
the result of bringing together ideas developed incrementally over time within different 
disciplines and applying them to new situations.  Designing sustainable product systems and 
supply chains requires bringing together approaches developed across a broad range of 
disciplines and bringing them to bear on old problems in new ways.  A defining feature of 
sustainability is that it incorporates a broad range of system considerations, including economic, 
social, and environmental aspects.  Yet often conventional, disciplinary-based evaluation criteria 
are still imposed on faculty seeking to reach out across disciplines and innovate.  In some cases 
this is related to a reluctance to leave behind the mechanisms that have brought a university to its 
current status, and with good reason. In other cases, the barrier is colleagues who are 
comfortable with existing structures and for whom new approaches present a threat to one’s own 
status. Promoting cross disciplinary collaboration and innovation within universities requires a 
balanced approach that provides incentives and recognition for those working in new ways while 
continuing to affirm disciplinary accomplishments and dignity.  One way to do this is to view the 
university itself as an incubator of innovative ideas and to provide mechanisms for selecting 
innovative activities and shielding them from counterproductive pressures.  Another mechanism, 
and in fact one that is already being applied by NSF, is to provide special funding mechanisms 
for cross-disciplinary teams and activities. 
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Within the marketplace, collaboration and teamwork are required along supply chains.  While 
competitiveness concerns often drive secrecy and separation, improving supply chains requires 
the flow of information and expertise across businesses.  This exchange allows a clear 
assessment of sustainability outcomes along supply chains and an understanding of the potential 
for problem shifting associated with proposed improvements.  While the initial set of 
considerations involved in defining sustainable supply chains is daunting, once established, 
operating within a well-understood supply chain provides benefits for businesses in terms of 
focusing efforts on a core set of well-defined issues rather than having to scan and prepare to 
respond to a broad range of issues. From the perspective of consumer behavior and public policy 
associated with promoting sustainable supply chains, supply chain communication and 
collaboration allows for the clear communication of benefits and potential pitfalls (ie electric 
vehicles and electricity sources, fluorescent lightbulbs and mercury disposal, or biofuels and 
effects on markets and upstream impacts).   

A number of suggestions were put forward regarding how to best select, promote, and 
incentivize research and investment to obtain the tools and approaches that are necessary to 
implementing sustainable design.  Case studies with engaged clients offer a means of ensuring 
that research activities address practical concerns.  Another suggestion was to solicit proposals 
where the core objective is in coupling disciplinary or reductionist approaches with systems-
based approaches. Caution would need to be taken to avoid proposals where the coupling is 
weak or ill-defined to avoid the study devolving into two separate activities.  Similarly, annual 
reports or other research-tracking mechanisms could be used to evaluate the integration of the 
research, tracking, for example, the diversity of journals associated with co-authored 
publications. Another category of suggestion involved leveraging government funding to 
stimulate industry and/or NGO funding or involvement in research.  While NSF currently funds 
programs focused on industry-academic collaboration, there is a need to evaluate this portfolio 
and look for ways to better connect industry clients and expertise with systems-analysis, 
industrial ecology, and other integrative cross-disciplinary university research activities.  Doing 
this has the potential to provide industry with valuable approaches to the incorporation of new 
aspects into the design process while providing university researchers with concrete feedback 
based on the market realities facing businesses.  Similarly, coupling university research with 
non-governmental organization provides a means of bringing the stakeholder/client perspective 
into university research and a direct mechanism for ground-truthing new ideas against ongoing 
efforts to engage key actors. For NGOs, coupling with universities can serve to build the 
scientific basis for otherwise poorly structured issues and to provide a means for evaluating the 
effectiveness of intervention activities.  Such funding has been provided in the European Union 
under their Seventh Framework Programme. 

While collaboration brings with it many benefits, there are also instances when divergence and 
adversarial exchanges can be beneficial. In the words of one workshop participant, it is better to 
be honest than nice.  Conflict is often a prerequisite for stakeholder engagement.  While the 
stakeholder engagement process can lead to collaboration, this is not always the case.  Charged 
issues can lead to a purposeful and action-oriented stakeholder engagement process.  In some 
cases it may even make sense to exclude a stakeholder from an engagement process when that 
stakeholder has a conflict of interest related to the goals of the process.  The exclusion of the 
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recycling industry from the Swedish stakeholder engagement process related to end-of-life 
vehicle management is a good example.  From another angle, departure from collaboration to 
diverge onto different and original paths is necessary for innovation.  Some degree of separation 
is needed to develop new ideas and to provide the right incentives for pioneering new approaches 
and technologies. 

Despite the advantages of maintaining distance in certain cases, collaboration and consensus-
building remain the ideal.  Litigation issues rarely lead to productive collaborations and this 
could be a key difference between the perspectives driving LCA and risk assessment that could 
facilitate more efficient progress under the more inclusive, systems-based paradigm of LCA than 
was achieved in earlier efforts related to more focused risk assessment.  The most effective 
stakeholder engagement groups are those that are collaborative, committed, and accountable. 
Partnership is stimulating in ways stakeholder consultation is not.  Long engagement processes 
have the potential to delay innovation.  Formulating the problem together, rather than in 
individual camps, often leads to useful directions where an adversarial process would encounter 
gridlock. There is a need to promote activities that bring together academia, government, 
industry, NGO, and the general public to weigh societal costs and benefits based on a long-term 
perspective. One useful approach suggested by workshop participants representing industry was 
to task government agencies with running a stakeholder dialog process to engage industry and 
other stakeholders around sustainable design issues.  This approach intends to avoid potential 
conflicts of interest while promoting the exchange of information between industry and other 
stakeholders and into the policy process. 
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Goals of the Workshop on the Design of Sustainable  

Product Systems and Supply Chains 


The Workshop will explore the following questions, which all participants are expected to 
address in their presentations and discussions: 

1.	 What tools and methods are currently available for design of sustainable product systems 
and supply chains? 

2.	 How can these tools and methods be combined in new ways to improve our ability to 
design sustainable product systems and supply chains? 

3.	 Where do the most promising opportunities exist for modifying product systems and 
supply chains? 

4.	 What are the implications of new methods for design of sustainable product systems and 
supply chains for: 

	 Reducing the life cycle environmental impacts of existing products and processes? 
	 The process of developing and implementing new technologies? 
	 The evaluation of new technologies? 
	 The design of policies and technologies that reduce pollution and/or increase 

recycling? 

5.	 What indicators and metrics of sustainability are appropriate and necessary for design of 
sustainable product systems and supply chains? 

While the Workshop will include experts from all sectors, we are particularly interested in 
attracting expertise in sectors of strategic importance, including biofuels, petroleum, chemicals, 
energy, agriculture, and consumer products. Participants with experience related to the 
development of new methods, supply chain design, or process design in these sectors are also 
being invited to attend. Participants with a wide range of experience relevant to the design of 
sustainable supply chains are also being invited, including those with experience in supply chain 
management, optimization, agent-based modeling, logistics, capital investment, industrial 
operations engineering, industrial symbiosis, and stakeholder engagement. 

For questions regarding the workshop 
please contact: 
Susan Cooke Anastasi (contractor) 
BLH Technologies, Inc.  
240-399-8753 (office) 
240-399-8471 (fax) 
sanatasi@blhtech.com  

For questions regarding technical content of 
the workshop please contact: 
Troy Hawkins 
National Risk Management Research 
Laboratory 
U.S. Environmental Protection Agency 
513-569-7139 (office) 
hawkins.troy@epa.gov 
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LIST OF PARTICIPANTS
 

Meadow Anderson, U.S. Environmental Protection Agency  

Bhavik Bakshi, The Ohio State University  
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Ray Smith, U.S. Environmental Protection Agency  
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BIOSKETCHES
 

Note: Participants who were unable to attend the Workshop are denoted with an asterisk (*). 

Meadow Anderson 

Meadow Anderson is an American Association for the Advancement of Science (AAAS) 
Science and Technology Policy Fellow hosted by the Sustainability Program in EPA’s Office of 
Research and Development. As a fellow, her main areas of focus have been life cycle assessment 
(LCA) and sustainable products policy. Dr. Anderson received her Ph.D.in Chemistry from the 
University of California, Berkeley and her B.S. in Chemistry from Oregon State University. Her 
research background includes physical chemistry and molecular biology. 

Bhavik R. Bakshi 

Bhavik R. Bakshi is a Professor of Chemical and Biomolecular Engineering and Research 
Director of the Center for Resilience at The Ohio State University. He recently joined TERI 
University in New Delhi, India as its Vice Chancellor and Professor of Energy and Environment. 
He holds a dual appointment at TERI University and The Ohio State University.  Prof. Bakshi 
has active research programs in the U.S. and in India, which are developing systematic and 
scientifically rigorous methods for improving the sustainability and efficiency of engineering 
activities. This includes new methods for analyzing the life cycle of existing and emerging 
technologies and for designing self-reliant networks of technological and ecological systems. A 
major focus of his research has been on understanding and including the role of ecosystem 
services in industrial activities. This multidisciplinary research overlaps with areas such as 
thermodynamics, applied statistics, ecology, economics, and complexity theory. Applications 
include nanotechnology, green chemistry, alternate fuels, and waste utilization. Among his 
publications is a recent book on “Thermodynamics and the Destruction of Resources.” His 
awards include the Ted Peterson award from the Computing and Systems Technology division of 
the American Institute of Chemical Engineers, and the Faculty Early Career Enhancement 
Award (CAREER) from the U.S. National Science Foundation, and several best paper awards at 
various conferences. Prof. Bakshi received his B. Chem. Eng. from the University of Bombay, 
Department of Chemical Technology and MSCEP and Ph.D. from the Massachusetts Institute of 
Technology, all in chemical engineering. While in graduate school, he also completed a minor in 
Technology and Environmental Policy and conducted research at Harvard's Kennedy School of 
Government. 

Russell Barton 

Russell Barton is Program Director for Manufacturing Enterprise Systems and Service Enterprise 
Systems research in the Civil, Mechanical and Manufacturing Innovation division of the 
National Science Foundation. These areas have a combined annual research budget of over $9 
million. Russell is on assignment at NSF from the Smeal College of Business at Pennsylvania 
State University, where he is a professor in the Department of Supply Chain and Information 
Systems. He previously served as co-director for the Penn State Master of Manufacturing 
Management degree program, and as associate dean for research and Ph.D./M.S. programs for 
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Smeal College. He holds a B.S. in electrical engineering from Princeton University and M.S. and 
Ph.D. degrees in operations research from Cornell University. 

Beth Beloff 

Beth Beloff has been a thought leader in formulating the concepts and 
practice of sustainable development since the early 90s. She consults 
through Beth Beloff & Associates on how to integrate sustainability into 
strategy, operations and supply chains, and develops new approaches and 
methodologies through BRIDGES to Sustainability Institute, which she 
founded in 1997. Among BRIDGES’ many projects, it developed a 
software system to help companies understand their sustainability impacts, 
BRIDGESworks Metrics™, and also developed methodologies to 
understand full costs associated with environmental and social impacts. A significant part of her 
work is devoted to assessing and reporting sustainability performance, and she is a recognized 
leader in the area of sustainability performance measurement.  She has led the Sustainable 
Supply Chain Roundtable for the Center for Sustainable Technology Practices of AIChE and 
chaired numerous conference panels on sustainable supply chains and sustainability metrics. She 
developed a sustainable supply chain assessment methodology and used it as a basis for 
discussion regarding the development of collaborative efforts between companies to improve 
their supply chains. She was one of the primary developers of the AIChE Sustainability Index 
and chairs the ICOSSE International Certificate on Sustainable Standards for Engineering effort 
which will result in a certification of chemical products, processes and services on the basis on 
their sustainability attributes, to be applied by AIChE and CECHEMA at ACHEMA and other 
conferences run by AIChE and DECHEMA. 

Ms. Beloff has published numerous articles on sustainability education, strategy, performance 
measurement, and decision-support approaches and tools. She led the development of the GEMI 
Metrics Navigator™, produced in collaboration with the GEMI organization (Global 
Environmental Management Initiative). It has become a well-respected planning process for 
developing strategic plans and sustainability metrics. She also was principal editor and author of 
the book “Transforming Sustainability Strategy into Action: the Chemical Industry,” published 
by Wiley Inter-Science in 2005, which features many approaches to addressing the pragmatic 
aspects of integrating sustainability into organizations. She has just completed chapters for two 
sustainability books, to be published in 2011. 

Prior to BRIDGES in 1991, Ms. Beloff founded and directed the Institute for Corporate 
Environmental Management (ICEM) in the business school at the University of Houston. 
Additionally, she directed the Global Commons project through the Houston Advanced Research 
Center (HARC) and the National Academy of Science (NAS). This was the first project of the 
NAS to formally address the science and business of sustainable development. 
Ms. Beloff has a B.A. in psychology from University of California at Berkeley, a Master of 
Architecture degree from UCLA, and an M.B.A. from the University of Houston.  
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Bert Bras 

Bert Bras has been a Professor at the George W. Woodruff School of 
Mechanical Engineering at the Georgia Institute of Technology (Georgia 
Tech) since September 1992. His research focus is on sustainable design and 
manufacturing; including design for recycling and remanufacture, bio­
inspired design, and life cycle analysis. His primary research question is how 
to reduce companies’ environmental impact while increasing their 
competitiveness (i.e., how to promote sustainable development). He has 
authored and co-authored more than 140 publications. His work is funded by 
the National Science Foundation, Ford Motor Company, and Boeing, among 
others. Dr. Bras was named the 1996 Engineer of the Year in Education by the Georgia Society 
of Professional Engineers, he received a Society of Automotive Engineers’ Ralph R. Teetor 
Award in 1999, and the Georgia Tech Outstanding Interdisciplinary Activities Award in 2007. In 
1999–2000, through the World Technology Evaluation Center (WETC), he was part of a group 
of experts charged by the National Science Foundation and Department of Energy with 
evaluating the state-of-the-art in environmentally benign manufacturing. He visited companies, 
universities, and governmental institutions in Europe, Japan, and the United States. From 2001– 
2004, he served as the Director of Georgia Tech’s Institute for Sustainable Technology and 
Development. Dr. Bras has a Ph.D. in Operations Research from the University of Houston and 
an M.S. (“Ingenieur”) degree in Mechanical Engineering from the University of Twente (The 
Netherlands). Prior to receiving his Ph.D., he worked at the Maritime Research Institute 
Netherlands (MARIN). 

Maria K. Burka 

Maria K. Burka is the program director of the Process and 
Reaction Engineering (PRE) program in the Chemical, 
Bioengineering, Environmental and Transport Systems (CBET) 
Division of the National Science Foundation.  Her responsibilities 
include evaluation and management of research and educational 
grants to academic institutions in the areas of chemical and 
biochemical reaction engineering, process control and process 
design as well as reactive polymer processing. Past employment positions have included Senior 
Scientist with the U.S. Environmental Protection Agency (EPA), a member of the faculty of the 
Chemical Engineering Department of the University of Maryland-College Park, and process 
design engineer with Scientific Design Company in New York City. She received B.S. and M.S. 
degrees from the Massachusetts Institute of Technology and M.A. and Ph.D. degrees from 
Princeton University, all in chemical engineering.  Her research interests are in chemical process 
design and control. She has been active in a number of professional organizations, including the 
American Institute of Chemical Engineers (AIChE), the American Chemical Society (ACS), the 
Society of Women Engineers (SWE) and the American Association of University Women 
(AAUW).  She is the President of AIChE for 2011. 
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Heriberto Cabezas 

Heriberto Cabezas is the Senior Science Advisor to the Sustainable 
Technology Division in EPA’s Office of Research and Development. 
Dr. Cabezas is also a former Acting Director of the Division, 
consisting of approximately 58 scientists, engineers, and support staff; 
of which approximately 40 are at the doctoral level. He also served as 
Chief of the Sustainable Environments Branch, a multidisciplinary 
research group of approximately 58 scientists and engineers, 13 at the doctoral level.  Dr. 
Cabezas served as Chair of the Environmental Division of the American Institute of Chemical 
Engineers (AIChE) in 2006. He was a recipient of the 1998 EPA Science Achievement Award in 
Engineering, the 2007 Distinguished Alumni Achievement Award from the New Jersey Institute 
of Technology, and has been selected for the 2011 Research Excellence Award in Sustainable 
Engineering by the AIChE, among other honors. Dr. Cabezas received his Ph.D. in Chemical 
Engineering from the University of Florida (1985) in thermodynamics and statistical mechanics. 
He also holds an M.S. from the University of Florida (1981) and a B.S. (magna cum laude) from 
the New Jersey Institute of Technology (1980), both in Chemical Engineering. His publications 
include more than 60 peer-reviewed articles. He is a Fellow of the AIChE, a member of the 
American Association for the Advancement of Science, and a Board-Certified Member of the 
American Academy of Environmental Engineers. His principal area of research is the sustainable 
management of complex environmental systems. Dr. Cabezas is a U.S. Navy veteran of the 
Vietnam Conflict. 

Vincent Camobreco 

Since 2006 Mr. Camobreco has worked in the U.S. EPA’s 
Transportation and Climate Division, his main focus being on the life 
cycle GHG impacts of renewable and alternative fuels. Prior to that 
he worked on EPA’s Climate Leaders program, helping develop 
protocols to calculate and report corporate greenhouse gas 
inventories to the EPA. Mr. Camobreco’s previous work experience 
includes over five years as an environmental consultant with 
Ecobalance, Inc. doing life cycle analysis for numerous industry and government clients, and 
several years working for an automotive parts supplier producing steering columns. His 
education includes a B.S. in Mechanical Engineering from Clarkson University and an M.Eng. in 
Agricultural and Biological Engineering from Cornell University. 

John Carberry 

John Carberry retired from DuPont as Director of Environmental Technology. There, he was 
responsible for analysis of environmental issues and recommendations for technical programs 
and product development. Since 1989, he led that function to provide excellence in treatment and 
remediation while in transition to waste prevention and product for sustainability. Mr. Carberry 
presently consults strategies for dealing with the environmental issues of energy, renewable 
energy, and nanomaterials. He chaired the AIChE Project on Metrics for Liquid Bio-fuels, has 
given over 135 presentations at universities and public conferences, is an adjunct professor of 
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Chemical Engineering at the University of Delaware, and served on the National Academy of 
Engineering’s Roundtable on Science and Technology for Sustainability. Mr. Carberry is a 
founding member of the Green Power Market Development Group. He recently was Chair of the 
National Academy Committee on the Destruction of the Non-Stockpile Chemical Weapons, and 
served on nine previous National Academy Committees. He holds a B.ChE. and an M.E. in 
Chemical Engineering from Cornell University, an M.B.A. from the University of Delaware, is a 
Fellow of the AIChE, and is a Registered Professional Engineer. 

Andreas Ciroth 

Andreas Ciroth is founder and director of GreenDeltaTC, a 
consulting and software development company with a focus on 
sustainability assessment and life cycle analyses. Dr. Ciroth is an 
environmental engineer by training. He completed his Ph.D. on Error 
Calculation in LCA in 2001 at TU Berlin. Since then, Dr. Ciroth has 
been working in sustainability consulting in research, industry, and 
policy contexts. He is Chair of the Methodology and Data work area 
in the UNEP/SETAC Life Cycle initiative, and is a member of the 
advisory councils of Ecoinvent and the US LCI database. He was the 
first subject editor of the International Journal of Life Cycle 
Assessment (for the field of uncertainties). Nominated in 2004, Dr. Ciroth still holds this position 
and is member of the Editorial Board of the Journal. He is leading the open LCA project to 
create a free, open-source sustainability assessment software. Dr. Ciroth teaches at the Technical 
University of Darmstadt, Germany. 

Andres Clarens 

Andres Clarens is an Assistant Professor of Civil and Environmental 
Engineering at the University of Virginia and the Director of the 
Virginia Environmentally Sustainable Technologies Laboratory. His 
research is focused broadly on anthropogenic carbon flows and the 
ways that carbon dioxide is manipulated, reused, and sequestered in 
engineered systems. The results of his work are important for 
developing efficient strategies for mitigating the emissions driving 
climate change. At the largest scales, his system-level modeling 
work has explored the life cycle of systems in the manufacturing, 
transportation, and energy sectors. In the laboratory, he is pursuing complementary research in 
the phase behavior and surface chemistry of carbon dioxide mixtures at high pressure. The 
results of this work can be used to provide better lubricants for wind turbines and more accurate 
assessment of geologic carbon sequestration sites. In the classroom, Dr. Clarens engages in peer­
to-peer learning at both the undergraduate and graduate levels, with an emphasis on developing 
innovative tools for teaching the fundamentals of climate change. He holds a Ph.D. and an M.S.E 
in Environmental Engineering from the University of Michigan, and a B.S. in Chemical 
Engineering from the University of Virginia.  
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Joseph Fiksel 

Joseph Fiksel is Executive Director of the Center for Resilience at The Ohio 
State University, and Principal and Co-Founder of the consulting firm Eco-
Nomics LLC. He is an internationally recognized authority on sustainability 
and resilience, with more than 25 years of research and consulting experience 
for multinational companies, Government agencies, and consortia such as the 
World Business Council for Sustainable Development. He is currently serving 
on a special appointment at EPA, helping to incorporate systems thinking into 
the Agency’s research and development programs. A native of Montreal, Dr. 
Fiksel began his career at DuPont of Canada, and later served as Director of Decision and Risk 
Management at Arthur D. Little, Inc., and as Vice President for Life Cycle Management at 
Battelle. He has published more than 70 refereed articles and several books, and is a frequent 
keynote speaker at conferences. He holds a Ph.D. and M.Sc. in Operations Research from 
Stanford University, a B.Sc. from M.I.T., and an advanced degree from La Sorbonne. His latest 
book, Design for Environment: A Guide to Sustainable Product Development, was published by 
McGraw-Hill in 2009. 

William P. Flanagan 

Bill Flanagan leads the Ecoassessment Center of Excellence for the General 
Electric Company and is based at GE Global Research in upstate New York. Dr. 
Flanagan’s team offers comprehensive technical expertise in life cycle 
assessment, carbon footprinting, human health and environmental risk 
assessment. He also works closely with GE’s Corporate Environmental Programs 
team on the development of programs and policy in these areas. Dr. Flanagan 
graduated from Virginia Tech in 1985 and received a Ph.D. in Chemical Engineering from the 
University of Connecticut in 1991. He spent the first 10 years of his career focused on various 
aspects of environmental technology including site remediation, air and water treatment, and 
pollution prevention. He spent the next six or so years managing GE’s combinatorial chemistry 
lab, a team responsible for developing and applying high throughput screening for materials 
development. In 2007 he returned to his roots to lead the Ecoassessment Center of Excellence. 
Dr. Flanagan serves on GE’s extended corporate ecomagination team and is a member of the 
Advisory Council for the American Center for Life Cycle Assessment. 

Mark Goedkoop 

Mark Goedkoop is Managing Director and Senior Consultant at PRé 
Consultants in the Netherlands and PRé North America. He worked as 
an independent design consultant until 1990, when he established PRé 
consultants and pioneered the field of life cycle assessment (LCA). PRé 
has become a well-established LCA consultancy, with partners in more 
than 20 countries. Mr. Goedkoop’s focus is on the development of 
practical, scientifically sound tools to improve the environmental 
performance of products and services. The best-known tools are the 
Eco-indicator and ReCiPe methodology, and SimaPro, the world’s most 
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widely used LCA software (see www.pre.nl). Mr. Goedkoop holds a M.Sc. in Industrial Design 
Engineering from Delft University of Technology (the Netherlands). 

Ignacio E. Grossmann 

Ignacio E. Grossmann is the Dean University Professor of Chemical Engineering at Carnegie 
Mellon University. He is Director of the Center for Advanced Process Decision-Making, an 
industrial consortium that involves 20 petroleum, chemical, engineering, and software 
companies. Dr. Grossman is a member of the National Academy of Engineering and his major 
awards include AIChE’s Computing in Chemical Engineering Award, William H. Walker 
Award, Warren Lewis Award, and “One of the Hundred Chemical Engineers of the Modern 
Era.” He is a fellow of AIChE and Institute for Operations Research and the Management 
Sciences (INFORMS). His research interests lie in the areas of process synthesis, energy 
integration, planning and scheduling of batch and continuous processes, supply chain 
optimization, stochastic programming, and mixed-integer and logic-based optimization. Dr. 
Grossman has made a number of significant research contributions in the area of sustainability; 
particularly in the areas of optimal synthesis heat exchanger and process water networks, 
simultaneous optimization and heat integration, energy and water optimization for the design of 
biofuel plants, and bi-criterion optimization models of supply chains with both economic and life 
cycle assessment measures. He obtained his M.S. and Ph.D. from Imperial College and his B.S. 
degree at the Universidad Iberoamericana, Mexico City. 

Bruce Hamilton  

Bruce Hamilton is Director of the Environmental Sustainability program in 
the Engineering Directorate at the National Science Foundation (NSF); a 
Managing Program Director in the new cross-NSF investment area, Science, 
Engineering, and Education for Sustainability (SEES); and in the Office of 
Emerging Frontiers in Research and Innovation (EFRI) in the NSF 
Engineering Directorate. Dr. Hamilton has been at NSF for 15 years. Before 
joining NSF, he worked as an engineer and manager in the chemical and 
biotechnology industries for 20 years. He holds a Ph.D. in Biochemical 
Engineering and a B.S. in Chemical Engineering, both from M.I.T. 

Troy R. Hawkins 

My research focuses on the application and development of environmental 
life cycle assessment (LCA) and input output models for decision-focused 
environmental analysis. At EPA I lead a project focused on environmental 
systems analysis of biofuel options and the development of models for 
designing sustainable biofuel supply chains.  I earned a B.S. in Physics 
from the University of Michigan in Ann Arbor, Michigan in 1999 and a 
Ph.D. in Civil and Environmental Engineering and Engineering and Public 
Policy from Carnegie Mellon University in Pittsburgh, Pennsylvania in 
May 2007. I have taken some risks in my career and have been rewarded 
by the opportunities I have had to work collaboratively as a part of some very dynamic, high 
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functioning teams.  During my Ph.D. studies I developed a Mixed-Unit Input-Output (MUIO) 
Model for life cycle assessment and material flow analysis focusing on flows of cadmium, lead, 
nickel, and zinc. For the next 3 years I worked as a Researcher at the Norwegian University of 
Science and Technology (NTNU) where I contributed to the EXIOPOL Project, ‘A New 
Environmental Accounting Framework Using Externality Data and Input-Output Tools for 
Policy Analysis’, an EU-Funded effort to create a global, environmentally-extended, 
multiregional input-output (EE-MRIO) model for analysis of environmental impacts and external 
costs of production and consumption.  Following this work, I worked on the development of an 
EE-MRIO model for the harmonized calculation of carbon, ecological, and water footprints 
across international supply chains under the EU funded OPEN EU Project.  I also had had the 
opportunity to perform an environmental assessment of an electric versus conventional vehicle, 
funded by the Norwegian Research Council, and to participate in a several other research efforts.  
In November I began work as a Research Environmental Engineer with the U.S. Environmental 
Protection Agency, National Risk Management Research Laboratory (NRMRL) in Cincinnati, 
Ohio where I co-lead the Environmental Assessment of Biofuel Options Project Team. This 
work has connections to other activities including the development of a life cycle inventory 
database within the NRMRL Sustainable Technology Division, analysis of product systems and 
supply chains using sustainability indicators, and the development of life cycle impact 
assessment methods for water and land use.  Currently our efforts have focused on analyzing a 
suite of impacts associated with ethanol blends.  Moving forward this work will incorporate 
additional pathways and delve deeper into the effects of changes within the biofuel life cycle and 
supply chain stages. 

Alan D. Hecht* 

Dr. Hecht a recipient of the Presidential Rank Award for Meritorious 
Service is Director for Sustainable Development in the Office of Research 
and Development (ORD) at the U.S. Environmental Protection Agency 
(EPA). Since 2003 he has led ORD’s planning on sustainability research. 
Currently he is senior advisor on sustainability to Assistant Administrator 
for ORD. On detail to the White House, from 2001 to 2003 he was 
Associate Director for Sustainable Development at the Council on 
Environmental Quality (2002-2003) and Director of International 
Environmental Affairs for the National Security Council (2001-2002) where 
he served as White House coordinator for preparations for the World Summit on Sustainable 
Development. At EPA From 1989 to 2001, he served as the Deputy Assistant Administrator for 
International Activities and Acting Assistant Administrator for International Activities from 
1992 to 1994. During this period he led EPA’s negotiations for the side agreement to the 
NAFTA, launched the US-Mexico Border Program, initiated new EPA efforts on environmental 
security and served as senior advisor to the Administrator for the Earth Summit in Rio in 1992. 
Before joining EPA, Dr. Hecht was Director of the National Climate Program at the National 
Oceanic and Atmospheric Administration (1981-1989) and Director of the Climate Dynamics 
Program at the National Science Foundation (1976-1981). Dr. Hecht was instrumental in helping 
to create the Intergovernmental Panel on Climate Change (IPCC.) Dr. Hecht has a Ph.D. in 
geology and geochemistry from Case Western Reserve University. He has written extensively on 
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climate change and sustainability. One of his most recent publications is “EPA at 40: Bringing 
Environmental Protection into the 21st Century” ES&T, 209, 43, 8716-8720. 

Michael Hilliard 

Michael R. Hilliard is a research staff member in the Center for Transportation Analysis at Oak 
Ridge National Laboratory. Dr. Hilliard’s research efforts focus on developing analysis tools and 
decision support systems that leverage optimization techniques and emerging computational 
technologies.  Recently, he led a team that developed the Biofuel Infrastructure and Logistics 
Tool (BILT), a regional optimization-based model of the cellulosic biofuel supply chain to 
analyze the limitations and impact of the evolving biofuel supply chain on U.S. infrastructure. 
He also developed a model to optimize the planting of switchgrass in a watershed based on a 
multi-objective sustainability measure and helped show that the best options could improve 
water quality with minimal loss of profitability. Dr. Hilliard is currently collaborating with a 
team of environmental scientists and economists to develop a set of socio-economic indicators 
for bioenergy supply chain sustainability. He has also developed planning systems for 
infrastructure investment and agent-based simulations of job markets. Dr. Hilliard received a 
Ph.D. in Operations Research from Cornell University, with an emphasis in optimization and 
game theory, and a B.S. in Mathematics from Furman University. 

Yinlun Huang 

Dr. Yinlun Huang is Professor of Chemical Engineering and Materials 
Science and Charles H. Gershenson Distinguished Faculty Fellow at 
Wayne State University, where he has been directing the Laboratory for 
Multiscale Complex Systems Science and Engineering. His research has 
been mainly focused on the fundamental study of multiscale complex 
systems science and the applied study on engineering sustainability, 
encompassing the development of sustainable (nano)materials, integrated 
design of sustainable product and process systems, integration of process 
design and control, and large-scale industrial system sustainability 
assessment and decision making under severe uncertainty.  He has published widely in these 
areas. In the past few years, he has co-organized/co-chaired four international conferences on 
sustainability science and engineering, and sustainable chemical product and process 
engineering. Dr. Huang was Chair of AIChE Sustainable Engineering Forum (SEF) in 2008-09 
and ACS Green Chemistry and Green Engineering Subdivision in 2010. Currently, he chairs the 
International Committee of the AIChE-SEF.  At Wayne State University, he is leading the 
Industrial and Urban Sustainability (I&US) Group and co-directing the Sustainable Engineering 
Graduate Certificate Program. Among many honors, Dr. Huang was the recipient of the first 
Michigan Green Chemistry Governor’s Award in 2009 and the AIChE Sustainable Engineering 
Forum’s Research Excellence in Sustainable Engineering Award in 2010. He was a Fulbright 
Scholar in 2008-09. Dr. Huang holds a B.S. degree from Zhejiang University, China, in 1982, 
and a M.S. and a Ph.D. degree from Kansas State University, in 1988 and 1992, respectively, all 
in chemical engineering. He was a postdoctoral fellow at the University of Texas at Austin 
before joining Wayne State University in 1993. 
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Marianthi G. Ierapetritou 

Marianthi Ierapetritou is a Professor in the Department of Chemical and 
Biochemical Engineering at Rutgers University, New Jersey. She obtained 
her B.S. from the National Technical University in Athens, Greece; her Ph.D. 
from Imperial College; and subsequently completed post-doctoral research at 
Princeton University before joining Rutgers University in 1998. Among her 
accomplishments is the Rutgers Board of Trustees Research Fellowship for 
Scholarly Excellence and the prestigious NSF CAREER award.  Dr. 
Ierapetritou is also serving as an elected Trustee of CACHE, and as a director of CAST division 
at the AIChE. Dr. Ierapetritou’s research focuses on the following areas: 1) process operations; 
2) design and synthesis of flexible manufacturing systems; 3) modeling of reactive flow 
processes; and 4) metabolic engineering. She has published 117 papers and given 125 
presentations at national and international conferences. She has also been invited to present her 
work at a number of universities and conferences around the world (44 invitations). She is a 
member of INFORMS and SIAM, and she actively participates in the scientific advisory 
committees of ESCAPE 16, 17, 21 and PSE 2006, 2009, and FOCAPD 2009. In 2008, she 
organized the fifth International FOCAPO Conference. Dr. Ierapetritou is an active educator, 
both in the classroom teaching graduate and undergraduate classes in the Chemical Engineering 
department, and as an advisor currently supervising the Ph.D. of seven students and one 
postdoctoral fellow. 

Wesley Ingwersen 

Dr. Wesley Ingwersen works in the program areas of Sustainable 
Supply Chain of biofuels and consumer products within the 
Systems Analysis Branch of the Sustainable Technology 
Division at the U.S. EPA’s National Risk Management Research 
Laboratory. His research experience is primarily in life cycle 
assessment (LCA) and emergy analysis in the food, mining, and 
transportation sectors but works broadly in the environmental 
science and policy arena. Prior to his work with the U.S. EPA, he 
advised research with the UF Costa Rica Conservation Clinic in 
payment for ecosystems services for wetlands (2010) and led an investigation into the 
development of an EPD labeling program in Costa Rica (2009). With the UF Center for 
Environmental Policy, he helped lead a study of life cycle greenhouse gases from future 
transportation scenarios for the state of Florida and conducted LCAs for pineapple and gold 
mining (2007-2009). As a Transatlantic Fellow at the Ecologic Institute in Berlin, Germany 
(2006) he worked in the areas of international trade and the environment, sustainability metric 
evaluation, and climate change management and policy. His Master’s research (2003-2005) 
focused on ecological restoration and modeling.   

Wes is particularly interested in LCA-based product claims. He actively participates on 
committees through the American Center for Life Cycle Assessment and PCF World Forum on 
alignment of product category rules and contributes to the literature in this field.  
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Wes is a member of the standards committee of the International Society of Emergy Research. 
Wes has M.S. and Ph.D. degrees in Environmental Engineering from the University of Florida 
(2006, 2010), where he was mentored by Dr. Mark T. Brown, and a B.A. from Georgetown 
University (1999). He has been a Life Cycle Assessment Certified Professional since 2008. 

Olivier Jolliet 

Dr. Olivier Jolliet is Professor of Impact and Risk Modeling at the School of 
Public Health of the University of Michigan. His research and teaching 
programs aim a) to assess the life cycle risks and benefits of products and 
emerging technologies and b) to model population-based exposure, intake 
fractions and pharmacokinetics for outdoor and indoor emissions. Dr. Jolliet 
has a large experience in impact modeling and in the Life Cycle Assessment 
of a large range of products. He co-initiated the UNEP (United Nation 
Environment Programme)/SETAC Life Cycle Initiative and is one of the 
developer of the USEtox model for the comparative assessment of chemicals. 
He founding member of the University of Michigan Risk Science Center. Dr. Jolliet obtained a 
Master's degree and Ph.D. in Physics in 1988 at the Swiss Federal Institute of Technology 
Lausanne (EPFL). He worked as a postdoc at the Silsoe Research Institute (GB) and as a visiting 
scholar at MIT and Berkeley (USA). Between 1999 and 2005, he was assistant professor at the 
EPFL (Switzerland). 

Vikas Khanna 

Dr. Khanna received his B.ChE. from Panjab University in India. He 
received his Ph.D. in Chemical Engineering with a dual Masters in Applied 
Statistics from The Ohio State University. His doctoral work focused on the 
environmental evaluation of emerging nanotechnologies and multiscale 
modeling for environmentally conscious design of chemical processes. 
While in graduate school, he also finished a science and technology policy 
fellowship at the National Academy of Sciences in Washington DC. After 
spending a year in the biofuels R&D group at ConocoPhillips, he joined the 
University of Pittsburgh in 2010 where he is an assistant professor in the 
Department of Civil and Environmental Engineering. His research and teaching interests are in 
the general areas of sustainability science and engineering, industrial ecology, applied statistics, 
and role of environmental policy in engineering decision-making. Current focus is on studying 
the life cycle environmental impacts of infrastructure-compatible hydrocarbon biofuels, 
ecosystem services, and integrated economic-environmental modeling. 
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Christoph Koffler 

Chris Koffler is the Technical Director of PE INTERNATIONAL, Inc. In 
this role, he is responsible for the underlying quality of all North-American 
Life Cycle Assessment consulting projects and GaBi and SoFi software 
solutions, technical development, project oversight, and in key selected 
areas, such as Automotive, as primary lead. Before joining PE, Chris was 
an associate researcher at the Volkswagen Group research department, 
working in the environmental design of new vehicles and the underlying 
LCA based tools development. He had performed numerous LCA studies 
with different branches of the Volkswagen Group and key suppliers, 
automotive light weighting in all its forms (steel, aluminum, magnesium, 
carbon fiber, (bio)polymers, natural fibers), hybrid and electric vehicle propulsions systems as 
well as various manufacturing processes. During his first three years at Volkswagen, Chris was 
also a postgraduate student at the Darmstadt University of Technology, where he received a 
Ph.D. in Engineering. 

Angie Leith 

Ms. Leith is a Senior Policy Analyst at the U.S. Environmental Protection Agency. She has been 
with the Agency since 1988, specializing in materials management policy, life cycle policy 
approaches and environmental innovation issues. She was the lead in managing the Beyond 
RCRA 2020 Vision which suggests that we redefine the concept of waste and move towards an 
integrated materials management approach designed to conserve resource. She was part of the 
federal-state workgroup tasked with developing a roadmap for implementing the Vision which 
was endorsed by the Agency. She is an active participant in several international activities 
focusing on materials and life cycle assessment, including the 3Rs Initiative, the UNEP effort to 
develop global guidance for life cycle databases, the OECD project on Sustainable Materials 
Management and Resource Productivity, and EPA Green Economy workgroup’s papers for 
Rio+20 on product life cycle and sustainable products and services. Prior to joining the Agency, 
Ms. Leith was a project manager with an economic consulting firm, working primarily on issues 
related to energy conservation and local government finance issues. She was a National Urban 
Fellow and worked on Capitol Hill for a U.S. Representative. She earned an M.A. in Urban 
Affairs from Occidental College, Pasadena, California, and a B.A. in Political Science from 
Marymount College, Tarrytown, New York. 

Reid J. Lifset 

Reid J. Lifset is the Associate Director of the Industrial Environmental Management Program 
and Resident Fellow in industrial ecology at the School of Forestry and Environmental Studies at 
Yale University. Industrial ecology is an emerging field that examines the flow of materials and 
energy at various scales as part of the study and pursuit of sustainable production and 
consumption. He is the editor-in-chief and founder of the Journal of Industrial Ecology, an 
international, peer-reviewed bimonthly on industry and the environment, headquartered at and 
owned by Yale University and published by Wiley-Blackwell. He serves on the Science 
Advisory Board of the U.S. Environmental Protection Agency, and is a member of the governing 
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council of the International Society for Industrial Ecology (ISIE), and the editorial advisory 
board for the Springer book series on Eco-efficiency in Industry and Science. His research 
focuses on the application of industrial ecology to novel problems and research areas, and the 
evolution of extended producer responsibility (EPR). He did his graduate work in political 
science at the Massachusetts Institute of Technology and in management at Yale University. 

Clare Lindsay 

Clare Lindsay is Project Director for Product Stewardship in the Office of Resource 
Conservation and Recovery at EPA in Washington, D.C. Ms. Lindsay has been with EPA for 20 
years, specializing in municipal waste recycling policy and product stewardship. She led EPA’s 
efforts to initiate the first-ever national dialogue on electronics product stewardship in the U.S. 
This initiative catalyzed and informed action by the numerous states that now have electronics 
takeback laws. Ms. Lindsay has participated in many various product stewardship initiatives 
addressing products as diverse as packaging, carpet, office furniture, and paint. She founded and 
currently helps lead a cross-office network of EPA professionals interested in promoting more 
sustainable product standards. This team is preparing recommendations for Agency senior 
management on how EPA can increase its engagement in this growing movement. Ms. Lindsay 
was part of an EPA/State team that developed and is implementing a roadmap for EPA and states 
to move beyond waste management towards sustainable materials management. Before coming 
to EPA, Ms. Lindsay practiced environmental and energy law in the private sector. She has an 
undergraduate degree from Smith College and a J.D. from George Washington University. 

Eric Masanet 

Eric Masanet is Deputy Leader of the International Energy Studies Group at Lawrence Berkeley 
National Laboratory, where he leads research in industrial energy systems analysis and life cycle 
systems modeling. A key activity is technology assessment and modeling for the EPA’s 
ENERGY STAR for Industry program, which works directly with numerous energy-intensive 
industries, Fortune 500 companies, and supply chains to minimize energy use and emissions 
through technology adoption and improved energy management. Recently, he developed a 
hybrid supply chain modeling approach, which couples input-output LCA methods with sector- 
and process-level techno-economic energy analysis data and methods. The approach allows for 
both environmental and economic assessment of discrete technology and process improvement 
opportunities across the many energy and emissions sources, end- use technologies, and sectors 
that comprise a product’s supply chain footprint. 

Dennis E. McGavis* 

Over 25 years experience in Sustainability and environmental product 
stewardship. Most recent role is as Shaw Industries’ Product 
Stewardship and Regulatory Affairs Director.  Focus at Shaw is 
around Life Cycle Assessments (LCAs), product Eco-label 
certifications, Design for Environment (DfE) program management, 
and product regulatory affairs. Prior to Shaw, helped HP and the 
electronics industry develop product stewardship solutions around 
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product energy efficiency (co-developed the EnergyStar program for office equipment), product 
chemical and material content, product recyclability, product recycled content (plastics and 
packaging), end of life (EOL) product classification, supply chain management, and take back 
and recycling. Married to the smartest woman on the planet and blessed with six grown children 
and thirteen grandchildren. 

Dima Nazzal 

Dima Nazzal is an Assistant Professor of Industrial 
Engineering at the University of Central Florida since 2006. 
She received her Ph.D. from Georgia Institute of 
Technology. At the start of her academic career, she 
focused primarily on stochastic modeling and analysis of 
facility logistics systems. Motivated by the urgency of the 
topic, she expanded her research interests to cover 
sustainable production systems and sustainability education. 
Such ventures into the nascent and multidisciplinary field of 
environmental sustainability are motivated by a passion to 
undertake research that is applicable to the engineering grand challenges and societal concerns 
that can be addressed through industrial engineering research methodologies. In 2010, she 
received the competitive NSF-CCLI award to integrate environmental sustainability into the 
Industrial Engineering curriculum to develop future engineers that are knowledgeable and 
prepared to work on solving these challenges. 

Cynthia Nolt-Helms 

Ms. Nolt-Helms is the project manager for EPA's P3 
(People, Prosperity and the Planet) Program.  For the past 
five years, she has overseen this innovative program to fund 
sustainability research from over 200 teams composed of 
university students. These teams have developed 
sustainable approaches to everything from a green-tea based 
cancer treatment to the world’s first floating wetlands 
classroom, with many of these projects designed to support 
sustainability efforts in developing nations.  The P3 
Program has given over 2000 participants the opportunity to 
come to Washington, DC, meet their peers and compete for additional funding to develop their 
innovative technologies. Some of the P3 teams have even gone on to create small businesses or 
found NGOs.In her previous years at EPA, Ms. Nolt-Helms managed EPA grants for drinking 
water research and contributed to the development of drinking water research plans.  While 
working for EPA’s Office of Water, she also led agency efforts to develop national wildlife 
criteria for toxic chemicals and contributed to the Great Lakes Water Quality Initiative Final 
Rule which included the nation’s first aquatic criteria for the protection of higher-trophic level 
wildlife species. Ms. Nolt-Helms has a Bachelor’s degree in Chemistry and Biology from 
Lebanon Valley College and a M.S. in Environmental Toxicology from Cornell University. 
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Sergio Pacca 

Sergio Pacca is an Associate Professor at the University of São 
Paulo in Brazil. He teaches in the undergraduate Environmental 
Management Program, and is affiliated with graduate programs in 
Energy and Environmental Engineering Sciences. He also has 
experience teaching Industrial Ecology courses abroad (in the 
United States, Japan, and Iceland). He has worked as a consultant 
for the World Bank, UNEP, and Brazilian NGOs. His research is 
focused on life cycle assessment (LCA) of energy technologies and 
extended input-output (I-O) models. He has worked with LCA of 
renewable energy sources, such as hydroelectric plants, PV, and 
biofuels. He has built national and regional I-O models to 
understand the effects of the supply chains on the final consumption of households. His goal is 
supporting the adoption of low carbon technologies, thereby contributing to carbon emissions 
mitigation. 

Omar Romero-Hernandez 

Omar Romero-Hernandez is a Chemical Engineer with graduate studies in Economic Policy and 
Government and a Ph.D. in Process Economics and Environmental Impact from Imperial 
College, London, England. Prof. Romero-Hernandez has worked for a diverse range of public 
and private organizations with large and complex supply chains, such as Procter & Gamble and 
PEMEX (Oil & Gas). He served as a consultant for Accenture and the Ministry for the 
Environment. In 2001, he was appointed as Professor at ITAM, and Fulbright Professor in 2009. 
Prof. Romero-Hernandez is Faculty and a Professional Researcher at the Haas School of 
Business. He is author of three books: Renewable Energy Technologies and Policies, Industry 
and the Environment, and Introduction to Engineering—An Industry Perspective; as well as 
several international publications on engineering, business, and sustainable development. Dr. 
Romero-Hernandez has led various internationally recognized projects in the field of renewable 
energy, sustainable business strategies, and business processes. Projects include Life Cycle 
Implications of Value Chains; Economic, Environmental, and Social Implications of Biofuels; 
and Business Intelligence in Energy Value Chains. Prof. Romero-Hernandez was the recipient of 
the 2010 Franz Edelman Award, the world’s most prestigious award on Operations Research and 
Management Science. 

Thomas Seager 

Thomas P. Seager, Ph.D. is Associate Professor of Sustainable Engineering and the Built 
Environment at Arizona State University. Dr. Seager is the author over 50 publications related to 
sustainability, with particular emphasis on the environmental implications of alternative energy 
technologies. Most recently, Dr. Seager has been working in collaboration with researchers at the 
U.S. Army Corps of Engineers and Purdue University to establish quantitative measures of 
resilience applicable to complex systems. Dr. Seager's approach emphasizes the importance of 
understanding resilience management as an ongoing process, rather than a variable of state. Most 
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importantly, resilience approaches must be differentiated from (and understood as 
complementary to) traditional risk-based approaches to be most effective. 

Raymond L. Smith 

Ray Smith is a Chemical Engineer within the Systems Analysis 
Branch in the Office of Research and Development at the U.S. 
EPA. He obtained his Ph.D. in Chemical Engineering in the area 
of process design from the University of Massachusetts 
Amherst. Ray has worked for the EPA for over 10 years with 
focus areas including the evaluation of green chemistries and 
technologies, chemical process design and optimization, life 
cycle assessment, and recycle process design for industrial 
ecology. He has also worked on biofuel analysis projects and is currently a lead for the 
Sustainable Supply Chain Design for Biofuels team. This project is analyzing various 
environmental impacts, indicators and sustainability metrics for biofuel supply chains from 
feedstock production through end use. In addition, the project considers the expansion of biofuel 
supply chains, different ways the infrastructure could develop, and how the form of the supply 
chain could influence impacts, indicators and sustainability metrics. 

Rajagopalan Srinivasan 

Dr. Rajagopalan Srinivasan is an Associate Professor in the 
Department of Chemical and Biomolecular Engineering at the National 
University of Singapore. He is concurrently a Principal Scientist at the 
Institute of Chemical and Engineering Sciences, where he leads the 
Process Systems and Control Team. Dr. Srinivasan received his 
B.Tech. from IIT Madras in 1993 and his Ph.D. from Purdue 
University in 1998, both in Chemical Engineering. He worked as a 
research associate in Honeywell Technology Center, before joining 
NUS. Dr. Srinivasan’s research program is targeted toward developing 
artificial intelligence and systems engineering approaches for benign process design, agile 
process supervision and supply chain management. 

Martha Stevenson 

Martha is Senior Program Officer of Research and Development, Markets 
at World Wildlife Fund. She has specific content expertise in life cycle 
assessment (LCA), corporate sustainability, packaging materials and end­
of-life technologies. For the past year and a half, Martha ran her own 
consultancy advising organizations on LCA, including the U.S. 
Environmental Protection Agency, General Services Administration, 
PepsiCo and Environmental Defense Fund. Previous to that, she was a 
project manager for GreenBlue’s Sustainable Packaging Coalition (SPC), 
where she led development of the Design Guidelines for Sustainable 
Packaging, the COMPASS® software, and Closing the Loop: an 
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international study conducted for the California Department of Conservation to document 
approaches encouraging the coordination of package design with end of life recovery 
technologies. This work has led to strong relationships with NGOs, government agencies and 
companies focused on materials recovery in North America, Europe and Australia. Before 
joining GreenBlue, Martha worked in the private sector at an environmental engineering firm 
managing site investigation and brownfield redevelopment projects. Prior to that, Martha worked 
as a research assistant with Dr. Deborah McGrath on a National Science Foundation-funded 
project in Manaus, Brazil, studying phosphorus availability in Amazonian soils. Martha earned a 
Bachelor of Science degree in Forestry from the University of the South, Sewanee, Tennessee in 
2000. 

Thomas L. Theis 

Thomas Theis is Director of the Institute for Environmental Science and 
Policy (IESP) at the University of Illinois at Chicago. IESP focuses on 
the development of new cross-disciplinary research initiatives in the 
environmental area. From 1985 to 2002, he was at Clarkson University, 
where he was the Bayard D. Clarkson Professor and Director of the 
Center for Environmental Management. Dr. Theis received his Ph.D. in 
Environmental Engineering, with a specialization in environmental 
chemistry, from the University of Notre Dame. His areas of expertise 
include life cycle assessment, industrial ecology, environmental policy, 
the mathematical modeling and systems analysis of environmental 
processes, the environmental chemistry of trace organic and inorganic 
substances, interfacial reactions, subsurface contaminant transport, and 
hazardous waste management. Dr. Theis has been principal or co-principal investigator on more 
than 50 funded research projects; authored or co-authored more than 100 papers in peer-
reviewed research journals, books, and reports; and has delivered in excess of 300 presentations 
at professional meetings, conferences, and panels. He served as a member of the EPA Chartered 
Science Advisory Board (2003-2009), and is past editor of the Journal of Environmental 
Engineering. He has published widely on the problem of reactive nitrogen in the environment 
and is the co-chair of the EPA Science Advisory Board committee on Integrated Nitrogen 
Management. From 1980 to 1985, he was the co-director of the Industrial Waste Elimination 
Research Center (a collaboration of Illinois Institute of Technology and University of Notre 
Dame), one of the first Centers of Excellence established by EPA. In 1989, he was an invited 
participant on the United Nations’ Scientific Committee on Problems in the Environment 
(SCOPE) Workshop on Groundwater Contamination. In 1998, he was invited by the World Bank 
to assist in the development of the first environmental engineering program in Argentina. In 
January 2009, he delivered the keynote address at the NitroEurope Conference in Gothenburg, 
Sweden, and in October 2009 he was a member of the U.S. delegation to the U.S.-Japan 
Workshop on Life Cycle Assessment and Infrastructure Materials in Sapporo, Japan. Dr. Theis is 
the founding Principal Investigator of the Environmental Manufacturing Management Program, 
funded in the first cohort of NSF IGERT awards. He is a member of the International Society for 
Industrial Ecology, the American Society of Civil Engineers, the American Chemical Society, 
and the Association of Environmental Engineering and Science Professors. 
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Arnold Tukker 

Arnold Tukker has more than 20 years of experience in sustainability 
research and policy making. He is currently Business Line Manager for 
Societal Innovation and Economy at the Netherlands Organisation for 
Applied Scientific Research TNO, one of the largest not-for-profit 
research institutes in Europe, with 5,000 staff. He set up the Sustainable 
Consumption Research Exchanges (SCORE!), a network of several 
hundred researchers under the EU’s Sixth Framework Program, which 
developed knowledge for various international policy agendas, such as 
the United Nations’ 10-Year Framework of Programs Sustainable 
Consumption and Production (SCP). Recently, with the main umbrella of 
European NGOs, the European Environmental Bureau; he wrote the “Blueprint for European 
SCP” (www.eeb.org). He also leads a multimillion project for the EU on the construction of a 
global economic and environmental input output database (EXIOPOL). He was engaged in the 
UNEP’s Green Economy Initiative and supported UNEP’s Resource Panel in editing the report 
on environmental impacts of products and resources. He also managed the EU Sustainable 
Product Development Network (SusProNet) on Sustainable Product Services, leading to various 
scientific papers on sustainable product system development, and a book—edited with Ursula 
Tischner—New Business for Old Europe, published by Greenleaf Publishing, Sheffield, U.K., 
2006. He is a board member of various scientific journals, including the Journal of Industrial 
Ecology. Since April 2010, he has been a part-time professor of sustainable innovation at the 
Industrial Ecology Program at the Norwegian University of Science and Technology (NTNU) in 
Trondheim, Norway. 

Donald Versteeg 

Donald J. Versteeg is an environmental risk assessor and sustainability 
expert with The Procter & Gamble Company. A Principal Research 
Scientist in the Environmental Stewardship Organization, Dr. Versteeg 
leads an environmental risk assessment team working to improve risk 
assessment approaches.  His research has ranged from the use of 
ecotoxicogenomics to understand the mode of toxic action in fish to the 
generation of quantitative structure activity relationships to reduce 
animal use in toxicology. He has more than 25 years of industry 
experience, and has more than 40 publications in refereed journals on the 
fate, effects, and environmental risk assessment of pharmaceuticals, personal care products, and 
emerging contaminants. He earned his Ph.D. from Michigan State University, is a member of the 
Society of Environmental Toxicology and Chemistry (SETAC), and serves as an editor of 
aquatic toxicology for the journal, Environmental Toxicology and Chemistry. 
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Eric Williams 

Eric Williams is Associate Professor at the Golisano Institute of 
Sustainability at Rochester Institute of Technology (RIT). After 
undergraduate, graduate and postdoctoral work in physics, Eric has 
worked on industrial ecology and life cycle assessment at United 
Nations University in Tokyo, Carnegie Mellon University, Arizona 
State University, and most recently, RIT. Much of his research has dealt 
with environmental assessment and management of information 
technology, including materials flow analysis and LCA of 
semiconductors and computers.  He has also examined the sustainability 
of global reverse supply for end-of-life electronics, including 
consideration of informal recycling in the developing world. Recent 
research focuses on systems assessments of renewable energy technologies, urban form, and 
energy-water issues. Methodological interests include hybrid life cycle assessment, uncertainty 
analysis, technological progress modeling and thermodynamics.  

Phillip Williams 

Phil Williams is the Vice President of Sustainability and 
Technical Systems for Webcor Builders. As the Sustainability 
Vice President, Phil is responsible for all sustainability efforts 
related to building construction, internal business processes, 
institutional as well as private sector research and development. 
He directs all work relating to reducing environmental footprint 
and collaboratively promoting, innovative, sustainable processes, 
systems and materials. Under his guidance Webcor has recently 
been selected as the only construction firm to "Road Test" the 
World Resource Institute (WRI) carbon accounting/greenhouse­
gas (GHG) scope 3 protocol. In 2009 Webcor was the first and only California business to report 
and independently verified complete Scope 1, 2 and 3 emissions to the California Climate Action 
Registry. To support construction industry research regarding supply chain carbon accounting, 
Webcor, along with six other West Coast firms and through the University of Washington, 
established the “Carbon Leadership Forum”. 

Mr. Williams is Chair of the Industry Advisory Board for the Center for the Built Environment 
(CBE) through the University of California at Berkeley, serves on the Advisory for the Business 
Council on Climate Change (BC3 in affiliation with the United Nations Global Compact and 
serves on several cleantech/greentech venture capital advisory boards based in Silicon Valley. In 
addition, he serves as the Chairman of the San Francisco Mayor's Task Force on Green 
Buildings, which developed legislative recommendations that were adopted in 2008 for private 
sector green building requirements. Mr. Williams also was a key member of the Green Building 
Code working groups established for the Cities of San Jose and Oakland. He is a professional 
engineer, serves as the American Society of Concrete Contractors (ASCC) Sustainability 
Committee Chair, is a member of the Strategic Development Council BIM committee (SDC 
under ACI), and American Concrete Institute (ACI) Committee 130 on Sustainability. Projects 
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of note include the California Academy of Science (LEED Platinum), Park Mercer (LEED 
Platinum), San Francisco Public Utilities Commission (SFPUC) Head Quarters (LEED 
Platinum) and over 40 other LEED projects, of which 53% are LEED certified as Platinum or 
Gold, with project totals exceedingly 28 million square feet and $16 billion of revenue. 

B. Erik Ydstie 

B. Erik Ydstie is a Professor of Chemical and Electrical Engineering 
at Carnegie Mellon University and Professor II of Electrical 
Engineering at the Norwegian University of Science and Technology 
(NTNU) in Trondheim, Norway. He earned his B.S. and M.S. degrees 
in Chemistry from NTNU and a Ph.D. in Chemical Engineering from 
Imperial College in London, UK. From 1982 till 1992 he was 
professor of Chemical Engineering at the University of 
Massachusetts. From 1999 and 2000 he was Director of R&D for 
Elkem Metals in Norway. His responsibilities included technical IT, 
corporate and business unit R&D, and day-to-day management of the 
research center. He initiated corporate research programs in the areas 
of carbothermic aluminum production and high purity silicon for solar cells. In 2005 he founded 
iLS Inc. to commercialize nonlinear adaptive control and real time optimization systems. ILS is 
also been working on commercialization of a new process for making silicon wafer for solar 
cells. Prof. Ydstie has held consulting agreements with PPG, Elkem and ALCOA. He is on the 
advisory boards of the American Chemical Society, Petroleum Research Fund, and the 
Worcester Polytechnic Institute; he also has held visiting positions at Imperial College, Ecole des 
Mines in Paris, France, and the University of New South Wales in Australia. He has authored 
over 200 articles on process control, optimization and modeling of chemical processes. His 
current areas of research are process control, modeling, design and scale-up. He works on supply 
chain management and solar cells, aluminum production processes and oil and gas field control 
and optimization systems. He won the Kun Li award for excellence in teaching at CMU (2007, 
2010), the CAST division award of the AIChE (2007) and he was the Sargent Lecturer at 
Imperial College in 2006.  

Fengqi You 

Fengqi You is an Assistant Professor of Chemical and Biological 
Engineering at Northwestern University. He received a Ph.D. from 
Carnegie Mellon University in 2009 and a B.S. from Tsinghua 
University in 2005, both in Chemical Engineering. His graduate 
research is concerned with the development of mixed-integer 
nonlinear programming models and algorithms for the design of 
chemical supply chains under uncertainty. From 2009 to 2011, Dr. 
You was an Argonne Scholar at Argonne National Laboratory, where 
his efforts were concentrated on the analysis, design, and optimization 
of sustainable energy supply chains. He started as an Assistant Professor at Northwestern 
University in 2011. His group’s research focuses on the development of novel computational 
models, optimization techniques, and systems analysis methods for problems in process-energy-
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environmental systems engineering. Dr. You has published more than 25 journal articles and 
book chapters. His recent honors include the W. David Smith, Jr. Award from the CAST 
Division of AIChE (2011), Director’s Postdoctoral Fellowship from Argonne National 
Laboratory (2009-2011), and the Ken Meyer Award for best doctoral thesis at Carnegie Mellon 
University (2010). 
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POSITION STATEMENTS
 

Note: Participants who were unable to attend the Workshop are denoted with an asterisk (*). 

Bhavik Bakshi 

Sustainable Supply Chains as Techno-Ecological Networks 

My group’s research is motivated by the need to understand, learn from, and emulate ecological 
systems to develop human-designed systems that are likely to be sustainable. Over the last 
decade, our work has developed ways of accounting for the contributions from nature for 
supporting human activities. The main motivation for this work is that such accounting is 
essential for understanding and appreciating the role of the systems essential for sustainability of 
all planetary activities.  

This has resulted in many directions of research, including the use of thermodynamic methods 
for resource accounting and for integrated analysis of industrial and ecological systems. This 
work has culminated in the development of a framework for Ecologically-Based Life Cycle 
Assessment (Eco-LCA). Application of this framework and related data to products (e.g., 
transportation fuels) has resulted in unique insight, such as the apparent trade-off between 
renewability and physical return on investment. This insight implies the importance of relying on 
the “free” work done by nature and conserving these ecosystem services for maximizing 
renewability and return on investment. Recently, we have also shed light on the carbon-nitrogen 
nexus for these fuels by showing that many biofuels may save the carbon cycle, but worsen the 
nitrogen cycle. This involves the use of new data about both cycles and a definition of the 
nitrogen footprint. 

This work is relevant to supply chain management because it helps to identify the contribution of 
various processes in the supply chain to the overall environmental impact. This information 
could be used to determine where improvement efforts should be directed to enhance supply 
chain sustainability. In addition, our work is also relevant for understanding the risks to industry 
and economic activities due to depletion of ecosystem services. The input-output framework also 
can be used to connect the latest advances in life cycle assessment with the latest methods in 
operations research and supply chain management.  

I expect to learn more at this Workshop about sustainability and supply chains from various 
perspectives, including various academic disciplines and industries. This should help in 
motivating further research and collaborations that can address many practical challenges of 
achieving sustainability in supply chains.  

Russell Barton 

My primary purpose for attending the workshop is to gain a better understanding of sustainable 
production and supply chains, particularly for the chemical and batch process industries. I am 
seeking cross-fertilization opportunities with the research community that I support as an NSF 
program director. This community focuses primarily on discrete part manufacturing and 
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operations management and associated supply chains. The following titles of recently funded 
research in the programs I manage indicate the opportunity for our communities to learn from 
each other: 

•	 Real-Time Control of Production Systems for Energy-Efficient Manufacturing: Theory and 
Applications; 

•	 Cost-Effective Energy Efficiency Management of Sustainable Manufacturing Systems;  
•	 Closed Loop Supply Chain Design for Uncertain Carbon Regulations and Random Product 

Flows; 
•	 Optimizing the Supply Chain for Cost and Carbon Footprint; and  
•	 Analytical Approaches for Assessing the Revenue Aspects and Environmental Impacts of 

Demanufacturing.  

My own supply chain research (in collaboration with Jun Shu at Penn State) focuses on the 
monitoring of timeliness and correctness of the movement of entities through a supply chain. A 
class of data we call individualized trace data identifies the real-time status of individual entities 
as they move through execution processes, such as an individual product passing through a 
supply chain. A state-identity-time Framework represents individualized trace data at multiple 
levels of aggregation for different managerial purposes. Using this framework, we formally 
define two supply chain quality measures—timeliness and correctness—for the progress of 
entities through a supply chain. The timeliness and correctness metrics provide behavioral 
visibility that can help managers to grasp the dynamics of supply chain behavior that is distinct 
from asset visibility such as inventory. We develop special quality control methods using this 
framework to reduce overreaction of supply chain managers faced with large volumes of real-
time data (e.g. RFID or GPS data).  

Beth Beloff 

From my work in seeking collaboration between companies on qualifying the sustainability of 
supplies and suppliers in their joint supply chains, I have several positions to share. They are as 
follows:  
1.	 The purchasing decisions of companies and other kinds of organizations contribute 

significantly to the “sustainability” or the environmental footprint that they create; creating 
sustainable supply chains will push better decisions regarding sustainability through the 
whole value chain of commerce.  

2.	 Only through better information regarding sustainability aspects of products, processes and 
services in the supply chain can decision makers make better decisions.  

3.	 Requesting sustainability-related information and verification of that information regarding 
attributes of products and practices of suppliers is costly to both the supplier and the 
purchaser, particularly if each purchaser is asking a different set of questions. 

4.	 Getting reasonable lifecycle data about materials in products is both costly and time 
consuming. The methodologies are complex and expensive.  

5.	 There is no standardization or consensus regarding the definition of a sustainable product 
system, although there are numerous certifications that cover certain aspects of sustainability 
regarding products. 
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6.	 Working collaboratively with organizations with similar supply chains to 1) request 
information of suppliers, 2) verify that information, 3) share the information with others, and 
4) mentor suppliers as to how to improve will help improve the sustainability of the whole 
supply chain. 

Bert Bras 

The design of sustainable product networks and supply chains is a complex issue. It is very easy 
to focus on a particular subset of problems and lose sight of the larger picture needed to achieve 
sustainable development, (i.e., “development that meets the needs of the present generation 
without compromising the needs of future generations”).  

While performing this workshop, we should not ignore prior work and results from other 
workshops in the area. For example, in 2001, the National Science Foundation and Department 
of Energy sponsored a comprehensive global study on Environmentally Benign Manufacturing. 
The study found that there was no evidence that the environmental problems from our production 
systems are solvable by a “silver bullet” technology [1]. Rather, the need for systems-based 
solutions was noted, requiring a comprehensive systems approach in which, for example, the 
product’s design is performed in conjunction with its logistical and recycling systems, 
integrating key disciplines such as environmental science and policy, engineering, economics, 
and management. Several key elements are needed to move from our current “take-make-waste” 
production system to a sustainable system. Clearly, this raises the level of design complexity and 
a need exists for a framework for such a systems-based approach that is both efficient and 
effective in reducing environmental impact while maintaining or increasing a supply chain’s 
technical and financial performance.  

While many researchers are working to address important needs in sustainable manufacturing, 
the cumulative impact of the work is often limited by its fragmented nature, lack of a systems 
view, and lack of connectivity to industry. Critical elements needed to achieve a systems view 
and move to sustainability are life cycle and closed loop thinking, multi-scale/multi-level 
modeling and assessment, inclusion of geospatial locality, and understanding societal and user 
behavior. 

Closed loop thinking that includes material recycling, product and part remanufacture as part of 
an extended supply chain is gaining ground, but is still an exception rather than a rule. Especially 
remanufacture can result in significant material and energy savings, if done appropriately with 
proper warranties and pricing. 

More and more people are realizing that local conditions can affect supply chain performance 
enormously. For example, moving an entire facility or supplier from a region with coal-fired 
electricity generation to an area where hydropower is prevalent may offer more benefits than 
incremental process improvements.  

Emerging concerns around local water consumption and use also force rethinking of production 
and process locations and technologies. Whereas greenhouse gases are a global issue, water 
scarcity and quality is typically a local issue subject to a variety of local policies and regulations.  
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The importance of understanding consumer and human behavior is widely recognized in 
business and also gaining traction in engineering. For example, good truck driver behavior can 
improve fuel efficiency significantly—outperforming many bolt-on technologies. Similarly, any 
efficiency gains can be negated by rebound effects, if one is not careful.  

Last, but not least, we also should not ignore the importance of good basic engineering. 
Reducing material intensity, increasing energy efficiency, etc. are all based on good engineering 
practices. Nevertheless, just improving efficiency will not be enough. Resources should be 
channeled to innovation and adoption of potentially game-changing technologies and products. 
Proper up-front modeling and assessments are crucial in order to avoid unintended consequences 
from wide-spread adoption.  

1. Gutowski, T.G., C.F. Murphy, D.T. Allen, D.J. Bauer, B. Bras, T.S. Piwonka, P.S. Sheng, 
J.W. Sutherland, D.L. Thurston, and E.E. Wolff, Environmentally Benign Manufacturing, 
2001, International Technology Research Institute, World Technology (WTEC) Division: 
Baltimore, MD. (www.wtec.org/pdf/ebm.pdf)  

Maria K. Burka 

Sustainable product systems and supply chains cover areas of great interest to NSF. Numerous 
core programs fund research in various aspects that will be discussed at the workshop. In 
addition, there are many cross-cutting, NSF-wide programs that these topics would fit directly. 
Some examples include Cyber-enabled Discovery and Innovation (CDI), Software Infrastructure 
for Sustained Innovation (SI2), etc. These solicitations as well as core program descriptions can 
all be found at http://www.nsf.gov. 

Heriberto Cabezas 

Sustainability is widely associated with the statement from the World Commission on 
Environment and Development, 1987: “… development that meets the needs of the present 
without compromising the ability of future generations to meet their own needs…” Hence, 
sustainability is about the world supporting human society for the indefinite future. Because a 
major feature of human society is the production and use of goods and services using a supply 
chain, it is important for sustainability that these supply chains spanning the entire life cycle be 
as sustainable as possible. To do this in any practical way, however, one needs at least semi­
quantitative means of measuring progress towards or away from sustainability. There is, 
therefore, a need for scientifically sound indicators and metrics to at least provide quantitative 
measures of progress. Note, though, that there is a distinct difference between pollution 
prevention and sustainability. Pollution prevention is when the environmental impact is reduced 
along the supply chain for the activities of raw material acquisition and transportation, goods and 
services production, goods and services distribution, and goods disposal. Pollution prevention is 
based on indicators that may include indexes of environmental impact, energy efficiency, raw 
material to product ratios, etc., and these can greatly reduce environmental impacts when used 
judiciously. Sustainability, however, goes beyond reducing environmental impacts and considers 
whether the underlying processes in the ecosystem, energy flow and cycling system, the 
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economy, and society are functioning well and are being preserved. This requires a wider look, 
not so much at the components of the supply chain, but at the supply chain in its entirety. This 
requires the use of sustainability metrics, which may be based on footprint analysis (e.g., 
ecological foot print), energy systems analysis (e.g., emergy), thermodynamic analysis (e.g., 
exergy), economics (e.g., green accounting), and information theory (e.g., Fisher information); 
and it also requires criteria that relate these metrics to sustainability. These sustainability 
indicators and metrics are necessary for the design and retrofit for sustainability of supply chains 
spanning the product or service life cycle in its entirety.  

Vincent Camobreco 

As part of revisions to the National Renewable Fuel Standard program (commonly known as the 
RFS program) as mandated in the Energy Independence and Security Act of 2007 (EISA), EPA 
analyzed lifecycle greenhouse gas (GHG) emissions from increased renewable fuels use. EISA 
established eligibility requirements for renewable fuels, including the first U.S. mandatory 
lifecycle GHG reduction thresholds, which determine compliance with four renewable fuel 
categories. The regulatory purpose of EPA’s lifecycle GHG emissions analysis is therefore to 
determine whether renewable fuels produced under varying conditions meet the GHG thresholds 
for the different categories of renewable fuel. Determining compliance with the thresholds 
requires a comprehensive evaluation of renewable fuels, as well as of gasoline and diesel, on the 
basis of their lifecycle emissions.  

In order to calculate the lifecycle GHG emissions of various fuels, I led the team at EPA that 
utilized models that take into account energy and emissions inputs for fuel and feedstock 
production, distribution, and use, as well as economic models that predict changes in agricultural 
markets. In developing this analysis, the Agency employed a collaborative, transparent, and 
science-based approach. Through technical outreach, the peer review process, and the public 
comment period, EPA received and reviewed a significant amount of data, studies, and 
information on our proposed lifecycle analysis approach. We incorporated a number of new, 
updated, and peer-reviewed data sources in our final rulemaking analysis, including better 
satellite data for tracking land use changes and improved assessments of N2O impacts from 
agriculture.  

The lifecycle methodology that we developed for the RFS rulemaking analysis included the use 
of economic models to perform a consequential type of lifecycle analysis. This has implications 
for the design of sustainable product systems and supply chains. The lifecycle approach is itself a 
way to measure impacts across product systems and supply chains. Furthermore, the type of 
lifecycle analysis that was conducted as part of the RFS analysis for renewable fuels has 
implications on the type of information that could be included in examining other product 
systems or supply chains.  
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John B. Carberry 

Supply Chain Sustainability 

Moving a supply chain toward a more sustainable position requires analyzing that particular 
business versus the specific sustainability issues that are most impacted by that business. The 
sustainability of suppliers, customers, and one’s own manufacturing must be assessed and that 
must balance the environmental, societal, and business issues in combination. At least for 
chemical companies, the summary developed by the Center for Waste Reduction Technologies 
of the AIChE is an excellent list of “environmental issues” to start from. From that, an industry 
can develop a plan for more sustainable manufacturing of more sustainable products in a more 
sustainable business area. 

Andreas Ciroth 

Sustainability Assessment 

I have worked in sustainability research and consultancy since about 1998 on projects for 
industry, governments, organizations, consultancies, and universities. I am working in method 
development and implementation for LCA, social LCA, and Life Cycle Costing. I also work in 
software and data development and have been involved in several smaller and larger projects. I 
like to use advanced statistical and analytical methods “where fit,” and I especially like the 
statement, “vom Primitiven über das Komplizierte zum Einfachen” (from primitive, to complex, 
to simple) as guidance for developing anything. This statement is attributed, somewhat 
unfortunately, to both Wernher von Braun and Antoine de Saint Exupéry.  

I see the following needs for sustainability assessment and its application, and would like the 
workshop to discuss these, and ideally, decide on next steps:  
1.	 Finding the right scope for sustainability analyses: Carbon footprint/(environmental) 

LCA/social LCA/economic impacts over the life cycle, LCC—all provide some aspects of 
sustainability assessment. When applying one of these, there are different nuances and 
modeling decisions that usually influence both the scope of the analysis and the effort. One 
example is the impact categories addressed in an LCA (e.g., toxicity and land use or more the 
classic categories as GWP, AP, EP, etc.). There is not really guidance for this scoping today, 
besides a review panel that might question these modeling decisions by expert judgment. 
Consequently, many studies might investigate spots that are not really relevant for their own 
research/study interest and bypass others that would be required.  

2.	 Finding ways to deal with diverse information: This is linked to the statement above. One 
benefit of choosing a single score method is the simplicity of the result; so it might have been 
selected not because it fits the problem of interest but because the result is more easily 
understood. Sustainability is always a diverse issue; therefore, knowledge and tools on how 
to deal with diverse information—especially ways to aggregate/interpret/process information 
in results of analyses so that it can be understood by the addressees—are important. 
Currently, there are some approaches discussed, but rarely applied.  

3.	 Availability of transparent data and transparent tools: LCA often claims to be science-based, 
but many of the tools and data are not transparent. This is well accepted in practice, and yet 
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contradicts science and prevents a more in-depth quality assurance process. While there are 
sensitivity issues, of course, that need to be respected, there are currently few incentives to 
provide transparent data (and tools), which makes data and tools more often nontransparent 
than necessary. 

4.	 Interoperability of tools and data: Currently, many LCA tools work in isolation; exchange 
from one tool to another is not usually possible without information loss and (even if the loss 
is accepted) in an automated way. The LCA data exchange formats are interpreted somewhat 
differently by many tools, which always makes data exchange a surprising, non-routine 
effort. This needs to be changed. Tools should work together.  

5.	 Making better analyses and validating data and studies: The modeling and quality assurance 
process for LCA studies seems to be somewhat old-fashioned and simple. There are usually 
many processes to be connected in a study, but each process is modeled as a linear 
combination of inputs and outputs that is generated once and expert judgment is usually 
employed to evaluate its quality. Uncertainty information is usually not added or added with 
expert judgment only, although flows for processes are uncertain. There are more refined 
quality assurance tools available “outside” of the LCA domain that should be investigated. 
For the models, generic data are used for (usually) a large part of the data. Methods of 
collecting real data and integrating it into cases and studies should be investigated.  

6.	 Sustainability Life Cycle Assessment: These assessments should be made much more 
available for day-to-day decisions. Historically, LCA has been quite an academic and 
research field. LCA needs to be more available in the everyday life of businesses and 
consumers in a way that is “easy to consume and use.” I believe this includes my points 1–5, 
but adds communication and maybe other things, such as intrinsic incentives to use LCA 
information. 

Andres Clarens 

My research groups’ interests lie broadly in the areas of anthropogenic carbon flows, reuse, and 
sequestration. Specifically, we carry out work in: 1) high-pressure fluid-phase behavior of CO2 

mixtures and 2) carbon accounting of systems-level processes. These complementary areas are 
important as policymakers and engineers grapple with better ways to manage the emissions that 
are driving climate change. There is currently a great deal of uncertainty and lack of 
understanding of how and where carbon moves through the technosphere. Our work aims to try 
and fill some of these gaps, so we can make more meaningful progress on the climate change 
problem. In preparation for this workshop, I will focus my discussion on the second area, larger 
systems-level research, since it is the most closely related to supply chain modeling.  

Over the past several years, we have been exploring the large-scale systems-level environmental 
impacts of engineered processes. This work is of vital importance as government-mandated CO2 

emissions reporting rules are developed. Fundamental advances in the science of life cycle 
assessment are needed to provide the necessary tools in carbon accounting. To this end, we are 
developing a model for transportation departments, allowing them to incorporate CO2 emissions 
into pavement management decisionmaking. This project aims to go “beyond” the traditional life 
cycle assessment scope to try and embed the knowledge into the engineering design process. 
There is a good deal of overlap between this work and supply chain design. In particular, we are 
looking at the ways in which decisions about maintenance set off a cascade of processes from 
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contractors and state agencies to move huge amounts of material and create significant 
environmental burdens. This work has also highlighted some of the ways in which existing life- 
cycle methodologies, which are typically used to study manufacturing products or processes, are 
inadequate for modeling large-scale infrastructure projects with use phases on the order of many 
decades. 

Another project is using life cycle modeling techniques to characterize algae-based biofuels and 
assess how large-scale deployment of algae for bioenergy will impact the environment. This is a 
particularly challenging problem because there are few operating examples upon which to 
develop systems-level models, and yet the scale at which some would deploy the technology is 
quite large. The results of the algae work are being used to inform future research; our team is 
working to explore one promising area that would leverage synergies with wastewater treatment 
and carbon sequestration. This work has revealed how little is known about the ways that CO2 

would be sourced in the marketplace for use in sequestration or reuse projects. This is not a 
trivial problem, since the scale of CO2 that is used industrially today is considerably smaller than 
the amount of CO2 that is emitted in combustion gases and other waste streams. Many trained 
professionals believe that using flue gas from fossil plants is a trivial obstacle with few collateral 
impacts. The reality is likely to be quite different, and this work is trying to identify the tools that 
will be needed to make better management decisions. Understanding CO2 supply chains is likely 
to be an important topic of research in the short term until we can move toward more carbon-
neutral fuel sources. 

This workshop will be a valuable opportunity to learn about new analytical tools being applied 
by the supply chain community. The area of carbon management is nascent and could benefit 
from the lessons learned by the supply chain community. While some characteristics of carbon 
management (e.g., scale, stocks and flows, and volume) are likely to be unlike most others, the 
academic literature contains a number of examples of how to investigate co-products and their 
burden allocation. I expect this workshop will provide a useful venue to explore potential 
collaborations and to learn about the state-of-the-art in fields closely related to our own interests.  

Joseph Fiksel 

Supply Chain Resilience and Sustainability 

Leading global companies are expanding the scope of their sustainability initiatives to 
encompass the full product life cycle, ranging from the conduct of upstream suppliers to the 
disposition of obsolete products. For example, HP and Wal-Mart have implemented green 
purchasing policies to ensure that their suppliers adopt sustainable business practices. As 
multinational firms extend into emerging markets, globalization and outsourcing have only 
accentuated the importance of environmental and social responsibility in supply chain 
management. At the same time, supply chain disruptions such as natural disasters and 
contamination incidents have heightened concerns about business continuity and product 
integrity.  

Life cycle assessment (LCA) tools are increasingly used to support business decisions regarding 
new product introduction, supplier selection, capital investment, supply chain operations, and 
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product take-back processes. LCA methods can be challenging to apply, and may be 
inappropriate if adequate data are not readily available. However, life cycle thinking is essential 
for a modern enterprise to understand risks and opportunities throughout its supply chain. In 
some cases, the use of streamlined LCA or footprint indicators may be sufficient to support 
strategic priority-setting and decisionmaking. For example, Coca-Cola has adopted a water 
stewardship strategy based on a water efficiency ratio (i.e., liters of water per liter of product) 
that they estimated to be about 2.5 in 2007. The company’s ultimate goal is to achieve “water 
neutrality” by returning water to nature equivalent to what it uses in its operations. 

Recently, much attention has been focused on the “energy-water-nexus”— water is essential to 
the supply of energy and vice versa. In fact, the global water cycle is closely linked to the global 
carbon cycle, with vegetation playing a vital role through photosynthesis. Extension of this 
integrative thinking suggests the “material-energy-water nexus”—materials are essential to the 
supply of both energy and water, and vice versa. In fact, the root cause of the enormous carbon 
footprint of the U.S.—over 7 billion metrics tons per year—is material throughput, which drives 
the consumption of energy throughout the economy. 

Current efforts at supply chain sustainability improvement are focused on incremental efficiency 
gains, such as shorter transport distances and pooled urban distribution via common carriers. 
However, the real sustainability challenge is to reduce the growth of material requirements—to 
decouple economic wellbeing from resource consumption. What is needed is a paradigm shift 
from a material-based economy based on throughput, product delivery, and material wealth; to a 
value-based economy based on knowledge, service delivery, and quality of life.  

Finally, the journey to sustainability must be accomplished in an increasingly complex and 
unpredictable business environment. Technological innovation, resource scarcity, regulatory 
pressures, and climate change—as well as political and economic volatility—are creating new 
challenges for global supply chain management. In order to remain competitive, enterprises are 
beginning to emphasize resilience—the capacity to survive, adapt, and flourish in the face of 
turbulent change. For example, Dow Chemical is working with Ohio State to measure and 
improve supply chain resilience in its worldwide businesses.  

Resilience is sustainability in real-time. Put another way, resilience in the current environment is 
a prerequisite for achieving long-term sustainability. Human societies can learn from the 
resilience characteristics of living systems—a balance between autonomy and control, and a 
keen ability to sense and respond to threats. It is important for government, industry, and 
communities to work together in order to ensure both the sustainability and resilience of the 
natural resources, economic assets, and infrastructure that represent the foundation of future 
economic prosperity. 

William P. Flanagan 

William Flanagan leads GE’s Ecoassessment Center of Excellence (COE) and works closely 
with GE Corporate Environmental Programs, GE Ecomagination, and many of the GE business 
units on a variety of product-focused environmental issues and strategies. The ecoassessment 
COE focuses primarily on life cycle assessment and carbon footprinting and is also working to 
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implement life cycle management approaches to guide internal product development teams. We 
are participating in this workshop specifically to share ideas and learn more about what others 
are doing in this space. We hope to come away from this workshop with fresh new insights that 
can potentially be reflected in our ongoing program development.  

Our experience driving sustainability-related projects within a business context has led to insight 
around five enabling principles that we feel are important to consider when formulating product 
ecodesign strategies: 
(1) Be strategic and selective. Application of LCA, and more specifically the collection of 

inventory data to support LCA or supply chain initiatives, can be resource intensive. While 
LCA is a very powerful tool that can provide deep and valuable insight, it must be applied 
strategically and selectively to ensure maximum benefit.  

(2) Leverage qualitative screening approaches. Insights can be gained by applying qualitative 
approaches early in product development. The reduced time, effort, and expertise required 
for qualitative screening approaches offers the potential for cost-effective application to a 
wider spectrum of product development activities. Screening approaches should serve as a 
funnel to identify those opportunities requiring further analysis using more sophisticated 
quantitative approaches, such as structured DfE methodologies or detailed LCA.  

(3) Focus on value creation. For any initiative to thrive within industry, it must create value. 
There are many opportunities to create value from sustainability-based initiatives, 
particularly those focused on energy and resource efficiency.  

(4) Be flexible and customize programs for relevance to individual business context.  
(5) Leverage the power of innovation. Great ideas can come from anywhere within a company. 

Invite active engagement, particularly in customization of tools and approaches.  

Mark Goedkoop  

Towards an LCA 2.0: Our Rethinking of the Position of LCA as an Important Basis for Decision 
Support 

Motivation 
After being one of the key companies in the LCA scene for more than 20 years, with 
achievements in developing and marketing the most widely used LCA software; developing 
leading methodologies such as Eco-indicator and ReCiPe; and serving as an active contributor in 
many organizations, promoting transparency and open access to data and methods; we realized 
the LCA world is rapidly changing as companies are starting to understand sustainable products 
have become a competitive advantage. Sustainable products are an important growth- and value-
driver. 

Method 

We gathered information from clients and opinion leaders, studied several trend reports, and 
analyzed articles (e.g., Harvard Business Magazine and the SLOAN/MIT publications). We 
engaged in the development and road-testing of the WBCSD/WRI GHG protocol and in the 
Sustainability Consortium as a Tier1 member. We also experimented with changing the way we 
make offers to gauge responses from clients.  
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Results (What we see happening in the market)  

LCA has always been done in an ad hoc mode and a key focus was writing the report. Such ad 
hoc studies have the reputation of being expensive, and this is not completely untrue. Ad hoc 
studies are relatively inefficient to conduct, and by the time the results are in, the issue may 
already have lost its priority. 

Many companies are now changing this, and are developing internal competence centers that can 
take a much more structural and efficient approach. The internal competence center works with 
one database that gradually grows to cover all major activities in which the company is engaged. 
This internal knowledge base makes it much more efficient and effective to answer questions, 
screen issues, and set priorities. The shift is from report-writing to actively engaging in design 
and management decisions.  

Relevance of These Results 

The new trend has major implications for the actors in the LCA community. LCA moves from 
fringe activity in a niche market to a strategic tool for companies that want to use sustainability 
as a growth-driver, and a value-creator. 

Implications 

This means:  
•	 Education on a massive scale is needed to train the people in the competence centers.  
•	 New tools are needed to support such decisionmaking.  
•	 Instead of focusing on reports, EPDs, and green marketing; LCA practitioners need to get 

engaged in the way companies want to create a decision support system in design processes 
and management decision support.  

•	 Data and methodologies need further standardization and transparency. It is unthinkable that 
in the long run, companies and clients or consumers will put trust in privately held, 
confidential data.  

Ignacio E. Grossmann 

Optimal Design of Sustainable Chemical Processes and Supply Chains 

My general research interests lie in the application of mathematical programming to the design 
and operation of chemical plants and process supply chains. More specifically, my research 
interests are in process synthesis, energy and water integration, process flexibility, design under 
uncertainty, planning and scheduling of batch and continuous processes, supply chain 
optimization, and algorithms for mixed-integer and logic-based optimization. Within these areas 
we have worked on a number of problems related to the optimal design of sustainable chemical 
processes and supply chains. 
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We have developed in our group a number of mathematical optimization models for heat 
integration that include the linear programming transshipment model for predicting the minimum 
energy consumption and/or cost for a set of hot and cold streams (Papoulias and Grossmann, 
1983), and a mixed-integer nonlinear programming model for automatically synthesizing 
network structures in which energy consumption, number of units, and area cost are 
simultaneously optimized (Yee and Grossmann, 1990). In addition, we have developed a 
nonlinear programming model for simultaneous optimization and heat integration (Duran and 
Grossmann, 1986) that has the interesting effect of reducing the consumption of feedstock 
through efficient energy integration. We have also addressed the synthesis of integrated process 
water networks for minimizing the consumption of freshwater. The optimization problem 
involves bilinearities that give rise to multiple local solutions (Galan and Grossmann, 1998). We 
have developed a spatial branch and method to rigorously obtain the global optimum in these 
networks (Karuppiah and Grossmann (2006). We have recently extended this work to more 
general superstructures (Ahmetovic and Grossmann, 2011).  

We have also directed our efforts toward the energy and water optimization of biofuel plants; for 
example, the design of corn based ethanol plants (Karuppiah, Peschel, Martín, Grossmann, 
Martinson, and Zullo, 2008) in which the steam consumption was reduced by 66 percent through 
the use of multi-effect distillation columns. In a subsequent series of papers we addressed the 
design of second generation biofuels plants using a superstructure optimization approach to 
optimize energy use in these processes (e.g., bioethanol plants from switchgrass via gasification 
and hydrolysis [Grossmann and Martin, 2011]). We have also addressed the minimization of 
freshwater consumption in some of these plants. For corn based ethanol plants we showed that a 
consumption as low as 1.5 gallons of freshwater per gallon of ethanol can be achieved 
(Ahmetovic, Martin, and Grossmann, 2010).  

We have also considered environmental issues in design and operation of process systems and 
supply chains through a multi-objective optimization framework. For instance, in Grossmann, 
Drabbant, and Jain (1982) we incorporated toxicology measures to be minimized versus the 
maximization of net present value in the design of chemical complexes. More recently we 
addressed the bi-criterion optimal design and planning of sustainable chemical supply chains 
under uncertainty (Guillen-Gonzalez and Grossmann, 2009) in which uncertainties in the 
emissions of the Eco-indicator-99 are considered. We have also addressed the problem when 
there are uncertainties in the damage assessment model (Guillen-Gonzalez and Grossmann, 
2010). Finally, we also performed research on an interesting case study related to a hydrogen 
supply chain in the UK where reforming, biomass and coal gasification technologies were 
considered (Guillen-Gonzalez, Mele, and Grossmann, 2010).  

Bruce Hamilton  

NSF has established a major new cross-NSF investment area, Science, Engineering, and 
Education for Sustainability (SEES). SEES is offering a number of new funding opportunities 
that are very relevant to the topic of this workshop. The workshop itself provides an opportunity 
for teams to nucleate and go on to submit winning proposals for SEES funding. For example, one 
such opportunity is the RCN-SEES track of the already posted RCN solicitation. RCN stands for 
Research Coordination Networks. RCN grants support research coordination, not research itself, 
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and they provide funding for new interdisciplinary research networks to assemble. RCN-SEES 
grants can be for up to $750K, with a duration of 4–5 years. New RCN-SEES grants I am 
managing that are relevant to this workshop are one on biofuels sustainability and another on 
sustainable manufacturing.  

Workshop participants should not let this funding opportunity pass them by. The next deadline 
for RCN-SEES track proposals is February 3, 2012. The solicitation is posted at 
http://www.nsf.gov/pubs/2011/nsf11531/nsf11531.htm. Another major new SEES solicitation is 
being posted that supports sustainability network research, not just research coordination— the 
Sustainability Research Networks (SRN) solicitation. SRN awards can be for up to $12 million 
for up to 5 years. Additionally, another SEES solicitation that is being posted is the Sustainable 
Energy Pathways (SEP) solicitation, with research grants for up to $3 million over 3 years. For 
international research, the PIRE solicitation, focused entirely on SEES, is already posted at 
http://www.nsf.gov/pubs/2011/nsf11564/nsf11564.htm, with a deadline of October 19, 2011, and 
so is the G8 Dear Colleague Letter on material efficiency, with a deadline of September 30, 2011 
(see http://www.nsf.gov/pubs/2011/nsf11068/nsf11068.jsp). Also being posted is the SEES 
Fellows solicitation for support of post-docs in the sustainability area. These are all wonderful 
and immediate funding opportunities of relevance to this workshop.  

Troy R. Hawkins  

This workshop has grown out of efforts underway within the Sustainable Technology Division of 
the National Risk Management Research Laboratory on the design of sustainable supply chains 
for biofuels and consumer products. One approach to this problem is to focus on a particular 
supply chain or perhaps a particular process within a supply chain over which one has control 
and to modify aspects of the process or processes to improve the environmental profile. It soon 
becomes clear, however, that although each actor’s sphere of control within a supply chain may 
be small, the ultimate goal is to optimize the environmental performance across the supply 
chains providing inputs to the final product as well as the remainder of the product life cycle. 
This is the reason “product systems” was included in the workshop title. To a great extent, the 
workshop participants also reflect two primary areas: focused design and broader systems 
analysis. Both of these skills are required for the design of sustainable product systems and 
supply chains. The challenge from the focused design perspective is that while optimization may 
only be tenable for a narrow system boundary, this approach risks missing effects occurring 
outside the boundary. The challenge from the perspective of a broader systems analysis is that 
moving between detailed, high resolution processes and their interactions with the global system 
requires so much information that models generally address a simplified representation of reality 
arrived at through crude assumptions.  

Through my involvement in planning this workshop, I have had the opportunity to interact with 
an incredible group of individuals involved in the Organizing and Advisory Committees. The 
final format of the workshop is stronger for each of their contributions. If you were to ask each 
of these individuals what goals and key outcomes of the workshop are, you might think we were 
planning 14 distinct workshops. Yet, there are many common points and in the end I hope the 
workshop does some small justice to this diversity of perspectives. In the end, I believe we have 
managed to bring together experts on different aspects of this topic from academia, government, 

Workshop on the Design of Sustainable Product Systems and Supply Chains, September 12-13, 2011 
Final Report, February 29, 2012 A-39 



   

 

 

  

 

 

 

 

and industry in a forum where they can discuss the current state of research and practice in this 
area, explore opportunities for cross-fertilization of research efforts across disciplines, and 
prioritize and make recommendations regarding research directions. For the most part, the 
workshop participants approach this topic from an engineering perspective, some coming out of 
chemical engineering and others from a broader systems analysis or decision-support 
perspective. While most participants are from the U.S., the final group represents a range of 
geography with Europe being the second best represented region.  

In moving the design of sustainable product systems and supply chains forward as a research 
area, there are a few practical challenges I see that need to be overcome. None of these are 
insurmountable. However, addressing them may require shifts in our approach. 

The first challenge is to focus on collaboration and coordination rather than competition. There is 
a lot of work to be done; the limitations are resources and time. Research support should be 
designed to promote openness and sharing of information and to push back against individuals’ 
tendencies to restrict access to their work in order to maintain competitive advantage. 
Comprehensive environmental systems analysis requires a large amount of data and highly 
complex models. Performing analysis across levels of resolution makes it necessary to link 
models together. This requires harmonization, where appropriate, and coordination across 
research efforts. This, however, should be done without compromising the healthy competition 
needed to allow for creative destruction and replacement of models and creative freedom in 
research efforts.  

The second challenge is the need to agree on everything before we move forward on anything. 
One example of this is the amount of attention that has been placed on how to define or frame 
sustainability. The ideological or philosophical goals of sustainability are more or less 
understood. The problem is operationalizing these goals in the face of considerable data gaps, 
model/system complexity, and drivers working against dramatic changes in existing systems of 
production and consumption. Another example is the ongoing efforts to agree on a single method 
for calculation of metrics or impacts. This exercise is useful for research coordination and 
facilitating information transfer across efforts, but it should not delay progress on the 
development of the new methods needed. A better approach would be to demonstrate best 
practice through carrying out high-quality analyses that can be used as examples for the next 
generation of work. 

A third challenge is the large amount of data required for comprehensive environmental systems 
analysis. This presents a particular challenge for research efforts because these data are costly 
and time consuming to develop and, yet, there is not a lot of research credit to be gained solely 
through data collection. My experience lies primarily in the area of life cycle assessment (LCA). 
There are many unexploited opportunities for application of LCA and we have many of the 
pieces needed for sustainable product systems and supply chain design in terms of models. The 
problem is the lack of data—and especially high-quality datasets—that can be applied in a 
consistent way across different models. One way to move forward in this area is to require 
disclosure of datasets together with publication of results in such a way that they can be easily 
integrated into consecutive modeling efforts by others.  
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A fourth challenge is that the network tying together modeling efforts relevant to the design of 
sustainable product systems and supply chains is not sufficiently interconnected or efficient. 
Only a small group of experts often know how to run the appropriately complex models of 
economic and environmental systems. These individuals may be connected with their 
counterparts working with other models, but few have an overview from the perspective of the 
complete system. One option would be to develop user-friendly interfaces, but this is difficult 
work that is currently not well rewarded. User interfaces must allow access to the richness of the 
model while providing appropriate feedback and access to underlying information to prevent 
misuse or misinterpretation of results. This challenge could be addressed by designing research 
support that promotes interaction across levels of detail and recognizes the contribution of 
interfaces that simplify access to complex models and streamline interaction between models.  

There are three key outcomes I hope to see from this workshop:  
(1) A strong report detailing research needs and priorities and proposing some paths for 

accomplishing these things.  
(2) Continued interaction between the attendees and the development and growth of a network 

around the design of sustainable product systems and supply chains.  
(3) The development of proposals leading to funded, well coordinated, and collaborative projects 

focused on the design of sustainable product systems and supply chains.  

My intention is that the report from this workshop will be picked up and used to influence 
decision-making regarding research supported by government, industry, and non-governmental 
organizations. I also hope that the opportunities provided by existing approaches and their use in 
combination will be picked up by those involved in the practicalities of product system and 
supply chain decision-making and used to shift the paradigms of their organizations. The 
National Science Foundation is already committed to funding projects in this area and this 
workshop will serve as a starting point for discussions leading to research coordination and 
collaboration projects addressing the design of sustainable product systems and supply chains. 
Finally, this workshop contributes to building the connections between individuals involved in 
different aspects of this problem who are required to move forward on appropriate complex 
efforts addressing this problem with a solid grounding in social and economic realities.  

Michael R. Hilliard 

Three recent research efforts provide a view into my interests in sustainable supply chains. The 
intersection of the three efforts is in the production of biofuels, particularly the potential for 
developing a sustainable cellulosic ethanol supply. The corn-based ethanol industry has been 
able to leverage the existing corn processing infrastructure, but the cellulosic industry will 
require almost all new infrastructures. I am particularly interested in the question of what type of 
system will evolve when viewed from a macro level. Will biomass production be focused in a 
few high density locations (a “biomass belt”) or will biomass be grown in smaller quantities 
spread across a wider collection of locations using marginal lands? Will pre-processing facilities 
become economical, producing a more transportable biomass format? What will be the preferred 
size for refineries, balancing economies of scale with costs of transportation and distribution? 
How will our demand for biofuels be distributed relative to population—uniformly or clustered? 
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We began studying these questions by developing a supply chain model focusing on the 
economics of the infrastructure and the linkages between the actors in the supply chain. We 
developed a prototype optimization model, the Biofuel Infrastructure, Logistics and 
Transportation (BILT) model capable of simultaneously specifying infrastructure for the entire 
supply chain, including selection of biomass, transport, location, and capacity for preprocessing 
and refinery facilities and distribution. The supply chain is modeled through a mixed integer 
linear program, a technique ideally suited for problems with multiple complex and contradictory 
objectives and constraints including the economic collaboration between entities. The MILP 
approach can be effectively parallelized for high performance computing, allowing the global 
optimization model to solve difficult problems and scale up for nationwide analyses. We are 
working to provide a limited version of the BILT on-line while the full model is being integrated 
into a national economic model of biofuel sustainability.  

In an initial effort to consider the interplay of environmental effects and economic demands, we 
developed a model for locating plantings of switchgrass in a watershed. Using an environmental 
model to estimate the local and downstream effects of plantings in various types of soil in 
various locations, I developed an optimization approach to maximize profit and water quality 
measures (potassium, nitrogen, and sediment) while limiting the conversion of agricultural land 
to switchgrass. The model is called the Biomass Location for Optimal Sustainability Model 
(BLOSM). We were able to demonstrate a win-win situation where plantings increased profits 
and improved water quality. BLOSM also allows us to estimate the cost of water quality as the 
loss in profit with increased targets for water quality.  

Currently, I am participating in the development of a set of socio-economic sustainability 
indicators for the biofuel supply chain. This is an attempt to identify quantifiable values that 
could capture the social and economic impacts of a developing biofuel supply chain from 
biomass production and logistics to refinery operations and distribution. The challenge is to 
identify a limited set of indicators that have a viable source for data. The results will become a 
partner study to an effort published earlier this year on environmental indicators for biofuel 
supply chain sustainability. 

Yinlun Huang 

Engineering sustainability is a science of applying the principles of engineering and design in a 
manner that fosters positive economic and social development while minimizing environmental 
impact. The mission can be largely accomplished through designing new systems and/or 
retrofitting existing systems of various length/time scales that meet sustainability goals. Among 
these, design sustainability of product systems and supply chains is of upmost importance, but it 
faces tremendous challenges, mainly due to the complexity in multiscale design and the 
existence of uncertainties contained in the accessible data and information. At Wayne State 
University, the Huang research group has been developing multiscale systems modeling, 
analysis, and decision-making methodologies and tools for the design of sustainable physical 
systems, such as nanomaterials at the microscale, products with needed properties at the 
mesoscale, and process systems as well as large-scale industrial system (e.g., industrial zones) at 
the macroscale. At the supply chain design level, our group has extended an ecological input-
output analysis (EIOA) modeling approach through separating the system output into 
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functionally different groups so that sustainability assessment can be more meaningfully 
conducted and design modification opportunities can be relatively easily identified. The 
methodology can be used to systematically characterize material and energy flows among 
industrial systems of any complexity.  

In addition, our group has introduced the Collaborative Profitable Pollution Prevention (CP3) 
design methodology, which can advise synergistic efforts among industrial entities to maximize 
economic gains while minimizing industrial pollutions. The collaboration can be at either the 
management or the technical levels. It is recognized that one of the most challenging issues in 
sustainability research is how to deal with uncertainties. This is especially true when future 
sustainability performance needs to be predicted and/or a short-to-long-term sustainable 
development plan is to be developed. The Huang group has classified the sustainability-related 
uncertainties into two categories (i.e., aleatory and epistemic uncertainties), analyzed the 
applicability of three types of approaches to handling severe uncertainty (i.e., the information 
gap approach, the probability bounds analysis approach, and the fuzzy logic approach), and 
developed a general guideline for handling uncertainties in modeling, analysis, and decision 
making. A fuzzy-logic-based decision-making methodology has been introduced to develop 
short-to-long-term sustainability improvement strategies for industrial zonal development 
problems. Recently funded by the NSF, Huang is leading a team of 21 domestic and foreign 
universities and 10 national organizations/university centers to initiate a 5-year project, RCN­
SEES: Sustainable Manufacturing Advances in Research and Technology (SMART) 
Coordination Network. In this project, design of sustainable product systems and supply chains 
are among the focused areas for research coordination. The experiences and connections to be 
gained through attending this workshop should help greatly the implementation of the RCN­
SEES project and others. 

Marianthi Ierapetritou 

Integration of Decision Making Stages for Sustainable Supply Chain Management 

Modern process industries operate as a large integrated complex that involve multiproduct, 
multipurpose, and multisite production facilities serving a global market. The process industries’ 
supply chain is composed of production facilities and distribution centers, where final products 
are transported to satisfy the customer demand. The multisite plants produce a number of 
products driven by market demand under operating conditions such as sequence-dependent 
switchovers and resource constraints. Each plant within the enterprise may have different 
production capacity and costs, different product recipes, and different transportation costs, 
according to the location of the plants. To maintain economic competitiveness in a global 
market, interdependences between the different plants, including intermediate products and 
shared resources, need to be taken into consideration when making planning decisions. 
Furthermore, the planning model should consider not only individual production facilities 
constraints, but also transportation constraints. In addition to minimizing the production cost, it is 
important to minimize the costs of transportation from production facilities to the distribution 
centers. 
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Thus, simultaneous planning of all activities from production to distribution stage is important in 
a multisite process industry supply chain [1]. To achieve enterprise-wide optimization (EWO) in 
spatially distributed production facilities and distribution centers, interactions between different 
complexes should be taken into consideration and their optimization should be tackled 
simultaneously. In recent years, multisite production and distribution planning problems have 
received a good deal of attention in the literature [2-4].  

The planning problem covers a time horizon of a few months to a year and is concerned with 
decisions such as production, inventory, and distribution; whereas the scheduling problem deals 
with issues such as assignment of tasks to units and sequencing of tasks in each unit that covers a 
time horizon of a few days to a few weeks. Since there is a significant overlap between different 
decisions levels, it is necessary to integrate planning and scheduling problems to achieve global 
optimal solutions for the entire supply chain [5]. For multisite facilities, the size and level of 
interdependences between these sites present unique challenges to the integrated tactical 
production planning and day-to-day scheduling problem. These challenges are highlighted by 
Kallrath, 2002 [6]. 

In this work, we focus on the integration of planning (medium-term) and scheduling (short-term) 
problems for the multiproduct plants that are located in different sites and supply different 
markets. In recent years, the area of integrated planning and scheduling for single sites has 
received much attention [7-9]. Although most companies operate in a multisite production 
manner, very limited attention has been paid to integrating planning and scheduling decisions for 
multisite facilities.  

We first propose an integrated planning and scheduling model for multisite production and 
distribution facilities that takes into consideration shared resources and intermediates between 
production facilities, transportation time between production facilities, between production site 
and distribution center, and in some rare cases, between distribution centers. To account for the 
situations when—due to production capacity limitations or raw material availability 
limitations—industry cannot satisfy the demand; we consider the option of hiring external 
contractors. The full-scale integrated planning and scheduling optimization model spans the 
entire planning horizon of interest and includes decisions regarding all production sites, 
distribution centers, and transportation between them. Since the production planning and 
scheduling levels deal with different time scales, the major challenge for the integration using 
mathematical programming methods lies in addressing large-scale optimization models. When a 
typical planning horizon is considered, the integrated problem becomes intractable and a 
mathematical decomposition solution approach is necessary. To effectively deal with complexity 
issues of the integrated problem, the block angular structure of the constraints matrix is exploited 
by relaxing the inventory constraints between adjoining time periods using the augmented 
lagrangian decomposition method. To resolve the issues of non-separable cross-product terms in 
the augmented lagrangian function, we apply the diagonal approximation method. This 
decomposition then results in separable planning and scheduling problems for each planning 
period and for each production site. To illustrate the effectiveness of the proposed model and 
decomposition approach, we apply them to different sizes case studies.  
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Although the work discussed in the previous paragraphs focuses on the integration of planning 
and scheduling (tactical and operational level in supply chain management [SCM]), the next step 
is to move up the SCM hierarchy and incorporate strategic-level decisions, including network 
optimization (including the number, location, and size of warehousing, distribution centers, and 
facilities). With this work we hope to convey the role of the integration and the importance of 
simultaneous consideration of different decisionmaking levels in SCM.  
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Wesley Ingwersen 

My primary interest is in improving methods to measure product environmental sustainability, 
which I approach with a systems perspective, and typically with a life cycle assessment 
framework. Through our sustainable supply chain research programs in biofuels and consumer 
products in the Sustainable Technology Division at EPA, we are approaching supply chains both 
from the national scale (for fuels) and at specific corporate supply chains (for consumer 
products). Within the supply chains we are looking into specific agricultural and manufacturing 
processes and beginning to understand how to design in changes that result in full life cycle 
improvements. Relying on single indicators of environmental performance can be misleading in 
terms of sustainability. Therefore, we are working on selecting indicators and applying more 
complex system-level metrics (e.g., emergy) to measure sustainability of individual processes as 

Workshop on the Design of Sustainable Product Systems and Supply Chains, September 12-13, 2011 
Final Report, February 29, 2012 A-45 



   

 

 

 
 

 

 

 

 

 

  

 

well as complete product systems. Supply chain sustainability assessment at all scales requires 
new ways to measure, exchange, and process large amounts of data and also requires working 
with teams with experts on various processes with a high-level of coordination. We are in the 
process within our group of building our capacity to perform these assessments. At the same 
time, we are trying to create a model for sharing life cycle data and models—using standardized, 
transparent, and non-proprietary models to the extent possible—that can feed into the work of 
others in this growing field. 

While we are attempting to advance the science of supply chain assessment, it is also practically 
important to set standards for ways that manufacturers can make environmental product claims 
in the meantime so that fair comparisons can be made that will allow market mechanisms to 
work to favor more sustainable supply chains. For this reason, I am engaged in efforts to 
standardize rules for life cycle-based product claims, with the aim of making claims more 
rigorous and to prevent “greenwashing.” 

Olivier Jolliet 

Having been involved in the development of Life Cycle approaches and methods during the last 
two decades, here are a few lessons learned related to our research experience on life cycle and 
supply chain management: 
•	 KICS (Keep It Cleverly Simple) is my preferred approach to understanding complex 

systems, such as sustainable supply chains, identifying the key technological, environmental 
and economic processes and focusing analyses on these.  

•	 We presently see several signs of maturity in Systems and Life Cycle Research applied to 
products. For example, the field of life cycle toxicity assessment is fully part of a 
collaborative effort in which scientists from multimedia modeling, risk assessment, indoor air 
pollution, and LCA have, for example, commonly defined the concept of intake fraction 
(Bennet et al., 2002). In addition, life cycle and supply chain approaches are published in the 
best environmental journals, such as Environmental Science and Technology; furthermore, 
journals such as International Journal of LCA or Journal of Industrial Ecology now have 
relatively high impact factors in science citation indices.  

•	 In this sense, methods and databases such as those recommended by the EU for impact 
assessment are operational and can now be applied.  

•	 There is still a lot to be achieved by bringing specialists and system researchers closer 
together. An area of special need is the understanding of sustainable consumption (i.e., 
linking consumption, production and its supply chain, emissions, and population impacted in 
a consistent framework). One of our contributions is to demonstrate, for example, that around 
one fourth of the impacts of particulate matter in Asia are due to OECD consumption of 
products outside of the region (mostly North America and Europe).  

•	 Taking only cost-effective actions to reduce environmental impacts will not lead, in and of 
itself, to sustainable consumption. Money saved by the consumer with, for example, energy 
savings, may and will be reinvested in other activities, such as flying, which may be even 
more environmentally damaging than the initial activity.  

•	 Therefore, policies for sustainable supply chain and consumption should be complemented 
by public and corporate sustainable consumption strategies that provide incentives to a) carry 
out all cost-effective actions to mitigate environmental impacts and promote social well-
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being, and b) reinvest the saved money “for sustainability,” (i.e., in efficient measures that 
are not individually cost effective but are close to). In the aggregate, overall costs will be 
similar to the initial situation, but with far better environmental or social performances.  

Selected publications 

Rosenbaum R.K., Huijbregts M, Henderson A, Margni M, McKone T.E., van de Meent D, 
Hauschild MZ, Shaked S., Li D.S, Slone T.H, Gold L.S, Jolliet O, 2011. USEtox human 
exposure and toxicity factors for comparative assessment of toxic emissions in Life Cycle 
Analysis: Sensitivity to key chemical properties. Int J Life Cycle Assess, 16 (8) 710-727. 

Humbert S, Marshall JD, Shaked S, Spadaro J, Nishioka Y, Preiss Ph, McKone TE, Horvath A 
and Jolliet O, 2011. Intake fractions for particulate matter: Recommendations for life 
cycle assessment. Environmental Science and Technology, 45 (11) 4808-4816.  

Kaenzig J, Friot D, Saade M, Margni M and Jolliet O, 2011. Using life cycle approaches to 
enhance the value of corporate environmental disclosures, 2011. Business Strategy and 
the Environment, 20 (1), pp. 38-54.  

Wenger Y, Schneider R.J., Reddy R, Kopelman R, Jolliet O and Philbert M.A, 2011. Tissue 
Distribution and Pharmacokinetics of Stable Polyacrylamide Nanoparticles Following 
Intravenous Injection in the Rat. Toxicology and Applied Pharmacology, 251 (3) 181­
190. 

Hong J, Shaked S, Rosenbaum R and Jolliet O, 2010. Analytical Uncertainty Propagation in Life 
Cycle Inventory and Impact Assessment: Application to an Automobile Front Panel. Int J 
of LCA, 15(5) 499-510. 

Milbrath M O, Wenger Y, Chang C-W, Emond C, Garabrant D, Gillespie BW and Jolliet O. 
2009. Apparent half-lives of dioxins, furans, and PCBs as a function of age, body fat, 
smoking status, and breastfeeding. EHP 117 (3) 417–425  

Schwab S, Castella P, Blanc I, Gomez M, Ecabert B, Wakeman M, Manson JA, Emery D, Hong 
J, Jolliet O, 2009. Integrating life cycle costs and environmental impacts of composite rail 
car-bodies for a Korean train. Int J LCA, 14 (5), 429 – 442  

Rosenbaum R, Bachmann T, Huijbregts M, Jolliet O, Juraske R, Köhler A, Larsen H, MacLeod 
M, Margni M, McKone T, Payet J, Schuhmacher M, van de Meent D and Hauschild M, 
2008. USEtox—The UNEP-SETAC toxicity model: recommended characterisation 
factors for human toxicity and freshwater ecotoxicity in Life Cycle Impact Assessment. 
Int J LCA, 13 (7) 532-546. 

Hauschild M, Huijbregts M, Jolliet O, Margni M, MacLeod M, van de Meent D, Rosenbaum R 
and McKone T, 2008. Building a model based on scientific consensus for Life Cycle 
Impact: Assessment of Chemicals: the Search for Harmony and Parsimony. 
Environmental Science &Technology, 42(19), 7032-7036.  

Scharnhorst W, Ludwig C, Wochele J, Jolliet O, 2007. Heavy metal partitioning from electronic 
scrap during thermal End-of-Life treatment. Science of the Total Environment, 373 (2-3), 
pp. 576-584. 

Humbert S, Margni M, Charles R, Torres Salazar O.M, Quirós A.L and JollietO, 2007. Toxicity 
Assessment of the most used Pesticides in Costa Rica. Agriculture, Environment and 
Ecosystems, 118 (2007) 183–190.  

Workshop on the Design of Sustainable Product Systems and Supply Chains, September 12-13, 2011 
Final Report, February 29, 2012 A-47 



   

 

 
 

 

 

 

 
 
 

 

Pennington D.W, Margni M, Payet J, and Jolliet O, 2006. Risk and Regulatory Hazard-Based 
Toxicological Effect Indicators in Life Cycle Assessment (LCA). Human and Ecological 
Risk Assessment, Vol. 12, No. 3. pp. 450-475.  

Suh S, Lenzen M, Treloar G, Hondo H, Horvath A, Huppes G, Jolliet O, Klann U, Krewitt W, 
Moriguchi Y, Munksgaard J and Norris G, 2004. System Boundary Selection in Life 
Cycle Inventories Using Hybrid Approaches. Environmental Science & Technology, vol. 
38 (3), 657-664. 

Pennington D.W, Margni M, Amman C and Jolliet O, 2005. Multimedia Fate and Human Intake 
Modeling: Spatial versus Non-Spatial Insights for Chemical Emissions in Western 
Europe. Environmental Science & Technology, 39, (4), 1119-1128.  

Margni M, Pennington D.W, Amman C and Jolliet O, 2004. Evaluating 
multimedia/multipathway model Intake fraction estimates using POP emission and 
monitoring data. Environmental Pollution, vol. 128, (1-2), 263-277.  

Jolliet O, Mueller-Wenk R, et al., 2004. The Life Cycle Impact Assessment framework of the 
UNEP-SETAC Life Cycle Initiative. International Journal of LCA, Int J LCA 9 (6), 394­
404. 

Bennett D, McKone T, Evans J, Nazaroff W, Margni M, Jolliet O And Smith K.R, 2002. 
Defining Intake Fraction. Environmental Science & Technology, May 1 36 (9), 207A­
211A. 

Vikas Khanna 

Designing sustainable products and processes requires joint consideration of economic, 
environmental and social aspects that span multiple spatial and temporal scales. Proper 
understanding of the complex interactions at multiple scales is crucial for designing sustainable 
product supply chains. With greater appreciation of environmental challenges, methods that take 
a holistic life cycle view have been developed and utilized for evaluating the life cycle 
environmental impacts of products of processes. Some examples include life cycle assessment, 
material flow analysis, and thermodynamic-based methods for sustainable engineering. While 
life cycle approaches represent an important step in the context of sustainable process design, 
their utility is limited for engineering decision-making due to several formidable challenges. 
These include the selection of arbitrary process boundaries, the static nature of most existing 
methods, and combining data at multiple scales and in disparate units. This is especially 
challenging for emerging products and technologies at an early stage of research, such as 
nanoproducts. In reality, data and models are available at multiple spatial scales ranging from the 
narrowly focused equipment or manufacturing scale, to the supply chain and the economy scales. 
The outstanding challenge is the integration and utilization of available information across scales 
in a systematic manner for the environmentally conscious design of products and supply chains.  

In my opinion, some knowledge and/or data gaps within my discipline for the sustainable design 
of products and supply chains are as follows: 
•	 Inadequate understanding of dynamic modeling tools  
•	 Lack of a better understanding of tools and techniques across scales  
•	 Improved understanding that may lead to recognizing patterns and developing heuristics for 

sustainable design of product networks  
•	 Collaboration across disciplines  
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• Better education in sustainable engineering  

Progress in the above domains could play a crucial role in reducing the environmental impact of 
existing products and processes and sustainable development of emerging technologies. 

Chris Koffler 

Chris Koffler’s Ph.D. dissertation was on Automobile Product Life Cycle Assessment (Koffler, 
2007). His focus was on streamlining the process of conducting Life Cycle Assessments for 
complex technical products such as passenger cars as a prerequisite for a better integration in the 
product development process. In his Ph.D. thesis, he developed a procedure that included 
specifying and implementing software to collect and process all necessary data for full vehicle 
LCAs in a semi-automatic manner, reducing the overall effort required by well over 80 percent 
(Koffler et al., 2007). All current vehicle and technology LCAs published by Volkswagen today 
are based on this system (www.environmental-commendation.com). The rest of the thesis 
evolved around decision-making based on LCA indicator results, challenging common 
approaches of Multi-Attribute Decision-Making (MADM) in terms of their effectiveness in 
group decision making. He then proposed a combined approach of MADM and Voting Rules to 
arrive at a decision more likely to represent the majority of the decision makers’ preferences in a 
panel-based decision situation (Koffler et al., 2008). Both of these publications represent relevant 
references in the problem field of Design for Environment.  
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Reid Lifset 

My experience related to the design of supply chains stems from my work as editor-in-chief of 
the Journal of Industrial Ecology (JIE). Sustainable supply chain management is a component of 
the field both in terms of assessment (i.e., via life cycle assessment) and with respect to more 
normative efforts to improve environmental performance. The field engages these topics under 
the rubrics of life cycle management, a generally qualitative approach that encompasses both 
upstream and downstream considerations, and supply chain management, especially closed loop 
supply chain (CLSC) management, as studied by an allied research community within the field 
of operations research. My personal research does not involve the design of sustainable supply 
chains, but I have observations to offer from the bird’s eye view provided by my role as editor.  

•	 Most research to date is polarized between static (snapshot) environmental assessments and 
analytically sophisticated, but overly complex, operations research (OR) models.  

•	 There is a strong disconnect between the research in the traditional field of supply 
chain/operations management (aka operations research—OR) as practiced in business 
schools and the questions that arise in environmental circles. The OR field prizes analytic 
rigor and often does not reward applied work. Where environmental issues are engaged— 
most prominently in the CLSC literature—the environmental dimensions are thin. For 
example, environmental performance is often proxied as the number of products returned or 
remanufactured, rather than environmental burdens reduced. Some work on carbon 
footprinting is emerging, but it is nascent.  

•	 There is OR literature on the design of supply chains associated with names such as Hau Lee 
at Stanford and Corey Billingto at IMD. In my role as chair of the 2010 Gordon Research 
Conference on Industrial Ecology, I sought speakers who had applied their expertise in the 
design of supply chains to issues of sustainable supply chains, but was unsuccessful.  

•	 The well-deserved emphasis on GHG emissions from supply chains needs to be balanced by 
more comprehensive environmental analyses (i.e., including conventional air and water 
pollutants, toxicity, ozone depletion, etc.). Carbon footprinting should complement, not 
displace, the multi-attribute environmental characterizations generated by LCA; otherwise, 
we will end up with more situations like corn ethanol, in which attention to GHGs played a 
role in neglecting the water quality problems posed by corn cultivation (i.e., excess nitrogen 
and hypoxia). 

My motivation in attending this workshop is to see where current work in this domain is heading 
in order to encourage valuable papers in the Journal of Industrial Ecology and to help shape the 
direction of work through the workshop discussions. 

Dennis McGavis* 

Product innovation in the flooring business at Shaw has brought sustainability improvements in 
both the commercial and residential markets over the past several years, resulting in significant 
energy, GHG, water, and solid waste savings. Further, significant decreases in energy use, GHG 
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generation, and solid waste production at our manufacturing plants have been accomplished. As 
a sustainability expert for this business, it is my role to identify opportunities for product and 
process improvements and to work with our Innovation and R&D teams to find appropriate 
chemistries that meet our Design for Environment (DfE) goals. Sustainability is central to 
Shaw’s business and growth strategy and in our commitment to touch and improve our 
customer’s lives now and for generations to come. Sustainability is brought to life through 
programs that integrate our core values with product development, understanding our customer’s 
needs, lifecycle assessment, trade organizations, multi-stakeholder groups, safety, operations, 
logistics, suppliers, etc. We collaborate closely with suppliers across the entire supply chain as 
they are our source of materials, packaging, systems, services, and ideas for innovation. We view 
suppliers as critical partners in improving the environmental performance of our end-to-end 
supply chain. We also learn from each other’s best practices as we navigate the emerging field of 
sustainability. 

My interest in the workshop is to better understand how experts in other industry sectors are 
improving the sustainability of their products, processes, operations, and supply chain. If 
possible, I would like to bring their experiences into Shaw to share best practices with the goal of 
building a world class Product Stewardship and Sustainability program.  

Eric Masanet 

There is growing interest among manufacturers, retailers, and governments in understanding the 
supply chain energy and carbon “footprints” of products, as well as in ways to reduce such 
footprints. While much attention has been paid to life cycle assessment (LCA) methods for 
environmental footprint estimation, comparably little attention has been paid to robust, 
quantitative methods for analyzing design, process, and policy opportunities for reducing product 
environmental footprints. Supply chains are not static systems, and they often cannot be credibly 
assessed using static life cycle inventory (LCI) data. Rather, they consist of discrete processes 
and technologies that vary over scales of time and space, and from supplier to supplier. For 
robust decision making regarding low-carbon supply chain performance, modeling details on 
process and technology options are critical, both for understanding the underlying sources of 
emissions in a supply chain and for identifying realistic options for reducing such emissions. My 
research has developed a hybrid supply chain modeling approach, which couples input-output 
LCA methods with sector- and process-level techno-economic energy analysis data and methods. 
The approach allows for both environmental and economic assessment of discrete technology 
and process improvement opportunities across the many energy and emissions sources, end use 
technologies, and sectors that comprise a product’s supply chain footprint. It also provides 
insights on how much carbon can be saved at what level of cost investment. Preliminary results 
suggest that there are key technology proxy data that correspond to low-carbon supply chain 
performance, which might be more easily compiled by OEMs than (often highly uncertain) 
carbon footprint data. Technology data can provide much-needed information to establish low-
carbon supply chains while the states of data and science on quantitative metrics evolve. 
Furthermore, preliminary results suggest that there are many low-hanging fruits for emissions 
savings in the supply chains of services, which, compared to industrial and agricultural products, 
have received limited attention in supply chain carbon footprinting initiatives to date.  
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Dima Nazzal 

My research in sustainability has two main thrusts:  

(1) Analyzing product servicing as a mechanism for sustainable consumption and measuring its 
impact on a firm’s production, inventory, and capacity expansion decisions.  

Combining product lifespan extensions with eco-efficiency, defined as the increased resource 
productivity that enables simultaneous progress toward economic goals and environmental goals 
by reducing resource intensity and ecological impacts, is key to achieving sustainable 
consumption. Product servicing has been proposed as a mechanism for extending lifespans. 
However, including servicing can be a cause of concern, and even resistance, for a producer 
needing to watch its bottom line. My research focuses on understanding the structure of the 
integrated product servicing and production systems and the decision tradeoffs will help to 
support the proposition that reducing consumption via a shift to product servicing does not 
automatically imply a drop in producer’s profit.  

(2) Integrating Life Cycle Assessment (LCA) into production, pricing, and logistics decisions in 
supply chains to assess and minimize the environmental impacts of such decisions.  

Life Cycle Assessment (LCA) studies the varying levels of damage to the environment that occur 
throughout the “life” of a product, from resource extraction to manufacturing, end-use, disposal, 
and recycling. Historically, LCA has mainly been applied to products, but recent literature is 
examining how LCA assists in identifying more sustainable options in process selection, design, 
and optimization. The research investigates the relationship between environmental impacts and 
supply chain planning decisions in order to characterize environmentally-conscious supply 
chains and understand the tradeoffs between the environmental metric and the economic metric. 

Sergio Pacca 

We have been working on supply chain analysis of sugarcane ethanol because of the intrinsic 
vocation of the Southwestern Brazil region as a biofuel producer. Several studies are found in the 
academic literature but most of them are based on corn feedstock. We realized that there is a lack 
of life cycle assessments of sugarcane ethanol.  

The scientific development of this research field over the last 5 years was intense. For example: 
discounting carbon emissions over the life cycle of biofuels; accounting for direct and indirect 
land use change effects; accounting for various stocks and flows of carbon such as soil carbon, 
and several other issues. In our studies, we always take as granted the life cycle approach to 
investigate the net result of biofuels use versus fossil fuels. Therefore, we apply consequential 
life cycle assessment methods. In our last study, we wanted to show that besides ethanol 
sugarcane is a source of electricity (bioelectricity), and the joint consumption of these two 
secondary energy types might increase the mobility efficiency per unit of cropped land. We 
realized that it is possible to improve the efficiency of sugarcane based energy as a mobility 
source, and that such a scheme brings in environmental benefits. In this work we considered 
technology that is currently available and cost competitive for energy production and end-use, 
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and showed that the land required to power our current mobility needs is less than it is usually 
stated. 

According to our results, based on 2010 values, 2 million ha are enough to power the Brazilian 
fleet, 25 million ha are enough to power the US fleet and 67 million ha are enough to power the 
global car fleet. If minor efficiency gains are considered, 19 million ha will be enough to power 
the US fleet in 2030, whereas the needs for the Brazilian and the global fleet remain basically the 
same due to efficiency gains. Our analysis shows that sugarcane’s harvested energy density 
equals to 306 GJ. ha per year, which is 1.7 times the value usually reported in the literature for 
biofuels. As a result, and based on sugarcane’s primary energy potential, 4% of the world’s 
available cropland area is enough to power the global car fleet.  

In a previous study we considered the potential of carbon sequestration and storage CCS in 
ethanol production. We calculated the amount of CO2 released during fermentation and we 
concluded that if ethanol + electricity + CCS are fully exploited the use of sugarcane derived 
energy implies negative carbon emissions.  

We consider that these results may shape new policies that support international sugarcane 
ethanol trade and the increase in the worldwide sugarcane cropped area, provided that other 
environmental impacts are considered. We understand that there is a limit to the maximum 
attained area but we understand that there is still room to expand sugarcane cropped area. 
However, the worthiness of this endeavor depends on the full exploitation of technological 
potentials. 

It is important to take into account both the land and the carbon footprint of biofuels in an 
integrated way. It is important to consider end use technologies that maximize the life cycle 
energy efficiency of biofuels and reduce its land footprint. 

Finally, we should consider assessments that go beyond accounting based on fossil fuel emission 
factors and include new scientific knowledge in the balance of greenhouse gas emissions. In 
developing countries, we still need to provide opportunities for the poor; therefore, it is important 
to include social aspects in the assessment of supply chains so that we foster sustainable 
development.  

Furthermore, in addition to the climate change conundrum, several other environmental issues 
are prominent on the international policy agenda, and our assessments should identify synergies 
among coexistent environmental goals.  

Omar Romero-Hernandez 

Improving the sustainability and performance of products and services lies at the core of 
innovation and competitive advantage. Whether motivated by societal and environmental 
concerns, government regulation, stakeholder pressures, or economic profits, managers and 
policy makers need to continue making significant changes to effectively manage their social, 
economic, and environmental impacts. Focusing only on on-site emissions and local 
improvement has been proven to be insufficient and sometimes misleading. Upstream and 
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downstream supply chain carbon emissions (other than a firm’s direct emissions) can account for 
about 75% of the total emissions (see Matthews et al., 2008, and Huang et al., 2009). Similar 
problems arise if we try to evaluate water footprint or social impacts, such as health risk and 
working conditions. There is a need to understand the sustainability implications of a product 
along its whole supply chain. 

One of the motivations for improving the sustainability of a firm’s supply chain is the fact that 
customers and other stakeholders do not usually distinguish between a company and its 
suppliers. Furthermore, society usually blames the brand owner if its suppliers have poor 
environmental performance. Tackling this problem is not trivial. Since there are many activities 
in a supply chain, the interaction and trade-offs are complex. Trade-offs not only appear between 
the different activities, (e.g., transportation emission and the emission from suppliers), but also 
between different environmental impacts, (e.g., carbon emission and water consumption), 
interested parties (suppliers, OEMs, customers, local communities), business strategies, and 
initial incompatibility of regulations and business objectives. Economic, environmental, and 
social impacts are related to each other. We expect that when one of these impacts changes, the 
others will also be affected, hopefully in a positive way. To date, sustainable supply chains, 
environmental risk assessment, industrial ecology, have remained unlinked. There is a clear need 
to fill this void through multidisciplinary research.  

This statement is based on previous research work carried out by our research group along with 
discussion with other colleagues who met in Berkeley on June 2006 to discuss the implications 
of measuring carbon and energy footprints in supply chains. 

Our work has managed to address a set of sustainability criteria used for supplier selection, 
facilities location, and product manufacturing. Assessment models, a Life Cycle Assessment 
(LCA) methodology, and a hypothetical case study on modeling the shipping of goods.  

A critical challenge for researchers is still to expand current models and incorporate the role of 
(i) data uncertainty and data quality and, (ii) human and environmental health. Ultimately, these 
attributes, along with previous work will help us to develop an integrated piece of knowledge 
that aims to (i) provide a basis for regulators and policy makers and, (ii) provide a robust set of 
the best sustainable practices to be adopted by those companies who wish to be part of a 
sustainable supply chain. 

Research Questions 

1.	 How do different multidisciplinary decisions, once integrated into a single framework, affect 
the overall sustainability performance of a supply chain? 

A simple cost analysis to determine the most suitable location for a manufacturing plant or 
the best network array may not represent the most socially responsible decision. 
Environmental loads of the whole supply chain may be significantly different from one 
location to the other. 
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There is a need to devise and test well-defined multidisciplinary framework for green supply 
chain operations. The framework will be based on empirical studies, with an emphasis on the 
multidisciplinary steps needed to keep high levels of reliability in the supply chain while 
keeping a green perspective. The issue of data uncertainty and data quality will be included 
in the framework.  

A supply chain may be considered sustainable when the operation of the supply chain and its 
metrics (reliability, time, availability, etc.) are kept to the required levels of quality, and the 
improved supply chain leads to lower environmental impact (lower carbon footprint, lower 
use of resources, lower toxicity values along the chain, etc.), larger social benefit and sound 
financial models.  

Integrating different tools and concepts such as LCA, human health, multi-objective 
modeling, and policy analysis into a business problem is indeed a significant challenge. 
Empirically, this can be tackled with a set of parallel activities that include: (i) risk 
assessment management, based on pollutant fate and transport model along with a dose-
response model that will determine health impacts and hot spots, (ii) probabilistic models that 
provide a better understanding of data uncertainty and parameter sensitivity, (iii) a analysis 
based on existing case studies, databases and a reference case study to be developed by the 
research group, (iv) a public policy study based on scenario analysis.  

2. How can we deal with uncertainty in the design of sustainable products and supply chains? 

Understanding uncertainty lies as one of firms’ major challenges. Uncertainty arises from 
several sources, like incomplete or conflicting information, variability and errors among 
others. There is an increasing interest in LCA to include uncertainty. A preliminary literature 
review carried out to prepare this statement shows several case studies and methodological 
proposals, along with scientific-specialized databases. Probabilistic models will provide a 
better understanding on data uncertainty and parameter sensitivity. The mathematical method 
proposes processes and models, to combine individual probability distributions and produce a 
single distribution of the input data. This set of activities is presented in the following figure:  
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1.	 Scanning uncertainties, determining the variables and 


processes were the data is either not reliable or incomplete.  

2.	 Input uncertainties, determination of the variability and 

uncertainty for each of the previous variables.
 

3.	 Processing uncertainties, incorporation of the 

uncertainties in the model, to use in statistical tests and 

analysis of error propagation. 


4.	 Output uncertainties, report standard deviation, mean 

values, sensitivity analysis. 


Connection to public policy. Government regulations and industry codes of conduct require that 
companies must increasingly address sustainability. Non compliance with regulations was (and 
still is) costly, as regulatory noncompliance cost to companies include: penalties and fines, legal 
cost, lost productivity due to additional inspections, potential closure of operations and the 
related effects on corporate reputation. Increased regulatory pressures would “push” companies 
to improve industrial performance. However, a better understanding on the suitable conditions to 
adopt cost effective project lies as the main driver for sustainable products and supply chain that 
lead to competitive advantages such as differentiation.  
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Thomas Seager 

Business strategy with regard to sustainability is currently dominated by an eco-efficiency 
approach that seeks to simultaneously reduce costs and environmental impacts using tactics such 
as waste minimization or reuse, pollution prevention or technological improvement. However, in 
practice, eco-efficiency optimization rarely results in improved diversity or adaptability and 
consequently may have perverse consequences to sustainability by eroding the resilience of 
production systems. An improved understanding of resilience is essential to sustainable supply 
chain management. To this end, it is important to recognize that resilience is differentiated from 
risk, and may be in opposition to eco-efficiency. In some cases, the system attributes that are 

Workshop on the Design of Sustainable Product Systems and Supply Chains, September 12-13, 2011 
Final Report, February 29, 2012 A-57 



   

 

 

 

 

 

 

 

 

 

  

  

critically important to resilience – such as spare capacity, reserve resource stocks, and 
redundancy, can result in increased costs and environmental impact.  

Nevertheless, recent catastrophes such as the Fukushima nuclear power plant, flooding caused by 
Hurricane Katrina, the Deepwater Horizon oil spill, and the mortgage derivatives crisis have 
renewed interest in the concept of resilience, especially as it relates to complex systems 
vulnerable to multiple or cascading failures. As originally applied in an ecological context, 
resilience refers to the capacity of a system to adapt to changing conditions without catastrophic 
loss of form or function. However, in an engineering context, the meaning of the term resilience 
remains contested. It is most helpful to think of resilience a process, rather than a variable of 
state. An idealized model of resilience includes Sensing, Anticipating, Learning, and Adapting. 
These processes, summarized, are:  
1.	 Sensing - The process by which new system stresses are efficiently and rapidly incorporated 

into current understanding. 
2.	 Anticipation - The process by which newly incorporated knowledge is used to foresee 

possible crises and disasters. 
3.	 Adaptation - The response taken after information from Sensing and Anticipation are 

carefully considered.  
4.	 Learning - The process by which new knowledge is created by observation of past actions. 

After Adaptation the level of appropriateness of adaptive actions can be assessed and future 
iterations can incorporate this knowledge. 

From this perspective, resilience analysis can be understood as differentiable and complementary 
to risk analysis, with important implications for the adaptive management of complex, coupled 
ecological-engineering systems. One case study in mobile phone manufacturing clearly 
illustrates how understanding this recursive process is essential for responding and adapting to 
unexpected shocks. (See Sheffi 2005). When a fire at a Philips’ microchip plant in New Mexico 
interrupted production of a cell phone component critical to both Ericsson and Nokia, the two 
leading European manufacturers responded in different ways. Both manufacturers were notified 
of a disruption in supply (an example of sensing). Ericsson accepted Philips’ promise that 
microchip deliveries would resume in a week. However, Nokia correctly anticipated the 
possibility of a more serious interruption. To enhance sensing, Nokia sent an investigative team 
from Scandinavia to New Mexico to learn more about the extent of the fire and Philips’ 
reparation plans. As Nokia learned more about the potentially catastrophic consequences of the 
fire, they successfully adapted by contracting with alternative suppliers and modifying their cell 
phone design to work with alternative chips. By contrast, Ericsson was forced to halt production, 
resulting in an irrevocable loss of market share. This example illustrates how resilience is best 
understood as the consequence of continuous efforts, rather than as a property (such as strength) 
of a technological system. 
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Ray Smith 

In the Sustainable Technology Division of the National Risk Management Research Laboratory 
in the EPA’s Office of Research and Development, an on-going research project is progressing 
in the field of Sustainable Supply Chain Design for Biofuels. As one of the leads on this project, 
along with Troy Hawkins, we have formed a team of researchers who are developing a 
methodology to assess the sustainability of supply chains with a focus on biofuel systems. Other 
biofuel life cycle studies have been done to analyze greenhouse gas emissions, energy use and 
production, and sometimes an additional aspect such as water use. Our team’s work expands 
these categories to consider many environmental impacts in a life cycle assessment for the 
comparison of corn ethanol to petroleum gasoline. (Additional biofuel systems of interest will be 
studied in the future.) In addition to the comparative analysis, this research will provide 
information on environmental hot spots in the supply chains and will allow for consequential 
studies on improving the biofuel supply chain. Improvements could occur at the conversion 
facilities, in the transport of materials, in the methods used for farming feedstock’s, etc. While 
the environmental impact results and other indicators provide meaningful information on 
individual aspects of the supply chain, a complete assessment of sustainability should consider 
broad-based sustainability metrics that integrate information from across the system. In 
particular, we are actively researching metrics in emergy, return on energy invested, ecological 
footprint, and green net value added. A breakdown in any one of these sustainability metrics 
would signal a breakdown of the whole system in terms of its sustainability.  

Rajagopalan Srinivasan 

Decision Making for Sustainable Supply Chain Management Using Agent-Based Models 

As the issue of environmental sustainability is becoming an important business factor, companies 
are now looking for decision support tools to assess the fuller picture of the environmental 
impacts associated with their manufacturing operations and supply chain activities. Lifecycle 
assessment (LCA) is widely used to measure the environmental consequences assignable to a 
product. However, it is usually limited to a high-level snapshot of the environmental implications 
over the product value chain without consideration of the dynamics arising from the multi-tiered 
structure and the interactions along the supply chain. LCA results are derived from a product-
centric perspective without considering the dynamics and effects of various logistics options, 
inventories, distribution network configurations, and ordering policies. These can be captured 
through a dynamic simulation model of the supply chain, incorporating LCA indicators for 
measuring environmental impacts.  
Dynamic models of various supply chains can be developed using the agent-based modeling 
paradigm. The dynamics of any supply chain is governed by the behavior of intra-enterprise and 
external entities. Internal entities are functional departments within the enterprise that are 
involved in the supply chain operation: procurement, operations, sales, distributor, and logistics. 
Examples of external entities are suppliers, third-party logistics providers, and customers. In the 
agent-based modeling paradigm, these supply chain entities are modeled as individual agents 
whose interactions lead to system-level behavior (i.e., the overall supply chain performance). 
From a modeling perspective, the modularity imbued by the agent-based modeling paradigm  
enables easy customization of each entity. For instance, different policies can be plug-and-played 
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and the effect of various decisions or disturbances on both the economic and environmental 
sustainability indicators can be evaluated. Context-specific triple bottom-line performance 
metrics such as economic profit and customer satisfaction and various indicators from 
environmental and social LCA can be incorporated into the model and evaluated through 
simulation. We have used such agent-based models to provide decision support in a wide range 
of case studies from specialty chemicals, biodiesel, and consumer products industries. These case 
studies involve different aspects of supply chain management—product decisions and strategic-
level supply chain design decisions, as well as operational policy decisions.  

In the product decision case studies, the supply chain sustainability of different product 
compositions is evaluated. While the trade-off between environmental impact and cost of using 
different raw materials is more easily observed, the case studies reveal that the recipe 
(specifically, amount of raw materials required) determines the transportation requirement, 
which could have a significant impact on the overall result.  

At the strategic level, we have evaluated the impact of supply chain design decisions, such as 
upgrading a plant to produce a more environmentally friendly product. Another strategic-level 
case study evaluates the distribution network. While the single distributor channel could be more 
cost-efficient and easier to manage, two distribution channels would have the benefit of being at 
closer proximity to customers. Another advantage of the two distributor channels is that 
robustness increases since, in the event of disruptions, one can serve as a backup to the other, 
leading to higher customer satisfaction levels.  

At the operational level, the effect of different supply chain policies is analyzed. In the case of 
ordering policy, less frequent ordering in larger batches would mean fewer transportation trips 
and consequently a reduction in transportation impact and cost. Another operational decision is 
supplier selection, where different suppliers with different reliability, cost, lead time, and 
environmental characteristics can be compared. The simulation model can also be coupled with 
optimization techniques (e.g., genetic algorithm) to optimize these decisions. Overall, these case 
studies serve to highlight the need for considering supply chain dynamics in any sustainability 
consideration and also the benefit of a multipurpose decision support approach. 

Finally, even after comprehensive evaluation of the various effects, decisionmaking can be 
challenging since there are multiple performance indicators and numerous scenarios to consider. 
To ease decisionmaking, a triple-bottom line visualization scheme has been developed in the 
form of a ternary diagram, which consists of a collection of nodes. Each node in the diagram 
corresponds to a set of weights for the economic, environmental, and social indicators. For 
example, a node at (0.6, 0.1, 0.3) corresponds to a 60%, 10%, and 30% weightage for the 
economic, environmental, and social indicators, respectively. For each node, the policy 
(scenario) that yields the best performance is shown in the diagram. The ternary diagram thus 
visually brings out the robustness of policies (scenarios) across the weight space and shows 
regions where each policy (or scenario) yields the best overall performance.  
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Martha Stevenson 

Through my formal background in forestry, I have cultivated the capacity to understand complex 
systems with complex relationships. I spent 5 years working at an environmental engineering 
firm cleaning up spills that had already occurred—affecting both soil and groundwater—and 
through this experience, I became determined to alter decision-making protocols that result in 
flawed systems with unintended consequences.  

To this end, I read the literature of industrial ecology and went to work at GreenBlue, a non­
profit focused on reducing industry’s impact on the environment, to develop the Sustainable 
Packaging Coalition (SPC). The SPC is an industry working group consisting of 200+ companies 
spanning all positions on the supply chain. The premise of this project was to try and shift an 
entire industry toward more sustainable practice without merely shifting the problem to another 
point in the supply chain—instead, to evaluate the full life cycle. Our main approach was to 
educate critical industry participants (e.g., designers and engineers) and develop tools to improve 
their decision making. Through this work, I developed a deep understanding of Life Cycle 
Assessment and its use in the public interest, where there are strengths and weaknesses. I also 
have a solid understanding of Ecosystem Services, Toxicity Risk Assessment, Water 
Footprinting, Design for Environment, and Corporate Social Responsibility Reporting. I have 
participated in stakeholder venues and committees for the U.S. Department of Energy, EPA, 
GSA, and UNEP focused on product sustainability assessment. I have also worked with many 
Fortune 100 companies on these same issues.  

My new role at World Wildlife Fund has enabled me a broader purview of conservation, 
something that was previously out of my comfort zone. Through this experience, it has become 
clear to me that many of the assessment methods traditionally used by companies to analyze 
product or supply chain sustainability do not capture some of the most important environmental 
impacts. They rarely take into account a fixed place in the world and all of the biophysical 
properties of that place, including species present, water availability, soil type, or current 
demands on natural resources. I am still in the learning and listening mode, but very interested in 
understanding the intersection of all different sustainability assessment methods and how they 
complement one another to analyze the broader issues by different audiences, through different 
views (boundaries), toward different impacts that occur at different scales. Once this larger 
framework is developed in an explicit way, I believe that a deeper understanding and more 
effective conversation will emerge toward preserving critical ecosystems and human health.  

Given the current pressures on our planet, including climate change, water availability, ocean 
acidification, etc., sustainability assessment methods will prove to be one of two things: either a 
very detailed record of how we as a species destroyed our planet through the mismanagement 
and lack of imagination about industrial processes, or the roadmap by which, we as a species 
recognized our flaws and collectively designed a sustainable industrial system. My hope is for 
the second and I am excited to participate in these discussions at the Workshop.  
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Thomas L. Theis 

Consumption, Sustainability, and Social Benefits 

Product supply chains are usually defined in terms of the steps involved in acquiring, refining, 
and delivering materials and energy to manufacturers, plus the many stages of the manufacturing 
enterprise itself (including transport of parts, sub-components, and the final product or service) 
up to the point-of-sale to the consumer. Such chains can be quite complex to design and operate 
since they often involve hundreds of materials and suppliers, complex manufacturing processes, 
and quality control issues. Life cycle analysis grew out of industry’s need to understand how 
these systems behave; and to develop workable models that could be used to control and 
optimize material and energy flows, ensure product quality, manage environmental impacts, and 
minimize costs. Complete life cycle approaches also examine consumer uses and the post-
consumer disposition of the product, part of the product chain that is considered if significant 
regulatory or economic factors that are deemed to be the responsibility of the manufacturer are 
present (for example CAFE standards for automobiles; market trading schemes for SO2 and 
NOx). This has led to product conceptualization and development that incorporate “design for the 
environment,” “green engineering,” or “green chemistry” principles, and business practices built 
upon the concept of “eco-efficiency.” 

It is generally believed that if these principles and practices can become widespread enough (i.e., 
if the complete product chain can be “greened” enough), then better material and energy 
efficiencies will result, effectively “decoupling” environmental impacts from the consumptive 
habits of the human population. The social benefits of consumption are less clearly understood, 
but it is assumed that a greater variety of environmentally conscious products and services made 
available at lower costs will necessarily yield societal benefits, thereby moving toward at least 
partial fulfillment of the sustainability paradigm.  

However, available evidence does not wholly support this conceptual framework. Throughout 
recent U.S. history (~100–200 years), increases in human consumption in fundamental sectors of 
the economy (energy, materials, transportation, and food) have consistently outpaced gains in 
manufacturing efficiency, resulting in greater, not lesser, resource consumption on a per person 
basis. In this presentation, these data will be reviewed and amplified, with a particular focus on 
the product-consumption-societal benefits chain associated with artificial lighting, a basic human 
need. The results illustrate the interplay among technological breakthroughs, efficiency gains, 
prices, and societal benefits; with a resulting increase, rather than decrease, in the total and per 
capita energy used for lighting. This is a tradeoff: higher energy consumption and accompanying 
energy-related contaminants versus benefits to society, the nature of which range from higher 
productivity, to better delivery of services, to a greater variety of products in commerce, to more 
aesthetic enjoyment of light-enabled activities. Whether nanotechnology-based solid-state 
lighting can reverse these trends while expanding benefits is yet to be demonstrated; however, 
long-term trends suggest that it is unlikely that efficiency gains alone will result in a more 
sustainable lighting sector for society. 

These results point to three general directions for product-chain research:  
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1.	 The need for a much stronger interdisciplinary effort to understand the complex factors 
emergent across the complete product chain (including human behavior) that contribute to 
resource consumption, environmental degradation, and human health risk, while recognizing 
benefits to society; 

2.	 The need to expand green, design for the environment, and organizational eco-design 
principles beyond their traditional focus on increasing efficiency and lowering pollutant 
loads per unit product to include economic and behavioral factors; and  

3.	 The need to investigate more highly integrated policies, based on the sustainability paradigm, 
that are able to meet human needs while capturing economic excesses and decoupling 
environmental degradation that have their roots in over-consumption. 

Arnold Tukker 

Sustainable Product–Services: An Opinion 

(1) Motivational statement providing the reason for conducting the study and its importance:  

Product-service systems (PSS) are a specific type of value proposition that a business (network) 
offers to (or co-produces with) its clients. PSS consists of a mix of tangible products and 
intangible services designed and combined so that they jointly are capable of fulfilling final 
customer needs. The PSS-concept rests on two pillars:  

1.	 Inherently taking the final functionality or satisfaction that the user wants to realize as a 
starting point of business development (instead of the product fulfilling this 
functionality). 

2.	 Elaborating the (business) system that provides this functionality with a greenfield 
mindset (instead of taking existing structures, routines, and the position of the own firm 
therein for granted). 

PSS are often depicted as an opportunity to enhance resource efficiency and business 
performance at the same time. The EU Sustainable Product Development Network (SusProNet) 
aimed at analyzing the realism of this expectation and working with companies to see under 
which boundary conditions they would implement a PSS business model. 

(2) Description of the method used:  

As a Network project, SusProNet had limited opportunities for doing primary research. A 
thorough review of the business and sustainability research in the field was done and enriched 
with the practical experiences of the more than 20 companies that are part of the Network. This 
“practice research” ultimately was sublimated in key success and failure factures of PSS business 
models, policy implications, and a PSS business model development manual.  

(3) Statement of the most important results:  

PSS certainly have a potential to enhance competitiveness and contribute to sustainability at the 
same time. Compared to products, they can produce superior tangible and intangible value by 
delivering more customized solutions, and reduce the efforts of the customer “to make the 
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product work.” They also can lower system costs. In the case of result-oriented PSS, one actor 
becomes responsible for all costs of delivering a result, and hence has a great incentive to use 
materials and energy optimally. Finally, PSS can help a firm to improve the position in the value 
chain; for instance, if the PSS include elements with a higher profit margin or create unique and 
customized client relationships that cannot be copied by competitors. 

PSS Type Advantages Disadvantages 
1. Product-oriented services Easy to implement  

Close to core business 
Incremental environmental 
benefits (20%) 

2. Use-oriented services Medium (Factor 2)  
Changes consumer behavior  
Very successful in B2B 
context. 

Low intangible added value => 
consumer acceptance difficult, 
because of ownership conflict, 
etc. 

3. Result-oriented services Radical (Factor x potential)  Risks/ Liabilities  
How to measure result?  
Customer loses power over 
means  

However, PSS don’t deliver such bonuses by definition. Particularly in a B2C context, product 
ownership contributes highly to esteem and hence intangible value. Access to the product is 
often more difficult, creating tangible consumer sacrifices. Costs can be higher if the PSS has to 
be produced with higher-priced labor or materials, or when the often more networked production 
systems generate high transaction costs. Sometimes a switch to PSS may weaken the position in 
the value chain. In industries where excellence in product manufacturing and design form the 
key to uniqueness and hence power in the value network, diverting focus to an issue such as PSS 
development is a recipe to lose rather than win the innovation battle. 

(4) Discussion of the relevance of the results:  

In sum, firms have to assess carefully if they can competitively make and consumers will buy 
their PSS. SusProNet helped considerably to untangle some simplistic myths that PSS always 
would be sustainable and always make business sense. It helped to identify factors that 
businesses need to take into account in their analyses if a switch to service-oriented business 
models makes business sense.  

(5) Implications of these results for the design of sustainable product systems and supply chains:  

SusProNet helped to provide a realistic development framework for PSS that makes true 
business sense and offers environmental benefits. It also made clear what limitations concepts 
like PSS and sustainable supply chain management have to realize a sustainable society. The true 
problem from a sustainability perspective is that society needs major system innovations. These 
are a form of creative destruction, in which also contextual factors and framework conditions 
must change. This needs a much broader system approach than the business-consumer 
interaction along a value chain, so central to the PSS concept. Therefore, the fostering of system 
innovation needs a broader analytical frame that combines insights of business developers, 
designers, consumer scientists, and system innovation specialists in its effort to depict credible 
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implementation pathways for sustainable systems in the field of food, mobility, and 
housing/energy. 
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Don Versteeg 

Product innovation in the Fabric & Home Care business of P&G has brought compact liquid and 
powdered detergents, an ultra-compact unit dose detergent, and a coldwater detergent to the 
market in the past several years, resulting in significant energy, GHG, water, and solid waste 
savings. Further, significant decreases in energy use, GHG generation, and solid waste 
production at our manufacturing plants have been accomplished. As a sustainability expert for 
this business, it is my role to identify opportunities for product and process improvements and to 
work with our technology groups to find appropriate chemistries that meet our safety and 
sustainability goals. Sustainability is at the heart of P&G’s purpose and in our commitment to 
touch and improve consumer’s lives now and for generations to come. Sustainability is brought 
to life through programs that integrate our core values with product development, consumer 
understanding, appliance manufacturers, life cycle assessment, trade organizations, safety, 
operations, logistics, suppliers, etc. We collaborate closely with suppliers across the entire supply 
chain, as they are our source of materials, packaging, systems, services, and ideas for sustainable 
innovation products. We view suppliers as critical partners in improving the environmental 
sustainability of our end-to-end supply chain. We also learn from each other’s best practices as 
we navigate the emerging field of environmental sustainability. Our supplier interaction is 
governed by guidance documents, expectations, and a scorecard that we use to understand 
progress against sustainability goals. 

My interest in the workshop is to better understand how experts in other industry sectors are 
improving the sustainability of their products, processes, operations, and supply chain. If 
possible, I would like to bring their experiences into P&G to help us meet our goals and will 
bring our supplier scorecard to share.  

Eric Williams 

My sense is that the main recent development in sustainable supply chains is increased use of 
Life Cycle Assessment. There are high expectations being put on LCA, in particular efforts to 
use LCA for consumer labeling that would distinguish between similar products from different 
manufacturers. There is a need to grapple with uncertainty in LCA. I see dealing with growth and 
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rebound effects as key unsolved challenges that link with the definition of a “sustainable supply 
chain.” The common metrics used to measure progress focus at the product level, but it is not 
clear that improvements at the product level will be sufficient to manage sustainability issues of 
the whole production system.  

Phil Williams 

Supply Chain Carbon Accounting Position Statement 

The following information is offered to serve as back ground information to help provide 
orientation on Webcor Builders and our relationship with supply chain carbon accounting.  

As a General Contractor/Builder we specialize in large commercial projects in California that 
range from high rise multi-tenant condominiums, apartments, hotels, and offices. We also have 
extensive experience in owner-occupied corporate campuses, museums, and medical acute care 
facilities. In business terms our annual revenues average over $1 billion utilizing just 400-450 
permanent employees. In addition to our General Contracting/Builder division we are the 8th 
largest specialty structural concrete contractor in the nation and provide international 
construction management consulting services.  

In 2009, we were the first firm from any industry category in California to report our complete 
scope 1, 2, and 3 carbon emissions to the California Climate action Registry (CCAR). In that 
analysis we reported that 99.6 percent of the carbon we generate is from our scope 3 emissions 
and 0.4 percent was a result of our scope 1 and 2 activities.  

(1) Critical point of information: The fact that 99 percent of our emissions are from our supply 
chain made it very clear to us that one of the greatest impacts we could make was squarely in 
our scope 3 supply chain in the form of the embodied energy/CO2-e in building materials and 
activities.  

As a company we strive to incorporate all aspects of sustainability in our projects. In 2010, more 
than 98 percent of our revenue was generated from projects that were registered or received 
certification under the U.S. Green Building Council (USGBC) Leadership in Energy and 
Environmental Design (LEED). USGBC and LEED are widely recognized as the world’s largest 
independent third party green building organization and most broadly accepted and respected 
building rating system. The LEED system measures environmental impacts from the site, water 
efficiency, material resources (MR), energy and atmosphere, indoor environment quality, and 
innovation in design. The USGBC does not create standards. They adopt accepted standards 
from other professional organizations (ASHRAE, BAAQMD, IEEE, EPA, etc.) and award 
credits based on the levels of performance per those independent standards.  

The LEED system category that deals with materials is Material Resources (MR). M.R. is 
currently very limited in scope and the credits awarded are based upon a percent of products 
sourced within 500 miles from the project site, percent of material that is recycled content, 
sustainably harvested wood, rapidly renewable materials, and low or no VOC off gas from 
materials. While these measurements try to reduce the embodied energy of materials they do not 
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have a basis in science, they do not use accepted carbon accounting methodologies and are not 
related to any LCA systems. It is best to say that the attempt to quantify materials in buildings 
was admirable when the USGBC LEED systems were first introduced in 1998, but they are 
immature and due for improvement.  

(2) Critical point of information: The USGBC LEED system provides the building industry with 
a mature, widely accepted building rating system and tens of thousands of professionals who 
are attempting to quantify and qualify the sustainability aspects of materials as part of the 
rating system. Unlike any other significant industry in the U.S., the commercial building 
design, construction, and user/ownership community has pressing marketing and technical 
needs and an immediate demand for an accurate supply chain carbon accounting system that 
can be readily adopted by manufacturers and credibly applied to the LEED rating system.  

In 2009, our proposal was accepted by the San Francisco Public Utilities Commission (SFPUC) 
to provide scope 3 carbon accounting services for their new 250,000 square foot headquarters 
project. This work was outside of any LEED credit. As a result of the collaborative effort a 
concrete structure was delivered with CO2-e emissions 7 million pounds less than what would 
have been provided under the LEED systems as a sustainable “green concrete”. This 7 million 
pound reduction represented over 49% of the total embodied energy of the buildings structural 
system. We are now providing other major California construction projects with this same scope 
3 supply chain design formulation and site verification accounting procedure.  

(3) Critical point of information: The hybrid economic input-output (Hybrid EIO) method was 
utilized for our CCAR reporting as well as for the SFPUC project. This method was selected 
because it uses readily available financial information and is rapidly and accurately 
customizable for our wide variety of products and the large quantities of new “green” 
materials. This same method is actively being employed on additional projects.  

To further embody energy research related to building design, materials, and construction, in 
2009 Webcor and six other west Coast firms met and formed the Carbon Leadership Forum 
(CFL). The CFL selected the University of Washington and Kate Simonen as part of the College 
of Architectural and Environment Design, as the institution to host this independent non-industry 
specific research effort. We also work closely with Stanford University and Dr. Michael Lepech 
in support of their supply chain and LCA graduate student research.  

Additionally, in 2010 Webcor was selected by the World Resource Institute (WRI) as a “Road 
Tester” for their supply chain accounting standard. Of the 70 global firms selected, only Webcor 
represented the commercial building industry. The WRI standard is set to be released to the 
public on October 4th of this year in New York City. 

(4) Critical point of information: Even as research continues regarding supply chain accounting 
methodologies, there is enough accurate and accepted information available to allow 
industries, agencies, and government bodies the ability to adopt reasonable scope 3 supply 
chain standards. Supply chain scope 3 CO2-e emission reductions can be immediate, 
substantial, and bankable. Operational CO2-e emissions are surely needed; however, they are 
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accrued over long time periods, are small on an annual basis, and because they require 
continued operations and facilities upkeep, they are variable. 

Fengqi You 

Optimal Design and Operations of Sustainable Biomass-to-Liquid Hydrocarbon Fuels Supply 
Chains Under Uncertainty 

Concerns about climate change, energy security, and the diminishing supply of fossil fuels are 
causing our society to search for new renewable sources of transportation fuels. Domestically 
available biomass has been proposed as part of the solution to our dependence on fossil fuels. 
Biofuels, especially liquid hydrocarbon fuels produced from cellulosic materials, have the 
benefits of significantly reducing greenhouse gas (GHG) emissions and leading to new jobs and 
greater economic vitality in rural areas. [1, 2]. The U.S. only produced less than 1 billion gallons 
of liquid fuels from cellulosic materials in 2010, but the Renewable Fuels Standard (RFS) 
establishes a target of 16 billion gallons of cellulosic biofuel annual production by 2022 [3, 4]. In 
observance of this mandatory production target, many new cellulosic biomass-to-liquid 
hydrocarbon fuels supply chains will be designed and developed in the coming decade for better 
economic, environmental and social performances. However, uncertainty resulting from supply 
and demand variations may have significant impact on the biofuel supply chain. Therefore, an 
efficient optimization strategy is urgently needed to for the design and operations of sustainable 
and robust biomass-to-biofuel supply chains.  

In this work, we address the optimal design and planning of biomass-to-liquids supply chains 
under supply and demand uncertainty. A two-stage stochastic mixed-integer linear programming 
(SMILP) model combined with Monte Carlo sampling and the associated statistical analysis [4, 
5] is proposed to deal with different types of uncertainty, and it is incorporated into a multi-
period planning model that takes into account the main characteristics of the advanced biofuel 
supply chains, such as seasonality of feedstock supply, biomass deterioration with time, 
geographical diversity and availability of biomass resources, feedstock density, diverse 
conversion technologies and byproducts, infrastructure compatibility, demand distribution, 
regional economic structure, and government incentives. In the two-stage framework, the supply 
chain network design and capacity planning decisions are made “here-and-now” prior to the 
resolution of uncertainty, while the production, transportation and storage decisions for each time 
period are postponed in a “wait-and-see” mode. The SMILP model integrates decision making 
across multiple temporal and spatial scales and simultaneously predicts the optimal network 
design, facility location, technology selection, capital investment, production operations, 
inventory control, and logistics management decisions. In order to solve the resulting large scale 
SMILP problems effectively, a decomposition algorithm based on sampling average 
approximation [5] and multi-cut L-shaped method [6, 7] is proposed by taking advantage of the 
problem structure.  

In addition to the economic objective of minimizing the annualized net present cost, the SMILP 
model is also extended to integrate with life cycle assessment (LCA) and regional economic 
input-output (REIO) analysis through a multiobjective optimization scheme to include two other 
objectives: the environmental objective measured by life cycle greenhouse gas emissions and the 
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social objective measured by the number of accrued local jobs resulting from the construction 
and operation of the biofuel supply chain. The multiobjective optimization framework allows the 
model to establish tradeoffs among the economic, environmental, and social performances of the 
cellulosic biofuel supply chains in a systematic way. The multiobjective optimization problem is 
solved with an ε-constraint method and produces Pareto-optimal curves that reveal how the 
optimal annualized cost and the supply chain network structure change with different 
environmental and social performance of the entire supply chain [10, 11].  

The proposed optimization model and solution method is illustrated through county-level case 
study for the state of Illinois. Three major types of biomass, including crop residues, energy 
crops, and wood residues, and three major conversion pathways, including biochemical 
conversion, gasification followed by Fischer-Tropsch synthesis and fast pyrolysis followed by 
hydroprocessing are considered. Uncertainty information is generated from the time series 
analysis [8] based on the historical data of biomass feedstock supply [9] and liquid fuel demand 
[1]. County-level results will be presented that provide regionally-based insight into transition 
pathways of biomass production and conversion. Computational results also demonstrate the 
effectiveness of the proposed decomposition algorithm for the solution of large-scale SMILP 
problems.  
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BREAKOUT GROUP NOTES
 

SESSION II 

Group 1 – Discussion Leader: Thomas Seager 

PowerPoint Slides: 

I. Paradox of Policy and Sustainability 
 
 
 

Policy can be both a impetus (driver) and an obstacle to innovation 
Policy can originate in government, but it can also originate in other places (e.g., USGBC). 
Technology and policy are complicated.  The technological stability of the building industry (e.g., 
compared with electronics) may have facilitated other types of innovations, such as creating a 
market for green buildings based upon standards that are progressive, but not rapidly obsolete 

II. Resource Risk Assessment 
 
 
 
 

Incremental increases in vulnerabilities 
Have LCA, LCC, but no algorithms for materials scarcity or supply chain vulnerability 
Non-linearity 
It takes a catastrophe 

III. Climate change and Technological Systems 

Group 2 – Discussion Leaders: Troy Hawkins and Bert Bras 

PowerPoint Slides: 

	 System boundary issues: 
o Economic value system (the consumption society) – is it off limits? 

 Policy drivers can create value for renewables or other sustainable technologies 
 Subsidies can help, but also hurt (= challenge) – also need to be strategic and well informed 
 Local versus global needs and solutions 
 Possible workshop outcome: don’t fund technologies, but fund studies/analyses that can inform 

the policies 

	 How do you get industry to participate? 
	 Job are a challenge 
	 Need for clear consensus on science is needed. “It depends” is a difficult thing to understand for 

policy makers 
	 Overcome stereotypes of “bad” industry, emotional NGOs, etc. 

o	 How do you convey environmental information to consumer an others 
o	 Studies on consumer behavior? 

Future Drivers 
 Industry does not like uncertainty in policy and being involved with informing would help all. 

o Level playing field is preferred 
 Affect consumer behavior 

o Rule out certain products 
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o	 Give information – but difficult to condense 
o	 Scoring system like LEED? 

 Problems exist 
 Do benefits outweigh the problems 

Real Drivers – Future Lack of Resources 
 Energy, water, selected materials are really the true future constraints compared to jobs right now 

o Studies needed for full understanding of available of material and energy stocks 
o Also, how do we trade-off? 
o Even ecological economics and value of ecosystem services have severe uncertainties  

Next gen US strengths in Sustainable Design (1) 
 Stewardship program around “endangered” materials 

o Status, conservation, recycling 
 Also look at material substitution and game-changing technologies 

o Where can US companies really take a leading role versus foreign companies 
 Turning expertise into an opportunity: 

o Bio/fuel refineries from paper factories 
o Floating wind farms from oil platforms 
o Requires some governmental leadership 

Next gen US strengths in Sustainable Design (2) 
 Is industrial symbiosis a new way to revitalize US manufacturing 

o Local inefficiencies can be allowed but overall effectiveness increases 
 Research opportunity: 

o Look at entire US industry and see opportunities for cross-industry symbiosis 
o Are there simple pairings possible? 

 Wine store is always next to grocery store 
 What are the best practices? 

 Pre/Non-competitive industry collaboration exists and needs to be fostered 

What SHOULD we be good at 
 Long term thinking 

o For example, lack of energy policy… 
o Without long term policy, competitive behavior is focused on short term 

 Better linking branding to sustainability and long term (economic) viability 
 Disconnect between funding from industry and NSF for academia 

o More funding for research on system level issues where collaboration between industry 
and academia is required 

Notes: 
	 Bill Flanagan: Are we supposed to discuss the larger societal context for 

consumption? Policy drivers determine the framework in which we operate; policy 
drivers could provide market for renewables. 

 Think about solar energy – needs subsidies. 

 What is our ability to provide a clear consensus? 

 Industry needs a consistent, level playing field. 

 Dupont teamed with NRDC to provide guidelines for nanomaterials. 
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 Could this policy stay in place for the long term?
 
 NGOs completely ignore science in favor of emotion. 

 How do we handle the NGO issue? 

 Could we have credible third parties? 

 Improving education: 


o Will consumers respond well to environmental labels? 
 Future drivers? 
 Thoughts: 

o How to reconcile? 
o Creative destruction versus collaborative regulation 
o Efficiency versus disposable income. 

 How do you manage sustainable new products in the context of growth? 

Group 6 – Discussion Leaders: Ignacio Grossman and Ray Smith 

PowerPoint Slides: 

Q1A: What are the challenging industry and societal problems to be solved? 
 Resource Availability, Human Health and Ecosystem Health (e.g., Climate, Biodiversity, 

Rare Earths, Future Energy needs) 
 Increasing Wealth Disparity and Rising Middle Class in BRIC Countries 
 Short-term perspective (e.g., quarterly returns and 2-year budgets)/Ethical Challenges in 

Financial Institutions 
 Loss of Credibility in Authority and Traditional Institutions 
 Population Growth 

What are the future drivers for design of sustainable products? 
 Corporate – Product Differentiation, Company Survival (Source Supply), Imitation of 

Corporate Leaders 
 Climate Adaptation – (e.g., loss of available agricultural land but more mouths to feed) 
 Technologies that solve problems AND create resources 
 Bottom of pyramid product design will revolutionize design and consumption 

Q2: What are the next generation sustainable design-enabled strength areas in the US? 
 Rebrand US as a sustainable global leader 
 Sustainable Nano-tech and Nano-manufacturing, Cyber Infrastructure, Advanced IT and 

Systems Engineering, Biotechnology 
 Conservation, Social Networking, Pragmatism, Power of Philanthropic Sector, Creativity 
 Private Sustainability Consortia 

Where are the Gaps in Knowledge? 
 Education, Knowledge of History, Vision, Naiveté  
 What are the new feedstocks for materials and energy 
 We do analysis by sector or silo, never big picture – no overall quantifiable goal.  
 Do we really know all of the impacts? What about that which we cannot measure? 
 Lack of will 
 Insufficient collaboration and trust between disciplines.  
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Q3: What are the problems faced by existing sustainable design capabilities? 
  Inexpensive energy and material resources 
  Lack of data (also seen as recalcitrant sector excuse) 
  Lack of verification of LCA results 
  Need undergraduate and graduate school programs 
  Lack of open standards for data 

What are the opportunities for design of sustainable products, manufacturing systems and supply 
chains? 
 Minimal standards for eco-design 
 Remanufacturing 
 Sustainable design tool kits 
 Design consortia that compete to be green 
 Pre-competitive collaboration networks 
 Finding environmental leverage points 
 Taxing bads and rewarding goods 

Notes: 

	 Challenging Problems: 
o	 Replacing rare earths 
o	 Resources, biodiversity, climate, human health, ecosystems 
o	 Wealth disparity growing to extremes 
o Overall increases in consumption (from BRICs’ middle class) 

 Also a development goal: 
o	 Short-term outlook 
o	 Lack of awareness of sustainability 
o	 Population growth (shrinkage) 
o	 Lack of roadmap 
o	 How do we design something we don't know what it looks like? 
o	 How do we secure energy in the future? 
o	 Ethical challenges in finance and capitalism 
o Loss of credibility and authority in traditional institutions 

 Drivers 
o	 Product differentiation provides value (lose big picture) 
o	 Self-interested focus on corporate survival by some companies is creating leadership 

pressure by citizens 
o	 Imitation of corporate leaders 
o	 Climate adaptation 
o	 Replacement of depleted natural resources with substitutes 
o Technologies that solve problems and create resources 

 Bottom of pyramid product development will revolutionize lots of design and consumption 
 Strength Areas 
 Rebrand U.S. as sustainability global leader. Slogans lead to behavior, supported by national 

policy. 
o	 Sustainable nanotech and nanomanufacturing 
o	 Cyber Infrastructure (CI) enhanced manufacturing 
o	 Advanced IT systems engineering (e.g., logistics, remote sensing) 
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o RFID 
o Conservation 
o Social networking—crowd sourcing 
o Biotechnology—synthetic biology—increasing yields 
o Pragmatism 
o Power of philanthropic sector 
o Creativity and “can do” attitude in industry 
o Private sustainability consortia 

 Gaps: 
o Education 
o Knowledge of history 
o Vision 
o Naiveté 

 How to create materials by design to replace scarce natural resources? 
 How to efficiently harvest/utilize solar energy? 

o Analysis by sector or silo never gets to the big picture 
o Thus, no overall quantifiable goal 
o What is success quantitatively and how can we succeed? 

 Micromeasures to large goals? 
o Knowledge in solar technology/science 
o Do we really know all the impacts? 
o Lack of will 
o Insufficient collaboration / trust 

 Problems in Design: 
o Inexpensive energy / resources 
o Lack of (environmental) data – can be an excuse not to act 
o Short-cut methods make excuses “go away.” 
o Can’t verify LCA results 
o Need undergraduate and graduate school programs to get people excited 
o Needs to be chic 
o Lack of open standards for data 

 Opportunities in Design: 
o Minimal standards for eco-design (see problems above) 
o Remanufacturing, design for (and on-shore) 
o Sustainable design tool kits 
o Design consortia that compete to be as green as possible 

 There is a need for pre-competitive collaboration networks that agree on sustainable design, 
materials, and use of energy (competition for other parts). 

 Finding environmental leverage points—this change makes a big difference: 
o Mining landfills 
o Taxing “bads,” rewarding “goods,” “user fees” 

Group 7 – Discussion Leader: Darlene Schuster 

PowerPoint Slides: 
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Big challenges 
 The nexus between increases in efficiency leading to increases in economic development and 

consumption 
o Efficiency leads to more consumption, reduced sustainability 
o Market fails to recognize externalities* 
o Irreducible complexity 

 Possible solution strategies 
o Market signals to incentivize sustainable design AND sustainable consumption 
o Designing framework conditions (level playing field concept) 
o Possible use of full cost accounting** 

Gaps in Knowledge 
 Make LCA Approachable and Usable in ‘thinking” 

o Cannot do full LCA on every decision 
o Wastes time and money 
o Too much information 
o Need life cycle thinking -  

 Need Full cost accounting 
o To include: indirect impacts (e.g. Work force impacts, and societal costs in economic terms) 

 Need Systems thinking 
o Research on systemic effects along supply chain 
o Water Tools as an example (WBCSD), ecosystem services work 

Problems and Opportunities 
 Need to develop rapid screening and assessment tools for supply chain systems, 
 Supply chain design should include resilience concepts and adaptation methods 
 Need for industry standards to characterize sustainable supply chain components 
 Misinformation – quick scientific response team to counter misinformation and educate public 

and policy makers 

Notes: 

* Beth Beloff: If externality here means the traditional environmental economics' definition of 
environmental costs that are not internalized, I am not sure about its direct links with rebound 
effects. 

** Beth Beloff: Based on the reason above, I am not sure if this is a solution. 

Group 8 – Discussion Leader: Herb Cabezas 

PowerPoint Slides: 

 Define and communicate priorities; for example: what are the main water and energy consumers… 
 Working on developing a green energy standards for chem. products 
 Development of a product score card. Companies tell their providers what they value most. For 

example: energy, water and waste.  It helps a lot to come up with common scorecards… An Industry 
Consortium should come up with that 
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	 Opportunities for industry symbiosis (industrial ecology) where the waste from one company / 
process becomes the input material of another company/process 

	 How to transform a whole supply chain so that we can boost reuse, remanufacturing as opposed to 
making more new products – would that need a different supply chain? 

	 Opportunities for industry symbiosis (industrial ecology) where the waste from one company / 
process becomes the input material of another company/process 

	 How to transform a whole supply chain so that we can boost reuse, remanufacturing as opposed 
to making more new products – would that need a different supply chain? 

	 Gather a better understanding on where the hotspots are…and consequently, the best 
opportunities – better understand two fold question: efficiency vs. consumption 

	 Every single product has unique opportunities which may vary substantially. 
	 How can we gain a better understanding on the world opportunities and hotspots (per type of 

material) 
	 Challenge: to innovate and device more alternatives to traditional supply chains. Include new 

products, manufacturing process, etc. 
	 How to better gather data, not only in terms of quantity but also in terms of uncertainty 

challenges. 
	 Better understanding of the impact of new materials, for example Algae systems 

	 How to engage the average citizen into sustainability initiatives? 
	 We need more and better methods to integrate information from different stakeholders involved 

in different stages of the supply chain 
	 Revisit how environmental law and regulations are written to promote sustainability (Herb’s 

example on a Chem. Industry in CA) 
	 Provide a solution on why green consumption is still on a very early stage… what can we do to 

increase consumer awareness and engagement 

Group 9 – Discussion Leader: Bhavik Bakshi 

PowerPoint Slides: 

Problems 
 Materials, energy, water are the main challenges for future design 
 Pollution is less important as long as we continue pursuing excellence in reducing emissions.  
 In a way, energy consumption and CO2 emissions are interchangeable (?) 
 Energy: efficiency from industrial point of view, consumption in terms of societal point of view 
 Need to de-carbonize energy supply 
 Switch to renewable energy in more systemic way 

Gaps 
 
 
 

Lack of realistic models/data away from metrics related 
No consistent methodology to look at the supply chain: no consensus among the community 
Need for better data with industry participation 
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	 Need to be able to focus on particular products with highest impact: Product label like Energy 
Star (?) 

	 Knowledge and data management  
	 How society can be better informed 
	 Public willingness to act and maintain 

Opportunities 
 Developing data, models and methods for guiding policies based on life cycle impacts 
 Identify the top products that have the most impact (environmental footprint); have consistent 

data and methodology 
 Methodologies to analyze existing data and connected with optimization and decision making 
 Resource optimization opportunities, for example water 
 Design considering the end of life of the product into account  
 Consider issues beyond engineering, include economic and social factors 

SESSION III NOTES 

Group 1 – Discussion Leader: Thomas Seager 

PowerPoint Slides: 

As with most/all change or new design the answers depend on what group is answering the question. 

If it is an organization that is innovative and in a leadership position, new is: 
	 Interesting and worthy of investment 
	 A potential competitive advantage 
	 An alternative to legal risk of non-compliance 
	 Early influence with political organizations 
	 Brand influence with consumers 

For the organizations that are responding to the new design or idea the answers can be just the opposite, 
such as: 
 Cost of catch-up 
 A reactionary tone with a need to refute and discredit, followed by being a “fast follower” 
 Legal defensive position 
 Political rebuttal and obfuscation 

The development profile for any industry and any thing new is: 

Innovator, early adopter, early minority, late majority and laggard. 

We believe that: 

1) New metrics will need to be established that allow for new values to be evaluated against current 
metrics (i.e. miles/gallon, ppm CO2, kg/cu. meter). 

2) Revised rating system based upon new metrics for at a minimal compliance with opportunities for 
incremental “better than std.” evaluations and differentiation. 
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3) Competitive pressures will delay advancements. Industry professional affiliations will not 
immediately adopt new designs if they are not close enough to existing standards, fall with in 
established criteria, if they are perceived as a competitive advantage for a particular firm or are 
developed in a foreign country. 

4) Sustainability can be (is currently) a politically charged issue dependent on parties and regional 
agendas. Only business market factors independent of legislation will more than likely be able to 
influence adoption. 

Group 2 – Discussion Leaders: Troy Hawkins and Bert Bras 

PowerPoint Slides: 

Group 2 – Technologies/Tools - Needs 
 Different tools are needed for different audiences/users 

o Expert versus practitioner version of tools 
o Differentiation between product design and design of sustainable supply chains 
o Input-Output approaches seem to work well for large supply chain assessments 

 Lack of integration of LCA databases/data with Computer-Aided Design tools 
o Both in ME as well as ChE and economics 
o Not difficult to do 

 Tools are out there, but workflow integration is needed 
 Subscription costs can be a barrier 

Lower Level Needs 
 Need for more LCA inventory data that is maintained consistently for a cheap price 
 Need for non-linear, dynamic data/models for LCA predictive capability 
 Designer workflow could be more product specific allowing for parametric studies 
 Qualitative screening/streamlined LCA 

o Third party validated? 
 Benchmarking tools linked to system analysis tools 

o Advantage: Can compare against “the standard” 
o E.g., data envelope analyses 

Scales 
 Data and tools for seamless consistent analyses at different/multiple scales is lacking 
 Accuracy of narrow scale versus uncertainty of comprehensive scale – how do we manage? 

System Level Analyses 
 How do we integrate all models like risk analysis, consumer behavior, LCA, etc. 
 Model Based Systems Engineering (MBSE) field may have to be engaged 
 Industry/practitioners still like/prefer MS Excel 
 How do we do systems level analyses versus single technology analyses, e.g., to 

o Predict effects of technology transitions 
o Capture system dynamics effects 

 Examples exist (e.g., biofuel analyses), but 
o How do we do expand these system studies on a broader scale? 
o How do we integrate other metrics/impact categories? 
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o Who is the user/audience? 
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 Technologies tools  Integration needed? Where is expertise?  State of technical 
 capability? 

Define criteria Social and economic 
expertise 

LCA is not enough  

 Weighting factors NIST 
US EPA 

Flexible weighing 
systems exist, but not 
used 

Integrated assessment  Multi criteria 
  optimization 

Systematic dynamic 
modeling 

EIO use and research 

 Visualization tools  Aspen for CPI 
Cad Cam?   

Not in as wide use as 
 needed 

Collaborative design Cloud computing  ASP  

 
 

 

 

 
 
 

 

Expertise 
 Plenty of technical domain specific expertise is available 
 No expertise on systems level integration and workflow integration 

o Engage ERP, PLM providers  
o A few examples exist of LCA integration with product design focused industrial software 

tools 
 Need for standardization 

o Product category allocation rules 
 Need for validation 

o Policy and product decision level 
 Expertise and effort needed to integrate uncertainty characterization, management, etc. in an 

expert manner 
 Domain expert(ise) has to be integrated in decision making process 

o Be careful with automation of LCAs 
o Result of the tools have to reflect that it is not the final answer 
o Impact categorization/information typically has to be condensed/converted by humans 

into appropriate knowledge 
o Expertise needed on impact category valuation/trade-off 

Group 3 – Discussion Leader: Raj Srinivasan 

PowerPoint Slides: 

General observations on stakeholder process 
 Debate by openly publishing even provocative data and statements is sound! (the 80s) 
 Stakeholder and consensus process may lead to wishy-washy, and not always useful. (the 90s) 
 Joint venture between industry and NGO are interesting. How can we work together addressing 

some common issue? (the 00s) 
 And now?? (10s): Specific actions, sharing a common specific goal and interest. 
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Stakeholders role 
 The government role is to overregulate and overspend, the industry role is to pollute and cut 

corners, the academia role is to be sufficiently obscure and the NGO role is to whine! 
 Government role is to protect? Also stimulate and fund research, partnerships? Remedy market 

failures. 
 Role of academia: understanding the system and educating 
 Role of industry is to respect? Also an expert role 

Attitude and timing 
 There is a time to collaborate and build consensus, there is a time to diverge and take different 

and original paths. 
 Litigation issues rarely lead to productive collaborations (difference LCA – Risk Assessment), 

but… 
 Conflict is often the prerequisite for stakeholder engagement 
 Be more honest than the politically correct requirement of being nice to one another 
 What makes a collaboration interesting… Could be a paper, funding, access to knowledge, access 

to data, ensure an independent point of view 

Which variety of stakeholder process is useful and under which circumstances? 
 Smart stakeholder management – need to understand what is each other’s time frame, aware of 

respective interest. 
 Most effective stakeholder groups: collaborative, committed and accountable 
 Think that the problem cannot be solved on its own. 
 Is it legitimate to deliberately exclude some stakeholder? E.g. the recycling industry in Swedish 

ELV management 
 Stakeholder consultation is different from a roundtable. Stakeholder process is usually purposeful 

and action related 
 Partnership is stimulating, stakeholder consultation is boring, could delay innovation… unless 

clear purpose 
 Useful to formulate the problem together 

Group 4 – Discussion Leader: Thomas Theis 

PowerPoint Slides: 

 Organizational structures for data availability and transparency while maintaining confidentiality 
 Assessments have to go beyond sciences/engineering. Need to incorporate decision analysis, 

social sciences, economics – but how? 
 Weigh benefits to society as well as costs with a long-term perspective 
 Need impact method development to keep up with emerging technologies 

 Policies should provide incentives for sustainable technologies 
 Collaboration 

o In universities across disciplines 
o Incubator mentality? 
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Education and Sustainability 
What is education? 
Make audience understand what we are trying to 
do 

Sustainability often viewed negative: 
“It’s expensive” 

Well…The alternative may be more expensive!! 

  

o Along supply chain to avoid displacing problems 
 E.g. Electric vehicles – no consideration of electricity source 
 E.g. Fluorescent bulbs – no consideration of disposal 

o How do you provide incentives?  
o How do you made it work?  - Publish case studies – use examples, models of success, 

good stories 
o NSF/EPA funding?! 

 

 
 

 

Screening level risk assessment 
o Use general principles to evaluate a chemical before understanding complex endpoints 

(e.g. irreversibility, accumulation in environment) 
Improve communication about emerging technologies and potential risk 
Understanding the limitations of our existing sustainability metrics 

o E.g. Japanese nuclear accident – would we have predicted that? 
How do you discount problems of future for today? 

Group 5 – Discussion Leaders: Maria Burka and Eric Williams 

PowerPoint Slides: 
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Sustainability education is important 
 Stewardship of resources (parents):  

o Children/grandchildren 

  Big problem (challenge, need buy-in from society) 
o Water 
o Energy 
o Quality of life 

 Difficult to evaluate impact – very long time scales 
o scare tactics: Downside is huge in future and even now 
o positive thinking: What is the upside (clean water, health, abundance, new economy 

(branding!)…) 

Who is the Audience? 
(Where is education needed) 
 K-12 very receptive - but teaching resources lacking, bad teaching 
 Undergraduate/Graduate School students - curriculum has not been developed yet. 
 Encourage cross disciplinary teams 

o (business, law, engineering...) 
 Work against traditional silo thinking 
 Population at large is confused and too narrowly focused 

o Politicians (polarized) 
o Industry (unpredictable business environment, CO2 tax?) 
o Electorate (polarized and lacking information 
o ….. 

Need to raise awareness and change attitude, go global…. 

What and how to teach 
 Need language and sensitivity to develop basis for communication along the supply chain (every 

discipline has their own language and jargon) 
o Terminology, taxonomy of sustainability  
o Metrics to measure if a process/product is sustainable 

 Make sure that “systems thinking” is integrated throughout and across the curriculum 
 A holistic approach (multi-dimensional analysis) 

o Example: photosynthesis to capture CO2, all aspects 
o Is this contrary to basic research? 
o Is it fundable when it is so broad? 

Integration Academia with Industry 
 How to change big business attitude 
 How to change university 
 How to start a small business 

o What is innovation 
o What is the impact of an idea (health, environment, economic...) 

 Many resources 
o NSF ICORE 
o SBIRs 
o State funding 
o …… 
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Funding and Infrastructure for Educational 
 K-12 need very good teachers (Statistics in US are dismal) 

o Teach for America 
o Teaching as a viable profession for engineers and scientists 

 Undergraduate level 
o Develop course material for supply chain and sustainability 
o Business/industry develop examples of sustainable supply chain 
o More?…. 

 EPA/NSF workshop on sustainability and supply chain 
 (At ASU some years back – report is upbeat) 

 IGERT, Regular proposals 
 Propose NEW programs 

o ERC with focus of sustainability and supply chain issues 
o Sustainability in education 
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Group 6 – Discussion Leaders: Ignacio Grossman and Ray Smith 

PowerPoint Slides: 

How do economic drivers affect sustainable design? 
 The two are inherently inter-linked and difficult to consider independently – policy is important 

to consider as well 
 Operating under different environmental regulations without embedding “true costs” can skew 

markets 
 Subsidies can help to jump start new technologies, but can also create an unsustainable 

environment 
 Carbon markets and other instruments that embed externalized costs could help to level the 

playing field – if applied on imports and domestic production 
 New technologies (“sustainable”) that depend on scarce materials (e.g., lithium) can inflate prices 

and limit overall development of technology 
 Companies still gain economic advantage on their sustainable product lines (e.g., milk). Still have 

trade value. 
 There are examples of where “sustainable” design incentivizing unintended consequences. (e.g., 

Africa producing biofuels for Europe). 
 No agreed upon “value of nature” – lack of vision understanding long term consequences of 

destroying habitat 
 Litigation, Insurance Sector and Infrastructure Building are also critical elements to consider 
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Group 7 – Discussion Leader: Darlene Schuster 

PowerPoint Slides: 

Define Sustainability Indicators 
 Fuel Efficiency in use 
 Weight 
 Resource use and integrity 

o scarcity of rare earths, conflict minerals 
 Emissions 
 Material and use intensity 
 Life cycle water use 
 Labor practices 
 Local employment  
 Durability/longevity/upgradability/recyclable 

Desirable sustainability characteristics of the vehicle supply chain/product system. 
 Local sourcing where possible 
 Avoidance of hazardous, scarce, or conflict materials 
 Use of recycled content where possible 
 Incorporation of remanufacturing opportunities 
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 Use of renewable materials and energy where possible 
 Minimization of energy and water requirements 
 Closed loop recycling of resources where possible 
 Conversion of residual wastes to byproducts 
 Appropriate utilization of ecosystem services 
 Avoidance of airborne emissions, noise, dust, etc. 
 Minimization of transport and packaging requirements 
 Customer-supplier collaboration on sustainable design solutions 
 Emphasis on occupational and public safety 
 Encouragement of supplier diversity and social responsibility 
 Responsible and ethical treatment of workers 
 Support for local capacity development 

Group 8 – Discussion Leader: Herb Cabezas 

PowerPoint Slides: 

Role of Industry, Academia and Government… 
 Industry owns most of production systems, identifies opportunities for new products and services 

that deliver value to consumers 
 Academia owns a significant number of ideas, represents a sources of knowledge creation 
 Government sets the playing field, oversees that welfare is created along fair rules, and right 

incentives 
 Examples on materials, processes and metrics 

Incentives are not always the same so we all (academia, government, industry, NGO, general public) need 
to get together and identify the main decisions to be made in term of sustainable chains… 

We need to find the best way to get together and define, collect and decide on the most adequate 
sustainability metrics and indicators that represent the best impacts For example: energy options, material 
options, human health, ecosystems… to work with… 

We need to find venues to incorporate NGOs into the decision making process 
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Group 9 – Discussion Leader: Bhavik Bakshi 

PowerPoint Slides: 

Examples of Emerging Technologies 
 Nanotechnology 
 Biofuels and biomaterials 
 Genetically engineered technologies, etc. 
 Our ability to make a new technology vastly outstrips our ability to answer questions about its 

impact 

Challenges 
 Tools may not be available to evaluate new technologies 
 How do we build computing infrastructure that can help meet these challenges 
 Can there be standard methods to assess new technologies? 
 Insurance approach to deal with uncertainty 
 Get industry to fund assessment research – has not worked in the past.  Role for government and 

academia interaction with industry 

 Industry-academic-government collaboration to avoid corn ethanol type of fiascos;  Also need to 
consider political aspects 

 Develop focus on a metric and a target; that is what worked for CFC substitutes; however may be 
impossible to define such fixed targets; use adaptive management and resilience 

 Have industry participate in the stakeholder dialog run by the government 
 Researcher teams should combine reductionist with systems research 
 Need to develop longer-term focus 

SESSION IV BREAKOUT GROUP NOTES 

Group 2 – Discussion Leader: Darlene Schuster 

Notes: 

Sustainable Automotive Powertrain Supply Chain  
 Overarching question: Who is the client of the research? 
 Measuring and reporting is not the end goal. Raising awareness is. 
 Research Areas 
 Material availability and resiliency 

o Scarcity/supply, Stock depletion, local impact, diversity of supply 
o Scenarios around material recovery 

 What is the indirect impact of a new powertrain/part/material (e.g. lithium) 
o Does it impact current supply chains and demand? 
o Risk/scenario analyses  

 What are the supply chain options 
o Existing or new? 

 Value chain economics related to status quo 
 Hazardous handling and social issues (human rights, child labor) 
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 Does dissemination of DFE principles really lead to sustainable supply chains? 
 What do consumers really need? 

o	 Efficiency, range, other 
o Access versus mobility  

 Tradeoff of accuracy of information versus information gathering effort  
 Needs: 

o	 Scenario capability 
o	 Breadth 
o	 Depth 
o	 Connection to “regular” research on supply chains e.g., Just in Time manufacturing 

economics, etc. 
o Better connection to “practice” and their decisionmaking needs 

 Observations: 
o	 Pilot approach works best to start with industry 
o	 Many consortia already exist—value proposition is needed 
o	 “Tool” ownership is an issue 

Sustainable automotive powertrain? 

	 Understanding of the supply chain 
	 Tools to understand look broadly across the supply chain: 
	 What attributes of the supply chain are important? 
	 Sourcing – materials availability and constraints 
	 Scarcity issues, conflict issues…  
	 Scenario – what does the market look like when this product might come back into the 

system? 
	 Materials that involve hazardous handling or EHS issues? 
	 Child labor? 
	 Social, value chain economics relative to status quo? Are we developing a different supply 

chain that would redistribute wealth? Are we creating jobs? Are we reducing jobs? 
	 Can we use the same sites we had before? Compatibility with existing facilities? Who is 

bigger Ford or Bosch? 

Client? 
 Final product manufacturer, intermediate product manufacturer, consumer, regulator? 
 How to manage information flow? 
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Scenario Capability 
	 Resource constraints 
	 Regulatory environment 
	 Does it impact existing technologies / production lines that I have? 
	 How does it affect demand? How will introducing this product affect demand for my other 

products? 
	 Rebound effect? 

Breadth Issues 
 Are we being flexible? 
 Regional rail versus regional air 

Depth Issues 
	 Social issues 
	 Worker exposure/safety issues 
	 How will this play into user behavior? 
	 Risk analysis 
	 Within the technological system 
	 Interaction with the environment 
	 What is the indirect impact of an automotive part using lithium? 
	 Heuristics that work for supply chains rather than individual processes within those supply 

chains. 
	 Do heuristics for processes apply for supply chains? Or are we at risk of perverse impacts? 
	 What are the environmental/sustainability implications of my operational decisions? 
	 Weibull modeling – could easily do an LCA on the output 
	 Costing software – could link to LCA software 
	 New turbine designs – different operating modes – different startup modes,  
	 How to structure the research? 
	 Come from the risk perspective. 
	 Start with a small pilot project. 
	 Do we work on this internally or do we engage partners? 
	 If we build a tool, who maintains it, who owns it? Who puts in the hours of labor? 
	 Many consortia already exist, value proposition needed. 
	 Ideas for OTAQ meeting—what tools are needed? Are there modeling capabilities that we 

could help you develop, i.e. having you as a client? What involvement might we develop 
between OTAQ and STD? 

	 Intelligent Manufacturing Systems (IMS)—funding source for collaborative projects. 
	 NSF partnership with USAID to fund international, collaborative research efforts. 
	 If you want to do economic, social-decision, and behavioral science, include experts on your 

proposal 
	 IDEA: Where do we have good ideas that were considered good ideas by sustainability 

professionals, and why did they fail? What are the lessons learned from previous failures? 
	 Invest in education 
	 Invest in workforce development 
	 Jobs in sustainable industries are sustainable jobs 
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	 Create an online wiki-based tool for environmental charette 
	 NSF will sponsor decision-support tool 
	 Could we build an NSF project on the Federal Interagency LCA Data Commons 
	 We have the functional unit wrong. 
	 We need applied, technical social and decision scientists. 
	 Organize a follow up workshop to bring together equal numbers of social and decision 

scientists and engineers/technically capable individuals 
	 There is nothing that integrates the blizzard of assessment tools across this issue of 

sustainability. 
	 IDEA – For this we need computer/technical individuals 
	 Poster – “Research project needs decision-scientist” 

Group 5 – Discussion Leaders – Maria Burka and Eric Williams 

Notes: 

What supply chain to pick? food/nutrition  
 cellulosic ethanol / algae biofuels 
 food/nutrition 
 pharmaceuticals  
 sandstone natural gas/fracking 
 pulp and paper 

Biofuels – all biofuels cellulosic and algal  

Issues 
 Land or ocean 
 Variability in climate  
 Resources: carbon, nutrients, water 
 Farmer’s behavioral issues, getting people to change, incentives 
 How to deal with waste 
 Co-product substitution, effects on other markets  
 GMOs 
 Hope to reduce CO2, improve energy security, rural development/employment 
 Land use: 

o	 Food versus fuel (conversion) 
o	 Agricultural practices – especially crop 
o	 Ecosystems services from different land use options 
o	 Containment of GMOs microbes, algae 
o	 Pumping energy 
o	 Role of LCA in development: can LCA identify inefficiencies to do better LCC.  

Don’t understand: 
 Land use change 
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 Nutrient flows for some options 
 Energy flows for new options 
 Ecosystem effects, ecosystem services  
 New crops such as miscanthus, that can compost  
 Organism characterization 
 How to get farmers to do harvesting and biorefinery 
 Substitution effects  
 Use phase – demand, different operational emissions from different 
 Combinatorial approach to supply chains  
 Transportation, logistics 
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PRESENTATION:WELCOME TO THE DESIGN OF SUSTAINABLE PRODUCT SYSTEMS 

AND SUPPLY CHAINS WORKSHOP 

Workshop on the Design of Sustainable Product Systems and Supply Chains, September 12-13, 2011 
Final Report, February 29, 2012 B-2 



 

National Science Foundation 
Arlington, Virginia 
September 12, 2011 

Welcome to the 
Design of Sustainable Product Systems 
and Supply Chains Scientific Workshop 

   
  

 

  
 

   
  

   
 

 
 

  

 

  

 

  

National Risk Management Research Laboratory 
Office of Research and Development 
U.S. Environmental Protection Agency 

Workshop Goals 
1. What tools and methods are currently available for design of sustainable

product systems and supply chains?

2. How can these tools and methods be combined in new ways to improve
our ability to design sustainable product systems and supply chains?

3. Where do the most promising opportunities exist for modifying product
systems and supply chains?

4. What are the implications of new methods for design of sustainable
product systems and supply chains for:

– Reducing the life cycle environmental impacts of existing products and
processes?

– The process of developing and implementing new technologies?

– The evaluation of new technologies?

– The design of policies and technologies that reduce pollution and/or
increase recycling?

5. What indicators and metrics of sustainability are appropriate and
necessary for design of sustainable product systems and supply chains?

1
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Monday Morning Agenda
 

8:30 – 9:00 

Session I – Perspectives on the Design of Sustainable Product Systems & Supply Chains 

x Welcome to NSF, Bruce Hamilton and Maria Burka 
x Workshop Goals and Overview, Troy Hawkins 
x Introduction of Organizing Committee and Staff Support, Troy Hawkins 
x Introductions of Participants – name, affiliation, and expertise/background relevant for this 

workshop 

9:00 – 10:30 

Design of Sustainable Product Networks and Supply Chains: The Need for a Systems 
View at All Levels, Bert Bras, Georgia Institute of Technology 
Consumption, Sustainability, and Social Benefits, Thomas Theis, University of Illinois, 
Chicago 
Avoiding Unintended Consequences in the Design of Sustainable Supply Chains, Sherilyn 
Brodersen, Kraft 
LCA from an Industry Perspective, Bill Flanagan, GE 

10:30 – 10:45 Break 

10:45 – 11:30 
EPA Sustainability and the Design of Sustainable Product Networks and Supply Chains, 
Joseph Fiksel, US EPA 

11:30 – 12:00 
Supporting Sustainable Engineering Research through NSF and EPA 
x NSF Funding Opportunities - Bruce Hamilton 
x EPA NCER Activities - Cynthia Nolt-Helms 

National Risk Management Research Laboratory 
Office of Research and Development 
U.S. Environmental Protection Agency 2 

Monday Afternoon/Evening Agenda
 

12:40 – 1:00 
Session II – Disciplinary Definition of the Problems and Opportunities 
Lead by Ignacio Grossmann 

1:00 – 2:20 Work in breakout groups 

2:20 – 3:15 Breakout Groups Report Back – Group Discussion 

3:15 – 3:30 Break 

3:30 – 3:50 

Session III – What are the common problems, common areas of need, 
complementary areas to be interfaced, and opportunities for cross-
disciplinary fertilization facilitated by design of sustainable product 
systems and supply chains? 

Lead by Eric Williams 

3:50 – 5:00 Work in breakout groups 

5:00 – 5:30 Breakout Groups Report Back – Group Discussion 

5:30 – 6:45 
Break/Gather in bar area of Westin Hotel for drinks and discussion 
(optional) 

6:45 Meet group in hotel lobby to walk to dinner (optional) - Westin Hotel 

7:15 Group dinner (optional) – Ted’s Montana Grill 

National Risk Management Research Laboratory 
Office of Research and Development 
U.S. Environmental Protection Agency 3 B-4



   
  

 

Questions for Session II – Definition 
of the Problem and Opportunities 
1.	 What are the challenging industry and societal 

problems to be solved?  What are the future drivers 
for design of sustainable products, manufacturing 
systems and supply chains?  What are the next 
generation sustainable-design enabled strength 
areas in the US? 

2.	 Where are the gaps in knowledge? What are the 
problems faced by existing sustainable design 
capabilities? 

3.	 What are the opportunities for design of sustainable 
products. manufacturing systems and supply 
chains? 

National Risk Management Research Laboratory 
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Questions for Session III 
Group 1 – How does sustainable design affect or impact 
economic drivers? 

Group 2 – What technologies/tools and their integration 
are needed, where is the expertise, and what is the 
state of technical capability? 

Group 3 – What are the respective roles of industry, 
government, and academia and how should they 
interrelate? What partnerships/coalitions are needed? 

Group 4 – How will new and emerging technologies and 
capabilities need to affect organization roles and 
responsibilities – academia/industry, 
researcher/research teams, etc. 

Group 5 – Where are education and training needed? 
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Questions for Session IV –
 
Workshop Deliverables
 

1.	 Identify and exemplify major application impacts, 
directions, and the potential for design of sustainable 
product systems and supply chains? 

2.	 Identify and recommend research areas that aim 
toward the fulfillment of this potential 

3.	 Identify associated areas of needed emphasis with 
sustainable design education and training, 
interdisciplinary development, and support and 
approaches to collaboration. 

Tuesday Morning Agenda
 

8:00– 8:20 
Check-in - NSF, 1st floor Visitors Desk 
Greeting and refreshments, provided by AIChE 

8:30 – 9:45 

Continue Session III Breakout Group Reporting, Lead by 
Eric Williams 
Summary of Monday Progress 
Continue Questions and Group Discussion 

9:45 – 10:00 Break 

9:45-10:15 
Workshop Session IV – Workshop Deliverables 
Lead by Darlene Schuster 
Introduction to Day 2 

10:15 – 11:15 
Work in breakout groups, facilitated by Darlene Schuster 
x Develop recommendations in the context of near- and long-

term, priority, and reality. 

11:15 – 11:45 
Session IVa Breakout Groups Report Back – Group Discussion, 
moderated by Darlene Schuster 

National Risk Management Research Laboratory 
Office of Research and Development 
U.S. Environmental Protection Agency 6 
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Tuesday Afternoon Agenda
 

12:30 – 1:15 
Continue Session IVa - Breakout Group Reporting, moderated 
by Darlene Schuster 

1:15 – 1:30 Collective vote on priorities, lead by Darlene Schuster 
1:30 – 2:00 Summarize priorities 

2:00 – 2:45 

Work in breakout groups, facilitated by Darlene Schuster 
(1) What investments are needed by whom, financial and 

other? 
(2) What are the key learnings and take-aways from the 

workshop? 
2:45 – 3:00 Break / Load breakout session presentations 

3:00 – 4:00 
Session IVb Breakout Groups Report Back, Group Discussion, 
moderated by Darlene Schuster 

4:00 – 4:30 Wrap up, next steps, Troy Hawkins 

National Risk Management Research Laboratory 
Office of Research and Development 
U.S. Environmental Protection Agency 8 

Opportunities Following the Workshop 

• Contribute to workshop report 

• Assist in dissemination of workshop findings 

• Participate in workshop email distribution list 

• Pursue research collaboration funding opportunities 

National Risk Management Research Laboratory 
Office of Research and Development 
U.S. Environmental Protection Agency 9 B-7



   
  

 

   
  

 

Who are we?
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Brazil Germany Netherlands 
Singapore 

US 

AZ CA CO
CT 

DC 

FL 
GAILMAMDMINJ 

NY 

OH 

PA 

TN TX
VA VT

Other 

 

Who are we? 

Non-profit 

Industry 

Non-profit 

Academic 

Industry Corps of Defense 
Energy Eng 

EPA 

Govt 

NSF 

Academic 
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Special thanks to...
 
Organizing 
Committee 

Advisory 
Committee 

Staff 

Maria Burka 

Heriberto Cabezas 

Bruce Hamilton 

Troy Hawkins 

Darlene Schuster 

Raymond Smith 

Bhavik Bakshi  

Saif Benjafaar  

Bert Bras 

Ignacio Grossmann 

Alan Hecht 

Raj Srinivasan 

Thomas Theis 

Eric Williams 

Susan Anastasi 

Michelle Nguyen 

Eric Chan 

Dan Tisch 

Donna Jackson 

Sonia Williams 
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Name, affiliation, and expertise/background 
relevant for this workshop 
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Breakout Group 1 Breakout Group 2 Breakout Group 3 
Tom Seager*, Ariz State U Bert Bras*, GA Tech Raj Srinivasan*, U Singapore 

Andres Clarens, UVA Vikas Khanna, U Pittsburgh Olivier Jolliet, U of MI 
Yinlun Huang, Wayne State U Troy Hawkins*, EPA Reid Lifset, Yale 

Christoph Koffler, PE International Vincent Camobreco, EPA Sherilyn Brodersen, Kraft Foods 
Phil Williams, Webcor Builders, USA William Flanagan, GE, USA Michael Hilliard, ORNL 

Michelle Nguyen, AIChE Margaret Mann, NREL 

Breakout Group 4 Breakout Group 5 Breakout Group 6 
Thomas Theis*, U Illinois Eric Williams*, RIT Ignacio Grossmann*, CMU 
Sergio Pacca, U Sao Paulo B. Erik Ydstie, CMU Fengqi You, Northwestern 

Alan Hecht, EPA Meadow Anderson, EPA Ray Smith*, EPA 
Wes Ingwersen, EPA Maria Burka*, NSF Mark Goedkoop, Pre Consultants 

Andreas Ciroth, Green Delta John Glaser, EPA Martha Stevenson, WWF US 
Arnold Tukker, TNO Eric Masanet, LBNL 

Breakout Group 7 Breakout Group 8 Breakout Group 9 
Darlene Schuster*, AIChE Omar Romero-Hernandez, UC B Jay Golden, Duke 
Joseph Fiksel, EPA/OSU Herb Cabezas*, EPA Marianthi Ierapetritou, Rutgers 

Cynthia Nolt-Helms, EPA NCER Igor Linkov, Army Corps of Eng Angie Leith, EPA 
Sangwon Suh, UCSB Don Versteeg, P&G Carole LeBlanc, Dept of Defense 

Mark Tulay, Sustainability Risk Russell Barton, NSF John Carberry, DuPont 
Beth Beloff, Bridges to Sustainability Erin Chan, AIChE Bhavik Bakshi*, Ohio State 

Breakout Group 10 
Bruce Hamilton*, NSF 

H. Gregg Claycamp, FDA 
Clare Lindsay, EPA 

Dima Nazzal, U Central Florida 
Rachuri Sudarsan, NIST 

Dennis McGavis, Shaw Inc 

Workshop Co-Sponsors 

U.S. Environmental Protection Agency 
U.S. National Science Foundation 
American Institute of Chemical Engineers 



        
   

     

     

   

 

PRESENTATION: DESIGN OF SUSTAINABLE PRODUCTS SYSTEMS AND SUPPLY 

CHAINS: SOME CONCEPTS, CASES, AND LESSONS FROM AN ENGINEERING 

PERSPECTIVE, BY BERT BRAS 
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Design of Sustainable Products 
Systems and Supply Chains – Some 

Concepts, Cases, and Lessons from an 
Engineering Perspective 
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6XVWDLQDELOLW\��3K\VLFDO�DQG�%LRORJLFDO�/LPLWV� 

Earth 

Ecosystems Urban Regions 

Industry 

Sourcing 

Material 

Production 

Distribution 

Use 

Waste 
(land, water, air 
emissions 

Product Re-X 

Extraction 

Power Sources 
(Sun, Moon, 
Earth) 

Society 
Nature 

%RWWRP�OLQH��7KH�H[WUDFWLYH�FDSDELOLW\�RI� 
KXPDQLW\��DQG�LWV�LQGXVWULDO�V\VWHP��PXVW� 
EH�EDODQFHG�ZLWK�WKH�UHJHQHUDWLYH� 
FDSDFLW\�RI�WKH�(DUWK� 
Key variables: Time & Location

&RS\ULJKW�*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\������� 

  
 

 

1HHG�IRU�D�6\VWHPV�$SSURDFK� 

Observations from 2001 National Science Foundation 
sponsored global study on Environmentally Benign 
Manufacturing: 

• There was no evidence that the environmental problems 
from our production systems are solvable by a “silver 
bullet” technology. 

• There is a need for systems-based solutions 
– which requires a comprehensive systems approach 
– where scientists, engineers, managers, economists, 

entrepreneurs, policy-makers, and other stakeholders all work 
together to 

• address environmental issues in product realization and 
• achieve economic growth while protecting the environment. 

&RS\ULJKW�*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\������� 

• Final Report: Environmentally Benign Manufacturing. 
WTEC Panel Report, Baltimore, MD, Loyola College, 2001. 

• Online: http://itri.loyola.edu/ebm/ebm.pdf B-13



([DPSOH���7ZR�$XWRPRWLYH�3DUWV� 

� 6LPSOH�TXHVWLRQ��:KDW�LV�EHWWHU"��� 
± 9LUJLQ�PDQXIDFWXULQJ� 	�GLVSRVDO�� 
± 5HF\FOLQJ� 
± 5HPDQXIDFWXULQJ� 

$OXPLQXP�WUDQVIHU�FDVH� 

6WHHO�SLQLRQ�JHDU� 

16)�*UDQW����������� &RS\ULJKW�*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\������� 
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2UH� 
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5HILQLQJ�SURFHVVHV�KDYH�WKH�KLJKHVW� 
HQHUJ\�FRQVXPSWLRQ� 

 �+LJKHVW�JOREDO�ZDUPLQJ�SRWHQWLDO"� 

0DFKLQLQJ�SURFHVVHV�HQHUJ\� 
FRQVXPSWLRQ�LV�ORZ� 

16)�*UDQW����������� 

De-Materialization should be 
higher priority from an energy 
point of view

&RS\ULJKW�*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\������� 

%UDV��%���³6XVWDLQDELOLW\�DQG�3URGXFW�/LIH�&\FOH�0DQDJHPHQW�±�,VVXHV� 
DQG�&KDOOHQJHV´��,QWHUQDWLRQDO�-RXUQDO�RI�3URGXFW�/LIH�&\FOH� 
0DQDJHPHQW��9RO�����1R������SS�������������� 
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Sinter 
MAKING 

Iron Pig 
MAKING 

MELTINGSORTINGCASTING CLEANINGMACHINING 
Remanufacturing 

MACHINING 
Recy/dispo 
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MAKING 
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30 

Ore 
extracting 

5HILQLQJ�SURFHVVHV�KDYH�WKH�KLJKHVW� 
HQHUJ\�FRQVXPSWLRQ� 

0DFKLQLQJ�SURFHVVHV�HQHUJ\� 
FRQVXPSWLRQ�LV�ORZ� 

16)�*UDQW����������� 

De-Materialization again will 
result in higher gains from 
an energy pint of view 

&RS\ULJKW�*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\������� 

 

  

(QHUJ\�&RQVXPSWLRQ�LQ�0DQXIDFWXULQJ�6HFWRUV� 
0(&6�6XUYH\�<HDUV� 

NAICS� Subsector and Industry� 1998� 2002� 
���� Food 1,044 1,123 

���� %HYHUDJH�DQG�7REDFFR�3URGXFWV� ���� ���� 

���� 7H[WLOH�0LOOV� ���� ���� 
���� 7H[WLOH�3URGXFW�0LOOV� ��� ��� 
���� $SSDUHO� ��� ��� 
���� /HDWKHU�DQG�$OOLHG�3URGXFWV� �� �� 
���� :RRG�3URGXFWV� ���� ���� 
���� Paper 2,747 2,363 
���� 3ULQWLQJ�DQG�5HODWHG�6XSSRUW� ��� ��� 
���� Petroleum and Coal Products 7,320 6,799 
���� Chemicals 6,064 6,465 
���� 3ODVWLFV�DQG�5XEEHU�3URGXFWV� ���� ���� 
���� 1RQPHWDOOLF�0LQHUDO�3URGXFWV� ���� ������ 
���� Primary Metals 2,560 2,120 
���� )DEULFDWHG�0HWDO�3URGXFWV� ���� ���� 
���� 0DFKLQHU\� ���� ���� 

���� &RPSXWHU�DQG�(OHFWURQLF�3URGXFWV� ���� ���� 

���� (OHFWULFDO�(TXLS���$SSOLDQFHV��DQG� 
&RPSRQHQWV� ���� ���� 

���� 7UDQVSRUWDWLRQ�(TXLSPHQW� ���� ���� 
���� )XUQLWXUH�DQG�5HODWHG�3URGXFWV� ��� ��� 
���� 0LVFHOODQHRXV� ��� ��� 

Manufacturing� ������� ������� 

� Manufacturing process energy 
savings are small when majority 
is embodied in upfront material 
production/refining 

� Closed loop supply chains that 
save material through recovery, 
reprocessing, recycling, 
remanufacturing, etc. (re-X) is an 
important aspect to be pursued 

&RS\ULJKW�*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\������� 

&RQVXPSWLRQ�RI�(QHUJ\��6LWH�(QHUJ\��IRU�$OO�3XUSRVHV� 
�)LUVW�8VH��IRU�6HOHFWHG�,QGXVWULHV�������DQG������ 
�7ULOOLRQ�%WX�� 

Source:��(QHUJ\�,QIRUPDWLRQ�$GPLQLVWUDWLRQ��)RUP�(,$������ 
0DQXIDFWXULQJ�(QHUJ\�&RQVXPSWLRQ�6XUYH\V�������DQG������� 
KWWS���ZZZ�HLD�GRH�JRY�HPHX�HIILFLHQF\�PHFVBWUHQGB�����PHFV����BW 
DEOH�D�KWPO� 

B-15



SSSSSSSSSSSSSSSSSSSSSSSSSS\\\\\\\\\\\\\\\\\ JJJ
������������

 

&RS\ULJ W�*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\�������
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Optimized Life Cycle Replacements Optimized with Remanufacturing 

� 5HSODFLQJ�SURGXFWV�PRUH� 
IUHTXHQWO\�ZLWK�PRUH� 
HQHUJ\�HIILFLHQW� 
WHFKQRORJ\�KHOSV� 

� %XW�ELJJHU�JDLQV�FDQ�EH� 
PDGH�E\�LQFOXGLQJ� 
remanufacturing� 

Need: 

� Understanding of user behavior 

� Understanding and modeling of 
impact of different options 

� New enabling technologies 

� $GGLWLYH�0DQXIDFWXULQJ� 
� 1RQ�GHVWUXFWLYH�WHVWLQJ� 

,QWOHNRIHU��.���%UDV��%���DQG�)HUJXVRQ��0���³(QHUJ\�,PSOLFDWLRQV�RI�3URGXFW�/HDVLQJ´
(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\��9RO������1R������SS������������������ 16)�*UDQW�����������&&&RS& S&&&&R&RSS&&&&&&&&&RS&RSRS&RS&RS&RSSS&&&&&&&&&&&&&RRS&R&RS&RSRS&&&&&&&&&&&&&&&RSRS&&&&&&&&&&&&&R&RS&&&&&&&&&R&&&RSRSS&RS&& &&&&&&&&R RSRRRRSSRSSSSSSS&&&&&&&&&&RR RRRRRSS SSSSS&&&&&&&&RRRRRSRSRRRSSSSRSSSRS&&&&&&&&RSRR RSRRRSSRSSRSS SS&RS& &&&&&&&RRRR RRRSSSSSSSSS& &&&&&& RRR RRRSSSSSSSS&&&&&&&&R&&&RRRRRR RRSSS S&&&&&&R&&&RRRRRRRRSSSSSSS&RS&&&&&& RRRRSRRRRRRRRSSS&&&&&&&&&&RRRRRSRRR RSSSSSSSSS&&&&&&&&&&&RRRSRRRRRRRRRRSSSSSSSSSSS&&&&&&R&RSRSRRSRSRRRRRSSSSSRSRSSRSSS&&&&&&&&& RRSRSRRRRSSSSSS LULUL\\\U\ ULULLUL\\UUUULLUL\ UULULLLLL\ ULULLLLLLUL\\\ \UUUUUULLULUL\\\\\\UUUUU LULUL\ \\\\\U\UUUUUUULL\ \\\\\\\UUUUUUULL\\\\\\\\\UUUUULLULL\\\\\\\\\UUUUUULLLLL\\ \\\\\\UU\UUUULL\\\\\\\UUUUULUULLUL\\\\\\\UUUUUUU\\\\\\\\UUUUU\\\\\\\\\\\UUUUUL\\\\\\\\\\UUUUUL\\\\\\UUUUU JKJJKJJKJKJKJKJKJJJKJJJJJJKJKJKJJKKKJJKJJ KJKJ KKJJJJJKKKKJJJ JJKJKJJJJJJJJJJJJJJJJJJJJ 
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Optimized Life Cycle Replacements Optimized with Remanufacturing 

Remanufacturing Supply Chain -- Messy� 

&RS\ULJKW�*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\������� 

Suppliers 

Store/Dealer Consumer 
2 

3 

2 

3

Third party 
Remanufacturer 

3 

Core broker/ 
manager 

3 

3 

3 

4 

Legend: 
1 = New parts 
2 = New and remanufactured parts & products 
3 = Used products (to be remanufactured) 
4 = Remanufactured parts and products 

In-House 
Remanufacturing 

Operation 

1
Manufacturing 

Operation 

4 

3 

1 

1 

1 

4 

OEM 

waste 

waste 

Raw material 

waste 

waste 
%UDV��%���³'HVLJQ�IRU�5HPDQXIDFWXULQJ�3URFHVVHV´��&KDSWHU��� 
LQ�+DQGERRN�IRU�(QYLURQPHQWDOO\�&RQVFLRXV�0HFKDQLFDO� 
'HVLJQ���0\HU�.XW]�HG����:LOH\��SS���������������� 

6RFLDO�FRQVHTXHQFHV�±� 
5H�;�LQ�&KLQD� 
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±

K 

0LQLQJ�0DWHULDO�IURP�&LWLHV��8UEDQ�0LQLQJ��± 
/RFDO�6RFLR�(FRQRPLF�,PSOLFDWLRQV"� 

Transportation models 

Environmental 
impact models 

3URGXFWLRQ� 
$FWLYLWLHV� 

,QVWLWXWLRQV�� 
+RXVHKROGV�� 
%XVLQHVV�� 

*RYHUQPHQW� 

)DFWRU�,QFRPHV� 
:DJHV��3URILWV�� 
5HQWV��,QWHUHVW� 

&RQVXPSWLRQ� 
3DWWHUQV� 

9DOXH�$GGHG�E\� 
6HFWRUV�DQG� 
&RPSRQHQWV� 

,QFRPH� 
'LVWULEXWLRQ� 

Social 
Accounting 

Matrices 

Facility/Process models 

Product Inventory Estimate (PIE) models 

GIS, Demographic, and 
Consumer Behavior Models 

Urban Region (Atlanta) 

Product 

Product Bill of Material 
(BOM) & Sales data 

Integrate urban datasets & GIS with engineering & 
industrial process models to quantify the socioeconomic 
and environmental impacts of locations for recycling 
centers and collection strategies 
(Sustainable Industrial Systems for Urban Regions – 
SISFUR) 

Recycling facility locations 

16)�*UDQW�����������&&&& &&&&&&&&&&RS&&&&&&&&&&&&&&& S&&&&&&&&&&&&& RSRS&&&&&&&&&&& RSR SRS&&&&&&&&&&&& RSRS S&&&&&&&&&R&&RRRRRRRRRR SSSSSSSSSSS&&&&&&&&&RRRRRRRRRRRRRSSRSRSSRSSSRSSS&&&&&&&&RS&RS&RSRRRRR&RSRRSRSRSSS&RSS&&&&&&&&& RRRRRRRRSRSSSSSS&RSSSSS&&&&&&&RS&&&RSRSRRRRRRR&RSSSSSSS&&&&&&&&&RS&& RRRRSSSSSSSS&&&&&&&& R&RRR&RRSSSSSSS& &&&&&& R RRRRRSRSSSSSSS&&&&&&&&&&&R RRSRRRSRSSSSSSS&&&&&&&&&&RR RRRSS SS&&&&&&&&&RRR RSRRRSSSRSS SSS&&&&&&&&&&&RRRR RRRSSRSSSS SSS&&&&&&&&&&RRRRR RRRS&RSSSSSSSSSS UULULULLLULUULULULLLUL\UULULULUL\\\U UULULLUU\ U\UUUUUU\\\\\\\\\\\\UUUUU\\\\\\\\\UUUUUUL\\\\\\\\\\UUUUUUUL\ \\\\\\UUUUUUUULLUL\ \\\\\\\UUUULULULUULULULUL\\\\\\\\UUUUULLL\\\\\\\UUUUULULLUL\\\\\\\\\UUUUU L\\\\\U\\UUUUULL\\\\\\\UUUULLUL\ \\\\\\\UUU L\\\\\\\\\\UUU ULLLJKJJJJKJKJKJJKJKJKJJJJJJJJJJKJKJJJJJKJKJJJJJJJKJJJJKJJJJJJKJJJKKJKJJJKKJJJ J 

� What is better for the environment��'LJLWDO� 
SLFWXUHV�RU�FRQYHQWLRQDO�SLFWXUHV"� 
± 'LJLWDO�FDPHUD�DYRLGV�FKHPLFDOV�LQ�ILOP�GHYHORSLQJ��� 
± +RZHYHU��GLJLWDO�FDPHUDV�UHTXLUH�HOHFWURQLFV�DQG�FRPSXWHUV�WKDW� 
QHHG�HQHUJ\�DQG�FRQWULEXWH�WR�JUHHQKRXVH�JDVVHV��� 

� 
� 7\SLFDO��FRUUHFW��DQVZHU��“It depends…”� 
� 

� ,Q�WUXWK��WKH�TXHVWLRQ�KDV�EHFRPH�LUUHOHYDQW�EHFDXVH� 
WKH�PDUNHW�KDV�DOUHDG\�VSRNHQ«� 

� 

$QRWKHU�³6LPSOH´�4XHVWLRQ«� 

&RS\ULJKW�*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\������� 
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$JDLQ��LW�JHWV�PRUH�FRPSOLFDWHG«� 

� Consumer has many different 
options 

� What is the environmental 
performance of product systems? 

Imaging Scenarios ABBR Capture Processing Output 
Film Capture to Retail Print FC/R Film Retail Retail 

Film Capture to Wholesale Print FC/W Film Wholesale Wholesale 
Digital Capture to CRT Retail Print DC/CR Digital PC/CRT Retail 
Digital Capture to LCD Retail Print DC/LR Digital PC/LCD Retail 
Digital Capture to CRT Wholesale Print DC/CW Digital PC/CRT Wholesale 
Digital Capture to LCD Wholesale Print DC/LW Digital PC/LCD Wholesale 
Digital Capture to CRT Inkjet Print DC/CI Digital PC/CRT PC / CRT Inkjet 
Digital Capture to LCD Inkjet Print DC/LI Digital PC/LCD PC / LCD Inkjet 
Digital Capture to Display CRT DC/CD Digital PC/CRT PC / CRT Display 
Digital Capture to Display LCD DC/LD Digital PC/LCD PC / LCD Display 

Companies make strategic 
product and processes 
technology decisions and 
need to know the 
environmental issues 
associated with different 
product systems, strategies, 
and use scenarios. 

&RS\ULJKW�*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\������� 

  

 

/&$�5HVXOWV� 
Greenhouse 

Emission Water Use 
Waste 

Generation Energy Use 

Scenario ABBR 

kg CO2 eq. / 
kg CO2 eq. m3 / m3 

kg / kg MJ / MJ 

Film Capture to Retail Print FC/R 1 0.0075 0.0992 0.9801 
Film Capture to Wholesale Print FC/W 0.6127 0.0064 0.0714 0.6508 
Digital Capture to CRT Retail Print DC/CR 0.6770 0.2053 0.2512 0.7945 
Digital Capture to LCD Retail Print DC/LR 0.6409 0.0595 0.2281 0.6786 
Digital Capture to CRT Wholesale Print DC/CW 0.4673 0.2053 0.2494 0.6193 
Digital Capture to LCD Wholesale Print DC/LW 0.2085 0.0547 0.2034 0.2235 
Digital Capture to CRT Inkjet Print DC/CI 0.3122 0.1976 1 0.4606 
Digital Capture to LCD Inkjet Print DC/LI 0.2798 0.0670 0.9794 0.3567 
Digital Capture to Display CRT DC/CD 0.5145 1 0.3388 1 
Digital Capture to Display LCD DC/LD 0.3337 0.2709 0.1724 0.4203 

Best and worst are indicated in each column 
Outcome/Impact: 
�	 1R�FOHDU�ZLQQLQJ�RU�KLJK�ULVN�VFHQDULR� 
�	 6XSSRUWHG�EXVLQHVV�GHFLVLRQ�WR�JR�³GLJLWDO´� 
�	 'LJLWDO�WHFKQRORJLHV�RIIHU�PRUH�FKRLFH�DQG�IOH[LELOLW\��UHVXOWLQJ�LQ�D�PXFK�ZLGHU�UDQJH�RI�

SRWHQWLDO�LPSDFW� 
�	 ,QIOXHQFH�RI�FRQVXPHU�GXULQJ�XVH�SKDVH�FDQ�VLJQLILFDQWO\�LQIOXHQFH�HQYLURQPHQWDO�EXUGHQ� 
�	 Providing services (wholesale printing, Ofoto) instead of products (PC printers) is better (in 

this case) 
0XLU��0���%UDV��%���DQG�0DWWKHZVRQ��-���³/LIH�&\FOH�$VVHVVPHQW�RI�)LOP�DQG�'LJLWDO�,PDJLQJ�3URGXFW�6\VWHP�6FHQDULRV´�� 
-RXUQDO�RI�6XVWDLQDEOH�0DQXIDFWXULQJ��9RO�����1R�����SS���������������� 

&RS\ULJKW�*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\������� 
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&RS\ULJKW�*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\������� 

*+*�(PLVVLRQV�±�/RJLVWLFV�DUH�LUUHOHYDQW� 

� *+*�HPLVVLRQV�IRU�YDULRXV�RSWLRQV�E\�SURFHVV� 
� 'LVWULEXWLRQ�KDV�RQO\�UHDO�LPSDFW�LQ�'&��'LJLWDO� 
&DPHUD���Any ideas why? 

Process / Phase Contributions - Greenhouse 
Emissions 

0.00 

0.20 

0.40 

0.60 

0.80 

1.00 

1.20 

F
C

D
C

R
F

P

W
F

P

C
R

T
P

LC
D

P

R
P

W
P

C
R

T
IO

LC
D

IO

C
R

T
D

LC
D

D
 

kg
 C

O
2 

eq
. /

 k
g 

CO
2 

eq
.

End of Life 

Use 

Distribution 

Upstream 

1DWXUDO�YV�6\QWKHWLF�5XEEHU�±�7\SLFDO�'LOHPPD� 

&RS\ULJKW�*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\������� 

� ,PSDFW�RI� 
SURGXFWLRQ�RI���NJ� 
RI�UDZ�PDWHULDO�±� 
(FR,QGLFDWRU���� 
YHUVXV�(',3������ 

� What now? 

� One solution: 
check whether it 
even matters… 

%UDV��%��DQG�&REHUW��$���³/LIH�&\FOH� 
(QYLURQPHQWDO�,PSDFW�RI�0LFKHOLQ�7ZHHO�� 
7LUH�IRU�3DVVHQJHU�9HKLFOH´��6$(�,QWHUQDWLRQDO� 
-RXUQDO�RI�3DVVHQJHU�&DUV±�0HFKDQLFDO� 
6\VWHPV��-XQH��9RO�����1R����SS�������������� 
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'LUHFW�0RGHOLQJ�DQG�6LPXODWLRQ�RI�(IIHFWV�RQ� 
(FRV\VWHPV�±�*UHDW�LQ�WKHRU\��EXW�KDUG�LQ�SUDFWLFH� 

Lotus effect (self-
cleaning) 

Surface nano-bumps 

Part: transmission 
casing 

Process:  
aqueous 
cleaning 
machine 

Ecosystem 

Process model (predicting water use) 

Cleaning System 

On-site and in-site 
air emissions 

Waste 
water 

Water 

Cleaned Part(s) 
Basket 

Dirty Part(s) 

Non-electric 
Energy 

Sludge 

Cleaning 
Agent(s) 

Electric Energy Off-site air 
emissions 

Spatial ecosystem landscape 
model (predicting effect on 
ecosystem) 

5HDS��-���5RPDQ��)���*XOGEHUJ��7���DQG�%UDV��%���³,QWHJUDWHG�(FRV\VWHP�/DQGVFDSH�DQG�,QGXVWULDO�0RGHOLQJ� 
IRU�6WUDWHJLF�(QYLURQPHQWDOO\�&RQVFLRXV�3URFHVV�7HFKQRORJ\�6HOHFWLRQ´����WK�&,53�,QWHUQDWLRQDO�&RQIHUHQFH� 
RQ�/LIH�&\FOH�(QJLQHHULQJ�&RQIHUHQFH��/HXYHQ��%HOJLXP��0D\����-XQH��������� 

,GHD��5HGXFH�ZDWHU� 
FRQVXPSWLRQ�LQ� 
UHPDQXIDFWXULQJ�WKURXJK� 
VHOI�FOHDQLQJ�VXUIDFH� 

&RS\ULJKW�*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\������� 

%LR�,QVSLUHG�0HWULFV�DQG�*XLGHOLQHV� 
*RLQJ�EH\RQG�WKH�PHWULF�FRQXQGUXP�� 
� 1DWXUH�KDV�EHHQ�VXVWDLQDEOH�IRU�D�ORQJ�WLPH��� 
� :KDW�FDQ�ZH�OHDUQ�IURP�SDVW�	�SUHVHQW�ELRORJLFDO�V\VWHPV"� 

± ,QFOXGLQJ�H[WLQFW�V\VWHPV«� 

� &DQ�ZH�GHULYH�GHVLJQ�JXLGHOLQHV�IURP�1DWXUH�WKDW�ZLOO�UHVXOW� 
LQ�LQKHUHQWO\�VXVWDLQDEOH�HQJLQHHUHG�V\VWHPV"� 

&RS\ULJKW�*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\������� 

EngineeringBiology 

Sustainable 
Biosphere 

Principles of Life Translated Principles 

Engineered Products, Services, 
etc. 

Proposed Approach 

Engineering 

Current Approach 

Cases, Field Observations, 
Reasoning from Physical 

Principles, Legislation 

General Rules for ECDM 

Sustainable Engineering 
Systems? 

16)�*UDQW����������� 
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Product
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DisposalUse

 

 

-
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'LIIHUHQW�3URGXFWLRQ�6\VWHPV� 

/LQHDU�3URGXFWLRQ�� 
³7DNH��PDNH��ZDVWH´� 
�RXU�FXUUHQW�V\VWHP��� 

i l
i i

Materials Extracted
from Biosphere

Materials Mined
from Lithosphere

i l
i iMaterial 

Processing 
Product 

Manufacture Distribution 

DisposalUse 

Materials Extracted 
from Biosphere 

Materials Mined 
from Lithosphere 

Material 
Processing 

Product 
Manufacture Distribution 

Product 
Take Back 

Product 
Demanufacture 

Mater a 
Demanufacture 

Disposal 

Manufacture 

Demanufacture 

Energy recovery
with incineration 

Clean fuel 
production via
pyrolysis 

1= Direct reuse 
2= Remanufacture of reusable components 
3= Reprocessing of recycled material 
4= Monomer/raw material generation 

1234 Use 

Materials Extracted 
From Biosphere 

Materials Mined 
From Lithosphere 

(FRORJLFDO�1HWZRUNV� 
�DV�LQ�1DWXUH��� 

&ORVHG�/RRS��,QGXVWULDO� 
6\PELRVLV��HWF���� 
DV�SURPRWHG�E\� 

,QGXVWULDO�(FRORJLVWV�� 

9V��� 

9V��� 

How do they compare? 
&RS\ULJKW�*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\������� 

+RZ�LQGXVWULDO�HFRV\VWHPV�UDQN� 

$YHUDJH�HFRORJLFDO�VWUXFWXUDO�PHWULFV�IRU�D�OLQHDU�SURGXFWLRQ� 
FKDLQ��LQGXVWULDO�V\PELRVHV��Q ����DQG�HFRV\VWHPV��Q ����� 

� ,QGXVWULDO�V\PELRVHV�
KDYH�JUHDWHU�UHVRXUFH� 
HIILFLHQF\�DQG�OHVV�ZDVWH� 
FRPSDUHG�ZLWK�OLQHDU�
FRXQWHUSDUWV� 

� 6WDWLVWLFDOO\��LQGXVWULDO�
V\PELRVLV�DQG�IRRG�ZHE�
VWUXFWXUHV�FDQQRW�
SODXVLEO\�EH�JURXSHG� 
ZLWK�IRRG�ZHEV�� 

� 6\PELRVHV�UHSUHVHQW�
PLGGOH�JURXQG� 

� :RUWK�H[SORULQJ�UHVXOW�RI�
SDWWHUQLQJ�FORVHG�
LQGXVWULDO�PDWHULDO�IORZV�
DIWHU�WKRVH�IRXQG�LQ�
QDWXUH�� 

&RS\ULJKW�*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\������� 

:RUN�LQ�SURJUHVV«� 16)�*UDQW����������� 
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&RS\ULJKW�*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\�������

 

 

 

 

 

 

&RS\ULJKW�*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\������� 

,PSRUWDQFH�RI�³7ULSOH�%RWWRP�/LQH´� 

� (QYLURQPHQWDO�DVVHVVPHQWV�DUH�QRW�HQRXJK� 

� )LQDQFLDO�LV�DOVR�QHHGHG� 
± 7RWDO�&RVW�$QDO\VLV� 

± /LIH�&\FOH�&RVWLQJ� 

± $FWLYLW\�%DVHG�&RVWLQJ� 

� 6RFLDO�³TXDOLW\�RI�OLIH´�DVVHVVPHQWV�DOVR�GHVLUDEOH�� 
± EXW�KDUGHU�IRU�HQJLQHHUV� 

± ([DPSOH�PHWULFV��MRE�FUHDWLRQ��HUJRQRPLFV��HWF�� 

� 0HWULFV�DUH�RIWHQ�QRW�LQGHSHQGHQW��EXW�FDXVDOO\�UHODWHG� 

7ULSOH�:LQ�([DPSOH�±�,W�FDQ�EH�GRQH�� 
%�%�3DFNDJLQJ� 

. Longbeach, CA 

Detroit, MI . 

From Shanghai, China 

Transmission Part 
(aluminum) 

New Packaging 
(plastic) 

Regrind 

Reprocessing into 
splash shields (parts) 

Conventional 
Packaging (cardboard) 

Modeling Interface Economic & Environmental 
Analysis Report 

Data Library Total Cost 
Analysis 

Life Cycle 
Analysis 

Packaging 
Configuration 

Part Configuration 

Logistics 
Processes 

Energy 
Consumption 
Analysis 

MS Excel based decision support model 
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&RS\ULJKW�*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\������� 

5HWKLQNLQJ�'HOLYHU\�±�� 
(QJDJLQJ�([WHUQDO�3DUWLHV�ZLWK�6RXQG�(QJLQHHULQJ� 

� 0DQ\�V\VWHPV�DUH�RYHU� 
HQJLQHHUHG� 

� $SSURSULDWH�WHFKQRORJ\� 
DQG�VRXQG�HQJLQHHULQJ� 
FDQ�JR�D�ORQJ�ZD\� 
WRZDUGV�VXVWDLQDELOLW\� 

� 6ZLWFKLQJ�IURP�&ODVV��� 
+LJK�'XW\�'LHVHO�WUXFNV� 
WR�)RUG�)����FDQ�SURYLGH� 
VLJQLILFDQW�VDYLQJV�� 

� ,GHDV�ZHUH�WULJJHUHG�E\� 
TXHVW�IRU�IXHO�VDYLQJV�� 

/LPLWV�RI�(QJLQHHULQJ� 
� Be aware of “systems solutions” beyond engineering as 

well as “unintended consequences” 

)RU�H[DPSOH�� 
� /RFDOLWLHV�PDWWHU�LQ�VXVWDLQDELOLW\� 

± 5HORFDWLQJ�D�PDQXIDFWXULQJ�IDFLOLW\�WR�D�ORFDOLW\�ZLWK�UHQHZDEOH�SRZHU� 
RIWHQ�KDV�D�ODUJHU�FDUERQ�IRRWSULQW�HIIHFW�WKDQ�DQ\�SURFHVV�HIILFLHQF\� 
LPSURYHPHQW� 

GA Power Plant Bowen (Cartersville): 

± CO2 emission: 0.9 kg/kWh 

± H2O evaporation: 0.4 gallons/kWh 

South-East average (incl. Georgia): 

± CO2 emission: 0.6 kg/kWh 

� 6RFLDO�EHKDYLRU�PD\�KDYH�ODUJHU�LQIOXHQFH�WKDQ�HQJLQHHULQJ� 
± &DU�SRROLQJ�FUHDWHV�PRUH�IXHO�VDYLQJV�WKDQ�DOO�WHFKQRORJLHV�FRPELQHG� 
± 5HERXQG�HIIHFW�FDQ�NLOO�DQ\�HIILFLHQF\�JDLQV� 

� &RS\ULJKW�*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\������� 
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6RPH�/HVVRQV�/HDUQHG��RYHU�WKH�\HDUV�«� 
� $VVHVVPHQW�DSSURDFK��WRS�GRZQ��ERWWRP�XS��DFFXUDF\�OHYHO��HWF��� 
DQG�GDWD�UHTXLUHPHQWV�GHSHQG�RQ�WKH�TXHVWLRQ�WR�EH�DQVZHUHG�� 

� 'DWD�LV�HYHU\ZKHUH�DQG�QRZKHUH��DQG�QHYHU�UHFRQFLOHG� 
� /HJDF\�V\VWHPV�DUH�D�IDFW�RI�OLIH� 
� /RFDWLRQ�DQG�WLPH�PDWWHU��ZKHUH�DQG�ZKHQ�� 
� 6\VWHP�ERXQGDULHV�FKDQJHV�FDQ�IXGJH�WKH�QXPEHUV� 
� ([SHFW�WKH�XQH[SHFWHG� 
� 9HULI\���SUHGLFWLRQ���UHDOLW\�� 
� 7UDQVSDUHQW�PRGHOLQJ�LV�FUXFLDO��IRU�FRQW��LPSURYHPHQW�XVH�� 
� 1HHG�IRU�PRGHO�EDVH�LQVWHDG�RI�GDWDEDVH� 
� 6WDUW�VLPSOH�ZLWK�EHVW�DQG�RU�ZRUVW�FDVH�VFHQDULRV� 
� %HVW�VROXWLRQV�LQYDULDEO\�UHTXLUH�FKDQJH�RI�V\VWHP�ERXQGDU\� 
� 7KH�ZKHHO�LV�UHLQYHQWHG�DOO�WKH�WLPH�±�DOVR�LQ�DFDGHPLD� 
� &RS\ULJKW�*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\������� 

&RS\ULJKW�*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\������� 

,Q�6XPPDU\«� 
� .H\�FRQFHSWV�� 

± /LIH�&\FOH�7KLQNLQJ� 
± &ORVHG�/RRS�7KLQNLQJ��5H�;�� 
± 6\VWHPV�7KLQNLQJ��0RGHOLQJ� 	�6LPXODWLRQ� 
± *RRG�VFLHQFH�DQG�HQJLQHHULQJ� 

� 6RPH�WRROV�DUH�DYDLODEOH��EXW�«� 
± 1RW�PDLQVWUHDP�� 
± 9DOLGLW\�FDQ�EH�ZHDN� 
± ,QWHJUDWLRQ�VHYHUHO\�ODFNLQJ� 

� 6XFFHVV�LV�HQKDQFHG�E\�XVLQJ�H[WHQGLQJ�DGDSWLQJ�NQRZQ�PHWKRGV��WHFKQLTXHV� 
DQG�WRROV� 
± 6L[�6LJPD��$FWLYLW\�%DVHG�&RVWLQJ��HWF�� 

� (YROXWLRQ�RI�WKLQNLQJ�W\SLFDOO\�RFFXUV���SXVKLQJ�WKH�V\VWHP�ERXQGDULHV� 
� $FKLHYLQJ�VXVWDLQDELOLW\�VROXWLRQV�LV�D�YHU\�FRPSOH[��PXOWL�VFDOH�SUREOHP� 

UHTXLULQJ�PXOWL�GLVFLSOLQDU\�WHDPV�DQG�DSSURDFKHV��� 
± ZKLFK�HTXDWHV�WR�VORZ�JRLQJ�ZLWK�KLJK�OHDUQLQJ�FXUYHV� 
± *RRG�7HDPV��(QJLQHHULQJ���&LW\�5HJLRQDO�3ODQQLQJ���6FLHQFHV��(DUWK� �$WPRVSKHULF�6FLHQFH� 

��%LRORJ\�����,QGXVWULDO��3UDFWLWLRQHUV���0DQDJHPHQW�(FRQRPLFV�� 
� 1HHG�PRUH�GLVVHPLQDWLRQ��FRPPXQLFDWLRQ��DQG�HGXFDWLRQ� 

B-24
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Consumption, Sustainability, and Social Benefits
 

Thomas L. Theis
 

Institute for Environmental Science and Policy
 

University of Illinois at Chicago
 

Workshop on Design of Sustainable Product 
Systems and Supply Chains 
12-13 September, 2011 

Life Cycle Assessment
 
•A systems methodology for compiling information on 
the flow of materials and energy throughout a product 
chain 

•LCA evolved from industry needs to understand 
manufacturing, and market behavior, and make 
choices among competing designs, processes, and 
products 

•Defines four general sections of the product chain: 

•materials acquisition 

•manufacturing/fabrication 

•product use 

•downstream disposition of the product 
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What�is�Life�Cycle�Good�For?
 

• ID�energy/material/waste�hot�spots 

• Compare�options 

• Improve�product/service�chain 

• Avoid�displacing�pollution 

• Very�good�at�framing�policy�issues 

What�is�it�not�especially�good�for?
 
• Detailed�risk�assessments 

Life Cycle Assessment Stages 
(USEPA) 

B-27



“Greening”�product�chains 

Product�conceptualization,�development,� 
manufacturing,�distribution,�marketing,�use,�and� 
postͲuse�disposition�that�incorporate� 
• Design�for�the�environment�principles� 
• Green�engineering� 
• Green�chemistry 

• Business�practices�built�upon�the�concepts�of� 
systems�thinking�and�“ecoͲefficiency” 

Underlying�assumptions… 

It is generally believed that if these principles and practices can 
become widespread (i.e. if the complete product chain can be 
“greened” enough), then better material and energy efficiencies 
will result, effectively “decoupling” environmental impacts from 
the consumptive habits of the human population 

The social benefits of consumption are less clearly understood, 
but it is assumed that a greater variety of more efficient and 
environmentally-conscious products and services, sometimes 
made available at lower costs, will necessarily yield societal 
benefits, thereby moving toward at least partial fulfillment of the 
sustainability paradigm 
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From: Dahmus and Gutowski, (2011) JIE (in press) 

Source:�Dahmus�and�Gutowski�(2011)�JIE�(in�press) 
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Example:�Artificial�Lighting
 
•	 No�realistic�substitutions 

•	 Lighting�is�undergoing�a�“nanoͲ 
enabled”�evolution�to�SSL 

•	 SSL:�About�10�times�as�efficient�as� 
incandescent,�2�times�fluorescent 

•	 Last�30�times�as�long�as�incandescent,�3� 
times�as�long�as�CFLs 

•	 So,�we’ll�use�less�energy�and�generate� 
fewer�energyͲrelated�emissions,�right? 

Historical�Efficiency�and�Consumption�Trends 
(Dahmus�and�Gutowski,�JIE�2011) 

Activity Sector Time� 
Period 

Avg�Annual� 
Efficiency� 
Improvement� 
(%) 

Avg�Annual� 
Increase�in� 
Consumption� 
(%) 

Ratio:� 
Consumption/ 
Efficiency 

Pig�Iron Materials 1800Ͳ1990 1.4 4.1 3.0 

Aluminum Materials 1900Ͳ2005 1.2 9.8 7.9 

NͲFertilizer Food 1920Ͳ2000 1.0 8.8 8.9 

ElecͲCoal Energy 1920Ͳ2007 1.3 5.7 4.5 

ElecͲOil Energy 1920Ͳ2007 1.5 6.2 4.2 

ElecͲNat�Gas Energy 1920Ͳ2007 1.8 9.6 5.5 

Freight�Rail�Travel Transportation 1960Ͳ2006 2.0 2.5 1.2 

Air�Passenger� 
Travel 

Transportation 1960Ͳ2007 1.3 6.3 4.9 

Motor�Vehicle� 
Travel 

Transportation 1940Ͳ2006 0.3 3.8 11.0 
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Projections for Energy Consumption 
for Lighting Through 2027 (US) 

“Energy�Savings�Potential�of�Solid�State�Lighting�in�General�Illumination� 
Applications”,�Navigant�Consulting,�Washington�DC�(2006)� 
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Total Cost of Ownership for Artificial Lighting, 1800-2010 
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Data for Fire and Incandescence modified from W.D. Nordhaus, 

In T.F. Breshnahan and R.J. Gordon, Eds.,  The Economics of 

New Goods (U of Chicago Press, 1997) pp. 29-70.
 
Data for SSL-LEDS taken from 2002 U.S. SSL Roadmap.
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Source for predicted consumption: Energy Savings Potential of Solid-State 
Lighting in General Illumination Applications 2010 to 2030 Navigant Consulting, 2010 
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Summary�trends�
 
YEAR Real� 

Price� 
of�Fuel 

Efficiency� 
of�Lighting 

Real� 
Price�of� 
Light 

ConsumpͲ 
tion of�Light 

Energy 
for� 
Light 

Energy/ 
Person� 
for�Light 

%�of� 
Total� 
Energy� 
Devoted� 
to�Light 

1800 1 1 1 1 1 1 1 

1900 0.27 14.5 .024 220 8.97 2.45 ~1 

2000 0.18 700 0.0003 34,000 72.92 11.63 10 
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Costs�and�Benefits 
(1)�Each�of�these�applications,�viewed�by�itself,�is� 

more�efficient�than�what�it�replaced. 

(2)�Many,�maybe�all,�of�these�applications�help�us�to� 
be�safer,�healthier,�happier,�more�productive,�and� 

“greener” 

(3)�But�viewed�collectively�our�energy�and�material� 
consumption�continues�to�increase. 

We’re�“greener”,�but�are�we�more�sustainable? 

 
 

Combining physical and social science… 

J Y Tsao, H D Saunders, J R Creighton, M E Coltrin and 
J A Simmons (2010) “Solid-state lighting: an energy-economics 
Perspective”, J. Phys. D: Appl. Phys. 43 (2010) 354001 

There is a massive potential for growth in the consumption of light if 
new lighting technologies are developed with higher luminous 
efficacies and lower cost. 

This increased consumption may increase both human productivity 
and the consumption of energy associated with that productivity. 

Is the increase in human productivity and quality of life due to an 
increase in consumption of light worth the increased energy burden? 
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Three general directions for sustainable product-
chain research: 

(1) Stronger interdisciplinary effort to understand the complex factors 
emergent across the complete product chain that contribute to
resource consumption, environmental degradation, and human
health risk, while recognizing benefits to society, 

(2) Expansion of “green”, design for the environment, and 
organizational eco-design principles beyond their traditional focus on 
increasing efficiency and lowering pollutant loads per unit product to 
include economic and behavioral factors, and 

(3) Investigation of the impacts of more highly integrated policies, 
based on the sustainability paradigm, that are able to meet human 
needs while capturing economic excesses and decoupling 
environmental degradation that have their roots in over-
consumption. 
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HFRDVVHVVPHQW�&2(���

 

/&$�IURP�DQ�,QGXVWU\�3HUVSHFWLYH�
 

:LOOLDP�3��)ODQDJDQ��3K'�
(FRDVVHVVPHQW�/HDGHU�
*(�*OREDO�5HVHDUFK�
� 
� 
86�(3$�16)�6FLHQWLILF�:RUNVKRS��
'HVLJQ�RI�6XVWDLQDEOH�3URGXFW�6\VWHPV� 
DQG�6XSSO\�&KDLQV� 
� 
$UOLQJWRQ��9LUJLQLD� 
6HSWHPEHU������������� 
� 
� 

:H�EHOLHYH�WKH�ZRUOG¶V�PRVW� 
SUHVVLQJ�FKDOOHQJHV�SUHVHQW�DQ� 
RSSRUWXQLW\�WR�GR�ZKDW�ZH�GR�EHVW��� 
imagine and build innovative 
solutions that benefit our 
customers and society at large� 
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(FRDVVHVVPHQW��
&HQWHU�RI�([FHOOHQFH� 

$�V\VWHPDWLF�ZD\�WR�DVVHVV�HQYLURQPHQWDO�IRRWSULQW� 
RI�VHOHFWHG�*(�SURGXFWV� 

� 6WUDWHJ\�DQG�YLVLRQ� 
� ([SHUWLVH�DQG�JXLGDQFH� 

(FRDVVHVVPHQW�&2(� 

� 7RROV�DQG�SURFHVVHV� 
� (GXFDWLRQ�DQG�DZDUHQHVV� 
� 3ROLF\�DQG�DGYRFDF\� 
� 

External 
LCA experts $FDGHPLFV� 1*2V� ,QGXVWU\�/&$� 

FRQWDFWV 
6RIWZDUH� 
SURYLGHUV 

�UG�SDUW\� 
FULWLFDO�UHYLHZ 

([WHUQDO�QHWZRUNV�DUH�LPSRUWDQW� 

��� 
HFRDVVHVVPHQW�&2(�� 

�

 

%XVLQHVV�GULYHQ�DSSOLFDWLRQ�RI�/&$�

GLUHFW�DQG�LQGLUHFW�YDOXH� 

eco Product Innovation�� 
/&$�D�NH\�HOHPHQW�RI�HQYLURQPHQWDOO\�FRQVFLRXV�SURGXFW�GHVLJQ�� 
�EXW�QRW�WKH�RQO\�HOHPHQW�� 
� 
Commercial 
��� $ELOLW\�WR�GHOLYHU�FRPSOH[�HQYLURQPHQWDO�PHVVDJLQJ��� 
��� $ELOLW\�WR�FRPSHWH�IRU�ELGV�UHTXLULQJ�/&$���FDUERQ�IRRWSULQW� 

Business Strategy 
,GHQWLI\�VWUDWHJLF�EXVLQHVV�RSSRUWXQLWLHV� 

Due Diligence / Risk Management � 
,GHQWLI\LQJ�DQG�DGGUHVVLQJ�SRWHQWLDO�SHUFHSWXDO�DQG�EXVLQHVV�ULVNV� 

Reputation� 
��� (QKDQFLQJ�FRUSRUDWH�UHSXWDWLRQ�DQG�HFR�EUDQG�YDOXH��� 
��� (QVXULQJ�VHDW�DW�HQYLURQPHQWDO�SROLF\�WDEOH� 

��� 
HFRDVVHVVPHQW�&2(�� 

B-39



�

/&$�DSSOLFDWLRQ�VSDFH�ZLWKLQ�*(
 

5	'���� 
%XVLQHVV�VWUDWHJ\� 

3URGXFW�GHVLJQ� 

3URGXFW�HYDOXDWLRQ� 

&RPPHUFLDO�VXSSRUW� 

8QGHUVWDQGLQJ�EHQHILWV��ULVNV��RSSRUWXQLWLHV� 

��� 
HFRDVVHVVPHQW�&2(�� 

���
HFRDVVHVVPHQW�&2(���

6HOHFWHG�SURMHFW�H[DPSOHV�
 

� %LRPDVV�FRDO�JDVLILFDWLRQ� 

� ���0:�ZLQG�WXUELQH� 

� &G7H�WKLQ�ILOP�VRODU� 

� 'XUDWKRQ��VRGLXP�PHWDO�KDOLGH�EDWWHU\� 

� 6PDUW�0HWHU� 

� 6LQJOH�XVH�SURFHVV�HTXLSPHQW�IRU� 
ELRSKDUPDFHXWLFDO�PDQXIDFWXULQJ� 
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HFRDVVHVVPHQW�&2(�� 

0DWW� 
3LHWU]\NRZVNL 

$GYDQFHG�VWDWLVWLFV�DQG�QXPHULFDO�DQDO\VLV� 
6HQVLWLYLW\�DQG�XQFHUWDLQW\�DQDO\VHV� 

Product Life 
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Contour Plot of Resp. inorganics vs Facility Life, Product Life 

LCA IX, Boston, MA, Oct 2009 

5RQ� 
:URF]\QVNL� 

6KRUW�FRXUVHV�� 
� 6WDWLVWLFDO�0HWKRGV�LQ�/&$� 
� $GYDQFHG�6WDWLVWLFV�DQG�'DWD�$QDO\VLV� 
� 
2IIHUHG�DW�/&$�;,��2FWREHU����������&KLFDJR� 

)LYH�HQDEOLQJ�SULQFLSOHV� 
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%H�VWUDWHJLF�DQG�VHOHFWLYH�
 

�� 

/LWWOH�RU�QR� 
H[SHUWLVH� 
UHTXLUHG� 

'HHS� 
H[SHUWLVH� 
UHTXLUHG� 

Qualitative Evaluation 
• Qualitative  
• Substances of concern 
• Product regulatory compliance 
• Material sustainability 

Screening LCA 
• High-level, data “lite” 
• Hot spot identification 

Streamlined LCA 
• Reduced system boundaries 
• Suitable for internal use 

Extensive LCA 
• Required for support of external claims 
• ISO 14040-44 
• 3rd-party panel review required for external 

claims involving comparative assertions 
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Design of 
Sustainable 
Product Systems 
& Supply Chains 

Joseph Fiksel 

Sustainability Advisor, U.S. EPA 
Office of Research & Development* 

Executive Director, Center for Resilience 
The Ohio State University, USA 

*The content of this presentation reflects the views of the author and does not represent the policies or position of the U.S. EPA. 

 

 

Trajectory of Human Progress 

Desired 
Region 

6RXUFH���*OREDO�)RRWSULQW�1HWZRUN B-47



 
 

 
 

 

 

 

Sustainability Paradigm 

SOCIETY 

Human Health 
& Well Being 

ECONOMY 

Prosperity & 
Alleviation 
of Poverty 

ENVIRONMENT 

Natural  
Resource 

Protection 

“It is important for 
EPA to optimize 
all three pillars of 
sustainability… 
decisions that 
further one of 
the three pillars  
should, to the 
extent possible, 
further the  
other two.” 

—NRC Green Book, 2011 

 

  

 

 

Changing the Game at U.S. EPA 
� “The major challenges to sustainability, human 

health, and the environment…are not incremental 
problems, and they do not lend themselves to 
incremental solutions….Only by implementing 
systems thinking and integrative approaches 
to complement our traditional single-discipline 
approaches, will we be better able to solve these 
challenging problems.” 

Paul Anastas, ORD Assistant Administrator 

� “Well-conceived, effectively implemented environ-
mental protection is good for economic growth.” 

Lisa Jackson, EPA Administrator B-48



 

 

 

 

 

What is systems thinking? 
� A holistic approach for understanding the 

interactions and feedback loops among 
à Economic systems—companies, supply chains…. 

à Ecological systems—forests, watersheds…. 

à Societal systems—communities, networks…. 

� Helps to consider the potential benefits 
and unintended consequences of human 
interventions, such as new policies, new 
technologies, and new business practices 
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Systems Thinking: Triple Value Model 

Environment (natural capital) 

ecological goods 
and services are 

utilized in industry 

ecological 
amenities 

are enjoyed 
by society

waste and emissions 
may degrade the 

environment 

waste recovery exposure & risk 

protection 
& restoration 

Society 
(human capital) 

Industry 
(economic capital) 

economic value 

talent 
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Opportunities for Intervention 

Environment (natural capital) 

Society 
(human capital) 

Industry 
(economic capital) 

Dematerialization 

Servicizing 

Preservation 

Education 

Innovation 

Green 
Chemistry 

Regulation 

Remediation 

ConservationValue 
Recovery 

Example: Corn Ethanol Product System 
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Biofuel Life Cycle Assessment 

Return 
on 

Energy 

Renewability 

Corn 
Ethanol 

Crop 
Cellulosic 
Ethanol 

Biodiesel 

Gasoline
8 

6 

4 

2 

0 

0% 50% 100% 

6RXUFH��$��%DUDO�DQG�%��5��%DNVKL��³7KH�5ROH�RI�(FRORJLFDO�5HVRXUFHV�DQG�$JJUHJDWH�7KHUPRG\QDPLF�0HWULFV� 
IRU�$VVHVVLQJ�WKH�/LIH�&\FOH�RI�6RPH�%LRPDVV�DQG�)RVVLO�)XHOV´��(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\������� 

iesel 

MSW 
Cellulosic 
Ethanol 

 
 

  

 

 

Full ecological 
footprint 

Embedded ecosystem  
goods and services – 
e.g., water resources 

The Hidden Mountain of Resource Use 

Supply chain 
Footprint 

€ $ 
Purchased 

goods & services 
(indirect) 

Direct resource 
consumption b
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Example: Snack Food Industry 

70 million 
gallons 

120 
barrels 

“Embedded” natural capital for a typical U.S. snack food 
supply chain, converted into energy equivalents (joules) 

per million dollars of economic output 

Source: OSU Center for Resilience Eco-LCA™ 

 

 

 

Sustainable Materials Management 
“…an approach to promote sustainable 
materials use, integrating actions targeted 
at reducing negative environmental impacts 
and preserving natural capital throughout the 
life-cycle of materials, taking into account 
economic efficiency and social equity.” 

Working Group on 
Waste Prevention 
and Recycling 
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” 

Material-Energy-Water Nexus 

Energy 

Materials Water 
~ 100 liters per $ 

~ 1 kg per liter 

excludes 
ecosystem 
servicesMaterial 

demand is a 
major driver 

of both energy 
and water use 

Source: J. Fiksel, “Evaluating Supply Chain Sustainability, Chemical Engineering Progress, May 2010. 

  

 

 
 

 

 

 

  
 

 

 
 

 

Environmental 
Footprint 

Greenhouse Gas 
Emissions 

Persistent Toxic 
Emissions 

Solid Waste 
Intensity 

Water 
Intensity 

Non-Renewable 
Resource Intensity 

Energy 
Intensity 

Land 
Intensity 

Sustainability Progress Indicators 

Societal 
Value 

Energy 
Efficiency 

Health & safety 
Improvement 

Asset 
Recovery 

Resource 
Conservation 

Poverty 
Alleviation 

Human Need 
Fulfillment 

Economic 
Development 
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The Need for Collaboration 
� Incremental improvements in supply chain 

efficiency will not be sufficient to offset 
global economic growth 

� Transformational change in production and 
consumption patterns will require broad 
collaboration between government, 
industry, and civil society 

� Companies are already collaborating with 
suppliers, customers, competitors, and 
environmental advocacy groups 

Source��1HZ�(FRQRPLF�)RXQGDWLRQ� 

Line thickness denotes quantity of imports 

Supply Networks: Robust and Fragile 

Global imports to the UK 
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Sustainability and Resilience 
� Sustainability is the capacity for long-term 

realization of human health and well being, 
economic prosperity, & environmental protection 

� However, unforeseen conditions can lead to 
unintended and/or undesired consequences 

� Resilience is the capacity to survive, adapt, 
and flourish in the face of changing conditions 
and potential disruptions  

� In a complex and turbulent world, resilience is a 
prerequisite for realization of sustainability goals 

 

 

Design for 
Environment 
Joseph Fiksel 
McGraw-Hill, July 2009 

(Paperback edition 2011) 

� Disruptive Innovation 
� Product Development 
� Process Eco-Efficiency 
� Life Cycle Management 
� Business Value Creation 
� Supply Chain Sustainability 
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“We shall require a substantially new 
manner of thinking if mankind is to 
survive.” 

Albert Einstein 
1879-1955  

B-56



      
   

    

     

 

PRESENTATION: FUNDING OPPORTUNITIES AT NSF FOR PROPOSALS ON 

SUSTAINABLE PRODUCT SYSTEMS AND SUPPLY CHAINS, BY BRUCE HAMILTON 

Workshop on the Design of Sustainable Product Systems and Supply Chains, September 12-13, 2011 
Final Report, February 29, 2012 B-57 



)XQGLQJ�2SSRUWXQLWLHV� 
DW�16)

IRU�3URSRVDOV�RQ�6XVWDLQDEOH�3URGXFW� 
6\VWHPV�DQG�6XSSO\�&KDLQV 

%UXFH�+DPLOWRQ 
16)�(1*�3URJUDP�'LUHFWRU 
(QYLURQPHQWDO�6XVWDLQDELOLW\ 

6HOHFWHG�0HQX�RI�16)�)XQGLQJ�2SSRUWXQLWLHV 
IRU�6XVWDLQDEOH�3URGXFW�6\VWHPV�DQG�6XSSO\�&KDLQV 

� 1HZ�6((6�2SSRUWXQLWLHV�5HOHYDQW�WR�:RUNVKRS 
± 5&1 

± 651 

± 6(3 

± 3,5(��DOO�6((6� 
± 6((6�3RVW�GRFV 

� *��0DWHULDO�(IILFLHQF\�'&/ 

� &%(7�(1*�(QYLURQPHQWDO�6XVWDLQDELOLW\�3URJUDP 

� &%(7�(1*�3URFHVV�DQG�5HDFWLRQ�(QJ¶J�3URJUDP 

� &00,�(1*�6(6�DQG�0(6�3URJUDPV 

� (1*�,'5�2SSRUWXQLW\ 

� ,*(57�6ROLFLWDWLRQ 

B-58



:HE�,QIR�RQ�$OO�WKH�/LVWHG� 
16)�)XQGLQJ�2SSRUWXQLWLHV 

ZZZ�QVI�JRY 

1HZ�6((6�)XQGLQJ�2SSRUWXQLWLHV 

� 6((6� �6FLHQFH��(QJLQHHULQJ�DQG� 
(GXFDWLRQ�IRU�6XVWDLQDELOLW\ 

� 6((6�LV�D�QHZ�16)�ZLGH�LQYHVWPHQW�DUHD 

� $�QXPEHU�RI�QHZ�6((6�FDOOV�IRU�SURSRVDOV� 
DUH�EHLQJ�SRVWHG��QHZ�³VROLFLWDWLRQV´� 
� :RUNVKRS�UHOHYDQW�6((6�VROLFLWDWLRQV� 
LQFOXGH�5&1��651��6(3��3,5(��DQG�6((6� 
3RVW�GRFV 

B-59



1HZ�6((6�6ROLFLWDWLRQV 
� 5&1  �5HVHDUFK�&RRUGLQDWLRQ�1HWZRUNV��a����.� 
HDFK�IRU�5&1�6((6�WUDFN� 

� 651  �6XVWDLQDELOLW\�5HVHDUFK�1HWZRUNV� 
�a����PLOOLRQ�HDFK� 

� 6(3  �6XVWDLQDEOH�(QHUJ\�3DWKZD\V 

�a���PLOOLRQ�HDFK� 
� 3,5(  �3DUWQHUVKLSV�IRU�,QWHUQDWLRQDO�5HVHDUFK� 
DQG�(GXFDWLRQ��W\SLFDOO\�a���PLOOLRQ�HDFK� 

� 6((6�3RVW�GRFV��a����.�HDFK� 

5&1�6((6�7UDFN 
� 3URJUDP�6FRSH��VXSSRUWV�FRRUGLQDWLRQ�RI� 
VXVWDLQDELOLW\�UHVHDUFK� QRW�UHVHDUFK�LWVHOI� 
� 1H[W�'HDGOLQH��)HE��������� 

� *UDQW�6L]H��XS�WR�D�WRWDO�����.�IRU���WR��� 
\HDUV 

� &RQWDFW��%UXFH�+DPLOWRQ 

EKDPLOWR#QVI�JRY 

B-60



5&1�6((6�(;$03/(��� 

������� 

³5&1�6((6��6XVWDLQDEOH� 
0DQXIDFWXULQJ´ 

3,��<LQOXQ�+XDQJ��:D\QH�6WDWH�8�� 
� ����.�RYHU���\HDUV 

� 1XPHURXV�XQLYHUVLW\�DQG�LQGXVWU\�SDUWQHUV 

5&1�6((6�(;$03/(�����FRQWLQXHG�� 

6XVWDLQDEOH�0DQXIDFWXULQJ 
*UDQW�$FWLYLWLHV 

� &RQGXFW�D�FRPSUHKHQVLYH�UHYLHZ�RI�IURQWLHU�UHVHDUFK�DQG� 
WHFKQRORJLFDO�GHYHORSPHQW�IRU�VXVWDLQDEOH�PDQXIDFWXULQJ�� 
LGHQWLI\�UHVHDUFK�JDSV�DQG�QHHGV 

� )RUPXODWH�D�UHVHDUFK�URDGPDS�IRU�VXVWDLQDEOH� 
PDQXIDFWXULQJ 

� &RRUGLQDWH�SDUWQHU�UHVHDUFK�WKURXJK�VKDULQJ�NQRZOHGJH�� 
UHVRXUFHV��VRIWZDUH��DQG�UHVXOWV 

� (VWDEOLVK�DGGLWLRQDO�SDUWQHUVKLSV�ZLWK�XQLYHUVLWLHV�DQG� 
LQGXVWU\ 

� &RQGXFW�VWDNHKROGHU�HGXFDWLRQ�DQG�RXWUHDFK 

B-61



5&1�6((6�(;$03/(��� 

�������� 

³5&1�6((6��6XVWDLQDEOH� 
(QHUJ\�6\VWHPV´ 

3,��7RP�6HDJHU��$68� 
� ����.�RYHU���\HDUV� 
� 3DUWQHUV��RWKHU�XQLYHUVLWLHV��(3$��86$&( 

5&1�6((6�(;$03/(�����FRQWLQXHG�� 

6XVWDLQDEOH�(QHUJ\�6\VWHPV 

&RRUGLQDWH�$FWLYLWLHV�7KURXJK�*URXSV�)RFXVHG�RQ� 

� ,QQRYDWLRQV�LQ�HQHUJ\�WHFKQRORJLHV 

� 6XVWDLQDELOLW\�LPSOLFDWLRQV�RI�DOWHUQDWLYH�HQHUJ\� 
WHFKQRORJLHV�DW�IXOO�VFDOH 

� (QHUJ\�DQG�KXPDQ�GHYHORSPHQW 

B-62



5&1�6((6�(;$03/(��� 

�������� 

³5&1�6((6��3DQ�$PHULFDQ� 
%LRIXHOV�6XVWDLQDELOLW\´ 

3,��'DYLG�6KRQQDUG��0LFKLJDQ�7HFKQRO��8�� 
� a����.�RYHU���\HDUV 

� 1XPHURXV�SDUWQHUV�LQ�1RUWK�$PHULFD��&HQWUDO� 
$PHULFD��DQG�6RXWK�$PHULFD� 

651� 
6XVWDLQDELOLW\�5HVHDUFK�1HWZRUNV 

� 3URJUDP�6FRSH��VXSSRUWV�UHVHDUFK��ZKLOH� 
5&1�GRHV�QRW�VXSSRUW�UHVHDUFK� 
� 'HDGOLQH��'HFHPEHU�������� 

� $ZDUG�6L]H��XS�WR�D�WRWDO�����PLOOLRQ�RYHU��� 
WR���\HDUV 

� &RQWDFW��%UXFH�+DPLOWRQ 

EKDPLOWR#QVI�JRY 

B-63



6(3� 
6XVWDLQDEOH�(QHUJ\�3DWKZD\V 

� 3URJUDP�6FRSH��VXSSRUWV�UHVHDUFK�RQ� 
VXVWDLQDEOH�HQHUJ\�SDWKZD\V��WKLQN�/&$� 
� 'HDGOLQH��WR�EH�SRVWHG�E\�WKH�HQG�RI� 
6HSWHPEHU����� 

� *UDQW�6L]H��XS�WR����PLOOLRQ�RYHU���\HDUV 

� &RQWDFW��5DP�*XSWD 

UDJXSWD#QVI�JRY 

3,5(� 
3DUWQHUVKLSV�IRU�,QWHUQDWLRQDO� 
5HVHDUFK�DQG�(GXFDWLRQ 

� 3URJUDP�6FRSH��QRZ������VXVWDLQDELOLW\� 
�WKLV�LV�D�FKDQJH�IURP�HDUOLHU�3,5(�URXQGV 

� 0XVW�KDYH�RYHUVHDV�SDUWQHUV� 
� 1H[W�'HDGOLQH��2FWREHU��������� 

� $ZDUG�6L]H��W\SLFDOO\����PLOOLRQ��EXW�FDQ� 
EH�PRUH��RYHU���\HDUV 

� &RQWDFW��&DUOHHQ�0DLWODQG 

FPDLWODQ#QVI�JRY 

B-64



6((6�3RVW�GRFV 

� 3URJUDP�6FRSH��VSHFLDO�SRVW�GRF� 
VROLFLWDWLRQ�������6((6 

� 'HDGOLQH��'HFHPEHU�������� 

� $ZDUG�6L]H��XS�WR�D�WRWDO�RI�a����.�HDFK� 
IRU�XS�WR���\HDUV 

� &RQWDFW��6XH�.HPQLW]HU 
VNHPQLW]#QVI�JRY 

*��0DWHULDO�(IILFLHQF\�'&/ 

� '&/� �'HDU�&ROOHDJXH�/HWWHU 
� *�� �(LJKW�GHYHORSHG�QDWLRQV��86��8.��&DQDGD«� 
� 3URJUDP�6FRSH��&DOO�IRU�UHVHDUFK�SURSRVDOV� 
LQYROYLQJ�DW�OHDVW�RQH�86�LQVWLWXWLRQ�SDUWQHUHG� 
ZLWK�LQVWLWXWLRQV�LQ�DW�OHDVW�WZR�RWKHU�*��QDWLRQV� 

� 'HDGOLQH��6HSWHPEHU��������� 

� $ZDUG�6L]H��XS�WR�D�WRWDO�RI�a����.�IRU�86�SDUWQHU�� 
IRU�XS�WR���\HDUV�IRU�HDFK�JUDQW 

� &RQWDFW��%UXFH�+DPLOWRQ 

EKDPLOWR#QVI�JRY 

B-65



&%(7�(1* 

(QYLURQPHQWDO�6XVWDLQDELOLW\�3URJUDP 

� 3URJUDP�6FRSH��WDNHV�VXVWDLQDELOLW\� 
SURSRVDOV�WKDW�DUH�GULYHQ�E\�HQJLQHHULQJ� 
SULQFLSOHV 

� 3URSRVDO�7\SHV��XQVROLFLWHG�DQG�&$5((5� 
� 1H[W�'HDGOLQH �XQVROLFLWHG���)HE���������� 

� *UDQW�6L]H �XQVROLFLWHG���XS�WR�D�WRWDO� 
����.�IRU�XS�WR���\HDUV 

� 3URJUDP�'LUHFWRU��%UXFH�+DPLOWRQ 

EKDPLOWR#QVI�JRY 

&%(7�(1* 

3URFHVV� 	�5HDFWLRQ�(QJ¶J�3URJUDP 

� 3URJUDP�6FRSH��WDNHV�VXVWDLQDELOLW\� 
SURSRVDOV�WKDW�DUH�GULYHQ�E\�SURFHVV�DQG� 
UHDFWLRQ�HQJLQHHULQJ�SULQFLSOHV 

� 3URSRVDO�7\SHV��XQVROLFLWHG�DQG�&$5((5� 
� 1H[W�'HDGOLQH �XQVROLFLWHG���6HSW���������� 

� *UDQW�6L]H �XQVROLFLWHG���XS�WR�D�WRWDO� 
����.�IRU�XS�WR���\HDUV 

� 3URJUDP�'LUHFWRU��0DULD�%XUND 

PEXUND#QVI�JRY 

B-66



&00,�(1* 
6HUYLFH�(QWHUSULVH�6\VWHPV��6(6��	�0DQXIDFWXULQJ� 

(QWHUSULVH�6\VWHPV��0(6��3URJUDPV 

� 3URJUDP�6FRSHV��DFFHSW�SURSRVDOV�RQ� 
VXVWDLQDEOH�VXSSO\�FKDLQV��DPRQJ�RWKHUV 
� 3URSRVDO�7\SHV��XQVROLFLWHG�DQG�&$5((5� 
� 1H[W�'HDGOLQH �XQVROLFLWHG���)HEUXDU\��� 
� *UDQW�6L]H �XQVROLFLWHG���XS�WR�D�WRWDO�RI� 
DERXW�����.�IRU�XS�WR���\HDUV 
� 3URJUDP�'LUHFWRU��5XVVHOO�%DUWRQ 

UEDUWRQ#QVI�JRY 

(1*�,QWHUGLVFLSOLQDU\�5HVHDUFK��,'5� 
2SSRUWXQLW\ 

� 3URJUDP�6FRSH��DOO�HQJLQHHULQJ�DQG�EH\RQG 
� 3URSRVDO�7\SH��XQVROLFLWHG� 
� 1H[W�'HDGOLQH��)HE������&00,���)HE������&%(7� 
� *UDQW�6L]H��W\SLFDOO\�����.��SHUKDSV�DV�ODUJH�DV� 
���PLOOLRQ�RYHU���\HDUV 

� 6SHFLDO�5HTXLUHPHQWV��LQYROYHPHQW�RI�WZR� 
GLYLVLRQV��H�J���&00,� 	�&%(7���3,�PXVW�EH�LQ�DQ�
HQJLQHHULQJ�GHSDUWPHQW 

� 3URJUDP�'LUHFWRU��%UXFH�+DPLOWRQ�RU�RWKHUV 
EKDPLOWR#QVI�JRY 

B-67



,QWHJUDWLYH�*UDGXDWH�(GXFDWLRQ�DQG� 
5HVHDUFK�7UDLQHHVKLS�3URJUDP��,*(57� 

� 3URJUDP�6FRSH��16)�ZLGH��IRFXVHG�RQ�JUDGXDWH�
VWXGHQW�HGXFDWLRQ�DQG�UHVHDUFK�LQ�DQ\�67(0�DUHD 

� 3URSRVDO�7\SH��VROLFLWHG� 
� 1H[W�'HDGOLQH��0D\�������� 
� *UDQW�6L]H��W\SLFDOO\����PLOOLRQ�RYHU���\HDUV 
� 6SHFLDO�)HDWXUH��DOPRVW�DOO�IXQGV�DUH�IRU�VXSSRUW�
RI�JUDGXDWH�VWXGHQWV 

� 3URJUDP�'LUHFWRU��&DURO�6WRHO 
FVWRHO#QVI�JRY 

)XQGLQJ�2SSRUWXQLWLHV�DW�16) 

48(67,216""" 

%UXFH�+DPLOWRQ 
EKDPLOWR#QVI�JRY 

B-68



6HOHFWHG�0HQX�RI�16)�)XQGLQJ�2SSRUWXQLWLHV 
IRU�6XVWDLQDEOH�3URGXFW�6\VWHPV�DQG�6XSSO\�&KDLQV 

� 1HZ�6((6�2SSRUWXQLWLHV�5HOHYDQW�WR�:RUNVKRS 
± 5&1
 

± 651
 

± 6(3
 

± 3,5(��DOO�6((6�
 
± 6((6�3RVW�GRFV
 

� *��0DWHULDO�(IILFLHQF\�'&/ 

� &%(7�(1*�(QYLURQPHQWDO�6XVWDLQDELOLW\�3URJUDP 

� &%(7�(1*�3URFHVV�DQG�5HDFWLRQ�(QJ¶J�3URJUDP 

� &00,�(1*�6(6�DQG�0(6�3URJUDPV 

� (1*�,'5�2SSRUWXQLW\ 

� ,*(57�6ROLFLWDWLRQ 
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2IILFH�RI�5HVHDUFK�DQG�'HYHORSPHQW
)XOO�1DPH�RI�/DE��&HQWHU��2IILFH��'LYLVLRQ�RU�6WDII�JRHV�KHUH���*R�WR�9LHZ��0DVWHU��7LWOH�0DVWHU�WR�FKDQJH!

3KRWR� LPDJH�DUHD�PHDVXUHV��´�+�[�����´�:�DQG�FDQ�EH�PDVNHG�E\�D�
FROODJH� VWULS�RI�RQH�� WZR�RU�WKUHH� LPDJHV�

7KH�SKRWR� LPDJH�DUHD� LV�ORFDWHG����� �IURP�OHIW�DQG����� �IURP�WRS�RI�SDJH��

(DFK�LPDJH�XVHG� LQ�FROODJH� VKRXOG�EH�UHGXFHG� RU�FURSSHG� WR�D�PD[LPXP�RI�
�´�KLJK��VWURNHG�ZLWK�D�����SW�ZKLWH� IUDPH�DQG�SRVLWLRQHG� HGJH�WR�HGJH�ZLWK�
DFFRPSDQ\LQJ� LPDJHV�

'

3KRWR� LPDJH�DUHD�PHDVXUHV��´�+�[�����´�:� QG�FDQ�EH�PDVNHG�E\�D�
FROODJH� VWULS�RI�RQH�� WZR�RU�WKUHH� LPDJHV�

7KH�SKRWR� LPDJH�DUHD� LV�ORFDWHG����� �IURP�O IW�DQG����� �IURP�WRS�RI�SDJH��

(DFK�LPDJH�XVHG� LQ�FROODJH� VKRXOG�EH�UHGXF G� RU�FURSSHG� WR�D�PD[LPXP�RI�
�´�KLJK��VWURNHG�ZLWK�D�����SW�ZKLWH� IUDPH�D SRVLWLRQHG� HGJH�WR�HGJH�ZLWK�
DFFRPSDQ\LQJ� LPDJHV�

´ ´

2IILFH�RI�5HVHDUFK�DQG� HYHORSPHQW 
1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO�5HVHDUFK 

D 

´ H ´ 

H 
QG� 

6HSWHPEHU�������� 

Cynthia Nolt-Helms 

3��3HRSOH��3URVSHULW\�DQG�WKH� 
3ODQHW� $ZDUG�3URJUDP���$� 
1DWLRQDO�6WXGHQW�'HVLJQ� 
&RPSHWLWLRQ�IRU�6XVWDLQDELOLW\ 

� 

• (VWDEOLVK�DQG�HQIRUFH HQYLURQPHQWDO�SURWHFWLRQ�VWDQGDUGV� 
FRQVLVWHQW�ZLWK�QDWLRQDO�HQYLURQPHQWDO�JRDOV 
• &RQGXFW�UHVHDUFK 
± RQ�DGYHUVH�HIIHFWV�RI�SROOXWLRQ 
± RQ�PHWKRGV�DQG�HTXLSPHQW�IRU�FRQWUROOLQJ�LW� 
± WR�JDWKHU�LQIRUPDWLRQ�RQ�SROOXWLRQ�DQG�XVH�LW�WR�VWUHQJWKHQ�� 
HQYLURQPHQWDO�SURWHFWLRQ�SURJUDPV�DQG�UHFRPPHQG�SROLF\ 

• $VVLVW�RWKHUV��WKURXJK�JUDQWV��WHFKQLFDO�DVVLVWDQFH�DQG�RWKHU� 
PHDQV��LQ�DUUHVWLQJ�SROOXWLRQ�RI�WKH�HQYLURQPHQW 

0LVVLRQ�RI�(3$ 
«WR�SURWHFW�KXPDQ�KHDOWK�DQG�WKH�HQYLURQPHQW 
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(3$¶V�3��$ZDUG�3URJUDP 
• /DXQFKHG�LQ������DV�WZR�SKDVH� 
JUDQW�FRPSHWLWLRQ 
• +DUQHVV�WKH�HQHUJ\��FUHDWLYLW\� 
DQG�HQWKXVLDVP�RI�FROOHJH� 
VWXGHQWV� 
• ,QIXVH�VWXGHQWV�ZLWK�DQ� 
DZDUHQHVV�RI�WKHLU�LPSDFW�RQ� 
WKH�HFRQRP\��VRFLHW\��DQG�WKH� 
SODQHW 
• &RQWULEXWH�WR�WKH�LQWHJUDWLRQ�RI� 
VXVWDLQDELOLW\�SULQFLSOHV�LQWR� 
FXUULFXOD 

� 

3��3URMHFW�$UHDV 
2SHQ�WR�UHVHDUFK�SURSRVDOV�DGGUHVVLQJ�
VXVWDLQDELOLW\�FKDOOHQJHV�DQ\ZKHUH�LQ�WKH�ZRUOG�
LQ�WKH�IROORZLQJ�DUHDV�� 

±:DWHU� 
±(QHUJ\� 
±$JULFXOWXUH� 
±%XLOW�(QYLURQPHQW� 
±0DWHULDOV�DQG�&KHPLFDOV 
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3��3URJUDP�3URFHVV� 3KDVH�, 
� 6ROLFLWDWLRQ�RSHQ�6HSW�'HF 

� 6WXGHQW�WHDPV�VXEPLW�SURSRVDOV�IRU� 
SURRI�RI�FRQFHSW�LQQRYDWLYH�WHFKQRORJ\� 
RU�GHVLJQ 

� 3URSRVDOV�DUH�SHHU�UHYLHZHG� 

� 3KDVH�,�JUDQWV�DZDUGHG�� IDOO�IROORZLQJ� 
\HDU 

� 3��WHDPV�VXEPLW�Project Report 
� 3KDVH�,�DFFRPSOLVKPHQWV� 
� 3KDVH�,,�SURSRVDO 

� 6WXGHQWV�SDUWLFLSDWH�LQ�WKH�1DWLRQDO� 
6XVWDLQDEOH�'HVLJQ�([SR 

� 

1DWLRQDO�6XVWDLQDEOH�'HVLJQ�([SR 

±&R�VSRQVRUHG�SXEOLF� 
HYHQW�DW�EDVH�RI�WKH� 
&DSLWRO�RQ�WKH�1DWLRQDO� 
0DOO 
±2SSRUWXQLW\�IRU�3��WHDP� 
PHPEHUV�WR�LQWHUDFW 
±2SSRUWXQLW\�WR�H[SDQG� 
FRQYHUVDWLRQ�RQ� 
VXVWDLQDELOLW\ 
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� 3KDVH�,�ZLQQHUV�FRPSHWH� 
IRU�3��$ZDUG�DQG��������� 
JUDQW�WR�GHYHORS� 
WHFKQRORJ\ 
� 3DQHO�RI�MXGJHV�FRQYHQHG� 
E\�$$$6��$PHULFDQ� 
$VVRFLDWLRQ�IRU�WKH� 
$GYDQFHPHQW�RI�6FLHQFH� 
� 3��$ZDUGV SUHVHQWHG�DW� 
3��$ZDUG�&HUHPRQ\ 

3��3URJUDP�3URFHVV� 3KDVH�,, 

� 

$VSHFWV�RI�3��3URMHFWV 
• 3��WHDPV�HQFRXUDJHG�WR�EH�VWXGHQW�OHG�DQG� 
LQWHUGLVFLSOLQDU\� 
±,QFOXGHG�UHSUHVHQWDWLRQ�IURP�HQJLQHHULQJ� 
GHSDUWPHQWV��FKHPLVWU\��ELRORJ\��DUFKLWHFWXUH�� 
LQGXVWULDO�GHVLJQ��EXVLQHVV��HFRQRPLFV��SROLF\��VRFLDO� 
VFLHQFH��DQG�RWKHUV 
±3DUWQHUVKLSV�ZLWK�LQGXVWU\��QRQ�JRYHUQPHQWDO� 
RUJDQL]DWLRQV��1*2V���JRYHUQPHQW��DQG�WKH�VFLHQWLILF� 
FRPPXQLW\�� 

• 5HTXLUH�LQWHJUDWLRQ�RI�VXVWDLQDELOLW\�FRQFHSWV�DV�DQ� 
HGXFDWLRQDO�WRRO 
• (QFRXUDJH�GHYHORSPHQW�RI�VPDOO�EXVLQHVVHV 
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3��3URMHFWV���'HYHORSHG�:RUOG 

• *UHHQ�%XLOGLQJV�LQFOXGLQJ�OLYLQJ�URRIV��VPDUW�ZLQGRZV�� 
LPSURYHG�HQHUJ\�HIILFLHQF\��VRODU�SRZHU 
• 5HDO�WLPH�IHHGEDFN�RI�HQYLURQPHQWDO�SHUIRUPDQFH 
• ³%LRVSKHUH´�FLWLHV 
• 5HF\FOLQJ�ORJLVWLFV��LQIUDVWUXFWXUH��DQG�VWUDWHJLHV 
• 3ROLF\�DQDO\VHV� 
• 6XVWDLQDELOLW\�LQGLFDWRUV 
• )XHO�FHOO�DGYDQFHV 
• 6XVWDLQDEOH�HQHUJ\�WHFKQRORJLHV��ZLQG��VRODU��ELR� 
PHWKDQH��ELRGLHVHO��ELRK\GURJHQ 
• %LRUHPHGLDWLRQ�RI�DJULFXOWXUDO�FKHPLFDOV 
• (GXFDWLRQDO�SURJUDPV�RQ�VXVWDLQDELOLW\�RU�HQHUJ\ 

� 

3��3URMHFWV���'HYHORSLQJ�:RUOG 
• :DWHU�WUHDWPHQW���SRLQW�RI�XVH�RU�VPDOO��FHQWUDOL]HG� 
IDFLOLWLHV 
• :DWHU�FRQVHUYDWLRQ��H[WUDFWLRQ�RU�GHOLYHU\ 
• 6WUDWHJLHV�IRU�LPSURYHG�VDQLWDWLRQ 
• $OWHUQDWLYH�SHVW�PDQDJHPHQW�VWUDWHJLHV 
• $SSURSULDWH�FRQVWUXFWLRQ�PDWHULDOV 
• 6XVWDLQDEOH�KRXVLQJ� 
• 5HQHZDEOH�HQHUJ\��ZLQG��VRODU 
• 3ODQQLQJ�IRU�JURZWK 
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(GXFDWLRQDO�%HQHILWV 

• &ROODERUDWLRQ�DPRQJ�VWXGHQWV� 
• 9DOXDEOH�³OLIH´�H[SHULHQFHV�WR�VWXGHQWV 
±$SSO\�WKHPVHOYHV�WR�³UHDO�ZRUOG´�LVVXHV 
±0XOWLGLVFLSOLQDU\�WHDP�H[SHULHQFH 
±,QWHUQDWLRQDO�WUDYHO 
±&URVV�FXOWXUDO�ZRUN�H[SHULHQFH 

• 5DLVH�DZDUHQHVV�RI�VXVWDLQDELOLW\�DQG�WKH� 
HQYLURQPHQW�RQ�FROOHJH�FDPSXVHV�ORFDO�FRPPXQLWLHV 
• 3XEOLFDWLRQ�RI�UHVHDUFK�UHVXOWV� 
• 3URYLGHV�³VHHG´�PRQH\�IRU�IXUWKHU�UHVHDUFK�DQG� 
DGGLWLRQDO�IXQGLQJ 

3��8SGDWH 

±1HDUO\�����3KDVH�,�JUDQWV 
• ���VWDWHV� 	�3XHUWR�5LFR 
• ����VFKRROV� 
• 2YHU������VWXGHQWV 

±���3KDVH�,,�JUDQWV 
• a����RI�3KDVH�,,�ZLQQHUV�VWDUWHG�QHZ�FRPSDQLHV�
RU�1*2V 
• /HYHUDJHG�3��IXQGV�WR�JDLQ�YHQWXUH�FDSLWDO� � 
DGGLWLRQDO�JUDQW�IXQGV 
• &RPPHUFLDOL]HG�QHZ�SURGXFWV 

�� 
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8&�'DYLV�� �����3��$ZDUG�:LQQHU�� 0LFURPLGDV� 
%LRGHJUDGDEOH�3ODVWLF�3URGXFWLRQ�)URP�0XQLFLSDO�:DVWHZDWHU 

± 3URMHFW 
• 8VH�PXQLFLSDO�VHZDJH�WR�FUHDWH�D�
ELRGHJUDGDEOH�SODVWLF 

± 5HWXUQ�RQ�,QYHVWPHQW�� 
• 0LFURPLGDV�&RPSDQ\�IRXQGHG�
�\HDU�DIWHU�3��DZDUG 

• QRZ�HPSOR\V���� 
• 1HJRWLDWHG�FRQWUDFWV�ZLWK��:DVWH�
:DWHU�7UHDWPHQW�3ODQWV 

• 6HYHUDO�FRPSDQLHV�LQWHUHVWHG�LQ�WKH�
SODVWLF��LH�1HVWOHV��3HSVL� 

• 6XFFHVVIXOO\�OHYHUDJHG�����0� 
YHQWXUH�FDSLWDO�IXQGLQJ 

• 6HOHFWHG�DV�RQH�RI�WKH�7RS���� 
:DWHU�,QQRYDWLRQ�/HDGHUV E\�WKH� 
$UWHPLV�3URMHFW� 

± 3URFHVV� 	�$GYDQWDJHV� 
• :DVWH�LV�UDZ�PDWHULDO�FDUERQ�VRXUFH 
• 1DWXUDO�SRQG�EDFWHULD�FXOOHG�IRU�3+$��
SURGXFLQJ�W\SHV�WR�GLJHVW�VOXGJH 

• 6OXGJH�FRQYHUWHG�WR�IDWW\�DFLGV�E\�
PLFUREHV�ZKLFK�SURGXFH�LQWUD�
FHOOXODU�3+$� 

• 3+$�LV�H[WUDFWHG� �SHOOHWL]HG 
�� 

2EHUOLQ�± �����3��$ZDUG�:LQQHU� 
/XFLG�'HVLJQ�*URXS��%XLOGLQJ�'DVKERDUG 

± 3URMHFW� 
• 'HYHORS�UHDO�WLPH�IHHGEDFN�V\VWHP� 
WR�VHH�LI�FDQ�PRWLYDWH�SHRSOH�WR�
FRQVHUYH�HQHUJ\�DQG�ZDWHU 

• &RPSHWLWLRQV�PRWLYDWHG�SHRSOH�WR�
FRQVHUYH����GRUP�VDYHG�����.�LQ���
ZHHNV 

± 5HWXUQ�RQ�,QYHVWPHQW�� 
• 'HYHORSHG�%XLOGLQJ�'DVKERDUG 
• 6WDUWHG��WKH�/XFLG�'HVLJQ�*URXS 
• 1RZ�HPSOR\V���� 
• 'HYHORSHG�D�UHVHOOHUV�SURJUDP 
• /HYHUDJHG���0�YHQWXUH�FDSLWDO 
• 'DVKERDUG�QRZ�LQVWDOOHG�DW�!����
ODUJH�LQVWLWXWLRQV 

• 6HOHFWHG�DV�D�&DWHJRU\�)LQDOLVW�IRU�
WKH������$GREH�0$;�$ZDUGV 

± 3URFHVV� 	�$GYDQWDJHV� 
• 5HDO�WLPH�IHHGEDFN�SURPSWV�ELJ� 
HQHUJ\�DQG�ZDWHU�VDYLQJV 

• 7XUQV�SDVVLYH�FRQVXPHUV�LQWR�DFWLYH�
PDQDJHUV 

�� 
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8QLYHUVLW\�RI�9LUJLQLD�� �����3��$ZDUG�� 7KH�/HDUQLQJ�%DUJH 

± 3URMHFW� 
•	 'HVLJQ� �EXLOG�D�IORDWLQJ�

FODVVURRP�WR�WHDFK�SHRSOH�
 
DERXW�ULYHU�HFRORJ\�DQG�

VXVWDLQDEOH�WHFKQRORJLHV
 

•	 3DUWQHUHG�ZLWK�(OL]DEHWK�5LYHU�

3URMHFW�DQG�ORFDO�VFKRROV
 

± 5HWXUQ�RQ�,QYHVWPHQW�� 
•	 3��$ZDUG�OHYHUDJHG�LQGXVWU\��

LQVWLWXWLRQ�DQG�SULYDWH�

FRQWULEXWLRQV
 

•	 0RUH�WKDQ������YLVLWRUV�LQ�ILUVW�

VHDVRQ
 

• &UHDWHG���MREV 
± 3URFHVV� 	�$GYDQWDJHV� 

•	 !���89$�VWXGHQWV�ZHUH�

LQYROYHG�LQ�WKH�FRQVWUXFWLRQ�RI�

WKH�EDUJH
 

•	 :RUOG¶V��VW IORDWLQJ�ZHWODQGV�
 
FODVVURRP
 

•	 /HDG�VFLHQFH�FRRUGLQDWRUV�DQG�

WHDFKHUV�GHVLJQHG�WKH�FXUULFXOD
 

(OL]DEHWK�5LYHU�3URMHFW 

�� 

:HVWHUQ�:DVKLQJWRQ�8QLYHUVLW\�± �����3��$ZDUG� 
%LRPHWKDQH�IRU�7UDQVSRUWDWLRQ 

•	 3URMHFW� 
±	 'HYHORS�D�ELRJDV�UHILQLQJ�SURFHVV�XVLQJ�GDLU\�FRZ�
 
PDQXUH�DQG�DQDHURELF�GLJHVWHUV�WR�SURGXFH�ELRPHWKDQH�
 
IRU�YHKLFXODU�XVH���
 

±	 %LRPHWKDQH�SURGXFHV�DERXW����SHUFHQW�OHVV�FDUERQ�
 
WKDQ�D�WUDGLWLRQDO�IXHO�
 

•	 5HWXUQ�RQ�,QYHVWPHQW� 
±	 7HFKQRORJ\�GHPRQVWUDWHG�DW�SLORW�VFDOH���3��$ZDUG�
 
KHOSHG�OHYHUDJH�DGGLWLRQDO�DZDUGV��
 
•	 ,QFOXGLQJ����0�'2(�&OHDQ�&LWLHV�5HFRYHU\�$FW� 
$ZDUG 

•	 6WDUW�XS�FRPSDQ\�EHLQJ�FRQVLGHUHG� 

•	 3URFHVV� 	�$GYDQWDJHV� 
±	 3LORW�SODQW�FROOHFWV�PDQXUH�DW�ORFDO�GDLU\�IDUP�ZKLFK�LV� 
EURNHQ�GRZQ�LQ�DQ�DQDHURELF�GLJHVWHU� 

±	 0HWKDQH�DQG�RWKHU�JDVHV�DUH�JHQHUDWHG���&RQWDPLQDQWV� 
UHPRYHG�E\�D�VFUXEEHU� 

± &OHDQ�ELRPHWKDQH�LV�FROOHFWHG��FRPSUHVVHG�DQG��UHDG\� 
WR�EXUQ�LQ�D�FRPEXVWLRQ�HQJLQH 

±	 ::8�HVWLPDWHV�WKDW�WKHUH�LV�HQRXJK�IDUP�ZDVWH�WR�IXHO� 
DOO�YHKLFOHV�LQ�WKH�UHJLRQ� 
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0,7�± �����3��$ZDUG�� 6RODU�7KHUPDO�0LFUR�JHQHUDWRUV 

• 3URMHFW� 
± 3URYLGH�D�UHQHZDEOH�HQHUJ\�VRXUFH�WR� 
/HVRWKR�XVLQJ�QRYHO�VRODU�WKHUPDO�PLFUR� 
JHQHUDWRUV��VRODU�FROOHFWRUV��DQG�³25&´� 
�2UJDQLF�5DQNLQH�&\FOH��HQJLQHV� 

• 5HWXUQ�RQ�,QYHVWPHQW� 
± 1*2�HVWDEOLVKHG�WR�WUDLQ�ORFDO�WRZQ� 
PHPEHUV�WR�RSHUDWH�DQG�PDLQWDLQ�WKH� 
V\VWHP 

± $GGLWLRQDO�$ZDUGV�OHYHUDJHG 
± 3RZHU�DQG�KRW�ZDWHU�V\VWHP�LQVWDOOHG�IRU�D� 
PHGLFDO�FOLQLF�LQ�/HVRWKR 

• 3URFHVV� 	�$GYDQWDJHV� 
± 25&�HQJLQH�FRQYHUWV�KHDW�WR�HOHFWULFLW\� 
XVLQJ�VRODU�SDQHOV�WR�SURYLGH�WKH�HQHUJ\�WR� 
GULYH�WKH�HQJLQH�� 

± *HQHUDWHV�PRUH�WKDQ���NLORZDWWV�RI� 
HOHFWULFLW\�DQG�KXQGUHGV�RI�JDOORQV�RI�KRW� 
ZDWHU�GDLO\�� 

�� 

�� 

�WK�$QQXDO�([SR 
$SULO������������ 

ZZZ�HSD�JRY�3� 
QROW�KHOPV�F\QWKLD#HSD�JRY 
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)HHGEDFN�IURP�3DUWLFLSDQWV 
³:H�DSSUHFLDWH�WKH�VXSSRUW�RI�WKH�(3$�3��3URJUDP��DQG�ZH�EHOLHYH�LW�
KDV�PDGH�D�WDQJLEOH�GLIIHUHQFH�LQ�KRZ�WKHVH�LVVXHV�DUH�VHHQ�DW�
0�,�7�´ 
� 3URI��-HIIUH\�,��6WHLQILHOG��0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\ 

³$ZDUGLQJ��PDQ\�VPDOO��JUDQWV�IRU�XQGHUJUDGXDWH�UHVHDUFK�LV�D�JUHDW�
LGHD���0\�VWXGHQWV�OHDUQHG�PXFK�ZRUNLQJ�RQ�WKLV�SURMHFW�DQG�
FRQWLQXH�WR�GR�VR�´ 
� 3URI��.DWKOHHQ�%RZHU��(DVWHUQ�,OOLQRLV�8QLYHUVLW\ 

³,W�LV�H[FLWLQJ�DQG�VRPHWLPHV�IUXVWUDWLQJ�WR�ZRUN�RQ�D�ÄUHDO�OLIH’ 

SURMHFW��EXW�DOZD\V�UHZDUGLQJ�´�
 
� 3KRHEH�5LFKERXUJ��6WXGHQW�RQ�8QLY��9$¶V�3��$ZDUG�ZLQQLQJ�7HDP��
���� 

³«�7KURXJK�WKHVH�VSHDNLQJ�HQJDJHPHQWV�DQG�LQWHUDFWLRQV��WKH�

VWXGHQWV�KDYH�DOVR�HGXFDWHG�DQG�HQULFKHG�WKH�OLYHV�RI�WKH�

SUDFWLFLQJ�HQJLQHHUV�LQ�1HZ�+DPSVKLUH�´
 
� 3URI��-HQQD�-DPEHFN��8QLYHUVLW\�RI�1HZ�+DPSVKLUH 
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GROSSMAN 

Workshop on the Design of Sustainable Product Systems and Supply Chains, September 12-13, 2011 
Final Report, February 29, 2012 B-81 



        
     
     

     
    

    
          
    

  

 

Session II – Disciplinary Definition of the Problems and Opportunities 

Discussion of Session II Breakout Questions 
Ignacio Grossmann, Carnegie Mellon University, Pittsburgh 

1. What are the challenging industry and societal problems to be solved?
  What are the future drivers for design of sustainable products,
  manufacturing systems and supply chains? 

2. What are the next generation sustainable-design enabled strength areas in the U.S.? 
Where are the gaps in knowledge? 

3. What are the problems faced by existing sustainable design capabilities? 
What are the opportunities for design of sustainable products, manufacturing systems,

  and supply chains? 

   

  

     

1. What are the challenging industry and societal problems to be solved? 

- Industry: Raw materials, energy, water, pollution 

- Societal: Food, health (water), energy, pollution, climate change, social justice 
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Sheppard, Socolow (2007) 

Growing emissions of CO2 

        

Water scarcity 

Two-thirds of the world population will face water stress by year 2025 
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What are the future drivers for design of sustainable products, 
manufacturing systems and supply chains? 

- Depletion of fossil fuels? 

Growth in Shale Gas 

In 2035 close to 50% from Shale Gas Northeast: from 0.3 trillion scft 2009 
to 5.8 trillion scft 2035 

  
  

   
   

  

What are the future drivers for design of sustainable products, 
manufacturing systems and supply chains? 

- Handling of waste/landfills (recycle policies) 

- Threat of climate change 

- Greater pressure from citizens (Millennial generation) 

- Greater social/environmental  responsibility by politicians 
(e.g. CO2 tax) 
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US Energy Sources

 2. What are the next generation sustainable-design enabled strength areas
  in the U.S.? 

FOCAPD 2009, June 7 - 12, Breckenridge, Colorado 

 

 

 
 

  
  

    

    

Existing plant 
Existing warehouse 
Market 
Potental plant location 
Potential ware. location 

Optimal Design of Chemical Supply Chains 

Design of chemical SCs 

• Given are: 
9 Demand of final products 
9 Investment and operating costs 
9Available technologies and potential locations 
9 Life cycle inventory of emissions associated with the SC operation 

• The task is to determine the optimal SC configuration 

• In order to maximize NPV and minimize environmental impact 

? 

Uncertainty in emissions 

Guillén-Gosálbez, Grossmann (2009) 
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MILP Model
 

1.	 Postulate a superstructure with all possible 

alternatives 

2.	 Build an MILP model: 

•	 Mass balance equations 

•	 Capacity constraints 

•	 Objective function calculations 

Net Present Value 

Eco-indicator 99: 11 environmental impacts aggregated into 3 damage categories 
•	 Human health: DALYs (Disability Adjusted Life Years) 

•	 Ecosystem quality: PDF·m2·yr (Potentially Disappear Fraction of Species) 

•	 Resources: MJ surplus energy · kg-1 

Life cycle inventory must account for a large number of chemicals: high degree of uncertainty! 

FOCAPD 2009, June 7 - 12, Breckenridge, Colorado 

  

     

 

     

  

   

Uncertainty in the emissions 
Assumption: emissions follow normal distributions 

Probabilistic objective: 

Minimize the environmental impact for a given probability level 

Target level omega 

Chance constraint programming 
•	 Probabilistic constraint is converted into its deterministic equivalent (Kataoka, 1963) 

Bi-criterion robust optimization MINLP problem 

Can be reformulated as a parametric convex MINLP (Dua and Pistikopoluos, 2003) 
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Pareto set and extreme solutions
 

Environmental improvements are achieved through changes in the network 

5 different SC topologies 

are identified 

Max NPV 

Min Omega 
The environmental impact is reduced 

by adjusting the structure of the network: 

- Reduce the capacities of plants and warehouses 

- Reduce the flows of materials 

  

  

  

  

  
  

   

Where are the gaps in knowledge?
 

Examples:
 

How to build cheap photovoltaic solar cells?
 

How to build cost effective/safe fuel cells (hydrogen)?
 

How to effectively manage power distribution systems with renewables?
 

How to design bacteria that increase the yields in biomass processes 
or tolerate higher concentration of alcohols? 

How to effectively design integrated supply chain for transportation fuels? 
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3. What are the opportunities for design of sustainable products,
 manufacturing systems, and supply chains? 

Some more or less obvious 
but important 

-Energy conservation 

-Green buildings 

-Fuel efficient cars 

3. What are the problems faced by existing sustainable design capabilities? 

Lack of knowledge of advanced engineering tools 

Energy consumption corn-based process 

Author (year)  E nergy consumption 
(Btu/gal) 

Pimentel (2001) 75,118 

Keeney and DeLuca (1992) 48,470 

Wang et al. (1999) 40,850 

Shapouri et al. (2002) 51,779 

Wang et al (2007) 38,323 

Water consumption corn based - process: 

Author (year) Water consumption
( gal/gal ethanol)

Gallager (2005) First
plants

11

Philips (1998) 5.8

MATP (2008)
Old plants in 2006

4.6

MATP (2008)
New plants 

3.4

Author (year) Water consumption 
( gal/gal ethanol) 

Gallager (2005) First 
plants 

11 

Philips (1998) 5.8 

MATP (2008) 
Old plants in 2006 

4.6 

MATP (2008) 
New plants 

3.4 

From Karrupiah et al (2007) 
24,918 Btu/gal vs 38,323 Btu/gal 
Why? Multieffect distillation 
and het integration 

From Martin and Grossmann (2007) 
1.5 gal water/gal ethanol vs 3.4 
Why? Integrated process network 
with reuse and recycle 
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3. What are the opportunities for design of sustainable products,
 manufacturing systems, and supply chains? 

Need to think out of the box 

Biodegradable plastics 

Polyhydroxyalkanoates (PHAs) vs. Polylactic acid (PLA) 
Improving mechanical propertites 

   
  

  

Process Intensification 

Making changes that render a manufacturing or processing design 
substantially improved in terms of energy efficiency, cost-effectiveness 
or enhancement of other qualities. 
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Acetic AcAcetic AcidAcid 

Original Methyl Acetate 
Flowsheet 

Azeo 

Methanol 
Catalyst 

Methyl
Acetate 

Solvent 

Solvent/Entrainer 

Water 

Heavies Water 

Water 
J.J. Siirola 

1 Chemical Reactor 
10 Distillation columns 

 

 

 

Synergistic Task Integration
Reaction to Alter Separation Problems 

Acetic Acid 
Catalyst 
Methanol 

(Removes
Acetic Acid) 

(Removes
Water) 

Methyl Acetate 

Acetic Acid 
Water 

Acetic 
Acid 

(Removes 
Methanol) 

Water 

Recycle to Somewhere 

Recycle to Somewhere 

(Removes 
Methyl Acetate) 

(Eliminates 
Methanol) 

(Eliminates 
Acetic Acid) 

Equilibrium 
Reaction 

Task 
A 

Distillative 
Separation 

Task 
G 

Solvent-Enhanced 
Distillative Separation 

Task 
F 

Distillative 
Separation 

Task 
C 

Distillative 
Separation 

Task 
D 

Separative 
Reaction 

Task 
E 

Separative 
Reaction 

Task 
B 
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Consecutive Task Integration for
Process Intensification 

Single Column Methyl Acetate Process 

Extractive 
Distillation 

Task F 

Distillation 
Task G 

Reactive 
Distillation 

Task E 
Reaction 
Task A 

Reactive 
Distillation 

Task B 

Distillation 
Tasks 

C and D 

Acetic Acid 

Catalyst 

Methanol 

Methyl Acetate 

Water 
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Session II – Disciplinary Definition of the Problems and Opportunities 

Discussion of Session II Breakout Questions 
Ignacio Grossmann, Carnegie Mellon University, Pittsburgh 

1. What are the challenging industry and societal problems to be solved?
  What are the future drivers for design of sustainable products,
  manufacturing systems and supply chains? 

2. What are the next generation sustainable-design enabled strength areas in the U.S.? 
Where are the gaps in knowledge? 

3. What are the problems faced by existing sustainable design capabilities? 
What are the opportunities for design of sustainable products, manufacturing systems,

  and supply chains? 

Breakout Groups 
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PRESENTATION: ORIENTATION FOR SESSION III, BY ERIC WILLIAMS
 

Workshop on the Design of Sustainable Product Systems and Supply Chains, September 12-13, 2011 
Final Report, February 29, 2012 B-93 



 
  

 

Orientation for Session III 

Eric Williams 
Rochester Institute of Technology 

The Golisano Institute of Sustainability 
� Academic Programs 
� Sustainability Ph.D. 

� Sustainable Systems M.S. 

� M. Sustainable Architecture 

� Four Main Research Thrusts: 
� Sustainable Production Systems 

� Eco-IT 

� Sustainable Mobility 

� Energy Systems 

� Industrial Applications & Technology Transfer 
� Promote Innovative Campus Wide Sustainability Initiatives 
� 3 admin faculty, 7 academic faculty, 4 research faculty 
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New Institute of Sustainability Building
 

� $14 million grant 
from NIST 

� Integrated fuel cell, 
solar and wind 
power systems 

� Can run 
independently 
from electrical grid 

� Construction 
completion: 9/2012 

Manufact-
uring 

Sales 

New 
Products 

Use
Econ. 

Growth 

Materials 

Reuse 

Recycling R&D 
investment $ tons 

B-95



 

Session III Overview 

Theme: Cross-disciplinary needs and challenges 

Overarching question: What are the common 
problems, common areas of need, complementary 
areas to be interfaced, and opportunities for cross-
disciplinary fertilization facilitated by design of 
sustainable product systems and supply chains? 

= 
? 
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Session III Overview 

Theme: Cross-disciplinary needs and challenges 

Thoughts on overall approach : 
• Easy to identify needs in “an ideal world” 
•Consider constraints/challenges for needs and 
challenges 
•Area of opportunity = large impact/difficulty 

Importance 
helpful 

important 

critical 

Socio-economic constraints 
minor 

substantial 

huge 

 

Session III Sub-topics for groups 

Theme: Cross-disciplinary needs and challenges 

1.Economic drivers and sustainable design 
2.Technologies/tools and integration: status and needs 
3.Stakeholder roles and need for cooperation 
4.New/emerging technologies and organizational  
roles 
5.Education and training 

B-97



Group 1: Economic Drivers 

Question: How does sustainable design affect or 
impact economic drivers? 

Group 2: Technologies/tools and 
integration: status and needs 

Question: What technologies/tools and their 
integration are needed, where is the expertise, and 
what is the state of technical capability? 

Clarification of scope: 
•Technology here meant as “software” (e.g. analytic 
tools) as opposed to “hardware” (easy to recycle 
plastic) 
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Group 4: New/emerging technologies 
and organizational roles 

Questions: How will new and emerging technologies 
and capabilities need to affect organization roles and 
responsibilities – academia/industry, 
researcher/research teams, etc? 

Clarification of scope: 
• technology specific issues (e.g. nanotech) versus 
generic technological progress 

Group 3: Stakeholder roles and need for 
cooperation 

Question: What are the respective roles of industry, 
government, and academia and how should they 
interrelate? What partnerships/coalitions are needed? 

B-99



Today: 
4:15-5:15 

Schedule for Session II 

Discuss your question, notetaker takes 
notes 
5:15-5:30 
Write up powerpoint slides presentation for 
tomorrow morning. If anyone wants to 
submit additional notes, write up. 

Tomorrow morning: group presentations 
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Workshop on the Design of Sustainable 
Product Systems and Supply Chains 
September 12–13, 2011 
Arlington, Virginia 

Sponsored by the U.S. Environmental 
Protection Agency and through the 
U.S. National Science Foundation 
Grant #1153340 to the American 
Institute of Chemical Engineers 

For additional information contact: 

Troy R. Hawkins 
Sustainable Technology Division 
National Risk Management Laboratory 
Office of Research and Development 
U.S. Environmental Protection Agency 
26 Martin Luther King Drive West 
Cincinnati, Ohio 45268 
hawkins.troy@epa.gov 
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