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During the course of this collaborative research agreement DOE was an active participant in, and 
funder of, certain projects, and supported and maintained an awareness of all CWRT activities. 
Details on specific projects both DOE supported and otherwise are covered below. 

A:l :  - DOE Funded Collaborative Research Projects 
\ 

+ Total Cost Assessment 

Total Cost Assessment (TCA) is a dynamic and emerging concept that seeks to provide a process 
for quantifying all environmental and health costs, both internal and external, associated with a 
business decision. It is based on a life cycle approach. Prior to the development of this tool, a 
standardized, industnally-accepted approach to conducting a TCA was nor publicly available. The 
TCA methodology provides a standardized, yet flexible, approach to identify, compile, analyze, and 
use environmental and human health cost information associated with business decisions to access a 
broad range of industrial sectors. The American Institute of Chemical Engineers (AIChE's) Center 
for Waste Reduction Technologies (CWRT) initiated a collaborative Task Force consisting of ten 
major corporations to develop the methodology. The corporations represent the chemical, pulp and 
paper, pharmaceutical, and other consumer products industries. The value of this collaborative 
approach is in the accumulation of the best thinking and definition of needs that actually reside 
within these corporations. The industrial collaborators for the TCA development provided their 
time, knowledge, capital, experience, and enthusiasm towards this approach. 

The purpose of this project was to develop a methodology that encompassed a broad decision- 
making perspective and incorporated sustainable development considerations. It was envisioned 
that the TCA methodology would provide insight to managers seeking to improve their 
understanding and management of all environmental and health costs associated with the 
development of new products, processes, and manufacturing sites as TCA is a comprehensive 
process to identify potentially hidden environmental and health costs and to mitigate future risks 
and contingent costs. ' 

The TCA methodology was beta-tested by three of the companies involved in the project before the 
release of the final product. 

The TCA Methodology manual 
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can be downloaded at http://www.aiche.org/cwrt/projects/cost.htm. 
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In addition to the methodology a software program, TCAceTM, was developed as an aid in applying 
TCA. The program integrates TCA with a Monte-Carlo simulation program to allow users to 
undertake scenario-based case studies and sensitivity/risk analysis. 

+ Novel Reactor Design 

This research project was aimed at addressing one of the major technical challenges facing the 
chemical industry - significantly improving yields in exothermic reactions. The project, which 
started in 1996, demonstrated the capability of the novel reactor to substantially enhance the yield 
of a highly exothermic reaction and reducing by-product make by a factor of 20. The patented 
design uses a porous wall tube reactor with one reactant permeating through the reactor wall. The 
reactor can handle acidic and basic reactions under oxidizing and reducing conditions. A technology 
to handle particle contamination in the permeating reactant has been demonstrated. A computer 
model which can be used to predict the performance of the reactor for specific chemistry has been 
developed and validated by laboratory experiments. 

The reseaqch program accomplished its major objectives, and the PERMIXTM Novel Chemical 
Reactor technology is now ready for implementation by the individual collaborators. 

In 2000 CWRT published an 85 page report that describes the results of this research program on 
PERMIXm. The report is available through AIChE (ISBN 0-8 169-0837-0). 

Q Vision 2020: 2800 Separations Roadmap 

The 2000 Separations Roadmap is based on the information gathered in four workshops held on 
seven separation technologies (adsorption, crystallization, distillation, extraction, membranes, 
separative reactors and ion exchange) and two cross-cutting areas (bioseparations and dilute 
solutions). These areas are utilized by other industries in addition to the chemical industry and are 
specifically identified as barriers and challenges in Technology Vision 2020: The Chemical 
Industry. Technology Vision 2020 details the challenges faced by the US chemical industry as it 
strives to maintain its competitive position in the next millennium. Over two hundred and thirty 
individuals with appreciable expertise in each of the technical areas participated in the workshops. 

The Vision 2020: 2000 Separations Roadmap is available through AIChE, and can also be 
downloaded (PDF version) from the AIChE web site: http//www.aiche.org (ISBN 0-8 169-0832-X). 

As a result of workshops focusing on emerging adsorption and membrane separation technologies 
using adsorption and reactive distillation, CWRT published a monograph entitled Emerging 
Separation and Separative Reaction Technologies for Process Waste Reduction. This monograph 
taps two sources: 1) nationally recognized technical experts in the field; and 2 )  the findings of the 
National Workshop on Process Waste Reduction via Separation Technologies and Separative 
Reactors, which was held in New Orleans, LA, in February of 1998. 

The Emerging Separation and Separative Reaction Technologies for Process Waste Reduction 
monograph is available through AIChE (ISBN 0-8 169-0789-7). 

C WR T/DO E/Q TR. RE PO R TS/2000 Page 2 of 6 

http://http//www.aiche.org


. .  

i 
i 

Reaction Engineering Workshop and Roadmap 

The Vision 2020: Reaction Engineering Roadmap is part of an industry-wide effort to create a 
blueprint of the research and technology milestones that are necessary to achieve long-term industry 
goals. This report documents the results of a workshop focused on the research needs, technology 
barriers, and priorities of the chemical industry as they relate to reaction engineering viewed first by 
industrial use (basic chemicals; specialty chemicals; pharmaceuticals; and polymers) and then by 
technology segment (reactor system selection, design, and scale-up; chemical mechanism 
development and property estimation; dealing with catalysis; and new, nonstandard reactor types). 
The workshop brought together forty-six experts from the chemical industry, its customer 
industries, universities, and government research laboratories. The workshop was a part of the 
chemical industry’s effort to develop its technology roadmap for the future. 

The Reaction Engineering Roadmap (83 pages) is available through AIChE, and can also be 
downloaded (PDF version) from the AIChE web site: http//www.aiche.org (ISBN 0-8 169-0833-8). 

+ TCA Iptangibles 

An approach to gathering data for intangible costs in support of the TCA methodology was 
developed and tested for harmless odors for eutrophication. A presentation on the results of this 
work was made at the TCA users meeting in Washington DC on May gth. 

A final report, Evaluatioiz o i  Societal Costs: Odors and Eutrophication, has been submitted to 
DOE/OIT by the contractor for this work, BRIDGES to Sustainability. 

+ Metrics for Industry 

This project used various databases, as well as SRI’s Process Economics Program (PEP) Data to 
test and refine energy and material metrics for the 50 most important chemicals in the US chemical 
industry (see Sustainability Metrics below), and to test metrics along key product supply chains. 
The databases used in this project included the Industrial Assessment Center Database for 
customers and suppliers in the chemical industry, Carnegie Mellon’s Environment Inputloutput 
Lifecycle Assessment Database and the European Plastics Industry Lifecycle Assessment Database. 

The key product chains evaluated were PVC products, ABS pipe, nylon rope and carpet underlay, 
Various decision rules were developed for calculating metrics based on the PEP data, and a 
workshop to discuss these decision rules and preliminary results was held in Austin, TX in May, 
2000 and attended by over 40 leaders from industry, academia and government 

A complimentary project (funded through ORNL) looking at determining the “minimum practical 
energy” use for the same set of chemicals has been started to demonstrate the feasibility of 
developing this information. This data would provide industry with realistic goals for energy 
improvement. 
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A final report, Sustainability Metrics: Making Decisions for Major Chemical Products and 
Facilities, has been submitted to DOE/OIT by the contractor for this work, BRIDGES to 
Sustainability. 

+ Clean Process Advisory System (CPAS) 

The CPAS suite of tools was developed to provide the process designer rapid, application-specific 
access to a huge body of information regarding clean technologies, environmental improvements to 
existing processes, engineering design, environmental, health & safety and economic issues. This 
information formerly resided in industry, academia and the government, but was largely 
inaccessible. 

CPAS includes tools for separation technologies, gaseous pollution prevention, water reuse and 
organic effluent treatment options. 

. 
A:2: - Non-DOE Funded Collaborative Research Projects 

The following activities were undertaken by CWRT during the course of the collaborative research 
agreement. 

+ Sustainability Metrics 

AIChE’s industry-led effort to develop metrics useful for tracking progress and driving change 
throughout an organization was recognized recently by C&EN as the leading effort in this field. 
Various metrics have been developed for mass and energy intensity, water usage, pollutants, and 
health- and eco-toxicity. For mass and energy, core metrics as well as complimentary metrics have 
been found to be helpful in communicating the drive for enhanced eco-efficiency throughout a 
multi-disciplinary corporate environment. The findings from this industry consortium work 
highlighted the importance of improving energy intensity, as the energy metric is a good proxy for 
other metrics. 

The work of this group continues to attract significant industry attention. Continued development of 
programs in this area remains a high priority with CWRT industry sponsors. The metrics developed 
to date can be found on the CWRT web site, http://www.aiche.org/cwrt/projects/sustain.htm. 

+ Remediation 

In 1999 a group of CWRT sponsors finished a collaborative project on phytoremediation, which 
refers to the use of plant-based systems to clean or stabilize both organic and inorganic 
contaminants present in soil, groundwater, or surface water. The final project deliverable, a white 
paper on CD-ROM, provides a summary of ph ytoremediation applications along with supplemental 
information important to its successful implementation. The executive summary provides 
summaries of a number of key issues related to phytoremediation (bioavailability and constituent 
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development of powerful tools that can be integrated into the more traditional EHS function. These 
tools provide a more complete framework to understand the full life-cycle costs and business 
implications of competing design choices. By conducting EHS reviews that take a more holistic 
approach and consider the EHS life cycle impacts and opportunities of each design earlier in the 
design phase, significant benefits that result in long-term commercial benefit can accrue to the 
design. 

The final deliverable presents an approach-termed MERITT (Maximizing EHS Returns by 
Integrating Tools and Talents)-for enhancing process development through more effective 
integration of environmental, health, and safety evaluations. MERITT has been based on the 
benchmarked best practices of industry leaders in this field and draws upon critical components of 
pollution prevention, inherent safety, green chemistry, and related paradigms through selective 
adoption and adaptation of their existing tools, slulls, and knowledge resources. MERITT 
emphasizes concurrency of environmental, health, and safety thinking, resulting in a unified EHS 
perspective and its infusion into existing business processes. Rather than formulating a new, stand- 
alone methodology, this unified approach offers the flexibility to meet many different development 
needs, coupled with the capability to evolve with changing business imperatives. 

This book is available through AIChE (ISBN 0-8 169-0848-6). 
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