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The 2010 CPAC Summer Institute was held in an informal format, with technical presentations, 

and time allotted for open discussion and brainstorming on topics that arose from this interaction. 

The informal environment created a successful format for bringing together chemists, biologists, 

measurement scientists, and process related engineers from industry, government agencies, and 

academic institutions drawn from both CPAC and non-CPAC sponsors.  

 

The multi-disciplinary program was structured to include plenary talks on broad topics such as 

needs in bio-processing, green chemistry, energy, and chemical products. Case studies 

highlighted the selected topics and demonstrated the results of implementation of quality by 

design (QbD). There were then talks that presented advances in technologies that will enable 

future process analytical technology (PAT) developments. These included areas like sensors, 

micro-reactors, micro-fluidics, and sampling. Advances in process operations such as separations 

and purification were also presented and discussed.  

 

CONFERENCE SITE  
The Summer Institute was held in two locations. Tuesday and Wednesday, July 20 and 21, at the 

University of Washington, Seattle, WA, and Thursday, July 22, at a Club House in the nearby 

Cascade Mountains.  

 

OBJECTIVES AND SCOPE  
CPAC has an established track record in fostering academic/industrial/national laboratory 

interactions, which aims at bridging the gap between basic research and full-scale 

process/product development. CPAC's Summer Institute (SI) provides continuing education 

opportunities in the areas of advances in measurement science linked to process control and 

process intensification.  



The theme of miniaturization, initiated at the first Summer Institute in 1996, emphasized the 

futuristic concept of the versatile micro-analytical system (VMAS) and the feasibility of 

developing VMAS for process control. The Summer Institute objectives are to explore the needs 

of the end-users for new micro-measurement technologies and the potential impact of these 

technologies on product discovery and process control. Since 1996 the Summer Institute 

discussions have progressed through various concepts related to the miniaturization of 

measurement instrumentation, while refining user needs and process control impacts. Past 

participants have helped guide the direction of the Summer Institute toward this meeting‟s topic: 

The Development of Enabling Technologies for the Processing Industries. 

 

Process Intensification, an increasingly important area utilizing miniaturization, involves 

approaches for drastic reductions in capital expenditure, resource use and waste generation per 

unit mass of product. This is achieved by reducing the footprint of the production unit operations 

often by employing micro-reactor concepts and/or combining unit operations such as reactive 

distillation. CPAC is now developing measurement strategies that enable these more efficient 

though more complex processing concepts. In support of these efforts the New Sampling/Sensor 

Initiative (NeSSI™) is being deployed for implementing new measurement tools, including 

various CPAC technologies. A key part of the outcome of the Summer Institutes is in the new 

approaches to education and training in these various related processing fields. 

  

 

SUMMARY REPORT 

A growing concern in the US is related to the difficulty new materials are having making it into 

the marketplace.  A corollary to that concern is the loss of specialty chemical and pharmaceutical 

production to the developing world.  Given these concerns the 2010 CPAC Summer Institute 

choose the following as a topic to shed more light on the issues and the technology needs for 

potential solutions to those concerns;  “The Development of Enabling Technologies for the 

Processing Industries with an Emphasis on Process Optimization and Process Intensification 

(including Micro-Instrumentation Developments and Bio-Process Improvements)”. 

The first presentation by Ray Chrisman, affiliate faculty at UW and formerly Dow Chemical, set 

the stage for the meeting by describing the problem and potential manufacturing concepts 

designed to address it.  The presentation “The Chemical Processing Industries in the US Must 

Change to Compete - How PAT (Process Analytical Technology) can Enable Holistic Process 

Intensification” noted that production of API‟s for the pharmaceutical industry is rapidly shifting 

off shore, that most of the biodiesel capacity in this country is idle, and that in general the 

relative value of manufacturing in the US continues to drop.  It also stated that NIST and NSF 

have noted the problem with various requests for information.    

The presentation went on to suggest that the utilization of microreactors with process analytical 

technology, PAT, could lower the cost of process development and more importantly it could 

significantly lower the costs of manufacturing.  It pointed out how the historical approach of 

getting a product into the market and then optimizing the process was not working and 



demonstrated how the new concept of holistic process intensification could significantly reduce 

manufacturing cost.  However, it also pointed out that the approach must be done early in the 

commercialization process to allow new manufacturing approaches to be implemented.  Several 

examples of how significant process improvements could be made within the context of the 

holistic process intensification approach were presented. 

The next presentation was given by Richard Aragon of the Center for Strategic Scientific Studies 

at the US National Cancer Institute, or NIH. His talk, “Empowering Innovation:  Maintaining the 

Nation's Edge in High-Risk, High-Impact Biomedical Research and Development” described the 

steps that this section of NIH was taking to help technology introduction.  It pointed out that their 

new program was designed to bring a broad spectrum of researchers from many disciplines into 

the field to facilitate new approaches to technology development. 

To expand the discussion of needs for new technology, the growing concerns of the food related 

industry was discussed next in the presentation “Current Concerns in Food Safety and Defense” 

given by Mark Collison of ADM (Archer Daniels Midland Company).   It stated that the food 

and agricultural industries have to produce their products cost effectively but they also need to be 

concerned about the potential for biological contamination.  The presentation demonstrated that 

their quality assurance efforts have had to add another layer of steps to prevent and/or contain 

any terror based attempts to alter their products.  The need for even more ability to detect 

unwanted biological contamination in their products whatever the source continues to grow and 

requires even more sophisticated technology.  

The presentation “Thermal Processing of Woody Biomass” by Keith Pauley of MATRIC (Mid-

Atlantic Technology Research and Innovation Center) described the efforts required to bring new 

bioprocesses to the marketplace.  The presentation demonstrated that not only is a good process 

required but a good understanding of the economics of the new process are also required to 

insure that chosen directions for commercialization will succeed.  The need for high quality 

information to make decisions about the cost of production and the value of the products is 

critical to evaluate before building a facility and avoid the historical approach of building it and 

then trying to make it profitable. 

The needs in the most efficient industry in term of waste per pound of product, oil refining, were 

discussed in the presentation, “Remaining Challenges in the Processing of Hydrocarbons for 

Fuels and Petrochemicals”. This was a talk prepared by Kurt VandenBussche of UOP and given 

by Ray Chrisman. It was clear from the presentation that even in this most mature industry new 

technology is contributing to significantly better processing efficiencies.  This presentation 

demonstrated the value of process intensification and what is needed to go from identification of 

barriers to production to solutions to those barriers.   

In addition to industry challenges and needs, the Summer Institute also focused on new 

manufacturing concepts that are evolving. One of these was in the presentation “Designing 



Sustainable Chemistry in a Process Intensified Environment” by Michael Gonzalez of the US 

Environmental Protection Agency.  The approach he described in this presentation demonstrated 

the value of new microreactor technology which can reduce mixing time to increase throughput 

for more efficient production.   

As microreactor technology advances, unique approaches to carrying out chemical and biological 

reactions are being demonstrated. This was shown in the presentation “Rapid Reaction 

Optimization and Scale-Up for Continuous Flow Reactors for Applications in Green Chemistry” 

by Paul Watts of Hull University in the UK. Paul reported that complex chemistries can be 

carried out almost quantitatively in microreactors to potentially reduce production costs and 

eliminate or substantially reduce wastes.  It was also shown how a broad range of reaction 

conditions in microreactors, often outside traditional operating windows such as above solvent 

boiling points, can contribute to dramatically more efficient production.  

The first day of the meeting closed out with Ray Chrisman presenting a review of several new 

process analytical technologies that are expected to make it much easier to do process 

development on new materials and that can also insure high quality production can be 

maintained.  The first, “Ambient Ionization and Miniature Mass Spectrometry”, was an 

introduction to the new generation of mass spectrometers, from the research laboratory of 

Graham Cooks of Purdue University.  These new devices are low cost and yet full featured.  

These are being coupled with new ionization approaches which will enable liquid phase 

processes to be more easily evaluated.  The new approaches based on linear ion traps and 

atmospheric pressure ionization methods such as desorption electrospray ionization, DESI, and 

low temperature plasma, LTP, should bring the power of mass spec characterizations to a much 

broader range of process development groups.   

Three other techniques were very briefly reviewed to point out the continuing developments in 

their fields and how they may impact process implementation in the future.  These included 

advances in process NMR for real time imagining of materials such as foods, from the research 

laboratory of Michael McCarthy of University of California at Davis, Food Sciences.  The 

continuing developments in the understanding of particle size and concentration that will be 

required for the production of nanobased materials and organism based manufacturing were 

described, as a project based on prior work in the laboratory of Lloyd Burgess of U Washington, 

Chemistry and CPAC.  Finally the growing uses of conductivity measurements which enable the 

real time probing of moisture and other parameters, like coating, in materials production were 

mentioned. These fringe-field based sensors are from the laboratory of Alex Mamishev of U 

Washington, Electrical Engineering. 

The second day of the Summer Institute began with another description of industry needs, with a 

presentation by Erin Rockafellow of ADM - “Revitalizing Chemurgy: Growth and 

Diversification Opportunities for Industrial Products”. Erin described the evolving needs of the 

modern biorefinery.  This potentially large industry needs to commercialize products that can be 



cost effective in the marketplace at introduction as government support and other drivers such as 

market support for greener products as seen in the biodiesel market has been very uneven.  An 

additional presentation by Rick Gustafson of U. Washington, Forest Resources - 

“Lignocellulosic Biorefineries” - demonstrated the major challenge that has been given in the 

drive to cellulosic ethanol.  To achieve this goal will require the development of major new cost 

effective processing capabilities.  At this point significant additional processing advances still 

need to be made to insure that the technology is truly viable.  Progress on an approach based on 

the utilization of hemicellulose from paper making waste streams as a fermenter feed was 

described.   

The needs of the evolving biotechnology market were described in the presentation 

“Transcriptomics as a Complement to Comparative Genomics for Prediction of Sugar 

Transporters and Metabolic Enzymes”, given by Matt Servinsky, US Army Research Laboratory.  

This very complex development area offers great opportunities, but many challenges. However, 

it should be possible to address these challenges with the expanding technology base.  A better 

understanding of the complex genetic origin of the molecular metabolic pathways will help to 

drive more concerted uses of the developments for longer term efficient organism production 

processes. 

Since process scale separations present a significant area in need of additional improvements by 

industry, three presentations were given describing advances and needs in this area.  The first, 

“Enabling Technologies for the Design of Batch Chromatography and Simulated Moving Beds”, 

by Linda Wang, Chemical Engineering, Purdue University, described the evolving technology 

understandings that have enabled model development for more rapid design and implementation 

of flow column based separations technology.  This technology can have a significant impact on 

the major cost and processing time of protein therapeutics.  With additional implementations of 

PAT it is expected that even more processes could benefit from this complex though cost 

effective separation technology. 

The second presentation “New Materials for Removal of Trace Impurities from Environmental 

Waters”, by John Sawyer, MATRIC, demonstrated how a better understanding of the 

fundamentals of flow and reaction mechanisms can facilitate more efficient impurity removal 

from streams.  It was stated that better and more consistent PAT would be very useful as current 

analysis techniques slow process development and also impede operational quality assurance.   

The third presentation “New Technologies for Separations” was an overview of the research 

directions of VITO, a Belgium National laboratory. This was prepared by Ludo Diels of VITO 

and presented by Mel Koch of CPAC, who had recently visited there. VITO technology offers 

significant gains in separation capabilities and more efficient energy usage based on the 

development in the field of ceramics and new membranes.  In addition the broad range of 

activities at this major facility in Belgium was described. 



The balance of the meeting then focused on a range of new PAT approaches such as sampling, 

analyzers and data handling techniques that are process ready or could reasonably be converted 

to PAT.  

There was a key talk by Brian Marquardt, UW APL (Applied Physics Lab) on the “NeSSI™ 

(New Sampling/Sensor Initiative) as a Platform for Enhancing PAT (Process Analytical 

Technology)” which described the continuing efforts in this new sampling improvement 

technology, now well established in the petrochemical industry.  The efforts, to make analyzers 

an integral part of the NeSSI platform, were demonstrated as well as the growing realization of 

the utility of the technology for use in the laboratory.  Of particular note, the presentation 

validated a key concept unpinning the meeting, which was that PAT on NeSSI, coupled with 

microreactors, could dramatically speed up and significantly enhance the information content of 

process research for complex multistep syntheses.  

There was a presentation on “Single Cell Metabolism Studies”, Lloyd Burgess, UW Chemistry 

and CPAC which described efforts to measure oxygen consumption of individual cells, in real-

time, to follow metabolism activities.   

New developments in multidimensional gas chromatography were described in the presentation 

“Discovery and Target-Based Metabolomics using Chromatographic Technologies” by Rob 

Synovec, UW Chemistry and CPAC.  This technology development is being driven largely by 

the biotechnology area.  However, the presentation gave a significant example of how the 

technology has been applied to one of the key problems in biobased manufacturing which is the 

variability of raw material feeds.  

Another key technology that will have a significant impact on process development and in 

maintaining high quality production was described in the next presentation “Chemometric 

Alignment” by Brian Rohrback of InfoMetrix.  This presentation demonstrated very 

convincingly how new methods of handling data from process instruments go a long way to 

solving the age old problems with instrument drift and its impact on process measurements. 

Continuing developments in the program for developing very small wireless monitoring units 

were described in the talk, “Applications of Low Cost Wireless Monitoring”, by Apurva Mishra 

of Brian Otis‟ laboratory, UW Electrical Engineering.  This technology continues to evolve 

rapidly as does the ability to add measurement capabilities to these new platform devices.  

Reflecting on comments from last year‟s CPAC Summer Institute, it seems that the wireless 

based technology is becoming more robust and finding potentially valuable applications that can 

guide development. 

A very powerful technique for use in the protein therapeutics area was described in the last 

presentation of the second day. “Diagonal Capillary Electrophoresis - A New Tool for 

Bioanalysis” was given by Norm Dovichi, UW Chemistry.  Several variations in the 

multidimensional technique employing intermediate modification reactions were described 



which are very useful for understanding the areas of post translation modifications and the 

characterization of biosimilars.  

On the third day the meeting moved to a nearby mountain retreat for the final round of PAT 

related presentations.  The first was “Advances in Micro Approaches to Separation Science”.  A 

general overview of directions in the field was presented.  A key part of the presentation 

described the new concept of low thermal mass LC (Liquid Chromatography).   Multiple 

examples were given demonstrating the value of the concept and how it can be expected to 

simplify and speed LC based PAT methods which should make LC much more process 

compatible.  

Keeping with the theme of advances in chromatography, the next presentation, “Developments 

with Micro Gas Chromatography” by Rob Synovec, UW Chemistry and CPAC, demonstrated 

the potential for continued advances in 2-D gas chromatography.  With special attention to 

incorporating advances in injection technology and further refinements in parameter control for 

temperature programming much faster analysis times are possible. These advances are showing 

that there is a possibility of using GC as a sensor. 

A presentation by Brian Rohrback of InfoMetrix, “New Gas Chromatography Concepts being 

Commercialized”, described a new generation of NeSSI compatible full featured GC‟s that 

represents new design concepts to make the instrumentation much lower in energy use and to 

build in the required data quality software for higher quality long term performance.  

This was followed by a presentation “Advances in Electrochemical Sensors - Particularly 

Ozone”, by Joe Stetter of KWJ Engineering, which showed the potential of carbon nanotubes as 

detectors which will speed analysis while lowering cost.  The ability to more routinely use 

sensors throughout a process is important to insure continuous high quality production and insure 

worker safety. 

The final afternoon session continued with additional presentations on sensing.  The first was 

“Activities in Characterization and Reproducibility of Vapochromic Sensors” presented by Kent 

Mann, U. Minnesota, Chemistry.  The continuing development of inorganic crystal lattices that 

respond to analytes by changing spectral characteristics was described. These new inorganic 

materials are showing results which will lower costs and further increase the range of analytes 

that can be detected. An analyte of particular interest presently is CO2.  This was followed by the 

presentation “Case Studies in the Development of a Real-Time Sensor for Process Monitoring” 

by William Nelson of Tetracore. This described the work that is required to go from a proof of 

concept idea to a rugged and reliable process hardy sensor.  This particular sensor is based on 

oxygen sensing using vapochromic materials. It is being marketed for use in fermentation 

systems with all the attendant sterile operation concerns being incorporated.   

The next presentation in the set “Monitoring Inhomogeneities and Nutrient Gradients in 

Bioreactors” by Scott Gilbert, UW visiting scholar, described in great detail the problems with 



mixing in batch bio-reactors.  It then described the impact on biological systems when the pH, 

gases and nutrients are out of range as would be expected in the poorly mixed zones within the 

reactor.  The clear intent was the need for more technology to detect, monitor, control, and help 

correct these processing problems. 

The last presentation on advances in PAT techniques “Immunomagnetic Nanoparticles in SPR 

Biosensing” was given by Joshua Probert of Clem Furlong‟s research lab in UW Medical 

Genetics and Genomic Sciences. He demonstrated that the ability to prepare samples, which in 

this case was to remove a broad range of interferences, achieved much better measurements.  

The SPR (Surface Plasmon Resonance) technology continues to evolve with more real time 

capabilities in a small and inexpensive device that has very high specificity and sensitivity as a 

biosensor. 

An exciting and very appropriate talk concluded the Summer Institute. The presentation “Data 

Fusion” by Tom Dearing, UW, APL (Applied Physics Lab) described the potential to much more 

clearly define a reaction, or a product, or even a process by combining information from multiple 

measurement techniques.  He demonstrated a concept that was repeated multiple times within the 

meeting which was that the measurements must span the variable space.  In general no one 

technique can detect all the changes that are occurring within a reaction system.  This data fusion 

approach showed with real data that the ability to use multiple analyzers and interchange 

measurements techniques as needed is important to fully characterize a process. This is an 

obvious advantage of – and easily achieved with – the NeSSI platform being incorporated in the 

operation. 

The formal part of the CPAC Summer Institute concluded a discussion of the value of the 

meeting and the format.  The overall consensus of those attending the meeting was that these 

multidisciplinary and multi-industry meetings are very important to build an understanding of the 

broader needs of next generation production problems if significant improvements in process 

technology are to be made.  They liked the format specifically because it attracted a broad range 

of experts.  A key surprise along these lines was a comment that the multiple informal gatherings 

and discussions at the breaks and meals made it easier to talk to key technology leaders at this 

meeting than it was to talk to them within their own companies.  It was also felt that a more 

concerted effort should be made to have stronger student involvement, so that students will have 

a better understanding of future challenges in the industry and also to have a better appreciation 

of working in a multifunctional environment that encourages teamwork.  The final outcome of 

the meeting was strong encouragement to continue to develop the new concepts of sensing, but 

work closely as well on the related unit operations of sampling, and separation. 

It was interesting to observe the continuation of the discussion on the attributes of the CPAC 

Summer Institute in small groups during the „cook out‟ dinner that concluded the meeting. It was 

reminiscent of the previous CPAC Summer institutes and also of the approach used in putting a 



book together on this topic several years ago. It is a valuable reference for the value of 

multidisciplinary activities. 

Koch, M. V., VandenBussche, K., and Chrisman, R.W., (Ed.) Micro Instrumentation for 

High Throughput Experimentation and Process Intensification – a Tool for PAT   Wiley 

–VCH Verlag GmbH & Co. KGaA, Weinheim. 2007. 

 

Prepared by: 

Mel Koch, Executive Director, CPAC, mel@cpac.washington.edu, and Ray Chrisman, Visiting 

Scholar, UW, nchrisman@chartermi.com 

 

 

 

For more information, please contact Nan Holmes, Administrative Manager, 1-206-685-4323, 

nan@cpac.washington.edu, Box 351700, University of Washington, Seattle, WA 98195-1700 
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