PROCESS INTENSIFICATION MEETING

The Royal Institution, London, 19 November 2003.

Meeting Minutes

Background

This meeting was put together with the assistance of a DTI grant, and was the second of two gatherings, (the first being a small one at Newcastle University) to look specifically at aspects of PI in the chemical process sector.  The meeting was organised by BHR Solutions, supported by PIN and funded in part by the DTI Basic Technologies for Industrial Applications programme.  Other partners in the project included Newcastle and Strathclyde Universities, Protensive and David Reay & Associates.

The attendance list showed 52 attendees, with well in excess of 50% being from industry.

The specific aims of the Royal Institution meeting, held on 19 November, were set out in the promotion of the meeting as follows:

“The Challenge


Process Intensification (PI)

...is a novel approach to chemical production seeking new energy and resource efficient processes.

...may enable the manufacturing of products which industry either cannot manufacture now or whose manufacturing processes must change to meet legislative controls.

...will change the way chemicals are produced in the future.

The Scope

Process Intensification demands new thinking in


*
The design and construction of high throughput reactors, separators, mixing processes, combined and multi-function units


*
The control of intense reaction conditions and processes


*
Novel applications of catalysts


*
The integration of intensified plant with existing operations


*
Process analytics including sensors, measurement and controls


*
Management issues including human resources which come with

fundamental change

The Objectives

This workshop will aim to get behind the hype, and address the concerns that may surround PI. It will encourage interactions between providers and users/potential users to iron out where the real opportunities are and what still needs to be done to realise the business, societal and technological benefits of PI.”

The format of the meeting involved the Chairman’s opening address, 5 Keynote talks, and, in the afternoon, a number of parallel workshops.

Chairman’s Introduction

The meeting Chairman was Colin Harrison of Uniqema (ICI by another name).  He is Chairman of the Government’s Innovation Task force, associated with ‘Chemistry Leadership’ and the CIGT – Chemicals Innovation and Growth Team, the aim of this being to address challenges and form a ‘road map’ for the future of the industry.  Colin said that innovation was vital for industry – this being one output of the 2002 report from the above.  The suggestion was that a Chemicals Innovation Centre should act as a hub for networks.  There is a need for effective dialogue with the UK science base.  Another aim was to target the UK as a location for start-up companies.

Important areas were seen as micro-fluidics, micro-patterning, bio-processing, ‘business intensification’, fuel cells, sustainable technology and creative organic synthesis.  ‘The innovation process’ would involve supporting work on process intensification to speed the laboratory-to-pilot-to-full scale process.

Your scribe has several times heard speakers make statements such as ‘Technology X is a solution looking for a problem’.  The Chairman, in addition to saying this in the context of PI, turned the knife in the wound by saying that ‘PI has not delivered as much as was initially hoped’.  However, Mike Jones of Protensive, the next speaker, challenged this view strongly.

Keynotes:

The first Keynote, by Mike Jones of Protensive, addressed the question ‘What is PI?’  Mike elaborated on this by addressing four areas where PI has an influence: equipment, products, processes and effects.  All of these need to be brought together.   The first three of these are well-documented, but as far as effects are concerned, topics such as delivery systems, surface effects and ‘feel’ were concepts not often discussed at PI meetings.  As examples of these, Mike cited pharmaceutical delivery systems, such as slow release types, surface effects such as those to affect drying, provide hardness or to make catalysts, and ‘feel’.  Feel can give ‘added value’ such as that associated with ‘good’ skin creams or food.  

The definition of PI (in the context of chemical reaction technology, at least) was put as follows:

· PI significantly enhances the transport rates

· PI gives every molecule the same processing experience.

Giving examples of micro-reactors, Mike knocked on the head the misconception that PI decreases plant output, compared to the conventional large processes that intensified plant might be replacing.  Mike’s comparison between an intensified plate reactor delivering 163 kg/cu.m/h of C5+ and the Sasol design, delivering 29.98 kg/cu.m/h in a plant of 432 times the volume, nicely illustrated this.  Mike observed, in the case of HiGee units, that PI was well in to the market place, with 120 rotating packed bed units being in operation in China.

The next part of the talk concentrated on effects at the micro-scale.  Examination of flow mechanisms on spinning discs, and the availability of analysis methods, which allow tracking of the growth of a particular product as it moves across a spinning disc reactor (SDR) surface, facilitates automated production with ‘dial-in’ product concepts being feasible.  Mike showed an example of the analysis techniques for tracking polymerisation reactions, and revealed on-disc monitoring of materials depletion across a disc in calcium carbonate production.

Other benefits of the tailoring of catalysts and the simplification of reactions paths on SDRs include the removal of a lot of side reactions (because one is using the right environment for the molecules) and the flexibility, in, for example, adjusting crystal shape and size (when making crystalline materials).  Using an SDR for parts of a polymerisation process, where the liquid is highly viscous, one can achieve 90% conversion in about 2 seconds, compared to hours needed usin a stirred pot.

Mike concluded by showing what could be done now using PI – these being rapid processing, rapid process development, rapid scale-up, introduction of novel products and processes, and the ability to perform just-in-time (JIT) manufacturing (analogous to modern hot drink/coffee dispensers, where one has many choices of output).

During the discussion Mike was asked about the advantages of ‘dialing up’ a process and to give examples.  Viscous liquid polymer processing was one process which benefited from this.  It was suggested that it was difficult to get manufacturers to change (processes).  Mike agreed it was an uphill battle getting some to change, and perhaps there was a Government role here to get industry to modernise – but we cannot wait for governments to do this.  Another speaker likened it to putting links in the chain between basic research and the user.

Ian Henderson, also of Protensive, gave the second Keynote, on the subject of the business case for PI – or why should I use it?  After explaining the historical development of chemical plants, to the current preponderance of circular components, e.g. reactors, distillation columns, shell & tube heat exchangers, Ian said that the PLATE heat exchanger began the heat transfer and reactor revolution.  In this case one started with the heat transfer requirements and built up a device to satisfy those needs – one did the same with an SDR in the context of specific chemistry needs.  What Ian called ‘precision processing’ was an uncompromising approach which involved exactly matching the machine to the process.  Interestingly, he said that the outcome of smaller, intensified machines resulting from the above was a secondary effect – many may disagree.

Ian was equally contentious when it came to assessing the importance of capital cost of plant.  He cited a job in which ICI was exporting a plant containing 7 distillation columns to Japan.  The columns cost 10% of the whole plant, which in turn represented 10% of the total project cost.  Although HiGee was available within ICI at the time (20 years ago) the tight delivery schedule meant that a more conservative approach was necessary – no-one was prepared to take the risk to reduce capital costs by (say) 25% with a new technology.  (While one can see this argument, it tends to ignore the fact that PI applied to the WHOLE plant might have a much greater influence on reducing the overall PROJECT cost, too.  Such an approach would be possible today.)

Ian’s main targets for PI were, as he outlined at the PIN meeting at Cranfield, (see web site for minutes), better/novel products, improved yields and safety, enhanced manufacture, e.g. JIT, and additional business options, such as distributed manufacturing.

Andrew Green of BHR Group then took us through the ‘process development process for PI.  Andrew examined the activities associated with, and the tools needed for, process development as one moves from the ‘discovery laboratory’ to the ‘production plant’.  Intermediate steps in the development included the process development laboratory, the kilo plant and pilot plant.  The ‘tools’ needed at each stage were described, then Andrew highlighted the opportunities for PI at each step of the above sequence.  

There were additionally a number of issues for PI which needed to be addressed to ensure the process development moved smoothly.  One was the batch culture in the process development laboratory, another was the lack of availability of PI tools and methodologies.  The ‘ideal’ PI development lab as seen by Andrew would be a process analyser in which one could feed in reagents, which would be instantaneously mixed, subjected to infinite heat transfer as needed and instant analysis, yielding, at the press of a button, kinetics, products, routes and thermodynamics!  In reality Andrew believed that much useful data could be got out of conventional lab equipment, with key variables being mixing and temperature.

We were then introduced to the ‘plug and play’ concept that would allow construction of a micro-reaction toolbox that Andrew believed could be valuable in helping to develop PI equipment.  However, in combination with this, he stressed that scale-up methodologies need to be firmly established.

In discussion, in which several chemists participated, there were several interesting observations.  One commented that process development is done very quickly – driven by the delivery of a product into trials.  This is therefore done in batch processes because, currently, that is what your final process will be.  In ‘second generation’ process development, PI may be brought in as a superior process.  At this stage the chemists will get more involved (in PI).  Another questioner observed that one could carry out the simulation on a computer rather than in the lab.  This was felt by Andrew to be fine for some stages, but he was more concerned with what he described as the ‘mechanistic’ point of view.  It was observed that in biological processes PI would be attractive if it helps one to rethink an 8 or 9-step process and come up with a solution for carrying it out in only 3 steps.  Another person said that PI lets you get nearer the ideal operation conditions that one should be at!

David Littlejohn of Strathclyde University, a member of the CPACT consortium that is associated with process analysis and control, detailed some of the challenges in implementing process analysis in PI plant.  Many advanced techniques were described, including a range of spectroscopy techniques, some of which may be more applicable to PI processes than others. 

David saw the features of analysis in PI plant as being constrained by, amongst other factors, small sizes, continuous operation with possibly rapid response times and correspondingly short measurement times.  The various analytical techniques needed to be compatible with these features, and David went through each technique in turn, pointing out advantages and possible limitations.  Looking at one of these, Mid-infrared spectrometry, it can be relatively sensitive, is good at molecular identification, and can be used (in different forms) for gases or liquids.  However, it is not easy to interface with the plant (in particular the fibres used are expensive and fragile) and special materials are needed for them.  An ultrasonic technique can be used, whereby ultrasound is directed into a process vessel and its echo analysed.  Acoustic emissions are not particularly sensitive, however and cannot operate at the molecular level.

There are chip-based variants of liquid chromatography, but challenges remain in areas such as, but not limited to, interfacing and continuous flow sampling.  One of David’s final points was that we should think about analysis in a timely manner, not as an afterthought.

During discussion, it was pointed out that micro-temperature and thermal conductivity detectors were available.  In many cases a knowledge of temperature and flow may be sufficient to control the process.  There was a suggestion that a reference book based upon David’s data be produced, with vendors providing performance charts and good data.  This would be helpful for PI practitioners.  Volunteers for this task have yet to come forward!

The final Keynote was given by Keith Guy, and looked at integrating PI into the business process.  Keith started by stressing that PI was not always MICRO PI, otherwise one could frighten people off.  He discussed PI in the context of basic business objectives such as long-term profitable growth, taking acceptable risks, not paying the price of inertia and carefully assessing lessons from the past as to their validity.  Among the common themes and challenges identified by Keith were what he called the BIN revolution, (synergies of Bio-, Nano- and Information technologies), sustainability and public opinion – for example ‘the public hates big plants’.

The example chosen by Keith to show how PI had evolved in one process over a long period was that of industrial gases, (a classical example also chosen by Air Liquide in an EU PI project some years ago and replicated in the ‘Guide to PI’).  This has moved from large-scale production facilities and shipment to the customer, to distributed manufacture on customer sites.  Examples of PI in the up-to-date processes include compact heat exchangers, compact steam reformers and membrane separation technologies.  He then went on to stress some of the pitfalls in investing in (or not investing in) new technologies and ways in which it might be implemented (such as make vs. buy; retrofit vs. new, or outsourcing as an alternative.  Following two other process examples – reactive distillation of methyl acetate and reactive absorption, where he highlighted process, modelling and design challenges, Keith looked at the contradictory factors in timing the introduction of new technologies and staff training (“if you think education is expensive, try ignorance”).  He concluded on a positive note for PI – PI technology can be adopted beneficially, and the introduction of PI is a business imperative for the 21st Century.

Workshops

After lunch, four parallel workshops were held, covering technological, human, business and legislative factors.  Each workshop featured a facilitator and reporter, the feedback to the final gathering of all present being made by the latter.  The reports below are based on notes made by the PI Co-ordinator.

Technological Factors: Innovation and technology pull through.  This essentially addressed technological issues, one of which was how to get reaction kinetics and to measure them.  One suggestion was a need for a protocol to assess kinetics, or a code of practice.  It was felt that modelling and simulation were too expensive, and experimentation was best.

On the question of whether we needed control, there was no consensus.  One could have fault monitoring systems, which were not necessarily equivalent to control, but more related to fault detection.  A new method for particle size monitoring was also needed.

Other areas given prominence were rapid prototyping (including a PI kit to run different experiments), or methods for modelling/simulating a ‘rapid prototype’ instead of making it!  In the case of hardware, standardisation of components was felt to be important – so they all work with each other, in spite of being from different suppliers.  Another topic mentioned was on-line experimental design.

The need for more teaching of PI in University courses was stressed, as was the desirability of PI ‘demonstrators’.

In answer to the question ‘where will we be in 10 years?’ there was only one suggestion – that intellectual property would have increased and more research would be stimulated.

Business Factors: Markets and customers.   Some keywords thrown up in this workshop included ‘technology assessments’ – measuring the impact PI has on the business process, and ‘environmental accounting’.  The ability of technologists to talk about business benefits was important, as was education (see above).

The route to ‘easing the risk’ was stressed, with demonstration facilities playing an important role.  A network of facilities where ideas could be tried out was suggested.  Good practice examples should be given, but where is the motivation for this?  Help for start-up and ‘adopter’ companies was recommended, in parallel with a query as to whether we are wrong to try to sell PI to big companies, rather than SMEs.  (Your scribe wonders why we should discriminate between company size/type in selling PI – sell it to whoever wants to buy it!)

Intellectual property came up again here with the suggestion of ‘template agreements’ from Government for IPR sharing.  Industrial prioritisation – a ‘road map’ was needed and technical training should be interdisciplinary.

Human Factors: Competence and skills.  PI needs a product champion in the company!  The need for education/training courses was again stressed.  The ‘hype’ of PI was of concern.  For a scientific audience this can be pushed too far.  There are more realistic approaches to selling technologies.  The low priority given to technology in the UK was also cited – perhaps we need some ‘hype’!

Presentations on PI in companies are needed at the Board level, as are more case studies, publications, training courses.  The image is generally good – small, clean etc., and should be stressed.  The timing is right now for bringing PI into the education process.  It was queried whether PI should be ‘re-branded’.

In discussion, an interesting point made by AMEC was to draw a parallel with the successful National Centre for Bio-related Processing in North West England.  SMEs can go there and get technical advice from users and equipment operators, or bring in kit into a ‘safe’ environment and do tests.  This could possibly be done for PI.

Legislative Factors: Regulation and reputation.  This covered environment, safety, the social dimension, business, trade regulation and sustainability.  It discussed how PI, by changing the business process, might impact on regulations – e.g. distributed processing, where one conceivably may be transporting hazardous materials to make benign products.

Is legislation driving or constraining?  HSE/environmental/CO2 drivers.  Planning legislation could impact on PI plants.  FDA approvals and other equivalents influence time to market etc.  Best Available Technologies – EU activity – was cited.  Industry and the regulator(s) should work together where new technologies can have an impact.  This collaboration should begin at a very early stage.  It was suggested that in this respect we were at the stage batch reactors had reached 20 years ago. There needs to be an understanding of where PI sits in a regulatory analysis.

*****

PIN ANNOUNCEMENTS

New web site – www.pinetwork.org
Next PIN News due out in February 2004.  Articles/announcements/news for inclusion to David Reay, please, by 31 January 2004 – DAReay@aol.com
NEXT PIN MEETING – Scheduled for May 2004 – date & venue will be announced.  The main theme will be PI off-shore/down hole etc.

*******

Meeting minutes prepared by David Reay from notes made at the event.
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