10TH MEETING OF THE PROCESS INTENSIFICATION NETWORK (PIN)
HERIOT-WATT UNIVERSITY, EDINBURGH, 3 JUNE 2004.

MEETING MINUTES

Despite air traffic control problems affecting travel, 32 members managed to make it to Edinburgh for the 10th PIN meeting.  With the exception of the BP talk and an impromptu from Cambridge University, both of which have been held over until a future PIN meeting, a comprehensive programme was possible and no-one left disappointed.

We were welcomed to Heriot-Watt by Professor Patrick Corbett, Head of the Institute of Petroleum Engineering, (Patrick.corbett@pet.hw.ac.uk).  Patrick briefly outlined the work in the Institute, which we were scheduled to tour later in the day, saying that the main thrust was ‘sub sea and down hole’.  Areas of particular expertise included hydrocarbon recovery mechanisms, scale studies, PVT/gas condensates, hydrates and analytical methods.
Colin Ramshaw, (Colin.Ramshaw@bun.com), chairing the morning session, said that the theme of the meeting was process intensification (PI) off shore, and one area which it hoped to address was the mismatch between perception and reality in this area.

David Reay (DAReay@aol.com) updated those present on the current status of PIN in terms of membership, committee, and activities.  The presentation is available on the PIN web site, (www.pinetwork.org) 
Technical Presentations

The proceedings began in an effective manner with a talk by Mike Swidzinski of ConocoPhillips.  Mike is Technology Team Leader for North Sea business with the company, and was able to give an offshore industry perspective of current practices and challenges, later highlighting how these might be related to PI.

Mike began by giving an overview of the developments in offshore extraction, commencing in the 1970s, when working at sea bed depths of 100-150m, where temperatures were about 4oC, to the 1990-2000 period, where depths were almost thirty times greater and local temperatures just below freezing.  In the last four years the trend has been towards sea bed gas gathering at 1000-1500m depth.

In describing the various processes undertaken from the wellstream fluid source to on shore processes, (flows being typically 160 million standard cubic feet/day (mscf/d)), Mike pointed out that these necessitated a pressure reduction from 750+ barg to 70 barg, and therefore inefficiencies came in.  Other changes necessary in the transport process were the addition of chemicals, for wax and corrosion control, and fluid measurement.

An important process in this was separation.  Separation of gas from produced liquid, water from oil/residual oil from water, and dissolved solids from oil was necessary.  There were high (40 barg) and low (13.5 barg) separation stages.  Then gas clean-up was undertaken – principally dehydration – to inhibit corrosion of the mainly carbon steel system.  Removal of acid gases, e.g. by amine units (which are rather large), was carried out and membranes are being studied for clean up.  The use of membranes is at an embryonic stage off shore.  The separation of residual oil from water is driven by internal and regulatory control directed at getting the oil level to zero.  A unit for treating 100,000 barrels per day (bpd) would be the size of a modest lecture theatre (the one we had the PIN meeting in).
With regard to taking solids/scale from liquid streams, corrosion needs to be prevented, as this can lead to bacteria incubation.  Chemical treatment is necessary, including the addition of wax inhibitors and corrosion inhibitors.
In gas processing, dehydration and compression (albeit inefficiently) are necessary process stages.  Mike showed us a glycol contactor for dehydration.  The glycol is recycled and of course needs regenerating.  A further process – transportation – involves recompressing the process gases, pumping liquid hydrocarbons and the disposal of waste products/chemical treatment.
All of the above involve heavy, large equipment and all have inherent inefficiencies.  There is therefore a demand for SPACE.  Can weight be reduced within certain constraints?  In particular there must be no relaxation of equipment availability, reliability and integrity.  Risks to personnel and the wider plants must not be increased.  Capital and operating costs should not be higher, and from the health and safety point of view it would be ideal if one could ‘engineer out’ the need for people to be located off shore.

Mike then described initiatives to simplify and intensify these processes.  He compared the Printed Circuit Heat exchanger with a TEMA shell and tube unit as an example of PI.  However, processing on the sea bed (the particular project being called VASPS) was one approach.  Here a dummy well would be drilled, and a separator element put in it.  The energy in the well would be used to create a vortex and separate the gas from the liquid.  This has been done off shore in Brazil, and is seen as ‘on the horizon’.  Progress is hampered by the need for a reliable electro-submersible pump and a nearby host (within 15 km) to receive the liquid and to supply the power.  Another seabed concept was H-sep, which was down-hole gravity separation.  Aker-Kvaerner has studied this, and it involves taking fluids from the production zone, separating them into hydrocarbons and water + gas, pumping these to the surface and separating the steams.  Mike said that there would possibly be a Norwegian example of this in the future.  He pointed out that this was an improvement over current practice, but there is still the need for a nearby host facility to supply the power and receive the production output.
Mike then asked the question: ‘Can we do better?’  Interestingly, and perhaps controversially, he said ‘Can we move processing to shore?’
Before addressing this, he asked ‘Why do we process?’  The threats to smooth production flow are several – hydrates, corrosion, plugging, scale and complex multi-phase regimes.  If one can stabilise all the components into, for example, a stable slurry that is easily transportable, the concept of ‘cold flow’ might be realised.  There is Norwegian interest in this concept, which involves flow over long enough distances to ensure that most of the time the fluid(s) flowing is spent at sea bed temperature.  SINTEF has examined hydrate slurry, and have a ‘reactor’ where seed to generate a stable wax etc. is put into the stream.
Mike said that this would get rid of most of the above problems, and it would eliminate the need for pipeline insulation – one could use bare carbon steel pipes.  For pumping, the well pressure energy could be employed – enough for several tens of km transport.

With regard to timescale to implementation, it was believed that the developments would be seen between 2007 and 2010, thereafter removing the need for surface or floating facilities.

In summary, Mike made three points:

· Conventional oil and gas processing philosophy does not encourage more PI etc.

· Subsea processing can be an opportunity for PI, but the need for a nearby host is a problem.
· Controllable slurry transport over long distances may be a way forward – leading possibly to on-shore processing.

During discussion, an interesting observation by Galip Akay was that ‘cold flow’ was going backwards – one is neither producing at the site or out of the way.  Mike said that one would dispense with off-shore superstructures, and space on shore is not at a premium and evacuation (of personnel) was easier.  One would ‘cherry pick’ sites where this may be attractive.  Mike’s Presentation is on the PIN web site.
An area where PI could be used off shore was discussed by John Brophy of Velocys Inc.  As the basis of modular gas-to-liquids technology, (taking gas such as associated gas or the output of gas from a small field and making it look like crude oil), John introduced us to the Velocys micro-reactor, which is constructed in a similar manner to that of Chart Heat Exchangers, based upon shims that are stacked and diffusion-bonded.  (Velocys was formed as a spin-out from Battelle Laboratories, and has seen investment of $70 million in the technology.  The company is based in Columbus, Ohio and employs 50 people.
John showed us a conventional hydrogen producer in a Californian refinery – a large unit incorporating a steam reformer operating at 900oC and 40 bar with an output of syngas, from which CO was removed to give hydrogen.  Throughput was 20 million scf of hydrogen/day.  The Velocys unit would have 1/10th of the volume, and John claimed that its benefits would be worth a lot to the refineries.

The Velocys micro-reactors have channel sizes of 0.1 to 0.3 cm across, and can be used to accelerate chemical processes by 10 to 1,000 times using very active catalysts.  John outlined the usual benefits of hex-reactors/micro-reactors and proceeded to look at some applications, including a liquefaction (LNG) project where the tower height would be reduced by a factor of five.  With regard to large-scale gas-to-liquids plant, CAPEX is typically $3 billion.  Using the Velocys system, capital cost would be reducing, allowing small throughput plants to be economic.  However there can be manifolding problems with the compact multi-channel plants.
With regard to processing times, John said that a Velocys steam reformer would have contact times of less than 5 milliseconds, compared to >1 second in a conventional plant.  For Fischer-Tropsch (F-T) synthesis, the Velocys unit would have a contact time of <0.2 s, while a conventional process unit would take >10 s.  John illustrated the scale-up process facilitated by adding blocks (or cells) of the Velocys unit.  A large stack would contain typically 1000 shims that, interestingly, were fabricated by a major razor-blade manufacturer.
Practical applications included use in steam reforming, illustrated by John with a combustion catalyst on one side of the unit, and the first demonstrator is proposed for a 3 million SCF/day hydrogen plant.  The company has also studied putting a unit on a barge to process 10,000 bpd.  In the case of such an F-T process, John showed that the Sasol process would produce 10 bpd/tonne of plant, while Velocys-based units would give 85 bpd/tonne plant.  John said that further data could be obtained by contacting mcdaniel@velocys.com   

Discussion included the following points:  Catalysts coating methods may be revealed in the patents.  The pressure drop is very low as the channels are short.  No problems had occurred due to instabilities where one has a combination of endo- and exothermic reactions.  Manifolding was a real problem – Velocys had succeeded in getting uniform distribution in a 100 channel unity, aided by modelling studies.  With regard to long term performance deactivation, John said that a catalysed removable insert was one way around this problem.  Where the wall was coated, the unit was ‘refurbished’ off line.  
John was asked about turndown of such units, but he was not aware of work on this.  Also, he was asked whether these reactors were ‘plug and play’.  John said they originated from the nuclear equivalent of down hole locations.

In view of the inability of Mike Power of BP to give his talk, due to being called to an incident, Gregor Brown of TUV NEL (gbrown@tuvnel.com) extended his presentation on the oil and gas-related activities of the East Kilbride laboratory.  Gregor began by outlining the production technology services – facilities include flow measurement (including multi-phase flows), erosion, heat transfer and chemical compatibility testing.  An extensive software database on properties also exists.
General services include testing and evaluation, technology transfer, including club-type activities, (oil-in-water, produced water and the flare gas club are current examples), consultancy and the PPDS software package which has data on 2500 chemicals.  The Heat Transfer & Fluids Service (HTFS) has the ACOL cross-flow heat exchanger design programme, which could be relevant to ‘compact’ reactor design.

Among the current activities is the Joint Industry Project, looking at the effect of headers on orifice metering systems that demonstrated the need for changes to procedures to get compliance.  In one practical situation, CFD showed headers distorting the flow and giving swirling flow patterns.  This led to errors in measurement of >0.23% - highly valuable when dealing with 50 million m3/day of natural gas!  The way around this was to replace orifice plates with ultrasonic flow meters, which additionally reduced the pressure drop.
With regard to multi-phase metering, the challenge is the simultaneous measurement of oil, water and gas in streams, thus eliminating the need for large production separators.  In the area of erosion, TUV NEL has bee involved in an HSE bend failure investigation on a platform, where flow and particle (sand) paths eroded the wall at the bend.  Gregor said that there are also implications for erosion-related failure if one proceeded to down hole processing.  Gregor’s overheads are on the PIN web site.
Galip Akay of Newcastle University (Galip.Akay@ncl.ac.uk) then told us of his research relating to water in crude oil emulsions, which can contain between 10 and 90% dispersed water.  The original aim of the research was to break down nuclear emulsions (known as CRUD), and then to develop intensified oil-water separators for use in crude oil production down hole and sub sea.
Galip pointed out that there are several established methods for emulsion separation, but current technologies are designed for use on shore and are ineffective for high viscosity crude oils.  Novel methods include the use of high pressure or novel micro-porous polymeric demulsifiers, the basis of Galip’s research, and these can be combined with electric fields and high pressure in order to boost performance.  The core of the novel system is a ‘polyhipe’ polymer (PHP) used in tissue engineering and also potentially useful for gas-liquid separations, gas and water clean up, micro-=-reactors and bio-process intensification.
The pores in the PHP are 0.1 to 300 microns across, but there is another form containing coalescence pores, where the pore size can rise to 10 mm.  At the other extreme, nano-pores are possible.  The structure can also be made in the form of 10 micron capillaries, and it can also be made metallic – for example a Ni catalyst could be supported on it.
After detailing the reasons for intensifying the equipment (see overheads) Galip discussed how the emulsion was prepared and shown to be stable, in preparation for the experiments.  The equipment for applying electric fields was detailed and the effect of various parameters shown.  Separation is a function of the emulsion flow rate and the applied electric field effect was demonstrated, showing that 100% separation is possible.  Interestingly, analysis showed that the PHP also absorbed some metals, Cl, Na etc., this benefiting in other ways.  The demulsification process appears to be the result of selective adsorption of surface active species from the emulsion.

Discussing intensified process equipment for commercial uses, Galip showed a rotating disc granulator, based upon particle technology, which was not a spinning disc reactor, being directed at work with highly viscous fluids and at a low rate of spinning.  He also discussed intensified separations, using a range of enhancement methods including electric fields, and a rotating disc reactor.  Here a porous disc separator is integral with the reactor, for oil-water separation.  The rotor has etched cavities in it that help to achieve pumping, mixing and solids conveying.  If used at low rotational speeds the unit can be used for blending.  Electric fields may also be applied.  Initially support for the work came from BNFL and Norsk Hydro, and more recently it has been the basis of a LINK project.
During discussion, it was queried as to what pressure brought to the process.  Galip said that this had not been investigated in combination with other enhancements yet, but as it was a closed system, it could be pressurised.  With regard to the reactor, Galip said one could use an electric field to enhance reactions.  The applications would be micro-encapsulation and agglomeration.  There are two machines at the University at present, one solely used for separations (with electric fields) and one for micro-encapsulation reactions.  Speeds are typically 50 rpm.  The plant can go to 500 rpm, but Galip felt that this would probably be unnecessary.  Galip was asked whether the technology used for Ni catalyst coating could be transferred to precious metal ones.  He said that he was working with Johnson-Matthey on this, and also studying cupro-nickel alloys.  Galip’s overheads are on the PIN web site.
Ismail Lukman, a post-graduate student at Heriot-Watt University, then reported on the first stages into his investigation of waxing behaviour in oscillatory flow baffled systems (OFBs), in particular in columns containing the OFB mechanism.  Aims of the research include gaining an understanding of the mechanisms involved in wax deposition and removal in oscillatory baffle columns, and addressing the question ‘can an oscillatory baffle columns (OBCs) remove wax in pipelines?’  Ismail first explained that the fluid in such columns (as in the equivalent reactors reported at earlier PIN meetings) could be set in motion either by oscillating the fluid at the base of the column, or by oscillating the baffles at the top.
Ismail showed us a video with tracers revealing the flow paths involved, and reported on the parameters of importance – geometrical, operational and physical (e.g. fluid viscosity, density etc.).  He defined an oscillatory Reynolds number and the Strouhal number.
The research proposes to compare wax deposition with and without oscillations, and to examine the effect of the important variables appropriate to each system.  Preliminary data suggest that with oscillations more wax is deposited on the column wall, and it is believed that this is caused by better heat transfer (more cooling at the wall).  Higher amplitudes of oscillation also led to an earlier onset of crystallisation.  
In discussion it was suggested that the baffle might be used as a scraper.  It was also suggested that there could be dead flow zones affecting performance.

During the lunch break, Robert Judd of Advantica (Robert.Judd@advantica.biz) showed a poster describing the compact natural gas reformer for hydrogen production developed by his company.  Based upon compact heat exchanger hardware, the catalyst used easily achieved the required power density of 10 kW/m2, and in a fuel cell reformer application could achieve miniaturisation of that item of plant of around 13 kWe/litre.  Extended tests over 500 hours have been successfully completed.
Colin Ramshaw, Protensive Ltd. (Colin.ramshaw@protensive.com) then discussed a project on CO2 storage and capture in monethanolamine (MEA) using Higee technology.  The project involves Newcastle University and Norsk Hydro.
Colin said that the driver for the development was the tax incentive for off shore North Sea activities, and the project involves a PhD study of a rotating packed bed (RPB) unit looking at the impact of various concentrations of MEA, from 30-100%, starting at 30%.  The use of HiGee allows one to achieve very high hydraulic and mass transfer intensities for gas-liquid contacting.  The experimental rig at Newcastle has a bed o.d. of 40 cm, an i.d. of 16 cm and a thickness of 2.5 cm.  Speeds are up to 1000 rpm.  Colin showed us the packing, which has a high specific surface area, withstands corrosion and is resistant to forces upon it.  The basis is a stainless steel expanded metal disc, and a number of discs are stacked together, separated slightly by pimples on the disc surfaces.  There are liquid and gas sampling facilities, the latter initially having some problems, overcome by minimising air ingress and recirculation.
With regard to performance, Colin said that this necessitated noting the hydraulic capacity and the mass transfer capacity.  He explained the effect of increasing gas velocity and surface area on the performance, and pointed out that the critical region for design of the rotor is its centre – it should be designed so that it just does not flood at the inner surface, and therefore will not flood elsewhere – this ensures a high hydraulic capacity.  Concerning mass transfer, gas chromatography was developed to allow determination of CO2  solubility, and reasonable agreement was obtained with data in the literature.  (Norsk Hydro originally wanted to look at the unit as a steam stripper as well, but this was not pursued).  

With regard to specific results, Colin showed residence time data – generally <1 second and not giving much time for the reaction to take place.  With a 30% solution of MEA only 40% CO2 was recovered, but performance was much improved with a stronger solution.  At 100% MEA a 99% recovery was achieved.  Comparing what would be possible in a HiGee unit, compared to a static column, Colin said that a unit 40 m high, 4.5 m in diameter could be replaced by two units, each 1 m o.d., 0.5 m i.d. and 1 m high, with a superior CO2 capture capability.

Ed Terry of SAUF Consulting, (ed.terry@sauf.co.uk) brought us back to earth with a talk on safety and PI off shore.  This covered reliability and risk analysis, ‘how things go wrong’, and attitudes to PI.

Ed kicked off by examining why PI was not widely adopted in the sector.  These were:
1. A conservative industry – if there was no particular pressing need, the sector was slow to adopt new technology.
2. Large variations in production – platforms are designed for 20-120% production capacity.  Ed cited platforms in the Russian Barant Sea, where tankers freeze in the sea and production needs to be reduced.

3. Production surpluses – one sometimes needs to over-produce, or problems may allow one to under-produce.

4. Large variations in reception capacity – for example in the gas line between Russia and the UK, a lot can go wrong in between!

The points 2-4 above relate to the ability to change capacity rapidly – a flexibility which Ed implied may not be feasible with PI plant.  As an example, Ed cited the BP ETAP project, which has several reservoirs with a common processing facility (see presentation – acknowledgements are due to BP for use of the ETAP slide from the Company web site).  Each reservoir may have a different fluid, with different properties etc., some being gas, some oil and some condensate.  Thus as well as variation in production with time, each facility may have radically different needs in terms of the fluid(s) it handles.
From a positive point of view, Ed said that PI tended to be embedded within packages, and this will happen more off shore.  He showed some applications – for example the Twister supersonic separator developed by a Shell affiliate, a hydrate separator and NGL/LPG extraction technology, (see presentation).
With regard to future technology, Ed said that multiphase pumping and metering offered an opportunity and was coming closer.  CO2  capture and storage (although Ed mentioned safety concerns) and LNG developments were also seen as PI opportunities.
Interesting safety points made by Ed relevant to PI included the observation that small equipment was difficult to deal with by people wearing heavy clothes and gloves etc., in environments where ambients may be as low as -60oC.  New data were also needed on hydrocarbon leaks and ignition points, and we should also bear in mind the aging of new technology (or life cycle analyses) – how it will be decommissioned at the end of its life and catalysts and residues safely disposed of.
Ed made reference to TRENDS, an EC FP5 Thematic Network on health, safety and the environment – see www.eurogif.org/trends   Ed’s overheads are on the PIN web site.
After the session, most present visited the Institute of Petroleum Engineering, and we thank Patrick Corbett, Graeme Henderson, Lorraine Boak, Fatosh Gozalpour, Ross Anderson and Robin Shields from the Institute for giving their time to explain their work to us.
David Reay,

PIN Co-ordinator,

14 June 2004.

+++++++++++++++++++

For Your Diary:

Next PIN Meeting – York University, 25 November 2004.

PIN News

Please send David Reay data for inclusion in the next issue of PIN News by mid-July, please.

7th World Congress of Chemical Engineering

PI is one of the important topics in the 7th World Congress of Chemical Engineering to be held in Glasgow on 10-14 July 2005, and the deadline for abstracts is 1st July 2004.  The chairs are David Trent, Dow Chemicals and Professor Xiongwei Ni of Heriot-Watt University.  The details are under www.chemengcongress2005.com .

PIN Members are strongly encouraged to submit papers to this important international event.
+++++++++++++++++++++
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