Enabling a future for distributed biofuels production
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Next-generation biofuels – biofuels produced entirely from waste, such as agricultural by-products and municipal solid waste – have attracted attention as an environmentally friendly substitute for petroleum-based transport fuels. Because they don't contain aromatics or sulphur-containing contaminants, the liquid fuels produced via biomass to liquids (BTL) are typically of higher quality and burn cleaner than petroleum-based diesel and jet fuels.  They could also prove to be valuable weapons in the war to reduce carbon emissions. 

But in spite of their potential advantages, economic, environmental and technical obstacles remain to be overcome before biofuels can come into widespread use. A major problem is down to the fact that biomass isn't very dense; it takes roughly 1 tonne of biomass to produce 1 barrel of liquid fuel. To avoid the economic and environmental costs of transporting feedstock to central processing plants, BTL production facilities need to be relatively small and located near the source of the feedstock. Establishing small scale distributed production of biofuels as a practical and economically feasible option requires, in turn, the development of relatively small facilities that can produce in a typical range of just 500-2000 barrels per day (bbls/d) of liquid fuels, efficiently and cost-effectively. Therein lies the catch.

The Fischer-Tropsch (FT) process, first developed in Germany in the 1920s to produce liquid fuel from coal, is a key process in BTL.  In this process a synthesis gas (syngas), composed of a mixture of carbon monoxide (CO) and hydrogen (H2), is converted into various forms of liquid hydrocarbons using a catalyst at elevated temperatures. However, fixed bed or slurry bed reactors – the two conventional reactor types currently used for FT processes – are designed to work at minimum capacities of 5000 bbls/day. They only function well and economically at capacities of 30,000/day or higher, and the technology does not scale down efficiently.  

Microchannel reactors for mega-efficiency
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However, new reactor designs, such as microchannel reactors, combined with more efficient FT catalysts optimised for use in them, offer a practical way forward. Microchannel reactors are compact reactors that have channels with diameters in the millimetre range, are well suited to the job because they greatly intensify chemical reactions, enabling them to occur at rates 10 to 1000 times faster than in conventional  systems. 

The microchannel FT reactors developed by Velocys, Inc. the US-based member of the Oxford Catalysts Group, take advantage of a new highly active FT catalyst developed by the UK-based Group member, Oxford Catalysts, to accelerate FT reactions by 10 – 15-fold compared to conventional reactors. The microchannel FT reactors exhibit conversion efficiencies in the range of 70% per pass -- a significant improvement over the 50% or less per pass conversion rates achieved in conventional FT plants. Their efficient conversion rates, combined with their small size and modular construction makes microchannel FT reactors an excellent tool for small scale distributed production of biofuels from a wide variety of sources.  

Shrinking the hardware 

The big secret behind the success of microchannel reactors lies in their exploitation of microchannel process technology, a developing field of chemical processing that enables rapid reaction rates by minimising heat and mass transport limitations. This makes them ideally suited for carrying out both highly exothermic (heat producing) catalytic reactions – such as FT synthesis – and highly endothermic (heat-requiring) reactions – such as steam methane reforming (SMR).  It also allows microchannel reactors to take advantage of more active catalysts and to operate at much higher throughput and productivity. 

In microchannel reactors the key process steps are carried out in parallel arrays of microchannels, each with typical dimensions in the range of 0.1 – 5 mm. This modular structure offers many advantages when it comes to reducing  the size and cost of the chemical processing hardware.

For a start, plant size is small. Conventional FT reactors are situated vertically and can be up to 60 m tall. In contrast microchannel reactor assemblies are roughly 1.5 m in diameter, have a low profile and sit horizontally. Their modularity and productivity makes them convenient for use in small scale biofuels production plants. 

The microchannel FT reactor design is also very flexible. The modular structure of microchannel reactors means that increasing plant size to build demonstration or even commercial sized plants can be done by 'numbering up' – or simply adding more reactors  of the same proven dimensions. The modularity also makes the plants more durable and easier to service because maintenance and catalyst replacement can be carried out by replacing individual modules, rather than requiring the prolonged shutdown of the entire system.  And finally, the overall capital costs associated with FT microchannel reactors are relatively low compared to conventional reactor systems such as slurry beds. 

Biofuels and beyond 
As well as the distributed production of biofuels, microchannel process technology is also looking like a breakthrough for use on offshore oil platforms to convert associated gas – which is often disposed of by wasteful flaring – into liquid fuel via the gas to liquids (GTL) process. Microchannel reactors also show promise for many other chemical and process systems that involve thermal processing. This includes, for example, ethane cracking, hydrocracking, SMR, ethylene oxidation, separations; mixing and emulsification, catalytic processes, gas processing for operations such as hydrogen production, biological and medical applications; and integrated and multi-phase systems.  

Closer than you think 
There’s no doubt that taking advantage of the FT process to produce environmentally friendly and sustainable next-generation biofuels and clean liquid fuels, economically, and on a small distributed scale, presents new challenges. Some experts believe that we may have to wait as long as 5-10 years before commercial production of next-generation biofuels becomes viable.  

But following the successful operation in a 1 barrel per day BTL demonstration and pilot plant at the gasification facility in Güssing, Austria the Oxford Catalysts Group’s microreactor technology is now set to be deployed in a 50 bbl/d BTL plant in Brazil which is expected to start operating in 2012.  Developments like this will ensure that the distributed production of next- generation biofuels becomes a viable economic reality and a practical way to reduce carbon emissions much sooner.  

It’s a similar success story for small scale GTL. Trials of a small scale (6 bbl/day) GTL facility incorporating the Oxford Catalysts Group’s microchannel FT and SMR reactors at a test site at the Petrobras Lubnor refinery in Foraleza, Brazil are due to begin soon.  With developments like this taking place, there’s hope that the wasteful flaring of associated gas could soon be consigned to history. 

The Oxford Catalysts Group

The Oxford Catalysts Group OLC is a listed public company comprised of two operating subsidiaries, Oxford Catalysts Ltd and Velocys, Inc.  

Oxford Catalysts Ltd, based near Abingdon in Oxfordshire, UK was formed in 2004 as a spin-out from the Wolfson Catalysis Centre at the University of Oxford. It designs, develops and licenses speciality catalysts for the generation of clean fuels from both conventional fossil fuels and certain renewable sources such as biomass. It takes advantage of its patented organic matrix combustion (OMX), which makes it possible to produce catalysts with high activity, stability and selectivity.  

Velocys, Inc., based near Columbus, Ohio, US was formed as a spin-out from the independent science and technology organisation, Battelle, in 2001. It specialises in the design and development of microchannel reactors for the production of synthetic fuels, chemicals, emulsions and other materials.  It owns, or has licences to the largest microchannel patent portfolio in the world, with over 550 patent filings, and supports a large microchannel development team.  Velocys, Inc. was acquired by Oxford Catalysts in 2008.

For more information about the Group’s technology and activities see:

www.oxfordcatalysts.com or www.velocys.com 

