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Current Projects

1. Development of a Portable Biodiesel Production Facility 
Status: Undergoing Commercialisation, Demonstrator Unit in construction [APH]
OBRs

Oscillatory baffled reactors (OBRs) are a novel type of continuous reactor, consisting of tubes containing equally-spaced orifice plate baffles. An oscillatory motion is superimposed upon the net flow of the process fluid, creating flow patterns conducive to efficient heat and mass transfer, whilst maintaining plug flow. Unlike conventional plug flow reactors, where a minimum Reynolds number must be maintained, the degree of mixing is independent of the net flow, allowing long residence times to be achieved in a reactor of greatly reduced length-to-diameter ratio. Many long residence time processes are currently performed in batch, as conventional designs of plug flow reactor prove to be impractical due to their high length-to-diameter ratios, which lead to problems such as high capital cost, large ‘footprint’, high pumping costs and the difficult control. The OBR allows these processes to be converted to continuous, thereby intensifying the process. 
The “niche application” of OBRs is converting longer reactions to continuous processing, where this is not possible or practical with conventional continuous reactors. The transesterification of various natural oils to form "biodiesel" is a "long" reaction. Continuous processing in an Oscillatory Baffled Reactor can improve the economics of the process, as the improved mixing generates a better product (rendering the downstream separation processes easier), at lower residence time (resulting in reduced reactor volume). These improvements can decrease the price of "biodiesel", making it a more realistic competitor to "petrodiesel". 
Following on from proof-of-concept pilot-scale work between 2001 and 2004, a “portable plant” is currently being fabricated, supported by a UK SME, as the demonstrator for future sales to EU farmers and in developing countries.
2. Development of Solid Catalysts for Biodiesel

PhD Project, January 2005 onward: Claire MacLeod [EPSRC-funded], and from May 2007 Hafizuddin Wan Yusof  [Malaysian Govt Funded]
The current technology for biodiesel production has two main shortcomings. Firstly, the presence of free fatty acids and water in the feedstock causes soap to be formed, as a byproduct of the reaction. This causes a reduction in reaction yield and loss of biodiesel product via entrainment in the soap phase during the washing process. This restricts the range of feedstocks in current plants, as used cooking oil, for instance, is high in free fatty acids and water, so more expensive fresh oils must be used, or an energy intensive pre-treatment. Secondly, the alkaline catalyst must be neutralised, and the resulting salt is difficult to remove from the glycerol, making it difficult and costly to reprocess the glycerol to a saleable grade. 
The use of heterogeneous catalysts would result in simpler, cheaper separation processes, a reduced water effluent load and reduced capital and energy costs. There would be fewer inputs and less waste, as no soap would be formed, and the catalyst would not have to be continuously added. Furthermore, there would be no neutralisation products, so a higher grade of glycerol could be produced that can be reused in other industries (usually the cosmetics industry)
 
 

 

 

 

In addition to available solid base catalysts, novel catalysts were designed for this reaction, such as skeleton polymer-supported catalysts with tuneable pore sizes to accommodate the large triglyceride molecule, and extremophilic enzymes that combine high reaction rate with specificity, leading to the possibility of combined extraction and reaction. Other catalysts included ion exchange resins and solid acid catalysts, which allow free fatty acids to be directly esterified into biodiesel. The catalyst systems were screened using the “Chemspeed Accelerator Synthesiser”. This “high throughput technology” was applied to the entire workflow, including multistep synthesis, post-reaction separations and work-up for analysis.
 The catalysts were evaluated against environmental, economic and process criteria, such as timescale for reaction, robustness and practicality of the required operating conditions. Successful catalysts will be evaluated in a range of conventional and intensified, purpose-designed reactors, such as the oscillatory flow reactor, an intensified plug flow reactor.
Results: 
(i) Effective transesterification catalysts based on alkaline earth metal oxides have been developed.

(ii) Catalysts based on immobilised amines have also been developed and shown to have activity.

3. Biodiesel Directly from Oilseeds: “Reactive Extraction”
Status: Ongoing
The majority of biodiesel is produced by the transesterification of vegetable oil or animal fat/oil. The source of the vegetable oil can be either waste oil from fast food restaurants or fresh oil that has been extracted from oil-bearing seeds or beans. The problem with this approach is that the production is a two-step process. We have demonstrated that it is possible to combine the oil extraction from rapeseed and the transesterification reaction to produce biodiesel into one step. The combination of these two steps (known as “reactive extraction” or “in situ transesterification”) should reduce the cost of producing the biodiesel. 

Results: 
(i) Demonstrated simultaneous extraction/reaction from rapeseed using hexane/alcohol mixtures, pure alcohols and alcohol mixtures [Mar ‘05]

(ii) Simultaneous extraction/reaction from Jatropha [Mar ‘06]

(iii) Heterogeneously-catalysed extraction/reaction from Jatropha [Jul ‘06]
(i) PhD Student: Rabitah Zakaria (August 2006 - ). “Reactive Extraction of Biodiesel”
A study of the parameter space of reactive extraction biodiesel production, incorporating kinetic studies, particularly, so far, focussing on the effects of temperature, molar ratio and agitation. Demonstrated that biodiesel can be produced at high yield (~90%). Investigations into ultrasound enhancement ongoing.
(ii) PhD Student: Khairizal Mahat (November 2006 - ). “Technology for Reactive Extraction of Biodiesel”
The next step in this project is the development of technology in which to perform the process. This project will investigate numerous technologies for performing this extraction, including:

1. Supercritical CO2 extraction: due to begin May 2008
2. Oscillatory baffled reactors: ongoing. Have demonstrated use of the reactor for this application. Investigating suspension of seed fragments, and effect of agitation.
3. Centrifuge reactors 
4. Decantor-extractors
(iii) Masters Level Projects: have demonstrated this technique for jatropha, with homogeneous and heterogeneous catalysts

PhD funding by Malaysian Government.

4. The Rapeseed Biodiesel Biorefinery

Dr Yilong Ren (from April 2008) will investigate the potential for numerous other high and low added value products from the biodiesel supply chain, as part of a large UK multidisciplinary, multicentre project involving partners from 4 other Universities (Warwick, Bath, Leeds, Oxford). He will investigate the effects of novel processing steps on the products that are possible from this supply chain, and investigate the feasibility of separating these products. 

Analysis of the various phases produced in biodiesel production is ongoing.

EPSRC funded project.
5. Biodiesel from Algae in Extruded Polymer Microreactors 

Available for full-time PhD study, contact Dr Lee: j.g.m.lee@ncl.ac.uk
The majority of biodiesel is produced by the transesterification of vegetable oil or animal fat/oil. The majority of the vegetable oil is extracted from rape seeds, sunflower seeds or soya beans. At present 0-20% of diesel sold on the forecourt of garages is biodiesel, depending which country/area you live in. If all diesel sold in the world was 20% biodiesel, it would barely be possible to find enough land on which to grow the necessary oil seed crops. The problem is that in a field only 10 mass% of the plant is oil and the rest is waste vegetable matter. Whilst it may be possible to gasify the waste vegetable matter and ultimately produce bio-ethanol the energy density of the crop remains low. 
There are a number of species of algae that also produce vegetable oils as an energy storage mechanism. One species even produces a C34 straight chain hydrocarbon. The oil content of the algae can be as much as 65 mass% of the organism. Even if only 40 mass% of the algae was oil it would be possible to grow the entire world production of oil (800 billion barrels) in a square 1600 km x 1600km (Approximately 2.5% of the available surface area). The reason why algal production of oil has not been adopted as a method of producing biodiesel, is the cost of the very large bioreactors needed to grow the algae over 4-5 days. 

The aim of this project is to investigate the feasibility of a cheaper alternative to proposed designs for algal growth reactors.
Results: 
(i) Have demonstrated slugging flow in an extruded polymer multi-microcapillary reactor.
(ii) Algae have been grown in these microreactors
6. Cold Flow Properties of Biodiesels
PhD: from October 2006, M S Rasool [APH]
One of the greatest challenges for biodiesel producers is meeting the European standards for viscosity at low temperature (so that the fuel flows properly through the engine and atomises correctly). This property is principally evaluated via the Cold Filter Plugging Point (CFPP) test. 
High CFPPs are particularly a problem for feedstocks with long and/or saturated glyceride chains. This includes waste vegetable oils, but the greatest interest is in selling palm oil biodiesel into Europe Winter market.

This project will investigate the low temperature rheology of biodiesels, and a number of means of improving CFPPs, both in-process and retrospectively, including:

1. Fractionation 

2. Use and development of cold flow-enhancing additives

3. In situ separation

4. Ad/absorption

5. Blending
7. Biodiesel from Non-edible Oilseeds

PhD: Farizul bin Kasim from April 2008
Farizul will investigate the feasibility of jatropha biodiesel production in general, but will focus initially on certain aspects:
(i) The intensification of the process to allow development of small plants for operation by oilseed farmers on-site

(ii) Reactive extraction of jatropha

(iii) Jatropha degumming
This project has some funding from the UKIERI scheme for collaboration with the Indian Institute of Petroleum, Dehradun, India. 

PhD funding by Malaysian Government.

8. Development of Catalysts for Cracking of Vegetable Oils
From late 2008, PhD project:
Recently interest has focused on producing biofuels directly from vegetable oil by cracking, one of the  “second generation” biofuels. This has a number of advantages:

1. No methanol required

2. No liquid catalyst required

3. Can use existing crackers

This research will focus on the development and evaluation of catalysts for this process.
Contact Dr Harvey: a.p.harvey@ncl.ac.uk

9. High Temperature Heterogeneous Esterification Catalysts
Dussaddee Rattanaphra: visiting PhD student (2008-09)
Initially screening catalysts for high temperature biodiesel production, followed by modelling of the necessary conditions to perform this reaction and distil products at these temperatures, for both esterification and transesterification.
Investigation of high temperature non-catalytic and heterogeneously catalytic reactions is underway for esterification and transesterification.
This may be relevant to biodiesel production by reactive distillation.
Visit funded by Thai Government.

10. Intensification of Bioethanol Production
PhD begins September 2008. 
Idea: Oscillatory flow reactors are in principle ideal for use as continuous fermentors:

1. Suitable for gas-solid-liquid systems

2. Suitable for long reactions

3. Controllable, uniform shear

4. Can be designed to handle materials of high and changing viscosity

Proof-of-concept so far:
(i) Have demonstrated that OBRs can be used as fermentors for beer production, taking only 2 days to reach full conversion. 
(ii) Investigation of wheat/barley conversion to bioethanol via combined saccharification and fermentation ongoing
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i. Current analyses:

1. Glycerol content 
[GC]

2. Glycerides 

[GC]

3. Flashpoint 

[Pensky Martens]

4. Water content 

[Karl Fischer]

5. Ion content 

[AAS]

6. Esters


[GC]

7. Fatty acid content

8. Viscosity

[Bohlin cone-and-plate viscometer]

9. Density

ii. Plant:

1. Glass, jacketed, temperature-controlled 5.0 litre reactor

2. 3 oscillatory baffled reactors (0.5l, 1.5 l, 3.0 l)

3. Batch pilot plant: 500l reactor, pump, heating, pre-mix tank 
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