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P. I. GroupP. I. Group
Currently:Currently:
–– 3 lecturers3 lecturers
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–– 1 postdoctoral research associate1 postdoctoral research associate
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The The ““BIODIESEL REACTIONBIODIESEL REACTION””
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Why Biodiesel?Why Biodiesel?
1.1. RenewableRenewable
2.2. Reduced COReduced CO22 emissionemission
3.3. Reduced pollutionReduced pollution

Drivers:Drivers:
1.1. Legislation: Renewable Fuels ObligationLegislation: Renewable Fuels Obligation
2.2. Tax reliefTax relief

(Why P.I. of Biodiesel?)(Why P.I. of Biodiesel?)



ProjectsProjects

1.1. Portable Biodiesel PlantPortable Biodiesel Plant
2.2. Development of Solid Catalysts for the Development of Solid Catalysts for the 

Biodiesel ReactionBiodiesel Reaction
3.3. Reactive Extraction of BiodieselReactive Extraction of Biodiesel

Very briefly:Very briefly:
4. Cold Flow properties of 4. Cold Flow properties of BiodieselsBiodiesels
5. Biodiesel from Algae5. Biodiesel from Algae



1. Portable Plant: An Intensified Biodiesel Plant 1. Portable Plant: An Intensified Biodiesel Plant 
Based on the Based on the ““Oscillatory Baffled ReactorOscillatory Baffled Reactor



Oscillatory Flow MixingOscillatory Flow Mixing



Niche Application of the OFRNiche Application of the OFR

Conversion of long residence time batch Conversion of long residence time batch 
processes to continuousprocesses to continuous

1.1. Practical, compact designPractical, compact design
2.2. Effective twoEffective two--phase liquidphase liquid--liquid mixingliquid mixing
3.3. GasGas--liquid contactingliquid contacting
4.4. Reduced energy consumption Reduced energy consumption reduced reduced 

running costsrunning costs
5.5. Smaller reactor due to enhanced (and Smaller reactor due to enhanced (and 

scaleable) mixing scaleable) mixing reduced capital costreduced capital cost



Biodiesel Case Study: ResultsBiodiesel Case Study: Results

Achieved desired conversion in 10 minutes Achieved desired conversion in 10 minutes 
c.f. industrial processes residence times of c.f. industrial processes residence times of 
1 1 –– 6h6h

Considerably smaller reactor, reduced Considerably smaller reactor, reduced 
capital cost, lower energy consumptioncapital cost, lower energy consumption



Commercial Project: Portable PlantCommercial Project: Portable Plant
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Portable Biodiesel PlantPortable Biodiesel Plant

Due next yearDue next year……



2. Solid Catalysts for Biodiesel Production2. Solid Catalysts for Biodiesel Production
PhD Candidate: Claire MacLeod
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Heterogeneous Catalyst ProcessHeterogeneous Catalyst Process
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Advantages of Solid CatalystsAdvantages of Solid Catalysts

• Reduce process steps 

• Higher quality glycerol/easier glycerol refining

• Greater methanol recovery

• Fewer waste streams



Search for a Search for a ““PracticalPractical”” CatalystCatalyst

Solid bases (acids too slow)Solid bases (acids too slow)
RobustRobust
Low temperature (<100Low temperature (<100ooC) activityC) activity
InexpensiveInexpensive

Screened:Screened:
•• Range of alkali metalRange of alkali metal––doped group II metal oxidesdoped group II metal oxides
•• High High voidagevoidage polymers with base groupspolymers with base groups



ResultsResults
Have identified Have identified LiMgOLiMgO as a good candidate for as a good candidate for 

heterogeneous catalysis:heterogeneous catalysis:

StableStable
Inexpensive, and easy to prepareInexpensive, and easy to prepare
Active at 60Active at 60ooCC
Acceptable conversion in 3hAcceptable conversion in 3h

Next step: trials in continuous reactors e.g. Next step: trials in continuous reactors e.g. 
monoliths, packed beds etcmonoliths, packed beds etc



3: Reducing Process Steps: Reactive Extraction3: Reducing Process Steps: Reactive Extraction

PhD Candidates: Rabitah Zakaria, Khairizal Mahat
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Conventional Biodiesel ProductionConventional Biodiesel Production
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Conventional vs. Integrated Biodiesel ProductionConventional vs. Integrated Biodiesel Production
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Solvent Extraction vs. Reactive ExtractionSolvent Extraction vs. Reactive Extraction

1.1. Enhancement due to reactionEnhancement due to reaction

2.2. Yield increased by using methanol/ethanol mixture Yield increased by using methanol/ethanol mixture 



““Mixed AlcoholMixed Alcohol”” Reactive Extraction: Reactive Extraction: 
Advantages Advantages 

HexaneHexane--freefree
High yieldHigh yield
Low temperature (60 Low temperature (60 ooCC))
Distributed productionDistributed production
Reduced capital cost: fewer and simpler Reduced capital cost: fewer and simpler 
unit operationsunit operations
Have also successfully used the solid Have also successfully used the solid 
catalystcatalyst



Early Stage Biodiesel ProjectsEarly Stage Biodiesel Projects

4. Cold Flow Properties of 4. Cold Flow Properties of BiodieselsBiodiesels
PhD Candidate: PhD Candidate: ShahidShahid RasoolRasool

One of the limiting factors for biodiesel is its low One of the limiting factors for biodiesel is its low 
temperature performance, as its Cold Filter Plugging Point temperature performance, as its Cold Filter Plugging Point 
is higher than that of is higher than that of ““petrodieselpetrodiesel””..

A particular problem is producing biodiesel from palm oil for A particular problem is producing biodiesel from palm oil for 
use in Europe.use in Europe.

How can we reduce the CFPP?? How can we reduce the CFPP?? 



Early Stage Biodiesel ProjectsEarly Stage Biodiesel Projects
5. Biodiesel from Algae5. Biodiesel from Algae

Rape seed plants contain 10Rape seed plants contain 10--20 mass% oil20 mass% oil
Algae  contains 30Algae  contains 30--60 mass% oil60 mass% oil

Key factor is Key factor is reactor designreactor design::

Evaluating: Evaluating: microcapillarymicrocapillary filmsfilms

Will evaluate: oscillatory flow reactors Will evaluate: oscillatory flow reactors 
(plus any other design we come across(plus any other design we come across
with potential advantages)with potential advantages)
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Uses for GlycerolUses for Glycerol
Currently, after refining, cosmetics industry, but that market wCurrently, after refining, cosmetics industry, but that market will ill 

soon be saturated (glycerol price already decreasing)soon be saturated (glycerol price already decreasing)

BurnBurn
GasifyGasify

lactic acidlactic acid
propylene glycolpropylene glycol

Opportunity for chemical engineers/chemists: a new, inexpensive,Opportunity for chemical engineers/chemists: a new, inexpensive,
3 carbon, functionalised feedstock:3 carbon, functionalised feedstock:

““GLYCEROCHEMISTRYGLYCEROCHEMISTRY””


