


Production of competitive biologically derived nanocatalysts from PGM and metal 

waste streams, i.e. road dust (University of Birmingham), mining wastewater 

(Bangor University), and mining sediment (Cambourne School of Mines). 

 

Upgrading heavy oil (bitumen) and pyrolysis oils, including comparison against 

commercial catalyst. 

 

Utilisation of Life Cycle Analysis (LCA) to assess and investigate the  

   environmental impact of various case histories. 



2006 Standards 

Environmental Management 

LCA & LCI Principles & Framework 

LCA methodology 



Assessment of 3 case histories made up of , each 

with a different oil source (heavy oil, or pyrolysis oil from wood or algae) and catalyst (Ni-Mo/Al
2
O

3
 

or Bio-PGM), for the production of .  

 

The system boundary used in these case studies will be (oil reserve / forestry 

plantation / bioreactor) to liquid fuel (post-refinery crude oil). 

 

The quantity of oil, wood, and algae needed for each system will be 

calculated, based on published findings. Processes, inputs and outputs will also be defined within 

modular systems, topped up with database data from SimaPro LCA Software. 



Heavy and Pyrolysis Oil Case Histories 



and  will be 

conducted on each case history to determine driving factors affecting LCA variations. 

 

Bio-PGM Nanocatalysts will have a than the commercial catalysts, due 

to the rare earth recovery process, and the biomass derived fuels will have a than 

the heavy oil systems. 

 

 The recovery and pyrolysis processes will have than 

the heavy oil systems, be it individually or jointly. 



Heavy and Pyrolysis Oil Case Histories 



 Commercial catalysts (Ni-Mo/Al
2
O

3
 and Co-Mo/Al

2
O

3
) are currently pelletised and gravel 

packed around heavy oil reserve well pipes in a once-through process.  

 

 Pellets are porous and are highly prone to coking up due to metallisation.  

 

 Both catalysts have benefits, but reducing particle size has been found to reduce coking 

naturally.  

 

 Bio-PGM Nanocatalysts are naturally small and PGM’s have comparable upgrading 

properties to Ni, Co and Mo. 



Bio-PGM Nanocatalyst production methodology (**UoB Patent: WO 2010109191 A1**) 



 Toe-to-Heel Air Injection (THAI)-Catalytic Petroleum Recovery Institute (CAPRI) Process. 

 

 Vertical drill injects air and thermally upgrade the oil within the reserve (In Situ ‘cooking’). 

 

 Horizontal pipe with gravel packed pellet catalysts runs the length of the reserve, allowing 

upgraded oil to be extracted. 

 

 Process is very wasteful as catalysts are once-through and thermal upgrading produces 

additional environmentally damaging emissions. 



Heavy oil extraction (THAI CAPRI) and upgrading methodology 



 Pyrolysis is a thermochemical conversion process that produces a substance called 

bio-oil (hereby referred to as pyrolysis oil), syngas and bio-char. 

 

 Pyrolysis oil, once upgraded, as similar properties to crude oil from fossil sources. 

 

 Various types of biologically sources feedstocks can be utilised in pyrolysis process. 

 

USA logging forestry and Algal biomass. 



Pyrolysis oil from wood methodology 



Pyrolysis oil from algae methodology 



Pyrolysis methodology 



 Low concentrations within many PGM and metal waste streams; industrial wastes are higher. 

 Further research on obtaining purer products is ongoing.  

 The potential environmental benefits for the oil upgrading are apparent. 

 Bio-PGM Nanocatalysts were found to be as effective as commercial catalysts. 

 Less quantity is required to upgrade the same amount of heavy/pyrolysis oil due to nano-

scale.  

 The economics and ecology of producing Bio-PGM and utilising pyrolysis oils vs. commercial 

products is awaiting proof…my goal! 
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Gathering of data from University of Birmingham project members and 

preparation of commercial catalyst, Bio-PGM Nanocatalyst, heavy oil, and wood pyrolysis 

systems. 

 

Applied for travel funding to visit the University of Illinois (USA) algae team, 

for gathering algae data and working on the algal pyrolysis system. 

 

First draft of the RRfW book chapter completed, with all 11 LCA case histories 

having been written upon completion of each system. 


