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1
st

 PIG Away Day: Beamish Museum 
The 1

st
 PI group away day took place on Thursday 19

th
 July, where 

31 members of the group visited Beamish Museum. Beamish is an 

open-air museum located at Beamish (near Stanley, County 

Durham) which features a number of restored locations that inter-

pret late Victorian and Edwardian eras under the influence of the 

industrial revolution. On the 350 acre estate, there is an 1820s  

Georgian landscape/old hall/waggonway, 1860s-era railway line, 

1900s Town, 1900s Pit Village, 1900s Colliery, 1940s Farm, and 

numerous vintage trams, buses and horse-drawn carriages facilitat-

ing transport between each site. Pictures taken during the day can 

be found on the following two pages. 

https://www.beamish.org.uk/






 

Green Process Engineering 2018 
The 6

th
 International Congress on Green Process 

Engineering (GPE) took place in Toulouse, France, 
from 3

rd
—6

th
 June 2018. Process Intensification 

was a key topic at the conference, covering multi-
functional reactors, micro-structured reactors, heat 
exchanger/reactors, reaction/separation coupling 
(including membrane reactors, adsorptive reactors, 
reactive distillation and reactive extraction), nano-
technologies and continuous systems. The PI 
group was represented at GPE by Dr Kamelia 
Boodhoo, Dr Sharon Velasquez-Orta, Sahr Sana, 
Luma Al-Saadi, Tobechi Okoroafor and Abdul 
Rehman. Kamelia chaired a session on Process 
Intensification Technologies and Sharon chaired a 
session on Green Product Design and Engineering 
Sustainability. The following talks and poster were 
also given by the group, and the full programme is 
available here. 
 

 L.S. Al-Saadi, V. Eze, A.P. Harvey | Reactive coupling of biodiesel production and conver-
sion of glycerol to solketal using an organic acid catalyst | Keynote | Energy Supply for 
Intensified Processes 

 T. Coward, S. Velasquez-Orta, K.V.K. Boodhoo, A.D. Wallace, R. Barton, M.C. Flickinger | 
The development and screening of a novel microalgae biocomposite for the application of 
rapid CO2 bioconversion, utilising spinning disc reactors | Poster 

 R. Leonel, S.B. Velasquez, I. Monje, G. Figueroa, P. Roquero, M.T. Orta | Electricity and 
carbohydrates production from wastewater treatment by microalgae-microbial fuel cell (m-
MFC) | Oral Communication | Activation Methods 

 A. Hernández, S.B. Velasquez, E. Novelo, I. Yáñez, I. Monje, M.T. Orta | Wastewater 
Treatment by Microalgae-Bacteria Consortia for Biomass Production | Oral Communica-
tion | Processes for Biomass Valorization 

 T. Okoroafor, S. Velasquez-Orta | A comparative study on sustainability analysis of biotic 
and abiotic electrochemical reduction techniques | Oral Communication | Green Product 
Design and Engineering Sustainability 

 A. Rehman, A.M.L. Fernández, G. Resul, A. 
Harvey | Kinetic study of cyclic carbonate 
synthesis from epoxide and CO2 in the pres-
ence of propylene carbonate as a green sol-
vent | Oral Communication | New Reaction 
Media and Green Solvnts 

 S. Sana, K. Boodhoo, V. Zivkovic | Produc-
tion of starch nanoparticles through solvent-
antisolvent precipitation in a spinning disc re-
actor | Oral Communication | Process In-
tensification Technologies (pictured right) 

 

https://www.conftool.net/gpe2018/sessions.php


 

 

Upcoming  
Conferences 

 
 

 16th International Heat Trans-

fer Conference (10-15 August 

2018, Beijing, China) 

 

 7th PhD-Student Workshop 

on Polymer Reaction Engi-

neering (31 Aug-2 Sep 2018, 

Prague, Czech Republic) 

 

 1st European Forum on New 

Technologies: Chem. Eng. & 

3D Printing (7 Sep 2018, Paris, 

France) 

 

 12th Symposium on the Euro-

pean Society of Biochemical 

Engineering Sciences (9-12 

Sep 2018, Lisbon, Portugal) 

 

 16th European Conference on 

Mixing (9-12 Sept 2018, Tou-

louse, France) 

 

 6th International Conference 

on Micro and Nano Flows, 

MNF2018 (9-12 Sep 2018, At-

lanta, Georgia, US) 

 

 Distillation & Absorption (16-

19 Sep 2018, Florence, Italy) 

 

 International Conference on 

Micro Reaction Technology, 

IMRET (21-24 Oct 2018, Karls-

ruhe, Germany). Poster Sub-

mission Deadline: 21st Sep 

2018 

 

 2018 AIChE Annual Meeting 

(28 Oct-2 Nov 2018, Pittsburgh, 

PA, US). Registration Opens: 

July 2018 

 

 

PIG News 
 Congratulations to Safaa Ahmed, who passed his PhD viva on 

Tuesday 31
st
 July with minor corrections. Safaa’s thesis was 

titled: “Development of scale-up rules for various designs of 
oscillatory baffled reactor” 

 Prof David Reay presented a Keynote at the EU-China Sym-
posium on Sustainable Energy Technologies at Hull University 
on Monday 30

th
 July 

 Prof David Reay has accepted the position of the Chair of the 
Advisory Board for the UK Heat Transfer Committee bid to 
bring IHTC-18, the International Heat Transfer Conference, 
back to the UK (the current IHTC is in Beijing in August) 

 Dr Steven Wang was awarded a Short Research Visit travel 
grant (£1050) from the UK Fluids Network to build and test a 
novel fluid engine—further information can be found here 

 Two guest speakers were recently featured at the weekly PIG 
meetings. On 6

th
 July Prof Paul Christensen presented the 

talk: “Companies, near misses and cock ups: how not to be an 
academic business…”, whilst Dr Greg Mutch presented the 
talk: “Single pore engineering and measurement of permeation 
rates via visualisation” on 29

th
 June 

 The annual Chemical Engineering Postgraduate Research 
Conference was held in June. This 1-day event provides the 
opportunity for 1

st
 year students to introduce their research via 

posters, and 2
nd

/3
rd

 year students to present their work via oral 
presentations. This year, several PIG members were once 
again winners of the prizes for best posters and presentations: 

 

 1
st
 Year Posters 

 2
nd

 Place: Abdullahi Adamu 
 3

rd
 Place: Usman Dahiru  

 

 2
nd

 Year Presentations 
 1

st
 Place: Aumber Abbas 

 3
rd

 Place: Ibrahim Mohammed 
 

 The 2
nd

 International Process Intensification Conference 
(IPIC

2
) will take place from 27—29

th
 May 2019 in Leuven, Bel-

gium. This is the first time this conference series will be a 
stand-alone event. The previous IPIC meeting was held in 
conjunction with the 10th World Congress of Chemical Engi-
neering whilst the previous incarnations of the series 
(European Process Intensification Conference, EPIC) were 
held in conjunction with the European Congress of Chemical 
Engineering (ECCE) 

 The abstract submission deadline for the 12
th
 European Con-

gress of Chemical Engineering (ECCE12), which will be once 
again taking place concurrently with the 5

th
 European Con-

gress of Applied Biotechnology (ECAB5), has been an-
nounced: 15

th
 January 2019 

 

https://www.ihtc16.org/
https://www.ihtc16.org/
http://efce.info/PhDStudent_Workshop_WPPRE.html
http://efce.info/PhDStudent_Workshop_WPPRE.html
http://efce.info/PhDStudent_Workshop_WPPRE.html
http://efce.info/European_Forum.html
http://efce.info/European_Forum.html
http://efce.info/European_Forum.html
https://esbes2018.org/
https://esbes2018.org/
https://esbes2018.org/
http://www.mixing16.eu/
http://www.mixing16.eu/
http://mnf2018.me.gatech.edu/
http://mnf2018.me.gatech.edu/
http://mnf2018.me.gatech.edu/
http://www.aidic.it/da2018/
http://dechema.de/en/IMRET2018.html
http://dechema.de/en/IMRET2018.html
http://dechema.de/en/IMRET2018.html
https://www.aiche.org/conferences/aiche-annual-meeting/2018
https://fluids.ac.uk/srv
https://kuleuvencongres.be/ipic2019/
https://kuleuvencongres.be/ipic2019/
http://www.aidic.it/ecce12/abstract.php
http://www.aidic.it/ecce12/abstract.php


BBTC Impact Event 
Most of you know about the Biopharmaceutical Bioprocessing Technology Centre (BBTC), Newcastle 
University’s doctoral training centre in Chemical Engineering, and many of you are directly involved 
with it. The BBTC is coming to an end in early 2019 and we are currently looking back at the impact 
the centre has on academia, industry and the careers of the students. 

We are planning an impact event later this year. We want to use the event to bring Newcastle aca-
demics and the (bio) processing industry together. The event will be a showcase for the BBTC and 
highlight Newcastle University’s research expertise in chemical engineering and other relevant disci-
plines. 

The BBTC set out to tackle industrial challenges in bioprocessing moving over time into other process 
industries, like consumer goods, oil and gas. The centre’s common research approach is the imple-
mentation of Quality by Design and process control; BBTC research projects aim to understand, 
measure, model, interpret and hence manipulate the biological and/or process system. Many projects 
led to enhanced production, fast inline control monitoring or optimised plant cleaning procedures re-
sulting in economic and ecologic benefits. Even though some of the academics involved with the 
BBTC left Newcastle University much of the research expertise is still present. 

We will keep you updated about the event. If you have any questions or ideas about BBTC impact or 
want to get involved with the event please get in touch with Iris Lϋke (iris.lueke@ncl.ac.uk). 
 

RAPID Review Panel, 11-12
th

 July 
I visited the National Renewable Energy Laboratory in Golden, Colorado as a member of the review 
panel for RAPID. RAPID is a relatively new (March 2017) US institute for process intensification re-
search, set up with ~$140m in 50:50 government/industry money. Those of you who attended the re-
cent AIChE Spring Meeting in Orlando will be well aware of it. I was employed to review the progress 
of the various RAPID projects that have been funded so far. 

One interesting aspect of the meeting was a focus on shale gas. Shale gas production is necessarily 
very distributed, therefore it presents an opportunity for intensified and modular solutions for gas pro-
cessing. Projects in this area included conversion of methane to aromatics, conversion of ethane to 
liquid fuels, chemical looping, microwave catalysis and nanocomposite membranes for natural gas 
upgrading. 

Probably the most interesting presentation came from Intramicron Inc (www.intramicron.com), and 
concerned “microfibrous entrapped particles”, which can be used as catalysts or sorbents. The ad-
vantages include reduced catalyst formulation (the catalyst particles need only be trapped in the 
mesh) and high rates of heat transfer. 

I was also shown round the biomass research facilities of the NREL. There are substantial biomass 
gasification facilities, at “small commercial” scale rather than pilot scale and a range of state-of-the-art 
analytical facilities at the NREL that it would be good for us to link in to. If anyone has any ideas, let 
me know! 

One downside was that due to the time difference I was mid-meeting as England went out of the 
World Cup to Croatia, and they wouldn’t interrupt the meeting! However, I received commiserations 
from a broad range of nationalities! 
 

Prof Adam Harvey 

https://www.intramicron.com/


 
 

2019 
Conferences 

 
 

 

 2019 AIChE Spring Meeting 

and 15th Global Congress 

on Process Safety (31 Mar-4 

April 2019, New Orleans, Lou-

isiana, US) 

 4th Green and Sustainable 

Chemistry Conference (5-8 

May 2019, Dresden, Germa-

ny). Abstract Submission 

Deadline: 30th Nov 2018 

 International Symposium on 

Green Chemistry, ISGC2019 

(13-17 May 2019, La Ro-

chelle, France). Abstract 

Deadline: 15th April 2019 

 2nd International Process 

Intensification Conference 

(IPIC2) (27-29 May 2019, Leu-

ven, Belgium 

 13th International Workshop 

on Polymer Reaction Engi-

neering (11-14 June 2019, 

Hamburg, Germany) 

 International Congress of 

Chemical Engineering (19-

21 June 2019, Santander, 

Spain) 

 12th European Congress of 

Chemical Engineering (15-

19 Sep 2019, Florence, Italy). 

Abstract Deadline: 15th Janu-

ary 2019 

 2019 AIChE Annual Meeting 

(10-15 Nov 2019, Orlando, 

Florida, US) 

 

Other Information 
 

 

 Full contact details and re-

search profiles for the PI 

group members can be found 

at the website:  

http://pig.ncl.ac.uk 

 For enquires about collabora-

tions or PhD study, see the 

website: http://pig.ncl.ac.uk 

 If anyone would like to contrib-

ute any articles, or if anyone 

has any ideas regarding the 

New Publications 
 S.M.R. Ahmed, A.N. Phan, A.P. Harvey. Mass transfer enhance-

ment as a function of oscillatory baffled reactor design. Chemical 
Engineering & Processing: Process Intensification 130 (2018) 229-
239 

 K. Boodhoo. Rotating bioreactors: Concept, Designs and Applica-
tions. Chapter 2 in Intensification of Bio-Based Processes (Ed: A. 
Gorak & A. Stankiewicz), RSC Publications, pp. 42-61 (2018) 

 V.C. Eze, A.P. Harvey. Extractive recovery and valorisation of arse-
nic from contaminated soil through phytoremediation using Pteris 
cretica. Chemosphere 208 (2018) 484-492 

 L. Kong, X. Liu, J. Wei, S. Wang, B. Xu, D. long, F. Chen. T-Nb2O5 
nanoparticle enabled pseudocapacitance with a fast Li-ion intercala-
tion. Nanoscale 10 (2018) 14165-14170 

 R. Law, D.A. Reay, A. Mustaffar, R.J. McGlen, C. Underwood, B. 
Ng. Experimental investigation into the feasibility of using a variable 
conductance heat pipe for controlled heat release from a phase-
change material thermal store. Thermal Science and Engineering 
Progress 7 (2018) 125-130 

 S.H. Lin, H. Yang, R. Li, G. Zheng, V. Zivkovic. Velocities of irregu-
lar particles in a continuously avalanching surface flow within a ro-
tating drum. Powder Technology 338 (2018) 376-382 

 J.R. McDonough, R. Law, D.A. Reay, V. Zivkovic. Intensified Car-
bon Capture using Adsorption: Heat Transfer Challenges and Po-
tential Solutions. Thermal Science and Engineering Progress 8 
(2018) 17-30 

 M. Ohenoja, K. Boodhoo, D. Reay, M. Paavola, K. Leiviskä. Pro-
cess control in intensified continuous solids handling. Chemical En-
gineering and Processing: Process Intensification 131 (2018) 59-69 

 P. Prasertcharoensuk, D.A. Hernandez, S.J. Bull, A.N. Phan. Opti-
misation of a throat downdraft gasifier for hydrogen production. Bio-
mass and Bioenergy 116 (2018) 216-226 

 A. Prince, S. Bhuvana, A. Vanangamudi, K. Boodhoo, G. Singh. 
Highly hydrophilic copolymer based PES hollow fibre ultrafilitration 
membranes. Advanced Materials Letters 9(1) (2018) 25-30 

Recent PIG Seminars 
 Mohamad Faiz Gunam Resul | 8th June 

“Continuous epoxidation of terpenes in mesoscale oscillatory baffled 

reactors” 

 Tobechi Okoroafor | 15th June 

“Investigation of bio-production from CO2 using mixed culture” 

 Dr Greg Mutch | 29th June 

“Single pore engineering and measurement of permeation rates via 

visualisation” 

 Prof Paul Christensen | 6th July 

“Companies, near misses and cock ups: how not to be an academic 

businessman...”  

 James Hockaday | 13th July 

“The Bioremediation of Selected Metal Ions by Selected Species 

Microalgae” 

https://www.aiche.org/conferences/aiche-spring-meeting-and-global-congress-on-process-safety/2019
https://www.aiche.org/conferences/aiche-spring-meeting-and-global-congress-on-process-safety/2019
https://www.aiche.org/conferences/aiche-spring-meeting-and-global-congress-on-process-safety/2019
https://www.elsevier.com/events/conferences/green-and-sustainable-chemistry-conference
https://www.elsevier.com/events/conferences/green-and-sustainable-chemistry-conference
https://www.isgc-symposium.com/
https://www.isgc-symposium.com/
https://kuleuvencongres.be/ipic2019/
https://kuleuvencongres.be/ipic2019/
https://kuleuvencongres.be/ipic2019/
http://dechema.de/en/PRE2019.html
http://dechema.de/en/PRE2019.html
http://dechema.de/en/PRE2019.html
http://efce.info/ANQUE_ICC3-p-20001755.html
http://efce.info/ANQUE_ICC3-p-20001755.html
http://efce.info/ECCE12_ECAB5-p-112545.html
http://efce.info/ECCE12_ECAB5-p-112545.html
https://www.aiche.org/conferences/aiche-annual-meeting/2019
http://pig.ncl.ac.uk/
http://pig.ncl.ac.uk/


Non-Thermal Plasma (NPT) 
Zakariah Adejoh, Usman Dahiru, Laura Diaz Silvarrey, Jonathan Harris, Faisal Saleem 
Dr Kui Zhang, Dr Anh Phan, Prof Adam Harvey 
 
Non-thermal plasma (NTP) technology is a promising alternative to the 
conventional catalytic chemical process operating at high temperatures. 
Dielectric barrier discharge (DBD) plasma is a kind of NTP. In a DBD, 
the average electron temperature is in the range of 10,000 to 100,000K 
(1–10 eV), while the actual gas temperature remains near ambient tem-
perature. Through electron-impact ionization, dissociation and excitation 
of the source gases, active radicals and ionic and excited atomic and 
molecular species are generated, which can initiate plasma chemical 
reactions (electron driven chemistry, ion driven chemistry, free radical chemistry, etc.) at low tempera-
tures and ambient pressure. In a DBD plasma reactor, the average electron temperature can be opti-
mised by tuning either the gas pressure or the width of discharge gap. Therefore, the chemical reac-
tions under investigation can be optimized in a simple way. Some thermodynamically unfavourable 
reactions (such as direct CO2 conversion to CO and O2) can be realized under NTP reaction condi-
tions. Furthermore, the synergistic effect of plasma catalysis can be expected by the integration of 
plasma and catalysts at lower temperatures and ambient pressure.  
 
In chemical engineering, the fluid properties can be optimised at atomic/molecular scale, and the 
phase contact behaviours can be altered at meso-scale in NTPs. Therefore, unique properties of fluid 
dynamics, transport phenomena, and reactions in multiphase flows can be expected under NTP con-
ditions. 
 

In PIG, we have both laboratory and scaled-up NTP reactors. 
Moreover, we have the expertise to design and make plasma pow-
er source units and reactors. At present, we are working on a 
large number of projects covering several research areas, includ-
ing: (1) NTP assisted bio-refinery: biomass gasification and bio-
mass pyrolysis, tar removal, synthesis gas production/cleaning; (2) 
NTP assisted biogas (AD gas) conversion to liquid hydrocarbon 
fuels and H2, natural gas upgrading; (3) NTP assisted CO2 conver-
sion to CO and O2; (4) NTP assisted Fischer-Tropsch synthesis at 
low temperatures and ambient pressure; (5) NTP assisted waste 
plastic conversion to value added chemicals; (6) NTP assisted 
waste cooking oil and waste glycerol conversion to value added 
chemicals; and (5) biomass combustion particulate and volatile 
organic compounds emission control technologies by the integra-
tion of NTP and process intensification. The backgrounds of these 
areas and the group’s main goals/objectives are summarised in 
the remainder of the article. Current outcomes of this research are 
also summarised.  

Power 

Generator  

High voltage 

electrode 

Plasma 

Ground 

Electrode 

Dielectric 

Barrier 



Mitigation of Particulate Emissions from Biomass Boilers (Patented Technology) 
Zakariah Adejoh, Kui Zhang, Adam Harvey 

 
Energy from biomass is becoming increasingly important as fos-
sil fuel reserves diminish. Biomass is already prevalent in the 
domestic heating sector, but produces significant amounts of 
particulates that are detrimental to human health. Mitigation 
technologies are well developed for large-scale applications, but 
that is not the case at domestic scale. 
 
Therefore, the aim of this project is to investigate the use of a 
novel non-thermal plasma device for mitigation of particulate 
emissions from small-scale (<25kW) biomass boilers. The de-
vice works by causing particles to agglomerate, thereby immedi-
ately rendering them less harmful to human health, and easier 
to remove by various means (typically cyclones, filters and elec-
trostatic precipitators). Ion and plasma activated species can 
also initiate a series of chemical reactions to convert the haz-
ardous particulates into benign species (e.g. CO2, H2O). Figure 
1 shows a schematic of the concept. Advantages of this ap-
proach include: reduced maintenance, quiet operation, low en-
ergy consumption and easy integration with current filtration, 
cyclonic separation and electrostatic precipitation technologies. 
 
The emissions from a working biomass boiler situated at Cock-
le Park Farm are being used as the case study for this project. 

Preliminary work has characterised the particle size distribution (PSD) of the emissions using a Dek-
ati “impactor” and scanning electron microscopy (SEM). Here, the PSDs have been measured during 
different modes of boiler operation (start-up, steadystate and shut-down) to see how they influence 
the emissions. 
 
Characterisation performed 

at steady state using plas-

ma powers of 0 W and 15 

W have so far indicated the 

gradual reduction in partic-

ulate mass concentration. 

A percentage reduction of 

12.3 % was observed at 

plasma input power of 15 

W. Furthermore, analysis 

of this samples on scanning electron microscope (SEM) revealed the change in morphology (size 

and shape) of the emission particles (see Figure 2).  

 

Decomposition of Volatile Organic Compounds 
Usman Dahiru, Kui Zhang, Adam Harvey     
 
The aim of this project is to improve volatile organic compound (VOC) decomposition using non-

thermal plasmas in a novel dielectric barrier discharge (DBD) reactor using dry/humidified air as the 

carrier gas. The effects of residence time, power, reactor configuration and humidity on typical VOCs 

such as cyclohexane, acetone and the mixture of aromatics compounds conversions at ambient tem-

Figure 1. Plasma air ionization device for 

agglomerating particulate emissions 

PAI = 15 W PAI = 0 W 

Figure 2. SEM images obtained showing the effect of plasma power on particulate matter 



perature and pressure will be investigated. Furthermore, the elimination of unwanted by-products and 
energy consumption will be optimized. The reaction mechanism of VOCs in a non-thermal plasma will 
be explored. Successful completion of this research will help to address environmental problems as-
sociated with VOC emissions such as formation of photochemical smog, global warming, and climate 
change, and provide an economic, environmental friendly and energy efficient technology for VOC re-
mediation. This research is fully funded by the Petroleum Technology Development Fund (PTDF) Ni-
geria for a period of 3 years. The principal objectives are: 
 
 To demonstrate volatile organic compounds decomposition using non-thermal plasmas as a func-

tion of plasma input power, residence time and concentrations at ambient temperature 
 To improve volatile organic compounds removal efficiency by optimizing plasma power, residence 

time, reactor configuration and plasma properties 
 Based on the results of 1 to 2, to develop and evaluate an optimised design for removal of VOCs 

in large scale from ambient air 
 

Mitigation of Plastic Waste 
Laura Diaz Silvarrey, Kui Zhang, Anh Phan 
 
Plastics, e.g. HDPE, LDPE, PP, PS and PET, are very convenient materials due to their versatility, low 
weight, high resistance, durability and low cost. However, their constantly increasing demand has led 
to a steady growth of plastic waste (about 2 % per year) during previous decades. This is a problem 
because plastic manufacture relies on non-renewable feedstocks, and the energy in the manufactur-
ing process accounts for 10 % of worldwide oil and gas usage.  
 
Even though the plastic waste recycling rate in the UK is currently ~31.1 %, well over one third of plas-
tic waste used to be shipped abroad to Asia for recycling due to a lack of domestic capacity. However, 
since the start of 2018, Asian Governments have banned the imports of plastic waste. This has al-
ready affected their accumulation in landfills across the UK. This problem is exacerbated by the dura-
ble and non-biodegradable nature of the polymers, which accumulate as debris in landfill sites leading 
to increased consumption of resources for new plastic products, the occupation of large surface areas 
of arable land, and the creation of a human and wildlife hazard. Therefore, there is an immediate need 
for novel, versatile and alternative management solutions for plastic waste. 
 
Advanced thermochemical processes, such as pyrolysis, have been considered as one of the most 
desirable alternatives for plastic waste management, with notable advantages over incineration and 
landfill disposal. Pyrolysis decomposes plastics into smaller compounds (back to their base petro-
chemical constituent components) at a temperature range of 500–800°C in the absence of air/oxygen.  
 
This study focuses on advanced pyrolysis i.e. catalytic and non-thermal plasma assisted catalytic py-
rolysis, to produce high value products from unsorted plastic wastes via a simple set-up that can be 
used for mobile model units for waste valorisation. The aim of this study is to explore opportunities of 
utilising waste/cheap catalysts/technologies to enhance the profitability and sustainability of plastic 
waste pyrolysis and to study the effects of interactions between catalysts and other parameters on the 
properties and yield of pyrolysis products. The main results to date are: 
 
 Up to 22-25 wt% ethylene was recovered using NPT combined with waste HDPE pyrolysis, repre-

senting an increase of up to 55 times higher than that obtained in conventional thermal pyrolysis of 
waste HDPE at the same temperature 

 Catalytic cold plasma pyrolysis showed that the addition of only 3-10 wt% HZMS-5 or sulphated 
zirconia doubles the gas yield (up to 41 wt%) and subsequently the ethylene recovered at low py-
rolysis temperatures (500 oC) 

 



 This work also focused on waste PP valorisation via the production of carbon nanotubes 
(CNTs) and hydrogen through non-thermal plasma assisted pyrolysis at temperatures between 
450-600 oC using a dielectric barrier discharge (DBD) reactor in the presence of 5 wt% Ni/Al2O3 
catalyst. Multiwall CNTs of 30 - 40 nm diameter were deposited on the surface of the catalyst. 
Pyrolysis gas product was predominately methane (CH4), C2 - C4 hydrocarbons and hydrogen 
(H2). Both non-thermal plasma and the catalyst presented a strong synergistic effect increasing 
the H2 generation flow rate by a 40 times fold compared with conventional thermal PP pyrolysis.  

 
These results confirm that NPT-assisted catalytic pyrolysis of waste polyolefin plastic wastes could 
yield high value chemicals (ethylene, hydrogen and carbon nanotubes), improving the overall profit-
ability of plastic waste pyrolysis. This offers a new approach for plastic waste management and 
opens new opportunities to develop a sustainable and efficient process to valorise wastes. 
 

Valorisation of Feedstocks and Waste from Biodiesel Production Processes 
Jonathan Harris, Kui Zhang, Anh Phan 
 
This work demonstrates the successful use of gas-liquid cold plasma to convert feedstocks and 
waste products from the biodiesel production process, such as glycerol and waste cooking oil, into 
usable biofuels and value added chemicals. Using cold plasma permits high selectivity conversion 
at ambient conditions with short residence times (approximately 10 seconds) and avoids the fouling 
and wastage from conventional processes. Modification of the plasma power, carrier gas and pack-
ing material permits tuning of electron energy levels to enhance process dynamics and selectivi-
ties. 
 
Gas-liquid cold plasma relies on generating liquid phase excited species via surface interactions 
and hence requires a consistent film of the liquid feedstock on all reactor surfaces. As the liquid 
phase permits accumulation of trace products, a variety of novel reactions can occur at high selec-
tivities, thus potentially generating additional valuable products, e.g. methyl methanoate from meth-
anol.  
 
Solid catalysts may be introduced as packing materials to increase selectivity further without intro-
ducing contaminants or requiring downstream processing. These consistently synergise effectively 
with cold plasma, especially if the catalyst itself has strong dielectric properties, e.g. BaTiO3, which 
focus the plasma field onto the catalyst active sites. 
 
Recent work with waste cook-
ing oil has achieved up to 
55% yields of Fatty Acid Es-
ters (FAE) with a Ni/Al2O3 cat-
alyst by cracking the glyceride 
backbone directly (Figure 3). 
The remaining yield is pre-
dominantly Free Fatty Acids 
(FFA), which can be esterified 
to achieve 80% FAE yields at 
high selectivities. 
 
 
 
 

Figure 3. Mechanism for direct conversion of glycerides to FAE via cold plasma 



NTP-Assisted Hydrocracking of Toluene to Lower Hydrocarbons 
Faisal Saleem, Kui Zhang, Adam Harvey 
 
Biomass can be used as an alternative source of “green” energy and chemicals. Biomass can be 
converted into fuels and value-added chemicals by thermal, physical or biological processes. Ther-
mochemical processes are useful for producing fuels, chemicals, and combined power and heat. 
Among thermochemical processes, gasification is a promising technique for producing alternative 
green fuels for transport and power generation. In this method, partial oxidation of solid biomass is 
performed at temperatures of 700—800 oC, to produce gaseous fuels or synthesis gas. The product 
gas contains high concentrations of CO and H2 (21—27 %). Its composition depends upon various 
parameters such as the nature of the feedstock, method of gasification, operating conditions, etc. 
The syngas (CO + H2) can be used as fuel in gas turbines, gas engines, and it can be used to pro-
duce valuable chemicals. However, the product gas from gasifier also has impurities such as chlo-
rine, sulphur, nitrogen and tar compounds. Among these, tar creates a significant problem by con-
densing in filters, heat exchangers and engines at low temperatures after the exit of biomass gasifi-
er, leading to attrition and choking. Therefore, it is necessary to decompose or remove the tar com-
pounds from the product gas. 
 
Non thermal plasma (NTP) is widely considered to be an attractive solution for the decomposition of 
volatile organic compounds (VOCs) and the production of fuels and chemicals. Downstream NTP 
treatment of tar has received considerable attention due to its easy operation and compact design. 
In NTP systems, the reactive species are derived from the carrier gas via the impact of high energy 
electrons (1-10eV). This produces a variety of reactive species (electrons, radicals and excited spe-
cies), which can interact with the tar to decompose the tar compounds. Various techniques have 
been employed to decompose the biomass tar, often using toluene as a tar analogue. Combined 
plasma and catalysis techniques can also be used to crack gasification tars. The plasma can reduce 
the catalyst’s activation energy and thereby increases the rate of decomposition of reactants, raising 
the yield and possibly the selectivity of valuable gaseous products. Tao et al. (2013) investigated the 
plasma-assisted catalytic decomposition of a tar model compound (toluene) in a Helium carrier gas 
using DC non-thermal pulsed plasma [1]. They reported that using plasma before the catalytic 
steam reforming reactions enhanced the decomposition of toluene. It was observed that the decom-
position of toluene rises from 32 % to 57 % when using NTP before the catalyst bed [1]. 
 
In this study, a DBD reactor 
(Figure 4) was used to remove 
toluene in H2 carrier gas. In 
our previous work we reported 
almost complete conversion of 
tar (toluene) in CO2 carrier 
gas, but with significant for-
mation of problematic solid 
residue occurred [2]. Toluene 
decomposition in H2 has not 
been reported in the literature, 
even though the product gas 
from gasification contains sig-
nificant amounts of H2 (25.2—
49.5 %). Therefore, for a bet-
ter understanding of tar re-
moval from product gas, it is 
necessary to study the effect of H2 on toluene conversion and product selectivity in the NTP. 
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Figure 4. Schematic diagram of the experimental setup 



 
 
 
 
 
 
 
 
 
 
 
 

Experiments were conducted to investigate the effect of temperature on product distribution and solid 
residue formation, at various powers (5-40 W) and a specific residence time (4.23 s). Figure 5a shows 
that removal of toluene is not affected by increasing the temperature; at 40 W, almost complete re-
moval of toluene was obtained at all temperatures. Figure 5b shows the effect of temperature on the 
total selectivity to lower hydrocarbons (LHCs) at various levels of power and 4.23 s residence time, it 
can be seen that total selectivity significantly increases with increasing temperature at each power lev-
el. At 400°C and 40 W, the selectivity rises from 20 % to 99.97 %, without the formation of solid resi-
due. At 400°C and 4.23 s, the minimum selectivity towards LHC reaches to 81 % even at 10 W, which 
shows the high conversion of toluene to LHC, at high temperature, in the presence of H2 carrier gas.  
 
The installation of a DBD reactor at a suitable location after a gasifier exit, where the temperature is 
high enough, could have a substantial impact on tar mitigation. 
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The Plasma-Assisted Bio-Refinery 
The integration of process intensification, NTP, catalysis and energy harvesting will generate compact 
and energy efficient technologies for: 
 
 NTP assisted Tar removal to 

clean the product gas 
 NTP assisted Fischer-Tropsch 

synthesis to produce liquid 
fuels 

 NTP assisted direct anaerobic 
digestion (AD) gas conversion 
to liquid fuels and hydrogen 

 NTP assisted ammonia synthe-
sis at low temperatures and am-
bient pressure 
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Figure 5. Effect of temperature on: (a) the conversion of toluene; (b) total selectivity to LHC 
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