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Project Highlights: 
• Explore a novel, energy-efficient biochar 

production method to support net-zero targets 
within a circular economy 

• Acquire industry-relevant skills through 
collaboration with an international industry leader 
in an emerging area of science and technology 

• Experimentally explore the biochar production and 
model the process energy balance and carbon 
sequestration 

 

Overview:  
Given the immediate risks of climate change, bold 
carbon sequestration initiatives are needed. Biochar 
production has been suggested as one such initiative 
[1].  Biochar is a carbon-rich by-product of thermal 
processing biomass, typically via pyrolysis, and its 
application in agricultural systems has been 
demonstrated as a viable method to improve soil 
quality [2].  However, pyrolysis units rely on 
endothermic reactions and therefore require external 
energy, which can lead to process complexity. 
 
Applied smouldering is emerging as valuable 
environmental engineering technology due to its 
robustness and simplicity. Applied smouldering 
systems have been demonstrated suitable for a range 
of applications: e.g., for waste-to-energy, 
remediation, resource recovery/generation, and off-
grid sanitation in low-income countries [3].  
Smouldering is a flameless, low-temperature form of 
combustion that is harnessed in these systems to 
support a self-sustaining process without the need for 
external energy.  These systems are highly energy 
efficient and can therefore manage problematic 
wastes, e.g., with high moisture content or low 
volatility. 
 

Given the simplicity of applied smouldering systems, 
they have the potential to be deployed worldwide to 
produce biochar from biomass wastes for carbon 
sequestration and soil improvement.  Indeed, recent 
research has demonstrated this potential [4]. 
However, the processes that lead to biochar 
production are not yet well-understood. Smouldering 
systems are dynamic in space and time and support 
numerous physical and chemical zones [5].  Generally, 
pyrolysis reactions proceed ahead of combustion 
reactions, but they also overlap and compete in space.  
Therefore, improved understanding of how these 
reactions establish in applied smouldering systems 
through experimental methods will provide guidance 
on how to best maximise biochar production in a self-
sustaining manner.  Moreover, the energy balance 
and carbon sequestration results from these systems 
will need to be quantified to model the potential 
scale-up benefits.  Last, it is not clear how beneficial 
the biochar from smouldering systems is compared to 
biochar generated from traditional pyrolysis methods.   
 
These are key research questions that limit the 
development of applied smouldering systems for 
carbon sequestration. 

 
Methodology:  
This research will use established smouldering 
experimental methods to produce biochar, e.g., [4, 6, 
7].  These experiments will investigate strategies to 
maximise biochar output and quantify the carbon and 
energy balances, following established methods [8-
10]. 
 
In addition, biochar formation in controlled pyrolysis 
units will be completed in-house to provide 
comparative samples.  Biochar samples produced 



 
from smouldering and pyrolysis systems will be 
compared via surface science analyses. 
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Further details: 
The ideal candidate will have a background in 
engineering and environmental sciences and exhibit a 
high degree of independence and initiative.  Previous 
laboratory experience, particularly with 
thermochemical techniques, will be considered a 
strong asset, but not essential.  This project can be 
tailored to the specific background and interests of 
individual applicants. 
 
For further information, please contact Dr. Tarek 
Rashwan (tarek.rashwan@open.ac.uk)  
 

Applications should include: 
 

• A 1000-word cover letter outlining why the 
project is of interest to you and how your 
skills match those required  

• an academic CV containing contact details of 
three academic references  

• an Open University application form, 
downloadable from: 
http://www.open.ac.uk/postgraduate/resear
ch-degrees/how-to-apply/mphil-and-phd-
application-process 

• IELTS test scores where English is an 
additional language  

 
Applications should be sent to  
STEM-EI-PhD@open.ac.uk by 15.02.2023 
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