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Project Highlights:

e Explore a novel, waste-to-energy method to
support net-zero targets within a circular
economy.

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

e Develop a numerical model to explore key
dynamics in applied smouldering systems across
scales, from the laboratory to commercial
application.

Overview:

Smouldering combustion has demonstrated many
benefits as a novel and valuable engineering tool
towards environmentally beneficial purposes such as:
(f) resource recovery/generation, (ii) improved
sanitation in the developing world, (iii) brownfield site
remediation, and (iv) wastewater sludge treatment
[1]. However, many physical and chemical dynamics
within these systems are complicated and poorly
understood.

Smouldering combustion is a low-temperature,
flameless form of combustion —commonly seen as the
glowing surface of a charcoal barbecue. The key
advantage of smouldering compared to traditional
combustion processes, e.g., flaming combustion, as
used in incineration, is that smouldering exhibits slow
combustion timescales [2]. These slow timescales
foster efficient energy recycling that can treat wastes
with challenging properties, e.g., with low volatility
and/or high moisture content. In many cases,
smouldering systems can operate in a self-sustaining
manner after ignition, i.e., without external energy
input. Moreover, depending on the waste,

smouldering can be used for resource
recovery/generation [3]. In all cases, excess energy
can be recovered for waste-to-energy purposes.
Therefore, smouldering is a novel, sustainable waste-
to-energy method that is highly compatible with a
circular economy and net-zero targets [1].

Many applied smouldering systems require the waste
be mixed within inert porous media (e.g., sand) to
facilitate the necessary conditions for self-sustained
smouldering — e.g., good air permeability, high surface
area for reaction, and heat retention. Therefore, heat
and mass transfer in porous media is central to
smouldering system operation [2]. While recent
numerical modelling research efforts have elucidated
many key aspects of smouldering systems in
laboratory-sized systems, full-scale systems remain
challenging to model.

This proposal seeks to better understand the heat and
mass transfer dynamics in smouldering systems via
numerical modelling. This project will investigate: (i)
alternative formulations of the system boundary
conditions, (ii) the use of simplified models to predict
airflow patterns based on temperature dynamics, and
(iii) methods for energy recovery relevant to full-scale
smouldering systems.

This project will leverage existing commercial
smouldering results for model calibration and
validation. This project is expected to improve the
fundamental understanding of heat and mass transfer
dynamics within these systems to support the design
of efficient energy recovery methods from
smouldering systems.



Methodology:

This research will build upon established smouldering
numerical methods to explore the smouldering
dynamics relevant towards energy recovery, e.g., [4-
6]. Existing data from experiments performed across
scales — from laboratory to commercial application —
will be used for model validation [7-11]. Novel energy
recovery methods will be explored via this validated
numerical model.
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Further details:

The ideal candidate will have a background in
mechanical, chemical, civil, or environmental
engineering and exhibit a high degree of
independence and initiative. Previous numerical
modelling experience, particularly with
thermochemical processes, will be considered a
strong asset, but not essential. This project can be
tailored to the specific background and interests of
the successful applicant.

For further information, please contact Dr. Tarek
Rashwan (tarek.rashwan@open.ac.uk)

Applications should include:

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

e an academic CV containing contact details of
three academic references

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

e |ELTS test scores where English is an
additional language

Applications should be sent to
STEM-EI-PhD@open.ac.uk by 16.02.2024



mailto:tarek.rashwan@open.ac.uk
http://www.open.ac.uk/postgraduate/research-degrees/how-to-apply/mphil-and-phd-application-process
http://www.open.ac.uk/postgraduate/research-degrees/how-to-apply/mphil-and-phd-application-process
http://www.open.ac.uk/postgraduate/research-degrees/how-to-apply/mphil-and-phd-application-process
mailto:STEM-EI-PhD@open.ac.uk

