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ENERGY SOLUTIONS FOR AFRICA

Welcome to the Energy Solutions for Africa Mini Conference brought to you by African Research Universities
Alliance Centre of Excellence in Materials, Energy and Nanotechnology (ARUA CoE-MEN) in partnership with
African Materials Research Society (AMRS). We are delighted to gather here today, amidst a growing need for
sustainable energy solutions on the African continent. This conference aims to bring together passionate individu-
als, experts, and industry leaders who are dedicated to addressing the pressing energy challenges and unlocking
the immense potential that Africa holds.

With a focus on innovation, collaboration, and knowledge sharing, this conference aims to explore a wide range of
topics related to energy solutions in Africa. From renewable energy technologies to energy access, policy frame-
works, investment opportunities, and community engagement, we aim to foster meaningful discussions and
actionable strategies to drive positive change. The ARUA CoE-MEN is hosted by the University of the Witwa-
tersrand, and includes the Universities of Pretoria, Nairobi, and Ghana. The proposed research is on the develop-
ment of materials and new technologies to benefit Africa. Our range of research focusses, from fundamental to
prototype devices, which should identify and develop new opportunities in an African context, e.g., minerals ben-
eficiation, advanced manufacturing, off-grid energy technologies, housing, and materials recycling. The ARUA
CoE-MEN will become a hub for materials science and engineering in Africa, as well as the ideal environment in
which to build research capacity and human capacity for Africa.

Following the 1st successful mini conference we had last year, this serie seeks to bring engaging presentations,
interactive workshops, and insightful panel discussions, which will delve into the latest advancements, best prac-
tices, and successful case studies in the field of energy solutions. Our goal is to encourage dialogue, forge partner-
ships, and inspire a collaborative effort that will accelerate the transition towards sustainable and

affordable energy systems across the African continent. We extend a warm invitation to all participants, including
policymakers, researchers, entrepreneurs, investors, NGOs, and members of the public who share a common vision
of harnessing the power of energy to drive social, economic, and environmental progress in Africa.

Together, let us seize this opportunity to ignite change, shape the future of energy in Africa, and pave the way for
a brighter and more sustainable tomorrow. Welcome to the Energy Solutions for Africa Mini Conference!

Prof. Lesley Cornish

Director ARUA CoE-MEN

Director DST/NRF Centre of Excellence In

Strong Materials at University of the Witwatersrand



PLENARY: Augmenting conventional solar cells: basic concepts and typical devices

A. Quandt

School of Physics and ARUA Centre of Excellence in Materials, Energy and Nanotechnology,
University of the Witwatersrand, Johannesburg, South Africa

A viable route to develop more efficient types of solar cells are augmentation features, which
should facilitate an improved photon management, and which may be based on conventional
and/or commercial types of photovoltaic devices. After a brief introduction to the workings and
the present limitations of photovoltaic devices, | will discuss the use of plasmonic nanoparticles
and up/down-conversion layers as augmentation features from a purely theoretical and
numerical point of view. Then | will show the practical implementations of these concepts, which
were mostly proof-of-concept studies up to now, and which were carried out in recent years by

various long-term collaborators of mine.

It must be pointed out that joint research on augmentation features in conventional types of
solar cells was very much restricted to very small local collaborations up to now. This raises the
interesting question, if and how a collective research effort across the African continent might
take these pioneering experimental studies to the next levels of the development of cheap and
stable augmented solar cell prototypes, and then to the level of their successful field testing and

commercialization.



Plasmonics and magnetoplasmonics as approaches to enhance photo-conversion E_ciency of
PV Devices

Sandile Kumalo, Daniel Wamwangi and Alexander Quandt

School of Physics and ARUA Centre of Excellence in Materials, Energy and Nanotechnology,
University of the Witwatersrand, Johannesburg, South Africa

In this work, theoretical and experimental light management strategies on silicon based thin film
solar cells are implemented using plasmonics and magnetoplasmonics to enhance power
conversion efficiency. Incorporating the magnetoplasmonic nanostructures allow the extension
of photo-absorption using not only the electronic response, but also spin field interactions. These
strategies ensure the enhancement of tunable absorption of the solar spectrum emission to
match the band gap of the photo-active layer. Theoretical approaches based on Finite Difference
Time Domain are applied to determine the optical response and field distribution of plasmonic
nanostructures having various geometries and coverage. Additionally, theoretical simulation
based on the classical Hamiltonian and Monte-Carlo approaches are used to derive the
isothermal and isofield properties of magnetoplasmonic nanostructures. It is found that the
mean temperature-dependent magnetization, Curie-temperature, magnetic-ordering
temperature are dependent on both the particle's core-shell ratio and size, but independent on
the shape of the NP as compared to the field distribution of Au plasmonic NPs. Lastly, we
demonstrate the effect of plasmonics and magnetoplasmonics on the photoconversion

efficiencies of Si-based solar cells as a proof of concept.



PLENARY: Semiconductor nanocrystals as effective HER electrocatalysts

Nosipho Moloto

School of Chemistry and ARUA Centre of Excellence in Materials, Energy and Nanotechnology,
University of the Witwatersrand, Johannesburg, South Africa

Nosipho.Moloto@wits.ac.za

Hydrogen (H;) although abundant on earth as an element, is almost exclusively found as part of
another compound such as H,0. As such, it must be separated into pure hydrogen (H3) for use
as fuel in fuel cell electric vehicles. Hydrogen can be produced from diverse resources, that
include fossil fuels, biomass, and water electrolysis. As a result, the environmental impact and
energy efficiency of hydrogen depends on how it is produced. Water splitting through electrolysis
is considered as one of the cleanest production processes of H; as it produces oxygen and
hydrogen; and when coupled with photovoltaics as a source of electricity for the electrolysis, it
is regarded as renewable. Hydrogen Evolution Reaction (HER) as commonly known, is an
electrocatalytic process that is conducted with the use of platinum as a catalyst. The synthesis of
non-noble metal nanocrystals as cheaper alternatives to Pt for HER electrocatalysts is highly
desired. Herein, we report on the colloidal synthesis of metal chalcogenide and metal phosphide
nanocrystals and their use as electrocatalysts for HER in acidic conditions. The electrocatalytic
efficiency largely depends on the structural properties of the nanocrystals. For MoP for instance,
the amorphous particles showed better efficiency than crystalline particles, while for SnSe;,
activated SnSe; was a better electrocatalyst compared to inactivated SnSe». Herein, we describe
in detail, the synthesis, characterization and electrocatalytic properties of MoSe,, ReSe; and

SnSe; as well as MoP and WP.



Synthesis and characterization of MXene nanocomposites for energy storage and conversion
applications

Mohsen Mhadhbi®* and Lamia Khedhiri®

ILaboratory of Useful Materials, National Institute of Research and Physicochemical Analysis,
Technopole Sidi Thabet 2020 Ariana, Tunisia

mohsen.mhadhbi@inrap.rnrt.tn

MXenes possess interesting structural, electronic, and chemical properties that enable several

application in variou sers. MXene layers are

formed by stacking together, which significantly reduces the specific surfade area, hinders the

transmission of iofhs, and r‘pﬁr'gtmlgerrfmcﬁcp@%éﬂwalseﬂqdhe surfacg

dition, due to the inherent defects of a single electrode rhaterial, electrodes
of smg e—ap?ng)slgwxgr\{e?%ag“{\%p meet specific practical application

work aims to present a sample route for preparing MXghe nanocomposites

, thereby reducing

performance. In a

or catalysts made

requirements. Thi

for energy storage and conversion applications, such as patteries, supercapacitors and catalytic
reactions. The obtained materials were investigated by scanning electron microscopy (SEM), X-
ray diffraction (XRD), and transmission electron microscopy (TEM) analysis. In addition, the
electrochemical analysis were carried-out. The results showed that the obtained material with

crystallite size of about 15 nm possesses important structural and electrochemical properties.

Keywords: MXene; Nanostructure; Energy storage; Microstructure.



Energy utilization for achieving sustainable development goals in African cities

Aliyu M Kawu

Dept. Urban and Regional Planning, Federal University of Technology, Minna 920003, Nigeria
aliyvukawu@futminna.edu.ng, aliyukawu@gmail.com

Modern civilization has brought forth Africa’s potentials as a resourceful continent, starting with
the agricultural and mineral resource exploitations of the 19* and 20t centuries. With the advent

of Hydro Electric Power (H& re-SoRtieRiwac-appraiset-ac-housingteLxgin global potentials

of the planet earth’s gafest enelzwi%o%%\% Iﬁoo e\berreesné/ir[] nem ntal and climale concerns have

and industrial productions. ddern solar power in a
typical Nigerian city in order to classify energy usage according to livelihood activities it support
and the viability of investing in that sector. Using stratified sampling on households, businesses
and corporations, the study realized that Minna in north central Nigeria, has a large and fast
growing potentials for investment in solar energy if only the technical and administrative

interconnected subsystems can take cognizance of the peculiarities of her teeming customers.

Keywords: electricity power, livelihood, resources, SDGs, urban management



Bioactive Molecules as Sustainable Electrolyte Materials for Redox Flow Battery Chemistries
Habibat F. Chahul® and Clare Grey?
IDepartment of Chemistry, Federal University of Agriculture Makurdi, Nigeria

2Yusuf Hamied Department of Chemistry, Lensfield Road, University of Cambridge, Cambridge
CB2 1EW, United Kingdom

Redox flow batteries (RFBs) are well suited for both stationary and long duration applications
especially in view of the global drive to achieve global net zero emissions by 2050. Bioactive
molecules from plants, fungi and bacteria are green, more abundant in the earth crust and are
tuneable to desirable designs for application in large-scale battery technologies like the redox
flow batteries (RFBs). We present our findings on the preliminary investigations on two bioactive
molecules namely quercetin and flavin adenine dinucleotide (FAD) as electrolyte materials in RFB.
The two bioactive molecules were investigated using solubility tests, NMR spectroscopy, cyclic
voltammetry (CV) and galvanostatic cycling (GCD). The findings of this work showed that
quercetin unlike FAD, was nearly insoluble in agueous media but mostly soluble in DMSO (an
organic solvent). Cyclic voltammetry revealed the limited electroactivity of quercetin in the
organic solvent. The quercetin electrolyte produced non-electroactive degradation products
after 61 voltametric cycles. The battery cycling process revealed very low current and capacities
for the quercetin-organic system. Cyclic voltammetry of FAD showed electroactivity even after
2000 cycles and GCD tests gave better results, making FAD a better bioactive electrolyte material
for RFB than quercetin. Our findings revealed that both biomolecules could further be chemically

redesigned or modified in order to give better properties as electrolyte materials in RFBs.



Power generation from a novel thermodynamic cycle using a zeotropic binary mixture and a
low-temperature heat source

Tobile Khawula and Johan Enslin

Cirrus Rehos Renewable Power & Water - CRRPW (Pty) Ltd, Johannesburg, South Africa

Itis unsustainable to rely solely on conventional energy sources, such as coal and crude oil, which
significantly increase atmospheric CO; levels. As such, it is of great interest to improve the
efficiency of thermodynamic power cycles, i.e., to convert more of the energy in the heat source
to power. Currently, the efficiency of power systems is restricted by the constant temperature
heat addition and rejection as per Carnot’s theorem. The limitations of heat engines operating
with a regenerator of a single-component refrigerant medium can be overcome by using an
absorption-type regenerator consisting of a zeotropic binary mixture. In the zeotropic binary
mixture, the vapor absorbed results in condensation at a range of temperatures. This
phenomenon known as "isobaric temperature gliding" enables the final temperature of the
binary mixture to rise above the initial saturation temperature of the vapor at constant pressure.
In this study, we employ a Reference Fluid Thermodynamic and Transport Properties Database
(REFPROP) framework to establish the thermodynamic properties of the novel ET-Power cycle
using a low-temperature waste heat source. Simulation results show an efficiency (i.e., net power
output (kW) divided by heat rate (kW) entering the system) of 70% compared to the 6.4%
maximum (Carnot) efficiency typically rendered by an Organic Rankine Cycle (ORC) operating
between the same temperatures (20°C < TT < 40C). The high efficiency was explained by the heat
recovery mechanism (i.e. AHT) that can raise the temperature of the working fluid above the ORC
turbine inlet temperature as demonstrated by the ET-Power cycle in Figure 1. These results set
up new industry records for current heat engines, such as Rankine cycles used by power utilities
for waste heat recovery and bottoming cycles.
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Figure 1. Schematic layout of ET-Power cycle for power generation.



CFD Simulations and experimental investigation of flat plate solar air heater at different
positions of inlet outlet

Tigabu Mekonnen Belay?, Samson Mekbib Atnaw?, and Yemisrach Gashaw Chekole?

1 Mechanical Engineering, Addis Ababa Science and Technology University, Addis Ababa,
Ethiopia, ? Civil Engineering, Addis Ababa Science and Technology University, Addis Ababa,
Ethiopia

ticabumekonnenb@gmail.edu

In this study, the effects of convective heat transfer in a single flow flat plate rectangular box
solar air heater with different positions of the inlet and outlet were designed, constructed,

theoretically investigated using CFD fluid flow (fluent) software, and experimentally examined.

The internal dimensionf of the solar air heater length, width, and height of 100 cin, 50 cm, and 9

cm, respectively, whiclf made up'[qf]ilg Wég‘ﬁ@f%?égé?ﬂzéﬂ‘%ﬁéfmg glasgthickness, and

1mm thickness of alunfinium sheet metal were used. The position of the inlet and
on the fraction of thq width optgeasegrlgg)ﬁég@? %Is\églgn the three-day

temperature of solar aif heaters at different tilt angles, the solar air heaters A, B,

outlet depend

hverage outlet

and D provide
24.99, 33.83, 25.70, an mperature. The
average outlet temperature of the air in the passive solar air heater increased by 17% and 4.43%
compared to the ambient air and active solar air heater outlet air temperatures, respectively. The
uncertainty analysis of the instruments to measure the temperature of the air is £0.462°C, and
uncertainty of solar air heater were +0.498°C. With a tilt angle of 12°, a higher average air outlet
temperature was achieved between February and March. The negative tilt angle indicates the
north face orientation is preferred on May for a latitude of 8.89° instead of the south face

orientation on May. The passive solar air heater has a higher air temperature fluctuation than

the active solar air heater.



PLENARY: High-entropy inverse spinel oxides as bifunctional electrocatalysts for the

development of rechargeable zinc-air batteries

Kenneth I. Ozoemena, Molecular Sciences Institute, School of Chemistry and ARUA Centre of
Excellence in Materials, Energy and Nanotechnology, University of the Witwatersrand,
Johannesburg, South Africa

kenneth.ozoemena@wits.ac.za

Rechargeable zinc-air battery (RZAB) represents one of the ‘beyond-the-lithium-ion’ battery
technologies with great potential for renewable energy storage. It is safe, environmentally
benign, and excellent potential for affordable applications in resource-limited African countries,
ranging from residential and industrial electricity supply, transport (e.g., electric vehicles) to
mobile and consumer electronics markets. RZABs possess high theoretical specific energy density
of 1086 Wh/kg, which is 5 times greater than that of the conventional lithium-ion battery (LIB).
The key challenge that conspires against the widespread commercialization of RZAB is the
sluggish oxygen reaction kinetics that impedes reversibility of the system. Thus, it has become
quite critical to develop low-cost and high-performance bifunctional electrocatalysts for oxygen
reduction reaction (ORR) and oxygen evolution reaction (OER) [1,2].

High-entropy materials (HEMs) have emerged as electrocatalysts for ORR and OER. HEMs contain
five or more metals in equal proportions. Their unique conformational entropy and physico-
chemical properties (including lattice distortion, synergistic effects amongst the different metals,
and rich defect chemistries) promise to improve the kinetics of ORR / OER and electrochemical
cycling stability. In this work, the high-entropy inverse spinel oxides have been synthesized and
characterised. Preliminary electrochemistry shows improved ORR/OER kinetics. This
presentation will discuss the performance of the initial lab-based RZAB using this electrocatalyst.

References

1. AB Haruna and KI Ozoemena, Manganese-based bifunctional electrocatalysts for zinc-air
batteries, Curr. Opin. Electrochem. 2020, 21, 219-224
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Synthesis of MOFs Based Catalyst for Fuel Cell Applications
Rasidi Sule* and Ajay K. Mishra?

IDepartment of Industrial Physics, College of Science and Technology, Covenant University, Ota,
Nigeria.

2Department of Chemistry, Durban University of Technology, Steve Biko Road, Durban 4001,
South Africa

rasidi.sule(@covenantuniversity.edu.ng; rasidi.sule@gmail.com

The current world energy crisis has further necessitated the need to conduct more research
on fuel cell vehicles as reliance on fossil-fuel drives the world economy to a catastrophic

el cell tecmlﬁg%x,g%s ﬁ(azflberﬁé§éfﬁt@at’ research attentfyn as a viable

alternative for ifternal combustion engines in the automobile industry. However, fhe hydrogen

storage systemfis one of tfgerﬁggsc%am%e@%m& leq/ehicles. The implefnentation of
appropriate adforbent into @@ﬁ%ﬁ[\lﬁwu&r%?émbance its performancg and as well

reduce the drivihg cost. Metal organic frameworks MOFs have emerged as materi

systems In tfuglecseﬁ \gefmle% Luatblgrg)tmpgtlblhty proble

state. Hydrogen

of choice for

hydrogen stora needs to be

addressed for effective use. In this study, MOFs-based adsorbent was synthesized and
characterized with SEM, BET, FTIR and TGA. The SEM image shows that Rh-(Cu-BTC) MOF
retained its typical octahedral structure with smooth surface and sharp edges. The BET surface
area of 398.88 m?/g was obtained in Rh-(Cu-BTC). The BJH adsorption and desorption average
pore width (4V/A) were found to be 16.3715 nm and 9.4608 nm respectively. The textural
properties of Cu-BTC MOF modified with Rh indicate that the adsorbent has potential to be a

good hydrogen storage.

Keywords: Fuel cell vehicle; Metal organic frameworks; Rhodium; Synthesis



Performance Analysis of Thermoelectric Generators (TEGs) using MATLAB

Lekwete Thobane Lekwete, Godfrey Gasebatlwe Molelowakgotla and Migbar Assefa Zeleke
Department of Mechanical Engineering, University of Botswana, 0061, Gaborone, Botswana

migbarassefa@gmail.com; zelekem@ub.ac.bw

The recent rise in the concern for the depletion of fossil fuel reserves and the increased use of
machinery with high exhaustive thermal energy has led to the apparent rise in the development
of renewable energy from the likes of solar and biofuels. This has also led to the research and
study of the performance of Thermoelectric Generators which harvest the waste heat from the
highly inefficient systems widely used in the industry. Though TEGs show promising applications
in various industries, they display low thermal energy conversion rates, which warrant design and
optimization to improve their performance and efficiency. The main difficulty of solving the basic
thermoelectric equations emanates from the fact that junctions’ temperatures are unknown and
usually cannot be measured, however, the external temperatures are known. This article
employed the use of a Thermoelectric Generator Design and Simulation (TeGDS), which uses an
iterative technique to determine the temperature losses and compute thermoelectric
performances using MATLAB. The efficiency of the proposed technique has been investigated
using commercially available thermoelectric module. The effective junction temperatures as
generated, deviated by over 30% of input temperatures but generated with enough accuracy in
the voltage, power output and efficiency comparative to the manufacturer’s datasheet,

attributing the differences to technique accuracy.

Keywords: Thermoelectric Generator (TEG), MATLAB, Energy Conversion



Production of Hybrid Composite using Sisal Fibre and False Banana Fibre
for Dashboard Application

Dawit Wami Negera’, Ramesh Babu Nallamothu ?

IMechanical Engineering Department, College of Engineering, Assosa University, Assosa,
Ethiopia, and Email: D.wami@yahoo.com

2Mechanical Systems and Vehicle Engineering Department, Adama Science and Technology
University, Adama, Ethiopia, Email: rbnallamothu@gmail.com

The necessity to discover a workable substitute for heavy metals to replace them in alternative
natural fiber reinforced polymer composites is driven by the growing concern over
environmental issues, attention to green and clean composite materials. Light materials are

receiving a lot of atie R, and improve

physical and mechlnical qualities due to stricter environmental and passive safdty rules. The

sis work |s-[(bi]§>r¥¥ﬁ§, &9&.9&%%‘&%&@9& to prepare sf

models, carry out fan experiment to gTher data on, and analyze mechanical propgrties. False

ecimens and

purpose of this the

strength, and flexural strength were performed in accordance with ISO and ASTM standards. The
findings indicate that the 1:3 ratio has a higher overall tensile strength than both the 1:1 ratio
and the 3:1 ratio, at 69 MPa. 3:1 ratio 380 MPa. In a compression strength test, a 3:1 ratio
likewise produced a higher value of 12.30 MPa. Test results for the bending strength and water
absorption (regular tap water and rainwater) were and (2.64% and 3.07%), respectively, which
are substantially lower than from 1:1 ratio and 3:1 ratio. The preparation of hybrid composite,
characterization of the mechanical and physical properties, modeling of the dashboard using
Solid Work 2017, compare and contrast the cost, weight and percentage fuel reduction with the
convectional one. Finally, fabrication of a prototype for the dashboard of a PEUGEOT model car
with improved mechanical and physical properties for demonstration purposes.

Keywords: Dashboard, Flexural, Fuel consumption, Light material



Photocatalytic Properties of Molybdenum Oxide Photoelectrode Synthesized by Spray
Pyrolysis Method

Peverga R. Jubu'?, Bashir Yusuf3, Y. Yusof%, A.A. McAsule?, M.B. Ochang?, N.J. Tsaviv®, H.F.
Chahul®, M.S. Shiada®, A.A. Gundu?!, M. Erukaa?

! Department of Physics, Joseph Sarwuan Tarkaa University, P.M.B. 2373, Makurdi, Benue State,
Nigeria,

2School of Physics, Universiti Sains Malaysia (USM), 11800 Penang, Malaysia,
3 Department of Physics, Ahmadu Bello University-Zaria, 810001, Kaduna, Nigeria,

4Nano-optoelectronics Research (NOR) Laboratory, School of Physics, Universiti Sains Malaysia
(USM), 11800 Penang, Malaysia,

> Department of Chemistry, University of Agriculture Makurdi, P.M.B. 2373, Makurdi, Benue
State, Nigeria,

6 Benue State University P.M.B. 102119, Makurdi, Benue State, Nigeria

peverga.jubu@uam.edu.ng

The present work reports the photocatalytic properties of pyrolyzed molybdenum oxide thin
film. Microstructural analysis reveals clustered nanoaggregates. Structural analysis shows
polycrystalline a-MoOs3 phase. The crystallite size, dislocation density, microstrain and stacking
faults are found to be 41.27 nm, 5.87 X 10™* lines/cm?, 8.41 X 10™* and 1.78, respectively.
The optical bandgap is found to be 3.20 eV. Linear sweep voltammetry measurementin 1 M
KOH electrolyte reveal significant photocurrent density of 992.39 uA/cm? at bias of 1V vs
Ag/AgCl. The reasonable performance of the device suggest that the spray pyrolysis method is

promising for preparing photosensitive MoOs films for photoelectrochemical measurement.



