
 
 

 

 

 

 

 

ABSTRACT:  
This mini-school discusses selected topics related to materials science and their applications in energy conversion. The first lecture will 

discuss the significance and unique properties of 2D materials for photocatalysis and photovoltaics along with the importance of 2D 

heterostructures for enhancing these applications. In the second lecture, current challenges in rechargeable batteries and fuel cells will 

be discussed and how computational tools can be used to improve conductivity and efficiency. The third lecture will focus on graphene-

based catalysts for fuel cells and how computational tools can be employed to discover novel materials for high-capacity energy 

conversion. The school will conclude with a lecture that introduces the application of photosynthetic principles for designing efficient 

solar energy systems, with a focus on organic polymer solar cells and dye-sensitised solar cells. 

 

LECTURE 1 (8 Nov) 

‘2D materials and their heterostructures for photocatalytic 
water splitting and Photovoltaics’ – Prof Georgies Alene 
(Addis Ababa University, Ethiopia) 

2D materials are atomically thin layers of materials that exhibit 
unique physical and chemical properties. They have attracted great 
attention for various applications, especially in the fields of 
photocatalysis and photovoltaics. Photocatalysis is the process of 
using light to drive chemical reactions, such as water splitting to 
produce hydrogen and oxygen. Photovoltaics is the conversion of 
light into electricity using semiconducting materials. In this lecture, I 
will introduce some of the 2D materials that have been used as 
photocatalysts and photovoltaics. I will also discuss how 2D 
heterostructures, which are combinations of different 2D materials, 
can enhance the performance of photocatalysis and photovoltaics. I 
will present some examples from my research work on 
computational study 2D heterostructures for photocatalytic water 
splitting and photovoltaics and highlight the challenges and 
opportunities in this emerging field. 

LECTURE 2 (15 Nov) 
‘Overcoming Conductivity and Overvoltage Challenges in 
Rechargeable Metal-Ion and Metal-Air Batteries: Insights 
from DFT+U Studies’ – Prof Yedilfana Setarge Mekonnen 
(Addis Ababa University, Ethiopia) 

Rechargeable batteries have gained enormous attention for their 
versatile applications across various scales. However, challenges 
related to cost, recyclability, conductivity, and efficiency persist. To 
address some of the scientific challenges, we employed state-of-the-
art density functional theory with the Hubbard U correction (DFT+U) 
tool. Unlike the pristine bulk phase, lattice-strained phases and 
surfaces of M2MnSiO4 (M=Li and Na) revealed good stability and 
fast ion transport, leading to enhanced conductivity and overall 
battery performance. Moreover, we examine the role of cathode-
electrolyte interfaces on the ionic and electronic transport properties 
at the oxygen electrode in nonaqueous Li- and Na-air batteries. 
Furthermore, our research highlighted the effect of CO2 
contamination on Li2O2, NaO2, and Na2O2 growth/depletion 
reaction pathways and overpotentials. Addressing the conductivity 
of electrodes and cathode-electrolyte interfaces is thus critical in the 
development of rechargeable batteries. 

 

LECTURE 3 (22 Nov) 
‘Computational Modelling using high performance 
computing for materials prediction and design’ –               
Dr Kingsley Obodo (North-West University) 

The broad overarching aim of this presentation is to discover novel 
materials suitable for high-capacity energy conversion using density 
functional theory (DFT) calculations and advanced computational 
screening techniques. This discourse delves into the application of 
high-performance computing across various materials-centric 
projects, highlighting its pivotal role in facilitating materials prediction 
and design to promote sustainable advancement. The presentation 
will consider 2D materials, heterostructures as well different surface 
modelling based on Pt catalyst. 2D materials and heterostructures 
as possible photocatalytic materials as well as photovoltaic materials 
are discussed. We found that certain materials resulted in improved 
photocatalytic and photovoltaic properties. The reduction of platinum 
group metal towards the catalytic dehydrogenation of liquid organic 
hydrogen carriers (LOHC) is important due to the following 
consideration: materials perspective, commercialization, and cost 
implication. Thus, Pt based Sn alloys as well as Pt modified surfaces 
were explored and found to have better dehydrogenation catalytic 
properties compared with pristine Pt metals resulting in cost 
reduction attributed with reduced Pt loading. Also, the evaluation of 
doped IrO2 surface for oxygen evolution reaction (OER) 
underscores the potential to achieve elevated catalytic proficiency. 
 

LECTURE 4 (29 Nov) 
‘Biological, biomimetic, and organic renewable solar 
energy materials’ – Prof Tjaart Krüger (University of Pretoria) 

The idea of using the principles underlying photosynthesis to design 
systems for making solar fuels has been around for over a century. 
The molecular machinery used by photosynthetic organisms 
demonstrates remarkably efficient and economical use of abundant 
natural elements for diverse applications in an extraordinarily fine-
tuned and regulated fashion. The complex details of the 
photosynthetic processes are now known at a sufficient level that we 
can draw inspiration from them to improve the design of solar energy 
systems. In this lecture, I will discuss a few formidable design 
principles of photosynthetic light-harvesting complexes that may be 
used to improve the stability and performance of photovoltaic 
materials, focusing in particular on organic polymer solar cells and 
dye-sensitised solar cells. 
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