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The University of Pretoria’s 

School of Engineering celebrates 

its 60th anniversary in 2016. 

Although students could study 

agricultural engineering at the 

University as early as 1920, a 

formal Faculty of Engineering 

was only established in 1956, 

which led to lectures being 

presented in several disciplines 

of engineering. And what an 

extraordinary journey it has 

been! 

Today there are more than 8 000 
undergraduate and postgraduate 
engineering students registered at 
the University of Pretoria. More than 
15 700 undergraduate and 10 700  
postgraduate students have 
graduated from the University 
over the past 60 years. In fact, the 
University typically graduates 25% 
of all the new engineers in the 
country every year. Our School of 
Engineering is recognised in the top 
1% of engineering schools in the 
world.

When it was launched, the Faculty’s 
main goals were the provision 
of high-quality and relevant 
engineering education, and 
the creation of new knowledge 
from research for the benefit of 
government, industry and society. 

This is still the mission of the School 
of Engineering today. Never would 
the first academics have imagined 
how new technologies would 

Engineering at UP: 
60 years of excellence

revolutionise the world over the 
next decades! The discovery of the 
transistor in the late 1940s changed 
almost everything around us, leading 
to numerous innovations, such as 
computers, mobile phones, new 
telecommunication technologies, 
automation in every sector of 
industry and many more. 

The same trends were found after 
the discovery of DNA, which lead to 
a whole new world of genetics and 
biotechnology. Similar developments 
are evident in technologies related 
to energy, space, health and the 
automotive industry. 

These discoveries have led the 
School of Engineering to establish 
new engineering disciplines, such as 
electronics engineering, computer 
engineering, bioengineering and 
software engineering. New curricula 
and research agendas are developed 
on a continuous basis to remain at 
the leading edge of engineering and 
technology. 

Innovate regularly reports on the 
many infrastructural developments 
that have taken place in the Faculty 
over the years. The future will be 
even more challenging and exciting. 

The numerous economic, social 
and environmental challenges 
that face the world will create 
very interesting opportunities 
for the engineers of the future, 
including those in our own School of 
Engineering. The impact of robotics 
on unemployment, the challenges 
of the energy-food-water nexus, the 
overpopulation of cities, the world of 
Big Data and many other trends in 
the modern world require engineers 
who will come up with sustainable 
solutions. 

In its strategic planning, the School 
of Engineering uses these trends to 

dictate future research programmes 
and curricula content. 

By recruiting the best faculty staff in 
their respective fields of expertise, 
building strong networks with 
leading institutions in the world, 
applying strong leadership, and 
giving free reins to innovative minds, 
the success of the past 60 years will 
continue and grow even further over 
the next decades and future student 
generations.

In this issue of Innovate, you will 
not only read about the history 
and excellence of the School of 
Engineering, but also about the 
excellent work being done by 
researchers in the three other 
schools in the Faculty: The School 
for the Built Environment, the School 
of Information Technology and the 
Graduate School of Technology 
Management. 

I hope you will enjoy the 
contributions on the research and 
educational activities of this premier 
faculty. 

Editor
Tinus Pretorius

E D I T O R I A L
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In 2015, the University’s library 
became the first South African 
university library to open a library 
MakerSpace where students can 
collaborate, create and innovate.

MakerSpace areas are often 
associated with fields such as 
engineering, computer science, 
graphic design and digital art, and 
although the physical space is 
important, it is the collaboration 
between individuals with various 
and distinct areas of knowledge 
that is fundamental to fostering this 
creative environment.

These creators are joining the 
Maker Movement, a trend to use 
‘do-it-yourself’ and ‘do-it-with-
others’ techniques and processes 
to develop unique products. The 
Maker Movement has grown at a 
rapid pace over the past few years, 

Innovative MakerSpace fosters 
collaboration to bring ideas to life

The University of Pretoria 

strives to be at the 

forefront of innovation and 

technology development. 

With the adoption of 

technologies such as 

3D printing as a form of 

additive manufacturing, 

considered by many to be 

a disruptive innovation 

that allows consumers to 

manufacture their own 

products, the popularity of 

MakerSpace areas has also 

increased. A MakerSpace is 

a creative laboratory where 

people with ideas can get 

together with people with 

the technical ability to 

make these ideas become  

a reality. 

and MakerSpace areas have become 
havens for technicians, artists and 
entrepreneurs. 

The MakerSpace in the University 
library is equipped with soldering 
benches, 3D printers and computers 
that can be used to design and 
render models to enable makers 
to fulfil their creative potential by 
giving them access to specialised 
equipment and a collaborative space 
in which to work. 

A MakerSpace is a multidisciplinary,  
creative hack space where students 
and staff can engage with each 
other, share resources, and 
work and network on projects, 
irrespective of discipline. 

The idea originated in the USA and 
was introduced into libraries to 
further their educational goals.  

I N N O V A T I O N 
F O C U S

Collaborate, 
create and 
innovate.
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Dr Heila Pienaar, Deputy Director 
in the University’s Department 
of Library Services, extensively 
investigated this new trend. At 
the end of 2014, the University 
subsequently invested in purchasing 
the necessary equipment, prepared 
a suitable space and appointed a 
student assistant to oversee the 
daily operations of the MakerSpace. 

It acquired a Morgan Pro 3D printer 
and two Robobeasts, robust 3D 
printers built by South Africans, to 
help students make their ideas come 
to fruition. 

The MakerSpace was first introduced 
to students and parents during 
Welcoming Day on 17 January 2015. 
In the early months running up to the 
official opening, the increase in 3D 
printing requests and income from 
3D material showed that students 
were making good use of the facility. 

The MakerSpace has assisted in 
various projects for the Faculty of 
Engineering, Built Environment and 
Information Technology, particularly 
in the departments of Mining 
Engineering, Civil Engineering and 
Computer Science. By making use 
of this facility, students are able 
to design and test their year-end 
projects prior to submission.

 Students from the Department of Mechanical and Aeronautical Engineering utilised the MakerSpace for their third-year 
project for the Industrial Engineering module Manufacturing Systems.

This facility is located on Level 3  
of the Merensky 2 Library on UP’s 
Hatfield Campus. Classes will also be 
presented on topics such as Arduino 
electronics and programming, 
mobile gaming, leatherwork, 
bookmaking/artist bookmaking, 
drones, finch robotics, computer-
aided design and application 
development. These classes are 
taught at entry level by experts so 
that novices can learn new skills.

In May 2016, the Department 
of Mechanical and Aeronautical 
Engineering collaborated with the 
Department of Library Services 
to utilise the MakerSpace for the 
development of projects for the 
third-year Industrial Engineering 
module Manufacturing Systems.

According to Dr Lukas du Plessis, 
a lecturer in the Department of 
Industrial and Systems Engineering, 
students had to work in groups and 
use 3D printing to design and build a 
device that could be used to improve 
the life of a person or an animal. 

At the end of the course, each group 
presented its final design to a panel 
of judges, including Prof Sarma 
Yadavalli, Head of the Department of 
Industrial and Systems Engineering, 
Prof Schalk Kok, associate professor 

For more information about 
the MakerSpace, classes and 
bookings, please send an email 
to makerspace@tuks.co.za. 

in the Department of Mechanical 
and Aeronautical Engineering, Isak 
van der Walt in the Department of 
Library Services, Gavin Leggott from 
Rapid3D and Gordon Muller, an 
entrepreneur.

The best device was designed by a 
group of students who made use of 
3D printing to improve the design of 
a traditional walking stick. The group 
tested their design with students 
from the Disability Unit, who were 
impressed by the new product. The 
group explained that their main 
purpose was not to reinvent the 
walking stick, but to improve it by 
adding an attachment that alerts the 
user to possible obstacles in their way. 

Other innovative devices that were 
developed included a rehabilitation 
wheelchair for dogs with back 
problems, and a cost-effective double-
finger splint to help people who have 
difficulty moving their fingers. 
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National hearing test app is  
a model of innovation
Yvonne Meyer

The app’s lead inventors are  
Prof De Wet Swanepoel of the 
Department of Speech-Language 
Pathology and Audiology in the 
Faculty of Humanities and Dr Herman 
Myburgh, a senior lecturer in the 
Department of Electrical, Electronic 
and Computer Engineering in 
the Faculty of Engineering, Built 
Environment and Information 
Technology. “The app is an example of 
interfaculty collaboration and research 
towards innovation that makes a 
difference,” says Prof Swanepoel.

This app is, however, not  
Prof Swanepoel and Dr Myburgh’s 
first collaborative effort. In 2014, 
they received the 2013/14 National 
Science and Technology Forum 
(NSTF)-BHP Billiton Award for an 
outstanding contribution to science, 
engineering and technology through 
research leading to innovation in a 
corporate organisation or institution. 
Their specific contribution was the 
development of another solution to 
detect hearing loss, hearScreenTM.

A multidisciplinary team of 

researchers from the University 

of Pretoria has developed a free 

application (app), hearZATM, 

which allows users to test their 

hearing on any smart device 

and refers them to their nearest 

hearing healthcare provider 

if they fail the test. The app 

exemplifies the University’s 

innovation-focused research 

strategy to ultimately enhance 

human welfare.

hearScreenTM is a mobile app that is 
operated on a specially calibrated 
smartphone to accurately perform 
a pure tone hearing test. It offers a 
dedicated hearing screening solution 
to schools. On the other hand, 
hearZATM is a downloadable end-user 
app that uses a digits-in-noise (DIN) 
hearing test and is compatible with 
any smart device. Although it was 
released after hearScreenTM, hearZATM 
is the outcome of roughly the same 
innovation cycle, which consists 
of three broad phases: discovery, 
development and delivery.

Identifying the opportunity

According to the World Health 
Organisation (WHO), approximately 
360 million people worldwide (5%) 
suffer from disabling hearing loss, 
32 million of whom are children. 
Moreover, sub-Saharan Africa is one 
of the three regions in the world in 
which the prevalence of hearing loss 
in both children and adults over 65 
years is the greatest.

The causes of hearing loss are 
multiple and include congenital 
conditions, certain infectious diseases, 
ototoxic drugs, injury and aging. The 
WHO has also expressed a particular 
concern about noise exposure, 
especially recreational noise, with 
regard to hearing loss in teenagers 
and young adults due to the unsafe 
use of personal audio devices.

The impact of hearing loss can be 
devastating. For adults, it can lead 
to isolation, loneliness, cognitive 
deterioration and unemployment. 
But for children, the impact can be far 
more pervasive. Because hearing loss 
puts them at risk of delayed speech, 
language and cognitive skills, it can 
lead to reduced literacy, intellectual 
and socio-emotional development.

Hearing loss can be treated through 
proven interventions. The sooner 

Hearing loss 

can be treated 

through proven 

interventions. The 

sooner it is detected 

and diagnosed, the 

better the results of 

the treatment.
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it is detected and diagnosed, the 
better the results of the treatment. 
Early detection can also help mitigate 
or avoid the devastating social, 
developmental and economic impacts 
that are associated with hearing loss. 

Prof Swanepoel, who is a great 
advocate of access to health services 
for underserved communities, had 
been looking for a hearing screening 
test that would be accessible to all 
South Africans. Given its success in 
the UK, USA and several European 
countries, the DIN screening test was 
identified as the preferred testing 
method. Instead of a phone-in service, 
a mobile app was selected as nearly 
80% of South Africans have access 
to smartphones compared to 10% 
with access to landlines. Having 
successfully developed hearScanTM 
the year before, they endeavoured to 
develop a smartphone-based DIN test, 
which resulted in the hearZATM app. 

Developing the app

Prof Swanepoel and Dr Myburgh, 
together with the team, worked in 

conjunction with colleagues in The 
Netherlands to develop a prototype 
of the app. The team decided to let a 
computer engineering student at the 
University of Pretoria develop the 
prototype as a final-year project, and 
Thomas Hopper took it on in 2014. 
He developed the smartphone app, 
which made use of pre-recorded and 
equalised speech material (prepared 
by a PhD student in the Department 
of Speech-Language Pathology 
and Audiology), which he mixed in 
the app with narrow-band noise 
according to the specification of the 
DIN test.

After Hopper had developed the 
prototype, Jenni-Marí Potgieter, a 
PhD student in the Department of 
Speech-Language Pathology and 
Audiology, was approached to gather 
the normative data. This process 
involved using 486 test subjects 
to determine the normal hearing 
cut-off value and average speech 
reception threshold (SRT). The app 
was further tested with five different 
smartphones and five different 
headphones. The results showed 

no statistically significant difference 
between the resultant SRTs.

The app itself is compatible with both 
Android and iPhone operating systems 
and takes less than three minutes 
to complete. Once the user hits the 
“start test” button, he or she has to 
identify 23 digit triplets spoken in 
South African English that are masked 
by white noise. The test simulates 
a common real-life challenge, as it 
essentially gauges one’s ability to 
hear someone speaking while there is 
background noise.

If a user fails the test, the app 
uses geolocation to provide users 
with information on their nearest 
hearing healthcare provider. Users 
can also choose to be contacted, 
and their details are then stored 
on a referral system. The referral 
network was assembled in 
partnership with the South African 
Association of Audiologists (SAAA) 
and the South African Speech-
Language-Hearing Association 
(SASLHA). Prof Swanepoel 
approached these organisations 

 McLean Sibanda, CEO of The Innovation Hub, and other distinguished guests test their hearing at the launch of the 
hearZATM app.
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during the development phase. 
Each organisation then invited 
its members to join the network. 
Inclusion has always been free and 
hearing healthcare providers can 
add themselves to the network via 
the hearScreenTM website. 

Prof Swanepoel knew that it was 
necessary to keep hearZATM in the 
public eye, which gave rise to the 
app’s social media component. Once 
tested, users can share their scores 
on Twitter and Facebook. They can 
also challenge their friends and 
keep tabs on who is in the lead by 
viewing their communal scoreboard. 
This component encourages hearing 
health awareness.

Launching the app and future 
developments

The app was launched on 2 March 2016  
at The Innovation Hub in Pretoria, 

just a day ahead of World Hearing 
Day on 3 March 2016, to create 
awareness of hearing. The app can 
be downloaded at no cost, and the 
first three tests are free. After the 
first free tests, the user is required 
to buy credits through an in-app 
purchase function.

The app’s free component was 
made possible by several sponsors, 
including Vodacom, who is the main 
sponsor. Prof Swanepoel states 
that for the app to be sustainable, 
sponsorships had to be sought.  
Each free test costs approximately 
R15, and the name of the sponsor, 
like Sivantos, Oticon or the Ear 
Institute, appears in a splash screen 
just before the start of the test. 
Nearly six months after its release, 
more than 18 000 hearing tests have 
already been performed through 
hearZATM. On the Google Play app 
store, it has been downloaded over 

10 000 times and has received a star 
rating of 4.5 out of 5 from end users.

Because the DIN test was already in 
existence, it was not necessary to 
register a patent on the app.  
However, the University 
trademarked and licensed it 
to hearScreen (Pty) Ltd, the 
company that was established 
to commercialise the original 
hearScreenTM app, with the support 
of mLab Southern Africa and the 
Maxum Business Incubator, both 
located at The Innovation Hub. 

Using the name of its signature 
product, hearScreen (Pty) Ltd was 
registered as a company in  
mid-2015 with start-up investor  
Nic Klopper as the full-time CEO and 
Prof Swanepoel and Dr Myburgh as 
the lead researchers. The company is 
responsible for the commercialisation 
of both hearScreenTM and hearZATM.

Currently, the company is underway 
to get Conformité Européene 
(CE) accreditation, which is the 
mark of European conformity, for 
hearScreenTM in order to sell it 
in the European Economic Area. 
Discussions are underway with 
countries like Brazil and Australia 
about releasing the hearZATM app 
there. These nations also have a high 
level of smartphone penetration.

Prof Swanepoel and Dr Myburgh 
are continuing their research and 
development efforts with regard to 
hearZATM. They aim to improve the 
test stimuli to make the test even 
more accurate, and to advance the 
app to such an extent that it can test 
each of the user’s ears individually. 

The hearZATM app embodies the 
kind of hybrid spin-offs that can 
result from fostering partnerships 
with government and the private 
sector. These spin-offs are necessary 
for development in areas of 
national and even – as in this case – 
international concern. The app has 
already made an impact in the lives 
of thousands of South Africans in 
terms of awareness, screening and 
setting them on the path to proper 
diagnosis and care, and could 
potentially help millions more. 

 The app is compatible with both Android 
and iPhone operating systems and takes 
less than three minutes to complete. 
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The Career App.tizer platform hosts a 
career interest survey with the ability 
to match certain predetermined 
personality traits to fields of study, 
and then to career paths. School 
learners from Grade 9, as well as 
students who remain uncertain 
about their choices of study, are 
encouraged to register for the 
Career App.tizer app to determine 
the compatibility of a certain field of 
study, and subsequent career path, 
with their personality traits. 

The project was initiated as part of 
the requirements for the students’ 
final-year project for INF 370, in 
which computer-aided development 
tools and programing, as well as 
the principles of systems analysis, 
had to be applied to the design of a 
practical project. Here, the students 
had to find a real-life client, with a 
very real challenge that they could  
assist. 

Collaboration brings about an essential 
career choice app for learners and students
A group of students from 

the University of Pretoria’s 

Department of Informatics are 

improving the lives of learners 

and students one useful app at 

a time. In 2015, as part of their 

final-year project, Christopher 

Park, Kristina Jovanovic and 

Gezile Ndhlovu, along with 

team leader Yi-Yu (Bruce) Liu, 

developed an app to help school 

learners determine the career 

path that is most suited to their 

personality traits. 

The Career App.tizer team found 
such a client and challenge in the 
work of Dr Juan-Claude Lemmens 
from the Unit for Higher Education 
Research and Innovation (HERI) in the 
Department of Education Innovation 
at the University of Pretoria.  
Dr Lemmens’s research interests 
include first-year experience, 
psychometric test development, 
learner analytics, institutional research 
and academic readiness. As such, 
getting a career readiness test to as 
many learners as possible through the 
channels most accessible to them was 
an essential part of the required scope 
of the project proposal.  

Needs analysis

Research by the HERI Unit indicated 
that a significant number of first-
year students drop out of their study 
programmes as a result of poor study 
choices and a lack of career guidance. 
The Unit received funding toward 

 The App.tizer team, Gezile Ndhlovu, Christopher Park, Dr Juan-Claude Lemmens, Yi-Yu (Bruce) Liu and Kristina Jovanovic.
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investigations into this phenomenon 
from the Kresge Foundation’s 
Siyaphumelela Project. This funding 
enabled the development of the 
Career App.tizer platform to such an 
extent that it has been live since  
May 2016 with some 300 downloads. 

Functionality

Career App.tizer maps personality 
dimensions and converts these into 
courses offered by the University 
of Pretoria. It then links these study 
choices to possible careers. To 
improve the user experience, the app 
serves as a one-stop destination for 
all learners’ study application needs. 
Learners can input their high school 
subject results, which are converted 
into the Admission Point Score (APS) 
used by the University. This allows 
users to see which programmes they 
qualify for at this stage of their high 
school careers, and enables them to 
make informed choices regarding 
their futures. The app also links to the 
University’s website to facilitate easy 
application to study. The program 
is dynamic enough to be adapted 
to the needs of other universities  
and institutions, where licensing 
opportunities exist. 

The program uses major filters and 
calculations in a recommendations 
system where each course offered 
by the University fits a profile made 
up of personality dimensions. The 
program checks these elements 
against the specific user’s profile that 
has been created through the Career 

App.tizer platform and recommends 
the closest match in each situation. 

These filters were developed in 
collaboration with psychometrists, 
who facilitated research into 
personality traits and corresponding 
study choices for school learners, 
members of the JuniorTukkie 
Programme (one of the University’s  
school recruitment programmes) and 
students who changed study courses. 

On the management side, this 
program is a data mining tool. Its 
usefulness lies in its ability to track 
student interests and demographics, 
as well as the locations that students 
use to investigate career possibilities. 

For learners and students, this app is 
an open education resource, and can 
be downloaded free of charge. The 
user-friendly interface leads users 
through the process of choosing the 
most appropriate study field and 
career path for themselves with easy-
to-enter fields and easy-to-answer 
questions. Since users are prompted 
to create a profile, their progress 
can be saved to be revisited at a 
later stage. The app can be used on 
computers, tablets and smart phones. 

Student achievement

The academic programmes in the 
Department of Informatics equip 
students with the skills required to 
develop feasible projects and excel 
in industry. These particular students 

have been involved in similar projects 
in the past that have made it past the 
developmental stage and into the 
technology transfer process. With the 
assistance of their INF 370 lecturers, 
Dr Lizette Weilbach, Dr Riana Steyn 
and Gys le Roux, another successful 
project is on its way to improve the 
lives of real people. 

The Career App.tizer team excelled 
at the 2015 Informatics Project Day, 
taking first place overall and receiving 
the awards for best documentation 
and most innovative system. They 
were the first group to win more than 
two awards at this event in the past 
five years. 

The Faculty of Engineering, Built 
Environment and Information 
Technology is proud to be the home 
of young innovators and expects great 
things from its Informatics students. 

A one-stop 
destination for  
learners’ career 
choice and study 
application needs. 



A visual representation of key concerns 
relating to cyber safety for children
Rachel Fischer

Digital wellness refers to the 

notion of “being well in a digital 

society”. Nowadays, this is a 

very important consideration, 

especially due to the  

prevalence of information  

and communication  

technologies (ICTs). 

Since ICTs permeate all sectors of 
society, a more user-friendly term 
for information ethics, namely 
digital wellness, was developed. 
Digital wellness is characterised by 
users’ ability to discern between 
the dangers and opportunities 
in cyberspace, to act responsibly 
and to align their online behaviour 
with their offline values. It is wrong 
to assume that digital wellness is 
only applicable to adults who have 
extensive access to mobile devices 
and computers. Rather, it is even 
more important for children and 
young adults, who are growing up 
with these devices at home and 
school. 

Following this need, the ACEIE and 
the Department of Information 
Science at the University of Pretoria 
developed nine books that address 
issues pertaining to digital wellness 
in 2015 and 2016. These books 
were developed in partnership 
with, among others, Intel Education, 
the UNESCO Information for All 
Programme (IFAP), the South African 
Department of Telecommunications 
and Postal Services and the 
Department of Basic Education. The 
Digital Wellness Toolkit offers an 
easy-to-use format (printed books) 
and illustrative means to convey 
key concerns. The books are also 
available in an electronic format via 
the Creative Commons Licence. 

Nine books were compiled to target 
the following three levels:

• Basic Education (primary and 
secondary levels/K1 to K12)

• Community level
• Volunteer projects

The ninth book – Let us play in safe 
nests! – was specifically developed, 
together with various stakeholders, 
to target teachers and children. It 
has colourful illustrations, poems 
and rhymes for easy recall. 

In the past, research was 
conducted on information ethics, 
but the need for a more user-
friendly term became more 
pronounced during various 
workshops and conferences 
hosted by the African Centre of 
Excellence for Information Ethics 
(ACEIE), based in the Department 
of Information Science. 

When confronted with the term 
“information ethics” people 
typically react in one of two ways. 
Firstly, they register the word 
“ethics” and assume the concept 
to be philosophic, which they 
perceive as something that few 
people actively pursue. Secondly, 
due to its engagement with ICTs, 
information ethics is viewed as a 
field that is limited to information 
technology and computer science. 
To date, the ACEIE and the 
African Network for Information 
Ethics (ANIE) have done 
extensive work to dispel these 
misconceptions. By engaging 
in international conferences, 
local workshops (in schools and 
municipalities) and lecturing at 
universities, the ACEIE has built 
up numerous partnerships within 
government, academia, civil 
society and the United Nations 
Education, Scientific and Cultural 
Organisation (UNESCO) towards 
raising awareness of the dangers 
and opportunities inherent in the 
roll-out of and growth in ICTs and 
broadband. 
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Today, the School leads the 
country in terms of student 
numbers, graduates and research 
contributions. It has over 5 700 
undergraduate and more than 2 500 
postgraduate students. Over the past 
60 years, some 15 700 undergraduate 
and 10 700 postgraduate degrees 
have been conferred and the School 
is home to the widest range of 
professional engineering disciplines 
in any engineering faculty in South 
Africa. In terms of the International 
Science Index (ISI) Essential Science 
Indicators, it ranks in the top 1% 
of engineering schools worldwide 
and is the highest-ranked school of 
engineering in South Africa.  

This legacy of 60 years bears witness 
to our predecessors, who have 
shown innovation, perseverance and 
tenacity in order to create a better 
tomorrow for their fellow human 
beings. This legacy inspires us today 
to pursue these same characteristics 
as we strive to continuously find 
innovative ways to create a better 
future for everyone.  

A few special events have already 
taken place to commemorate the 
University’s 60th anniversary of 
engineering education. Pioneers of 
the former Faculty of Engineering 
and current EBIT stakeholders came 
together to celebrate a legacy of 
hope, innovation and change during 
a gala dinner in March 2016. 

The keynote speaker of the evening 
was Norman Mbazima, CEO of 
Kumba Iron Ore. He shared the 
stage with Prof Gerrit van Rooyen, 
the first Head of the Department 
of Metallurgical Engineering, and 
Prof Jan Malherbe, the Dean of the 
Faculty of Engineering from 1989 

Celebrating a legacy of 60 years
The erstwhile Faculty of 

Engineering was established 

at the University of Pretoria 

in 1956 with 64 students. From 

these modest beginnings 

60 years ago, the School of 

Engineering, which today 

forms part of the Faculty of 

Engineering, Built Environment 

and Information Technology 

(EBIT), has shown exceptional 

growth and development. 

to 1999. Prof Cheryl de la Rey, Vice-
Chancellor and Principal, addressed 
the audience and confirmed that 
the Faculty of Engineering, Built 
Environment and Information 
Technology is undoubtedly a flagship 
of the University of Pretoria.

Prof Sunil Maharaj, Dean of the 
Faculty, was the host for the evening, 
and launched a booklet on the 
Faculty’s  60-year history, compiled 
by Prof Gert Pienaar. The booklet 
honours the Faculty’s pioneers 
and inspires present leaders to 
continue with their excellent work 
and contributions to create a better 
tomorrow.  

In May 2016, the University of 
Pretoria’s Symphony Orchestra 
(UPSO), conducted by Gerben 
Grooten, brought the audience 
an anniversary concert filled with 
medleys and memories. A special 
effort was made to invite alumni 
from the four schools in the Faculty 
to attend this event and share in the 
celebration of its achievements. The 
Faculty takes pride in its thousands 
of alumni for their contributions to 
society in this country and across the 
globe.  
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 Keynote speaker, Norman Mbazima,  
CEO of Kumba Iron Ore.

 Prof Cheryl de la Rey, Vice-Chancellor and Principal.  Gala Dinner host, Prof Sunil Maharaj.

 Prof Jan Malherbe, Dean of the 
Faculty of Engineering from 
1989 to 1999.

 Prof Gerrit van Rooyen, an early Head 
of the Department of Materials Science 
and Metallurgical Engineering.

Highlights of the Gala Dinner

In the words of Prof Maharaj: “It is 
through your efforts, affiliation and 
involvement that we can, together, 
proudly celebrate 60 years of 
engineering education at UP.”  

The vocalists, Monica Mhangwana 
and Mzwandile Mabuza, had the 
audience in the palms of their 
hands with their rendition of 
The Prayer. The programme was 
concluded with the masterpiece, 
World in Union, which brought a 
sense of hope. The audience was 
taken through a journey of time 
and sound, and each person could 
identify with a particular song or 
sound. Together, all our different 
sounds and songs resonate in 
harmony, because we all believe 
that innovation will bring about 
change. Change ignites hope 
within us, and hope is what our 
legacy is built on.  Prof Sunil Maharaj welcomes guests to the Anniversary Concert.
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The School boasts state-of-the-art facilities for teaching, learning and research. 
Some of these include the following: 

A review of 60 years of  
engineering education

As we celebrate the School 

of Engineering’s legacy of 

60 years of excellence, it 

is with pride that we look 

back at the development 

of the School since the 

establishment of a Faculty 

of Engineering with three 

founding departments in 

1956: Civil Engineering, 

Mechanical Engineering 

and Electrotechnical 

Engineering. Today it has 

seven departments that are 

leaders in their fields, as 

well as a separate Graduate 

School of Technology 

Management. We review 

the development of this 

prestigious school in 

terms of its cutting-edge 

facilities and outstanding 

research outputs, as well 

as the achievements of 

each individual department 

as the School prepares to 

enter the next phase in its 

history.

· The new Engineering 3 Building 

· The award-winning Mining Industry 
Study Centre 

· The Kumba Virtual Reality Centre for 
Mine Design

· The African Rainbow Minerals 
Mining Exhibition Centre
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History of the School 

The University of Pretoria was 
established in 1908, and by 1920, 
included agricultural engineering in 
its academic offering. However, a 
need was identified for training in 
other fields of engineering as well. 
The idea of a separate Faculty of 
Engineering was planted in the 1930s, 
but plans were put on hold with the 
outbreak of World War II. In 1947, 
Senate appointed a committee to 
investigate the establishment of such 
a faculty. Due to financial constraints, 
the idea was abandoned in 1948 in 
favour of the establishment of the 
Faculty of Dentistry in 1950.

South Africa was in dire need of 
engineers, and the University 
continued to investigate how best 
to go about establishing a faculty 
that would cater to this need. 
The Suid-Afrikaanse Akademie 
vir Wetenskap en Kuns and the 
erstwhile Department of Education, 
Arts and Science conducted research 
to determine the projected shortage 
of engineers in the country. The 
University’s proximity to research 
centres and industry was an 
additional motivating factor, as was 
the huge potential of recruiting 
engineering students from the large 
farming population in the northern 
provinces of the country.

In 1951, the Vice-Chancellor at 
the time, Prof Cas Rautenbach, 
established a committee, mainly 
from the Faculty of Mathematics and 
Natural Science, to urgently investigate 

the establishment of a fully fledged 
Faculty of Engineering at the University 
of Pretoria. Council approved the 
establishment of the Faculty of 
Engineering on 16 September 1954.

The new faculty was set to house 
seven departments: newly established 
departments of Mechanical 
Engineering, Civil Engineering, 
Electrotechnical Engineering, 
Metallurgical Engineering, Chemical-
Technical Engineering and Mining 
Engineering, together with the 
existing Department of Agricultural 
Engineering. Lectures officially began 
at the beginning of 1956, and  
Prof Rautenbach addressed the first 
group of 64 engineering students. 

This first intake was, however, 
restricted to registration in Civil, 
Electrotechnical and Mechanical 
Engineering. The first Dean of the 
Faculty was Prof Cornelius Andries 
du Toit, who also served as Head 
of the Department of Mechanical 
Engineering. Prof Dirk Wouter de 
Vos was appointed Head of the 
Department of Civil Engineering and 
Prof Gustav Heymann was Head of 
the Department of Electrotechnical 
Engineering.

In 1959, the Faculty expanded to 
include the departments of Chemical 
Engineering (with Prof Dawie  
Schoeman as Head of Department) 
and Metallurgical Engineering 
(with Prof WG Leemann as Head of 
Department). Industrial Engineering 
was incorporated as a subdivision 
of the Department of Mechanical 

Engineering. During later years, the 
departments of Mining Engineering, 
and Electronic and Computer 
Engineering were also introduced. 
The total student registration 
increased from the original 64 in 
1956 to 469 at the beginning of 1959 
to over 8 200 today.

Construction commenced on a new 
building to house the Faculty. The first 
sections of the current Engineering 2  
Building (known as the JG Strijdom 
Building for Engineering) were 
completed in April 1957. Prior to this, 
lecture halls and laboratory facilities 
of the Faculty of Mathematics and 
Natural Science were utilised for 
engineering students.

During 1958, the Heavy Machinery 
Laboratories were completed, 
followed by the completion of the 
remainder of the Engineering Building 
in 1960. During subsequent years, 
steady growth was experienced and 
several new buildings were added to 
house state-of-the art laboratories, 
lecture halls and offices.

The School offers several 
postgraduate programmes and 
has conferred some 10 700 
postgraduate degrees over the 
past 60 years. In 2000, the Faculty 
of Engineering became part of the 
new Faculty of Engineering, Built 
Environment and Information 
Technology, which comprises 
the schools of Engineering, Built 
Environment and Information 
Technology, as well as the Graduate 
School of Technology Management.

1956
1959

1960
1964

1965
1975

1974
1973

1971
1976

1986
1999

2000
2007

1991
1992

1994

Establishment of the Faculty of Engineering at the University of Pretoria
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Faculty of Engineering, Built 
Environment and Information 
Technology

Establishment of the Department of Mechanical Engineering Addition of Aeronautical Engineering

Establishment of the 
Department of  
Metallurgical Engineering

Establishment of Department of Engineering 
and Technology Management

Establishment of the Department of Chemical Engineering

Establishment of the Department of Mining Engineering

GSTM
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Establishment of the Department of Civil Engineering

Establishment of the Department of Mechanical Engineering Addition of Aeronautical Engineering

Establishment of the Department of 
Electrotechnical Engineering

Department of Electrical Engineering
Department of Electrical and Electronic 
Engineering

Department of Electrical,  
Electronic and Computer  
Engineering

Establishment of the Department of Industrial and Systems Engineering

Addition of the Industrial Engineering Programme

Department of Metallurgy and 
Metallurgical Engineering Department of Materials Science and Metallurgical Engineering

Department of Electronic Engineering
Department of 
Electronic and 
Computer Engineering
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 An overview of the development of the incredible facilities of the Faculty, in 
particular those related to the School of Engineering, over the past 60 years.
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Facilities

The second part of the current 
Engineering 2 Building was completed 
in 1960, while an additional wing 
was added to the Heavy Machinery 
Laboratories in 1973. 

In 1975, the Engineering Tower 
Building (Engineering 1) was 
completed. This building makes 
provision for the Dean’s Office, 
administrative staff, departmental 
offices and 10 lecture halls with 
a total of 700 seats. In 1987, the 
Physics Building was renovated to 
accommodate the departments of 
Materials Science and Metallurgical 
Engineering, and Mining Engineering. 
The building is now known as the 
Mineral Sciences Building. It also 
houses the Department of Geology, 
which promotes essential interaction 
between these three disciplines. In 
2015, a fifth level was added as an 
extension for the Department of 
Mining Engineering. This level is home 
to the Kumba Virtual Reality Centre 
for Mine Design, among others.

The Engineering 3 Building was 
completed in 2011. It comprises six 
lecture halls, laboratories, offices 
and a parkade in the basement. The 
Mining Study Centre, which makes 
provision for 880 students, was 
inaugurated in 2013. The design 
utilises an additional 3 000 m2 of 
previously unused space at street 
level beneath the Engineering 1  
Building. The developed area 
consists mainly of a large arched 
roof covering a ground level and 
mezzanine interior. It supports the 
on-campus study needs of students 
in a computer laboratory and also 
provides facilities for individual and 
group work.
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in Africa and is used for various 
research projects. It is used to 
emulate realistic soil behaviour in 
scale models, including models of 
sinkholes, mine backfill subsidence, 
cave mining, railway embankments, 
pavements, and soil-structure 
interaction of footings and culverts. 

Other research facilities include the 
Geotechnical Testing Laboratory, 
Concrete Laboratory, Timber 
Laboratory, Heavy Test Floor and 
Railway Track Component Testing 
Facility.

The Chair in Railway Engineering was 
established in 1996 when Spoornet 
(now Transnet Freight Rail) initiated a 
partnership between industry and the 
University. This partnership focuses 
on graduate training, continuing 
education for industry and railway 
research. Prof Hannes Gräbe is the 
incumbent of this Chair.  

The Department is at the forefront 
in pavement-related research. 

Equipment has been donated by 
PaveTesting Ltd to measure pavement 
profile and friction, with the objective 
of supporting education in pavement 
engineering in South Africa. This 
generates opportunities for hands-
on training and research at both 
undergraduate and postgraduate 
level, enabling the University to remain 
at the cutting edge of pavement 
research. 

The Department is making a 
significant contribution to research 
in the generation of hydropower. In 
2015, Marco van Dijk was awarded 
the Water Research Commission’s 
Knowledge Tree Award in the 
category New Products and Services 
for Economic Development. 
He received this award for his 
significant contribution to water 
science and technology, and the 
impact his research has had on 
economic development. His work 
focuses on conduit hydropower, an 
alternative, unconventional method 
of generating electricity. 

Civil Engineering

The Department of Civil Engineering 
was one of the three founding 
departments to be established in the 
Faculty in 1956. It quickly grew into 
one of the largest departments, and 
in 1973, had a record number of 719 
undergraduate students. Prof Dirk 
Wouter de Vos was the first Head 
of Department (1956–1981). He was 
followed by Prof Pieter Retief von 
Willich (1981–1984), Prof Archie Rhode 
(1984–1997) and Prof Emile Horak 
(1997–1999). The first female Head of 
Department, Prof Elsabé Kearsly, was 
appointed in 2007. Prof Wynand Steyn 
succeeded Prof Kearsly in 2016 and is 
the current Head of Department. 
 
The Department has grown 
considerably over the past five years, 
with its biggest undergraduate 
classes boasting 160 graduates 
annually. In 2012, the Department 
acquired the largest geotechnical 
centrifuge in the southern 
hemisphere. It is the only one 

Research

The Faculty’s research activities have gained momentum since the mid-1970s. There are specialist research groups 
and financed research chairs in all the academic departments of the School of Engineering. In addition, an ever-
increasing number of academic staff members have received ratings from the National Research Foundation (NRF).

According to the Thomson Reuters ISI Essential Science Indicators (ESI), as published in February 2016, the School is 
ranked in the top 1% of engineering schools in the world, and is 511th on global scale. In terms of the ESI citations 
list, it is ranked the highest of any school of engineering in South Africa. Research receives strong support from the 
large number of postgraduate students registered at honours, master’s, doctoral and postdoctoral level. 
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Mechanical and Aeronautical 
Engineering

The Department of Mechanical and 
Aeronautical Engineering developed 
out of one of the three founding 
departments that was established 
in 1956. The focus was originally on 
mechanical engineering alone, but 
an industrial engineering programme 
was introduced in 1958, which 
grew into a separate Department 
of Industrial Engineering in 1975. 
An aeronautical engineering focus 
was introduced in 1991 when the 
Department formally changed 
its name to the Department of 
Mechanical and Aeronautical 
Engineering. 

The Department grew steadily from 
its first intake of approximately 
20 students. The first Head of 
Department was Prof Cornelius 
Andries du Toit (1956–1974). The 
subsequent heads were Prof Jacobus 
Visser (1975–1984), Prof Pierre Cloete 
Haarhoff (1985–1990), Prof Jasper 
Lodewyk Steyn (1990–2001) and  
Prof Josua Meyer (2002 to present). 
Under the leadership of Prof Meyer,  
the Department has grown 
significantly in student numbers, 
infrastructure, equipment and 
research output. It is the biggest 
programme in the School of 
Engineering and is one of the largest 
in the world with approximately  
1 800 students (1 400 undergraduate 
and 400 postgraduate students). 

The Department’s laboratories 
were originally designed and built 
as teaching laboratories, but the 
increasing emphasis on research 
created a demand for research 
space and state-of-the-art research 
equipment. The increased student 
numbers and changes in technology 
also required the restructuring 
of laboratory spaces, more 
sophisticated laboratory equipment 
and a modern workshop.

More laboratories, lecture venues, 
office space and student learning 
spaces were introduced with the 
completion of the Engineering 3  
Building. The Department modernised 
most of its teaching equipment, 
established three major laboratories, 
and is presently modernising its 
workshop. All three laboratories 
are equipped with state-of-the-art 
equipment and the experimental 
research output that is produced is of 
an international standard. 

The Department conducts research 
that is of local and international 
relevance in the broad fields of asset 
integrity management, clean energy 
and vehicle engineering. 

The following chairs are sponsored 
by industry: 

• Eskom Chair for Plant Asset 
Management

• Rand Water Chair in Mechanical 
Engineering

• Weir Minerals and Exxaro Chair 
in Maintenance Engineering

• LMT Chair in Vehicle Engineering
• CSIR Chair in Aeronautics

The Centre for Asset Integrity 
Management was established in 2014, 
with Prof Stephan Heyns as Director. 

The Department conducts 
collaborative research projects with 
leading international universities 
such as the Massachusetts Institute 
of Technology (MIT), Duke, Ghent, the 
Swiss Federal Institute of Technology 
in Lausanne, Imperial College, Delft 
University of Technology, Chalmers, 
Virginia Tech, Tsinghua and Wrocław. 

Industry-related research is supported 
by Airbus, the American Society 
of Heating, Refrigeration and Air-
conditioning Engineers, the European 
Research Office of the US Army,  
EU Horizon and the Mine Health  
and Safety Council. 

The Department produces between 
a quarter and a third of the 
country’s mechanical engineers. It 
also produces research outcomes 
that are relevant to industry, both 
locally and internationally. The large 
student numbers and high quality of 
its research make the Department 
a national strategic asset that has a 
significant influence on the growth 
of the economy, job creation and the 
international competitiveness of our 
local industry. 
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Electrical, Electronic and 
Computer Engineering

The Department of Electrical, 
Electronic and Computer Engineering 
developed out of the Department of 
Electrotechnical Engineering, one of 
the three founding departments to 
be established in the Faculty in 1956. 
Prof Gustav Heymann was the first 
Head of Department. In 1971, the 
name of the Department changed 
to the Department of Electrical 
Engineering due to the emphasis 
falling on energy (aimed at the 
heavy industries developing in South 
Africa), rather than communication. 
An academic chair in Electronic 
Engineering was also founded in the 
Department, originally named the 
Carl and Emily Fuchs Academic Chair.

In 1974, Electronic Engineering split 
from Electrical Engineering and 
an independent Department of 
Electronic Engineering was founded 
with Prof Louis van Biljon as head. In 
1986, the name of this department 
changed to the Department 
of Electronic and Computer 
Engineering.

Owing to academic considerations, 
the two departments merged in 
1991, and on 1 April 1992, the 
Department of Electrical and 
Electronic Engineering was founded. 

In 1998, South Africa’s first Computer 
Engineering degree was designed in 
the Department, and in January 1999, 
the first group of students enrolled for 
the programme, which was introduced 
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Carl and Emily Fuchs Institute for Microelectronics

The Carl and Emily Fuchs Institute for Microelectronics (CEFIM) is the oldest 
institute in the School of Engineering and has been doing research and 
development in the fields of microelectronics, photonics and optoelectronics 
since 1973. 

CEFIM has made a valuable contribution to the local microelectronics industry 
over the years and many CEFIM alumni have established themselves as 
leaders in the field, both in South Africa and internationally. The research 
and postgraduate programmes are mainly in the field of integrated circuit 
design, especially the design of analogue signal processors, radio-frequency 
circuits and optical receivers in complementary metal-oxide-semiconductor 
(CMOS) technology. Other important activities include the simulation and 
modelling of circuits, devices and processing technologies, as well as applying 
semiconductors as optoelectronic devices.

by Prof Wilhelm Leuschner, Head of 
Department from 1994 to 2011.

In 2000, the name of the Department 
changed once again to the 
Department of Electrical, Electronic 
and Computer Engineering to 
indicate clearly that students work in 
three fundamental fields. 

Prof Sunil Maharaj (the current Dean) 
was appointed Head of Department 
in 2011. Prof Johan Joubert is the 
current Acting Head of Department.

The Department is prominent 
in producing registered patents 
of novel electronic devices and 
systems. The highly sophisticated 
field of light-emitting silicon is very 
important in achieving the ultimate 
speed of operation (speed of light) 
in computing devices such as 
microprocessors. Research into this 
innovation started as early as 1990 
and was commercialised in 2010.

Prof Jan Malherbe is considered to 
be one of the leading researchers in 
the Department. He was one of the 
first engineering academics at UP 
to receive a B-rating from the NRF 
and, over the span of his career at 
UP, has received numerous awards 
for his research achievements and 
contribution to the advancement of 
research. 

In 2010, Prof Xiaohua Xia became 
the first engineering academic and 
researcher at UP to be awarded an 
A-rating by the NRF. The Department 
has 13 NRF-rated researchers, which 
is exceptional for any engineering 
department in South Africa. 

The major sponsors for the research 
and educational offerings in the 
Department are Armscor, Bytes 
Universal Systems, CBI Electric, 
Exxaro, the Department of Science 
and Technology, Eskom, GENDAC, 
GEW, Huawei, MOSIS, the NRF, 
Parsec, Powertech, the South African 
National Energy Development 
Institute (SANEDI), Siemens, ST 
Microelectronics, Telkom, Tempetech 
(Microchip), Sentech and Vodacom.

The following centres of expertise have 
been established in the Department:
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Industrial Metals and Minerals 
Research Institute

IMMRI was founded in 1999 with 
the financial support of Iscor 
(now known as ArcelorMittal 
South Africa). A number of 
the corporation’s researchers 
and equipment were moved 
to tailored facilities in the 
Department of Materials Science 
and Metallurgical Engineering to 
enable IMMRI to perform contract 
research for Iscor. This resulted in 
a mutually beneficial interaction 
between IMMRI and the 
Department. IMMRI now functions 
as a self-funded institute within 
the University, and is linked 
internationally to the research 
activities of ArcelorMittal, Vanitech 
and Companhia Brasileira de 
Metalurgia e Mineração (CBMM). 

Prof Tom von Moltke was 
instrumental in the establishment 
of the research institute. He 
served as its first director and as 
extraordinary professor in the 
Department of Materials Science 
and Metallurgical Engineering 
until his retirement in 2013. 
He succeeded in establishing 
IMMRI as the country’s leading 
entity, providing high-level 
support to the steel industry 
on physical metallurgy, surface 
characterisation and production 
support. He also promoted strong 
ties between the steel industry 
and the Department. Prof Roelf 
Sandenbergh currently serves as 
Acting Director of IMMRI. 

• Advanced Sensor Networks 
Group 

• CBI Electric Low Voltage Chair in 
Power Electronics 

• Carl and Emily Fuchs Institute for 
Microelectronics 

• Centre for Electromagnetism 
• Centre for New Energy Systems
• Centre for Telecommunications 

Engineering in an Information 
Society 

• South African National Hub for 
the Postgraduate Programme in 
Energy Efficiency and Demand 
Side Management 

• Exxaro Energy Efficiency Chair 
• SARChI Chair in Advanced Sensor 

Networks
• Sentech Chair in Broad-

band Wireless Multimedia 
Communication

In addition to these research focus 
areas, the Department also conducts 
research in bioengineering, primarily 
related to auditory prostheses for the 
deaf, and microwave and mm-wave 
microelectronics. It maintains close 
contact with industry, government 
and other institutions through 
contract research and consulting. 

Materials Science and 
Metallurgical Engineering

The Department of Materials Science 
and Metallurgical Engineering was 
established in 1959 with Prof WG 
Leemann as Head of Department. He 
passed away during the subsequent 
year and Prof Gerrit Tertius van 
Rooyen was appointed as his 
successor (1960–1994). The first 
group of graduates completed their 
studies in 1962. Prof Van Rooyen 
stepped down in 1994 and was 
succeeded by Prof Rian Dippenaar 
(1994–1996), Prof Roelf Sandenbergh 
(1996–2001), Prof Chris Pistorius 
(2001–2008), Prof Madeleine du Toit 
(2008–2015) and Prof Roelf Mostert 
(2015 to present). 

The Department is currently the 
only fully integrated metallurgical 
engineering department at tertiary 
level in South Africa and exposes 
future professional metallurgical 
engineers to the full scope of the 
minerals/metals discipline, ranging 
from minerals processing, and pyro- 
and hydro-extractive metallurgy to 

physical metallurgy, and welding and 
corrosion metallurgy. 

Metallurgical engineers who 
graduate from the University of 
Pretoria can make a meaningful 
contribution to any branch of 
metallurgy in the minerals/metals 
industrial cycle in South Africa and 
even abroad. Specialisation is offered 
at honours level with an advanced 
teaching programme that includes 
exposure to the latest technological 
and academic developments in the 
metallurgical industry. 

The Department is active in the 
following six research and teaching 
programmes: minerals processing, 
pyrometallurgy, hydrometallurgy, 
welding engineering, physical 
metallurgy and corrosion. Its research 
programme is focused on industrial 
problems faced by the metallurgical 
industry in South Africa and in 
the rest of Africa, and it receives 
generous financial support from 
leading mining and metallurgical 
companies such as Anglo American, 
Glencore Xstrata, Tenova/Bateman, 
Kumba Iron Ore, Exxaro, Columbus 
Stainless, ArcelorMittal South Africa, 
BHP Billiton and Anglo Coal. 

Over the years, the Department has 
witnessed a number of highlights. 
During the 1980s, its contribution 
to the South African development 
of 3Cr12, a new corrosion-resistant 
steel, gave impetus to the research 
activities of the physical metallurgy 
programme. In the 1990s, close 
collaboration was established with 
Iscor (now known as ArcelorMittal 
South Africa) with regard to some 
of the research and development 
activities of the corporation. This 
resulted in the establishment of 
the Industrial Minerals and Metals 
Research Institute (IMMRI) in 1999. 

In its pursuit of excellence in research 
and teaching, the Department 
utilises a range of sophisticated 
analytical and simulation equipment, 
including a deformation dilatometer, 
a thermomechanical simulator, 
and scanning electron microscopes 
with electron backscatter diffraction 
facilities, as well as a transmission 
electron microscope with Auger 

spectroscopy and Fourier transform 
infrared spectroscopy capabilities. 

The following industry-sponsored 
research chairs have been 
established in the Department: 

• Anglo American Centre of 
Pyrometallurgy 

• South African Institute of 
Welding (SAIW) Centre for 
Welding Engineering 

• Tenova/Bateman Research Chair 
in Minerals Processing 

• Glencore Research Chair in 
Pyrometallurgical Modelling



Chemical Engineering

The Department of Chemical Engineering was officially established in 1960, with  
Prof Dawie Schoeman as the first Head of the Department. The first graduates completed 
their studies in 1962. When Prof Schoeman became Dean of the Faculty in 1980, Prof Uys 
Grimsehl took over as Head of Department. Prof Philip de Vaal succeeded him in 2004.

The following industry-sponsored research chairs have been established: 

• Rand Water Chair in Water Utilisation Engineering
• East Rand Water Care Company (ERWAT) Chair in Waste Water Management
• SARChI Chair in Carbon Technology and Materials
• DST Chair in Fluoro-material Science and Process Integration 
• Sedibeng Water Chair in Water Utilisation Engineering

Several members of the Department have been acknowledged for notable research 
achievements. In 2008, Prof Thoko Majozi, who is currently an extraordinary professor 
in the Department, received the Silver Medal of the British Association, which was 
awarded by the Southern African Society for the Advancement of Science (S2A3). In 
2009, he was appointed as a research fellow of the CSIR, and in 2010, he received the 
South African Institution of Chemical Engineers (SAIChE) Bill Neal-May Gold Medal 
Award for outstanding achievement and international recognition. In 2012, Prof 
Willie Nicol received SAIChE Innovation Award for achievements in the field of reactor 
technology. Prof Brian Rand, currently an extraordinary professor in the Department, 
was one of two scientists in the School of Engineering to receive an A-rating from 
the NRF. In 2015, Michael Bradfield received the S2A3 bronze medal for his master’s 
dissertation. Dr Hein Badenhorst, a senior lecturer in the Department, was selected as 
second runner-up in the 2015 Gauteng Accelerator Programme (GAP) Awards in the 
Green Innovation category. He also submitted the best paper at the 2015 South African 
Solar Energy Conference, and was invited as a plenary speaker at the 2016 World 
Conference on Carbon, organised by the American Chemical Society.

Prominent alumni from the Department include the following:

• Prof Hans van Leeuwen, professor of Environmental and Bioengineering at Iowa 
State University (Class of 1975)

• Ralph Havenstein, former Executive Director of Sasol and CEO of Anglo Platinum  
(Class of 1977) 

• Renus Kelfkens, Senior Vice-President: Engineering at Sundrop Fuels, Longmont, 
Colorado (Class of 1977) 

• Prof Henk Viljoen, Distinguished Professor and Chairperson: Department of 
Chemical and Biomolecular Engineering at the University of Nebraska-Lincoln 
(Class of 1979) 

• Rudi Heydenrich, Senior Vice-President: Research and Technology at Sasol Limited 
(Class of 1982) 

• Ingmar Boesenberg, former Supply Chain Director at SAB-Miller (Class of 1983)
• Marius Kloppers, former CEO of BHP-Billiton (Class of 1986)
• Elgonda la Grange, Director: Global Consulting Services at Honeywell (Class of 1986)
• Stephan Schoeman, Executive Vice-President: Technology at Sasol Limited  

(Class of 1986)
• Marinus Niemand, Programme Director: Capital Excellence at Sasol Synfuels  

(Class of 1996)

Research areas pursued in the Department include biotechnology and bioreaction 
engineering, particle and droplet technology, process modelling, control and 
optimisation, polymers and advanced materials, tribology, water utilisation and 
environmental engineering. This research is supported by a variety of analytical 
equipment, the replacement value of which is in excess of R50 million. The 
Department’s laboratory facilities have been refurbished and expanded considerably 
during a comprehensive upgrading project at a cost of more than R80 million, 
completed at the end of July 2015. This will enable the Department to continue 
playing a leading role locally, in Africa and globally. 
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Mining Engineering

The Department of Mining 
Engineering was established in 
1961, although the first 89 mining 
engineering students enrolled at the 
erstwhile Faculty of Mathematics and 
Natural Science in 1956.  
Prof Jacob de Villiers Lambrechts 
served as the first Head of 
Department (1964–1974). He was 
succeeded by Prof Frederik Quintin 
Painter Leiding (1975–1981),  
Prof Alfred Norgraad Brown  
(1981–1996), Prof Gert André Fourie 
(1996–2001), Prof Nielen van der Merwe  
(2001–2007) and Prof Ronny Webber-
Youngman (2007 to present).

Since its inception, the Department 
has contributed greatly to the mining 
industry by providing world-class 
mining engineering leaders. The 
Department has established a sound 
foundation on which to continue 
the development of its teaching, 
research and community service. 

The Kumba Virtual Reality Centre 
for Mine Design – the first of its 
kind in Africa – is set to change the 
face of teaching on the continent 
and will establish UP as the leading 
institution in mining engineering 
in Africa. The Centre was built on 
top of the existing Mineral Sciences 
Building. Within the Virtual Reality 
Centre, an immersive three-
dimensional, 360˚cylinder (which 
accommodates 25 students at a 
time) is supported by a state-of-the-
art, 76-seat mine design lecture hall 
and a 47-seat three-dimensional 
cinematic theatre. The cylinder is 
4.5 m high and has a diameter of 
10 m. It is equipped with surround 
sound and overhead projectors that 
take students right into the heart 
of a mine, whether speeding down 
a shaft or walking along tunnels, 
potentially exposing them to every 
facet of mining engineering. This 
contemporary teaching approach 
exposes students to several 
aspects of mining engineering via 
different packages (such as hazard 
awareness, mine design and various 
mining methods) in an immersive, 
three-dimensional environment. 
Difficult and dangerous conditions 
can be simulated, addressed and 

understood in a safe and controlled 
virtual environment. 

As the mining industry is so diverse, 
there are a number of specialist 
fields within the mining sphere. 
The Department has organised 
its research activities according to 
the following research areas: rock 
mechanics and underground mine 
design, rock breaking and surface 
mining, management and leadership, 

mine ventilation engineering, risk 
management and mineral economics.

The following industry-sponsored 
research chairs have been 
established in the Department: 

• Harmony Chair in Rock 
Engineering and Numerical 
Modelling

• Sasol Chair in Safety, Health and 
Environment
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Industrial and Systems 
Engineering

Industrial engineering is an 
extensive field of study. It consists 
of many diverse scientific disciplines 
with interfaces to various fields of 
study from the sciences, engineering 
and management. Over the past 
few decades, the Department 
has distinguished itself as one of 
the best providers of industrial 
engineering education in South 
Africa. The Department’s operations 
research is a particular strength.  

An industrial engineering programme 
was introduced in the Department of 
Mechanical Engineering in 1958. The 
first industrial engineering students 
were enrolled in 1960, and the first 
graduation of industrial engineers 
in South Africa took place in 1963. 
The Department of Industrial and 
Systems Engineering was established 
as an individual department in 1975, 

with Prof Johan Botha as Head of 
Department (1975–1990). He was 
succeeded by Prof Paul Kruger 
(1990–1996), Prof Schalk Claasen 
(1996–2009) and Prof Sarma Yadavalli 
(2009 to present). It is the oldest 
and biggest industrial engineering 
department in South Africa, and 
its alumni continue to impress the 
national and international milieu 
with their knowledge, experience, 
creativity and diligence. 

In 1981, academic staff members 
initiated and served as members 
of the South African Institute of 
Industrial Engineering (SAIIE). 
The South African Council of 
Professional Engineers recognised 
the professional status of the 
industrial engineer as a fully 
fledged, independent and distinct 
engineering discipline in 1984. In 
1987, the Department’s academic 
staff members were involved in the 
establishment of The South African 

Journal of Industrial Engineering 
(SAJIE) as the official journal of 
the SAIIE. The journal gained 
international recognition as an 
accredited scientific journal (ESI 
Science Citation Index).

The Department’s research stems 
from three research groups: 
Supply Chain Engineering, Business 
Engineering and Optimisation. 
Research topics currently considered 
in supply chain engineering include 
supply chain design methodologies, 
supply chain modelling and 
optimisation, intelligent logistics, 
and reverse supply chains. Business 
engineering is emerging as a new 
discipline to address the design of 
the enterprise in a coherent and 
holistic way. Research in the field of 
optimisation includes large-scale, 
agent-based transport modelling, 
commercial vehicle behaviour, waste 
collection optimisation and the 
analyses of risky driver behaviour. 
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Engineering is the 
art of directing 
the great sources 
of power in nature 
for the use and 
convenience of man.

- Thomas Tredgold
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Graduate School of 
Technology Management

The need for postgraduate 
education in engineering and 
technology management arises 
from two primary considerations: 
the classic approach to under-
graduate education and the 
requirements of industry. The 
classic approach educates 
engineers in a specific engineering 
discipline. The graduate engineer 
then enters his or her practical 
career as a specialist. 

Considering the vast scope 
and content of the various 
disciplines, as well as the maturity 
of the average undergraduate 
student, it is unfeasible to devote 
attention to the “engineering 
process” or “management 
issues” at undergraduate level. 
Within the first four to six years 
of the engineer’s career, it is 
accepted that he or she will 
become increasingly involved in 
the management of the process 
by which engineering systems, 
products and services are 
created, utilised and maintained. 
This requires the management 
of resources such as technical 
and other personnel, funds and 
facilities, and the cost-effective 
integration of the contributions of 
more than one person and more 
than one discipline. This calls for 
skill and knowledge in which the 
engineer has not been trained.

A Chair for Engineering Manage-
ment, sponsored by industry, was 
established in 1987, with  
Prof Gideon de Wet as its first 

incumbent. The Chair developed 
a Master’s in Engineering 
Management (MEM) programme 
and 45 students were admitted 
in 1989. Since then, between 40 
and 60 practising engineers from 
across the industry spectrum have 
registered for the programme 
annually. Building on the success 
of the start-up years, a separate 
department was created in the 
erstwhile Faculty of Engineering in 
1994, the first and only one of its 
kind in South Africa. 

This evolved into the Department 
of Engineering and Technology 
Management in 1994, the first and 
– at the time – only department 
of its kind at a South African 
university. Prof Antonie  
de Klerk was the first Head of 
Department. In 2000, Prof Tinus  
Pretorius succeeded him as 
Head of Department. The 
Department went from strength 
to strength, and postgraduate 
student numbers soon exceeded 
1 000. The Graduate School of 
Technology Management (GSTM) 
evolved from this department and 
was established on 1 January 2007 
as a fourth school in the Faculty.

A Master’s in Project Manage-
ment (MPM) programme was 
established in 1999 and 45 
students were admitted. Due to 
the popularity of the programme, 
the numbers have grown to 
between 70 and 80. The GSTM 
is registered with the Project 
Management Institute (PMI) in 
the USA as a Global Education 
Provider and claims to be the 
capital for project management 
research and training in Africa. 
In 2008, the MPM received 
international accreditation from 
the Global Accreditation Center for 
Project Management Education 
Programs (GAC) of the PMI, USA.

Management of Technology 
(MOT) honours and master’s 
(dissertation) programmes 
were launched in 1995, 

aimed at recently graduated 
engineers and scientists. In 
2004, a Master’s in Technology 
Management (MTM) was 
introduced. This is aimed 
at graduates with an MOT 
degree to further prepare 
them for leadership roles in 
business through professional 
postgraduate education.

Today, the GSTM offers a 
variety of engineering-, project- 
and technology management-
related programmes. Several 
individuals from industry 
are involved on a part-time 
basis, mostly as extraordinary 
professors. Internationally 
recognised programmes are 
offered at honours, master’s 
and doctoral level. Programmes 
address different needs in 
technology management, 
project management, 
engineering management, life 
cycle management and asset 
management. 

A strong focus on research 
ensures competitive education. 
Research also ensures relevance 
to the market in terms of 
increased competitiveness, 
optimising product life cycles, 
technology transfer and the 
positioning of technological 
abilities within the international 
context. The GSTM’s academic 
and research offering and 
consultation services to industry 
contribute to relevance, 
competitiveness and excellence.

Collaboration with both local 
and international institutions 
is of great importance to the 
GSTM. This contributes to the 
continuous improvement in 
the quality of its research and 
educational activities. It has 
a long-standing collaboration 
with Tilburg University in The 
Netherlands, and academics 
from both institutions engage 
in exchange programmes for 
research and teaching activities. 
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In its strategic plan for the period 
2012 to 2025, the University decided 
to concentrate on problems of 
national and/or regional concern 
in order to maximise local impact, 
while enhancing its academic 
stature and visibility within a highly 
competitive international world.

For many years, the University 
has been involved in a substantial 
amount of research and 
development associated with 
nuclear projects. Specialists from 
many of the University’s faculties 
have contributed extensively to the 
successes achieved at the uranium 
enrichment plant of the South African 
Nuclear Energy Corporation (Necsa) 
at Pelindaba, Pretoria, as well as at 
the Koeberg Nuclear Power Station 
in the Western Cape. The technology 
development projects that were 
identified to improve the design of 
the Pebble Bed Modular Reactor 
(PBMR) in 2008 also made extensive 

UP to host the NNR Centre for  
Nuclear Safety and Security 

The National Nuclear Regulator 

(NNR) has taken the initiative of 

establishing a Centre for Nuclear 

Safety and Security (CNSS) 

at the University of Pretoria. 

This is mainly motivated by 

government’s envisaged nuclear 

expansion programme. The plans 

will be set in motion as soon as 

the Memorandum of Agreement 

has been signed between the 

NNR and the University of 

Pretoria.

use of the specialist knowledge 
available in a number of departments 
at the University of Pretoria.  

Nuclear energy initiatives in 
South Africa

South Africa’s nuclear industry dates 
back to the mid-1940s. In 1948, the 
Atomic Energy Act established the 
Atomic Energy Board (AEB) with the 
immediate objective of regulating 
the uranium industry in South Africa. 
The AEB later became the Atomic 
Energy Corporation (AEC). South 
Africa became a member state of the 
International Atomic Energy Agency 
(IAEA) in 1957.

In 1959, the South African government 
approved the establishment of a 
domestic nuclear industry, and 
planning for a research reactor began 
the following year, in cooperation with 
the US Atoms for Peace Programme. 
This led to the establishment of the 
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Pelindaba site near Pretoria in 1961. 
In 1963, the Nuclear Installations 
Act of 1965 provided for licensing, 
and in 1970, South Africa embarked 
on an extensive nuclear fuel 
cycle programme, as well as the 
development of a nuclear weapons 
capability.

In 1982, the Nuclear Energy Act of 
1999 made the AEC responsible for 
all nuclear matters in the country, 
including uranium enrichment. The 
Council for Nuclear Safety (CNS) 
was established in 1982 as an 
independent regulatory body with 
consultative functions in the process 
of issuing nuclear licenses. A major 
milestone in the development of 
the regulatory control of the nuclear 
industry in South Africa was reached 
in 1988 when the CNS became 
responsible for regulating the safe use 
and handling of nuclear materials to 
protect human health, safety and the 
environment against nuclear damage.

In 1991, South Africa signed the 
Nuclear Non-Proliferation Treaty 
(NPT) and announced the voluntary 
dismantling of its nuclear weapons 
programme in 1993. In 1995, the 
International Atomic Energy Agency 
(IAEA) declared that it was satisfied 
that all materials were accounted for 
and that the weapons programme 
had been satisfactorily terminated 
and dismantled. In 1996, South Africa 
signed the African Nuclear Weapon 
Free Zone Treaty, also known as the 
Pelindaba Treaty.

The Nuclear Energy Act of 1999 
gave the responsibility for nuclear 
power generation, radioactive waste 
management and the country’s 
international commitments to the 
erstwhile Minister of Minerals and 
Energy (now the Minister of Energy). 
The National Nuclear Regulator Act 
of 1999 set up the NNR to replace 
the former CNS. It was established 
to regulate safety standards and 
regulatory practices in the nuclear 
industry, and is responsible for 
granting nuclear authorisations 
and exercising regulatory control 
related to the safety of the location, 
design, construction, operation and 
manufacture of component parts. It 
also regulates the decontamination, 

decommissioning and closure of 
nuclear installations, as well as vessels 
propelled by nuclear power or having 
radioactive material on board that are 
capable of causing nuclear damage.

Core partners of the Centre for 
Nuclear Safety and Security

The CNSS is a partnership that 
consists of a team of local and 
international institutions with nuclear 
expertise, including the NNR. The 
team acts as the focus for all nuclear 
expertise, nuclear research and 
skills development. This Centre will 
enhance the NNR’s capability to build 
interdisciplinary teams across several 
disciplines to support the delivery of 
the mandate of the NNR. 

Experimental activities and 
relevant facilities 

The University’s strategic plan, as 
well as its education, research and 
consultancy support capability, is 
well aligned with the requirements of 
the CNSS. Its collaboration with the 
NNR will therefore contribute to the 
safe utilisation of nuclear power and 
technology in South Africa.

Nuclear science and engineering 
education in the Faculty of Engineering, 
Built Environment and Information 
Technology is embedded in a 
variety of academic programmes. At 
undergraduate level, Nuclear Physics 
and Engineering are introduced as 
elective modules in the final year of 
study in the Department of Mechanical 
and Aeronautical Engineering. These 
modules cater for students who are 
interested in potentially taking up 
careers in the nuclear industry.

At postgraduate level, an elective 
Physics course is offered that 
focuses on the more comprehensive 
understanding of a few body 
systems, light and heavy nuclei, 
reactors, radiation and astro-
particle physics. A number of 
postgraduate engineering modules 
are also designed to provide a more 
comprehensive understanding of the 
wider field of nuclear engineering. 
The following postgraduate modules 
offered at the University will contribute 
to the research of the CNSS: 

• Nuclear Engineering Science
• Reactor Physics
• Reactor Materials Engineering
• Welding Engineering 
• Reactor Heat Transfer and Fluid 

Flow
• Control and Instrumentation 

Engineering
• Asset Integrity Management
• Environmental Management of 

Nuclear Energy Projects (also 
to be available for continuing 
professional development 
through Enterprises at University 
of Pretoria)

State-of the-art research topics 
that will contribute to nuclear 
education at the University 
include the improvement of safety 
in nuclear energy, light water 
reactor (LWR) heat transfer, asset 
integrity management, fluoro-
chemical research and welding. 
The University’s Cluster Computer 
Facility will also be used.

Expertise in the Centre

The CNSS will be coordinated at the 
University by Prof Johan Slabber, who 
joined the University of Pretoria in 
2010 after many years in the nuclear 
energy industry. 

He was Chief Technology Officer at 
the PBMR Company, and has held 
the positions of General Manager: 
Reactor Technology at Necsa 
and Chief Systems Engineer at 
Integrators of Systems Technology 
(IST), where he led a team that 
completed the first conceptual 
systems design of a small 
demonstration high-temperature 
reactor. He also completed a five-
year contract in the Department of 
Safeguards of the IAEA in Vienna. 

In his position as coordinator of the 
CNSS’s activities at the University, he 
will guide and align the University’s 
nuclear education programmes, 
oversee research and development 
activities, and provide technical, 
advisory and consultancy support 
in collaboration with other similar 
national and international institutions 
to ensure that all the projects of the 
CNSS are well managed on behalf of 
the University. 
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This research forms part of an 
international collaboration, 
known as Aircraft for Rhino and 
ENvironmental Defense (AREND). 
The University’s research team 
collaborates with student research 
teams – under the project leadership 
of Prof Jean Koster – of the 
University of Colorado Boulder, USA, 
the Helsinki Metropolia University of 
Applied Sciences, Finland, and the 
University of Stuttgart, Germany.

The research teams include 
students in aerospace, mechanical, 
electrical and computer engineering, 
who are skilled in structures, 
composite materials, fabrication, 
aerodynamics, thermodynamics, 
controls, (power) electronics, 
sensors and instrumentation, as well 
as software. 

Together with members from the 
University of Stuttgart, students 
from the University of Pretoria 
are responsible for the airframe 
development.

The AREND system

Finding poachers in an area such 
as the Kruger National Park can be 
significantly more challenging for 
a UAS due to the large size of the 
park, the ample opportunity to hide 
from a search aircraft in the bush, 
as well as limited data transmission 
and human investigation of remotely 
sensed data. 

The requirements of the AREND 
system were derived from these 
operational challenges. The large 
size of the park drives the design 
decision for a sector aircraft to 
patrol large areas for an extended 
period and to quickly respond to a 
poaching threat. The large action 
radius of about 30 km places 
restrictions on the amount of data 
that is transmitted to the ground, 
and motivates the need for on-board 
data processing. 

Unmanned aircraft aims to tackle 
poaching crisis in Africa  

Research conducted by 

students in the Department of 

Mechanical and Aeronautical 

Engineering has contributed 

to the development of an 

unmanned aerial system (UAS), 

a specialised aerial sensor 

aircraft, in support of anti-

poaching operations conducted 

by rangers in nature reserves in 

South Africa.

The embedded system is designed 
to process high-resolution images 
on board, which reserves the radio 
downlink for the transmission of 
telemetric data and selects images or 
sensor data for human verification 
of a poaching threat. Furthermore, 
the aircraft must remain undetected 
by poachers and is thus designed to 
fly at a high altitude and generate as 
little noise as possible. 

The requirements of the camera 
and sensor specifications were 
derived from the search altitude. 
The airframe’s design considers the 
mass and volume requirements of 
sensors, embedded systems, search 
speed and endurance. 

In December 2014, the team 
launched the first testing phase 
to evaluate the flight-mechanic 
properties by means of radio-
controlled captive flight and in 
free-gliding flight on the Hangklip 
Mountain near Cape Town. In 
the following year, the system 
integration was done in preparation 
for autonomous flight. In the 
December 2015 testing season, 
the auto pilot and sensor gimbal 
systems were tested. 

Student involvement in the 
Department of Mechanical and 
Aeronautical Engineering ranges 
from the formal practical training 
modules in the third and the fourth 
year to the design and research 
projects of the final year. 

The junior training students are 
required to work for six weeks in 
an environment in which they get 
the chance to make and integrate 
components designed by the 
team. The more advanced training 
programme requires the students to 
prepare the design of a subsystem 
under close supervision by team 
leaders. The final-year design 
students are required to design a 
useful element of the system on their 
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own, while the research students 
are required to address some 
element of uncertainty through 
experiment and analysis. The design 
of a launch system or a landing 
skid are examples of such design 
topics. Research work includes the 
investigation of propulsion systems 
in the context of silent high-efficiency 
flight.  Conceiving, designing, 
building and testing offer unique 
opportunities to gain valuable 
engineering experience.

The project also serves as a real-life 
example of system engineering in 
the classroom of design courses in 
the Department. Project objectives 
are also aligned with postgraduate 
research work.  

Her research focuses on aircraft 
fuselage optimisation.  

Two design lecturers in the 
Department, Joachim Huyssen 
and Riaan Meeser, lead the design 
teams, while two advisors from  
the Department of Electrical, 
Electronic and Computer 
Engineering, Prof Warren du Plessis 
and Prof Hans Grobler, contribute 
to the project. The team also works 
closely with John Monk from the 
Council for Scientific and Industrial 
Research (CSIR). 

Team AREND will continue at the 
University of Pretoria and will 
incorporate undergraduate and 
postgraduate students from the 
departments of Mechanical and 
Aeronautical Engineering, and 
Electrical, Electronic and Computer 
Engineering. 

During 2016, the peripheral 
systems are being prepared for the 
electrically powered flight testing in 
the December test season. 

 Hand launch of the gliding version of the AREND airframe by German team 
member Johannes Schneider on the Hangklip Mountain near Cape Town in 
December 2014.

Keep track of team AREND’s 
progress on Facebook at:
https://www.facebook.com/
teamAREND or the website  
http://teamarend.com/ 

The large size of 

the park drives 

the design 

decision for a 

sector aircraft to 

patrol large areas 

for an extended 

period and to 

quickly respond 

to a poaching 

threat. 

For example, the project offers the 
opportunity to apply alternative 
aircraft configurations to a specific 
application or to implement low-drag 
fuselages for practical evaluation. 
 
Best Paper Award

The work completed by the 
University’s team during the two 
test and development phases was 
presented at the Science Technology 
(SciTech) Conference of the American 
Institute of Aeronautics and 
Astronautics (AIAA) in January 2016.  
This is the largest event for 
aerospace research, development 
and technology in the world.

At this conference, Lelanie Smith of 
the University of Pretoria and Aaron 
Buysse of the University of Colorado 
presented the findings of the 
research and development phases, 
receiving the Best Paper Award.  

The work received praise for 
the innovative design, excellent 
collaboration across continents and 
educational challenges that were 
overcome.

Team AREND

The local AREND team of 10 
undergraduate students is 
coordinated by Jakob van Tonder, 
who stands in for Lelanie Smith, 
while she is in the USA for her PhD. 
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On 28 June 2016, Prof Cheryl de la 
Rey, Vice-Chancellor and Principal, 
Nazir Alli, CEO of the South African 
National Roads Agency Limited 
(SANRAL) and Dr Rachel Chikwamba, 
Executive Director of the Council for 
Scientific and Industrial Research 
(CSIR), signed a collaborative 
agreement that will lead to the 
establishment of an integrated 
education, national certification, 
national reference and research 
laboratories facility and SANRAL 
national test tracks.

The vision of the new facility is 
to provide an internationally 
renowned platform for academic 
and vocational training support in 
transport infrastructure materials 
testing, a national transport 
materials reference testing platform, 
as well as high-quality research 
facilities and skilled staff. This will 
enhance the quality and quantity 
of the outputs and avoid the costly 
duplication of laboratory facilities.

The University will be responsible 
for the design, construction and 
operation of the new facilities on 
its Experimental Farm; the CSIR will 
procure equipment and operate the 
existing facilities on its premises; 
and SANRAL will fund the effort and 
coordinate the facilities. The new 
development will be close to the 
CSIR, the University and SANRAL. 

Laboratories

The laboratory will host testing 
equipment for transport 
infrastructure materials. It will 
be used to train large groups of 
students from different higher 
education institutions and industry. 
Training will be presented by 
accredited technicians from the CSIR.

The facility will also play the role 
of national certification laboratory 
for the independent certification of 
all material testers. This will enable 

Fast tracking pavement testing, 
certification and research 

The current constraints faced 

in transport engineering 

include a dire lack of civil 

engineers compared with 

other countries. In their 

Infrastructure Report Card, 

the South African Institution 

of Civil Engineering (SAICE) 

indicated that there are 130 

to 450 people per engineer 

in Europe, North America, 

India and China. In South 

Africa, this ratio is 3 200 to 

one – a ten-fold disadvantage. 

This equally applies to 

technologists, technicians 

and artisans, which means 

that there is a lack of quality 

personnel throughout the 

transport sector.  

an environment where all testers 
who are trained in South Africa can 
complete an independent trade test 
to verify their competency in the 
required tests, and enable industry 
to trust the certification process, 
as it is being done independently. 
The facility will maintain an online 
national register of certified 
materials testers for reference 
purposes and coordinate national 
training curricula for material 
testers. It will also train and certify 
visual road, bridge and culvert, 
concrete, asphalt, as well as soils 
and aggregates inspectors.

The National Reference Laboratory 
will be fully accredited by the South 
African National Accreditation 
System (SANAS), with accredited 
technicians from the CSIR conducting 
testing. No unaccredited student 
access will be allowed. The intention 
of the laboratory is to serve as the 
national reference laboratory for 
road materials in South Africa, which 
implies that it will need to participate 
in the international proficiency 
schemes of the relevant authorities 
in the USA and in Europe.

The laboratory will need to manage a 
Southern African national proficiency 
scheme for all participating road lab-
oratories and staff in Southern Africa, 
which allows for the certification of 
competency of local laboratories 
in terms of the Accreditation for 
Conformity Assessment, Calibration 
and Good Laboratory Practice Act  
(Act 19 of 2006).

A further role of the laboratory is 
to provide independent testing 
of duplicate samples from road 
construction projects in South Africa 
and Southern Africa. 

This is important to ensure 
that test results obtained from 
commercial and site laboratories 
that are connected to major road 
construction consultants and/or 
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 The proposed new laboratories will be close to partner institutions.

contractors can be verified on a 
constant basis, and that the quality 
of all public infrastructure can be 
guaranteed.

The role of the research laboratory 
is to enable higher-level technical 
research to be conducted for 
more effective road construction, 
maintenance and rehabilitation in 
South Africa. Continuous research 
in this field is necessary as the 
availability of traditional road 
construction materials decreases 
and new natural and/or alternative 
materials and techniques are 
required to enable higher traffic 
volumes to be carried at acceptable 
service levels. Alternative materials 
and techniques also have to be 
researched to reduce the industry’s 
carbon footprint. The impact of 
climate change and the resiliency 
of the materials in the construction 
of roads will be another area of 
research. The research programmes 
of these laboratories will be a 
coordinated effort to ensure that 
national needs are addressed. 
Outcomes of the research will be 
published and implemented to enable 
consistent improvements in the 

national, provincial and metropolitan 
road infrastructure network.

Accelerated pavement testing 
and test tracks

Full-scale accelerated pavement 
testing (APT) facilities are traditionally 
used to scale up research findings 
obtained in laboratory testing to real-
world scale and conditions. South 
Africa is a leader in the development 
and use of full-scale APT. 

Two major systems, the heavy 
vehicle simulator (HVS) and the 
mobile load simulator (MLS), are 
currently commercially available 
internationally and are developed 
locally. Over the past 40 years, full-
scale experimental test sections of 
this kind have proven themselves 
to be vital for the final link between 
small-scale laboratory-based results 
and the full-scale implementation of 
research findings, often highlighting 
limitations in research that would 
not be visible in a laboratory 
environment. This APT test track 
will be used for the in situ testing 
of experimental pavements at an 
accelerated pace.

Test tracks are envisaged for the 
new facilities. Firstly, a real traffic 
diversion track will be installed at 
the current N1/N4 ramp, which is 
located next to the Experimental 
Farm. It will result in the diversion 
of traffic from ramp to test tracks 
during experiments. 

This is similar to current 
developments in Virginia, Minnesota 
and Texas where actual traffic is 
allowed access to the test track at 
designated times. 

The facility will add momentum and 
academic opportunities to the training 
and education of civil engineers at UP, 
with a focus on improving transport 
infrastructure in South Africa and the 
surrounding region. 

The main benefits for South Africa 
will include the increased availability 
of technical skills in transport 
engineering, the improved skills of 
transport engineers, technologists, 
technicians and material testers, and 
cost savings due to improvements 
in the design, construction, 
maintenance and management of 
the transport infrastructure. 

Proposed ILF

UP Hatfield Campus

CSIR

SANRAL HO

SANRAL NR
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This bridge is being monitored to 
assess the effect of environmental and 
other factors on its behaviour. The 
research will indicate how one should 
consider these factors, such as large 
temperature differences between 
day and night, as well as between hot 
and dry seasons, in the design of long 
integral bridges, without affecting the 
structural integrity of the bridges or 
the ride quality of the bridge and its 
approaches. 

Integral bridges have no joints. 
They span from one abutment, over 
intermediate supports to the other 
abutment without any movement 
joint in the deck. An abutment is 
the substructure at the ends of a 
bridge span or dam upon which the 
structure’s superstructure rests or 
makes contact.

The following sensors have been 
installed at the bridge: 

• One-hundred-and-ten embedded 
vibrating wire strain gauges mea-
suring strain in the concrete deck:  
Each strain gauge consists of two 
steel end blocks (designed speci-
fically for each application) with 
a tensioned steel wire between 
them. As the concrete surface 
that encompasses the strain 
gauge undergoes strain, the end 
blocks will move relative to each 
other. The tension in the wire 
between the blocks will change 
accordingly, thus altering the 
resonant frequency of the wire.  
A vibrating wire readout is utilised 
to generate voltage pulses  
in the magnet/coil assembly  
located at the centre of the strain 
gauge. The magnet or coil assem-
bly plucks the wire and measures 
the resulting resonant frequency 
of the vibration.

• Twenty rebar strain gauges mea-
suring strain in the concrete deck:  
Rebar strain gauges are designed 
to be embedded in concrete to 
measure concrete strains due to 
imposed loads.

Monitoring the Van Zylspruit Bridge

The Department of Civil 

Engineering at the University of 

Pretoria is currently monitoring 

the Van Zylspruit Bridge, a 90 m- 

long reinforced concrete 

integral bridge on the N1 

highway between Bloemfontein 

and Colesberg. The new 

structure was constructed over 

the Van Zylspruit as part of an 

N1 rehabilitation project for the 

South African National Roads 

Agency SOC Ltd (SANRAL). The 

benefits of this research should 

lead to better understanding 

of the behaviour of integral 

bridges, and the wider use of 

integral bridges, which have 

reduced maintenance costs over 

the life of the bridges.

• Forty-four thermistors measuring 
the deck temperature:  
A thermistor is an element 
with an electrical resistance 
that changes in response to 
temperature. This name is derived 
from the more descriptive term 
“thermally sensitive resistor”, the 
original name for these devices.

• Two ShapeAccelArray sensors 
measuring the movement of the 
abutment: A ShapeAccelArray is 
a string of tiltmeters at 500 mm 
centres. The array was embedded 
from the top of the abutment to 
the bottom of the central pile.

• Eight tiltmeters measuring pier tilt:  
A tiltmeter is a sensitive inclino-
meter designed to measure very 
small changes from the vertical 
level, either on the ground or in 
structures.

• Twenty earth pressure cells 
measuring earth pressure behind 
the abutment: Earth pressure cells 
are designed to measure total 
pressure (effective stress and pore 
water pressure) in soils and at the 
interface between structures and 
the wall of excavation.

• Ten temperature and humidity 
sensors measuring the temperature 
and humidity in the fill: These were 
embedded in the fill behind the 
abutment.

A total of 500 channels log 
information every 15 minutes. To 
date, no sensors have been lost 
during installation.

This research will also contribute 
to South African knowledge and 
policy about the suitability of 
integral bridges. The benefits of this 
research should lead to a better 
understanding of the behaviour 
of integral bridges and the wider 
use of integral bridges, thus saving 
employers ongoing costs, especially 
bearing and joint maintenance costs, 
over the life of the bridges. 



 The completed Van Zylspruit Bridge.
 Vibrating wire strain gauges in the bottom, middle 

and top of the deck at the bridge’s mid-span.

 Installation of a ShapeAccelArray sensor at the northern abutment.  Rebar, vibrating wire and embedded strain 
gauges (from left) in the deck flange.

342 0 1 6  I N N O V A T E  1 1    F E A T U R E S 34
 Logger and pier box with multiplexer.
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Research in supply chain engineering 
is crucial in assisting various 
industry stakeholders to improve 
systems, processes and profit 
margins. Supply chain engineers 
design, construct and synchronise 
complex logistic systems for the 
optimisation of multiple aspects of 
various industries. The supply chain 
engineering focus area could assist 
industry with a number of activities, 
based on individual needs, such as 
the analysis and mapping of existing 
supply chains, the identification and 
analysis of problem areas, developing 
alternative solutions with respect to 
inventory management, warehouse 
design, the distribution function 
and the supply chain network, and 
developing decision support systems 
for improved supply chain decision 
making

Research in the Department

To improve the economic, social 
and environmental performance of 
global supply chains, researchers in 
the Department have conducted a 
number of studies to solve various 
industry-related problems. 

In terms of industry optimisation 
research, Wilna Bean, Johan Joubert 
and MK Luhandjula investigated 
inventory management under 
uncertainty. The purpose of the 
military inventory model is to 
determine the required stock levels 
for a single item amid demand 
uncertainty due to extreme events, 
while attempting to minimise the total 
cost, total number of shortages and 
minimum inventory level required 
over three specified scenarios. 

In the subdiscipline of logistics 
management, research on 
outsourcing decision making in 
the South African fast-moving 
consumer goods (FMCG) industry 
was conducted by Naomi Bloem 
and Wilna Bean. A joint study by the 
University of Pretoria and Clover 
South Africa (a food and beverage 

Conceptualising industry-relevant global 
supply chains

The Department of Industrial 

and Systems Engineering in the 

Faculty of Engineering, Built 

Environment and Information 

Technology concentrates its 

research activities into three 

research focus streams: resource 

optimisation, business process 

optimisation and supply 

chain engineering. Supply 

chain engineering focuses on 

achieving excellence in supply 

chain research through high-

impact, innovative, industry-

relevant research that is aimed 

at improving the economic, 

social and environmental 

performance of global supply 

chains. Research topics currently 

considered include supply 

chain design methodologies, 

supply chain modelling and 

optimisation, intelligent logistics, 

humanitarian logistics and 

reverse supply chains.

company) aimed to apply proven 
decision-making methods to a 
logistics outsourcing decision in 
a South African context so as to 
make recommendations to tactical 
decision makers about the use of 
these methods when executing 
company logistics strategies.

In another research study, Jacques 
Fauré (under the supervision 
of Wilna Bean) examined the 
mobilisation of an international 
urban search-and-rescue team 
to produce a comprehensive 
mobilisation document, as there is 
no formal document that outlines 
Rescue SA’s mobilisation phase in 
the case of a disaster. Without this 
document, it is difficult to identify 
and improve critical areas in the 
mobilisation plan. It was possible to 
formulate a mobilisation document 
with the information gleaned 
during the study. With each role 
player’s activities clearly allocated, it 
becomes a simple task of attributing 
the responsibilities to a member of 
the management team. 

Through the application of supply 
chain collaboration, coordination and 
design principles, Yolandi le Roux 
(under the supervision of Jacomine 
Grobler) conducted a study on the 
improvement of an avocado supply 
chain in South Africa. This project 
considers the avocado supply chain 
of Bertie van Zyl (Pty) Ltd (more 
commonly known as ZZ2). The 
company’s avocado production is 
rapidly expanding and the company is 
currently introducing ripe-and-ready 
avocados to the market. The aim of 
this research was to carefully analyse 
the supply to identify possible areas 
for improvements, and to develop 
suggested solutions for the problems 
relating to tree health and ripening.

For more information with regard to  
the Supply Chain Engineering focus 
area, please contact Jacomine Grobler  
at jacomine.grobler@up.ac.za or  
Wilna Bean at wilna.bean@up.ac.za. 
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Informatics alumnus  
makes a global impact

As an alumnus of the 

University’s School of 

Information Technology, André 

Vermeulen, Associate Director: 

Human Capital Technology 

at Deloitte, believes in giving 

back to his alma mater. He 

is on the Faculty’s Advisory 

Board and does not hesitate to 

promote the unique benefits of 

a qualification from UP among 

prospective students.

Since graduating cum laude in 1996, 
his career in the ICT industry has 
taken him across three continents and 
has provided him with the satisfaction 
of delivering world-class solutions and 
making a global impact. He attributes 
his success to the multidisciplinary 
foundation that was laid by his BCom 
(Informatics) degree from UP.

He launched his professional 
career at Iscor, where he worked 
on a classified project developing a 
management system with a team 
of experts for a new steel-making 
process. While at Iscor, he was 
seconded to work on a project in 
Perth, Australia, for AST Consulting 
(Iscor’s IT Division). After spending a 
year in Australia, he joined Business 
Connexion UK, and was placed as a 
consultant at Lloyds TSB in London, 
where he worked as a lead developer 
and Java specialist. He was involved 
in many projects in the banking 
environment over the five years that 
he spent in the United Kingdom. His 
responsibilities ranged from end-to-
end design to developing solutions to 

integrate systems. He also introduced 
new ways of working to improve 
developers’ overall productivity.

In 2006, he was appointed Business 
Unit Manager for Application 
Development at Business Connexion 
HQ, and returned to South Africa. 
After five years in this position, he 
was promoted to Managing Executive: 
Application Services, and later to 
Group Innovation Officer at this 
leading IT company. This role enabled 
Vermeulen to become a prominent 
figure in the South African IT industry.

He joined Deloitte in 2015, where 
he focuses on providing human 
capital-related technologies to clients 
across the globe. With his strong 
development background, he is 
living out his passion for people by 
delivering world-class solutions to 
top-level clients in the human capital 
space. He is also developing new 
offerings for the company based on 
cloud technologies related to new-
generation learning techniques in the 
field of digital learning. 
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The School of Engineering offers 
a five-year programme known 
as the Engineering Augmented 
Degree Programme (ENGAGE). The 
programme is available in all the 
engineering disciplines. ENGAGE 
provides a carefully structured 
curriculum that helps students 
adjust to university life and cope with 
the demands of engineering studies. 

In this programme, the volume of 
work is gradually increased and 
the support provided is gradually 
decreased over a period of five 
years. The workload, however, is 
high from the start. ENGAGE meets 
all of the requirements of the 
Department of Higher Education 
and Training (DHET) to qualify as 
an extended degree programme. 
Extended degree programmes 
are one of the strategies that the 
DHET encourages higher education 
institutions to utilise to increase the 
throughput rate. 

Students may apply for ENGAGE if 
their marks in the National Senior 
Certificate (NSC) examination meet 
the admission requirements for the 
four-year study programme, but 
they would like more support; or 
their marks in the NSC examination 

An engineering study programme 

is often found to be very 

demanding. The workload is 

high, the pace is fast and the 

modules are academically 

challenging. Many students 

also face challenges regarding 

background knowledge in 

Mathematics and Physical 

Science, academic literacy and 

information technology, and may 

not have effective study skills to 

cope with the mainstream four-

year programme. In addition, 

many students struggle with the 

transition to university life, with 

the very large first-year classes, 

freedom from strict discipline and 

many social activities, even if they 

attended high-performing schools. 

do not meet the requirements 
for entry into the four-year study 
programme, but they meet the 
requirements for the five-year study 
programme. These students will 
be required to write the National 
Benchmark Test (NBT).

There are many reasons why 
students take more than four years 
to complete an engineering degree.
These could include the following:

• Wrong career choice
• Difficulty coping with the 

amount, speed and level of 
difficulty of the work

• Too much socialising
• Poor study methods and time 

management
• Feeling “lost” in large lecture 

classes
• Poor problem-solving and critical 

thinking skills
• Students not being able to 

accurately assess their own 
understanding

• Not seeking personal or academic 
assistance when needed

The ENGAGE programme has been 
designed to support students in 
addressing the issues mentioned 
above. 

Structured curriculum helps 
students adjust to university life
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ENGAGE was designed according to 
the following principles:

• Students should be supported in 
making the transition from high 
school to university.

• Student workload (time students 
spend working) should be high 
throughout.

• The volume of work (amount of 
content covered) should be low  
initially and increase over time.

• Support should be high initially 
and decrease over time.

• Students should encounter 
familiar subjects early in the 
programme, with less familiar 
subjects presented later on.

In the ENGAGE programme, students 
take all of the modules of the 
four-year programme in the same 
classes as the four-year programme 
students, but spread them out over 
a longer time. For every 16-credit, 
first-year module, students also take 
an eight-credit augmented module. 
For example, in the first semester, 
students take the same Chemistry 
module (16 credits) as the four-year 
programme students, as well as 

Additional Chemistry (eight credits). 
In the Additional Chemistry module, 
students are divided into groups of 
about 50 and work on strengthening 
problem-solving and other cognitive 
skills, developing conceptual 
understanding, and acquiring the 
background knowledge needed for 
the Chemistry module in the four-
year programme.

In the first year, ENGAGE students 
take the natural sciences modules 
that form the foundation for 
engineering (Chemistry, Physics and 
Mathematics). Computer engineering 
students take Programming instead 
of Chemistry. ENGAGE students 
also take Professional Orientation, 
which provides an introduction 
to technology and information 
technology, as well as developing 
students’ life skills, study skills and 
communication skills.

In the second year, ENGAGE 
students take the introductory 
first-year engineering modules. 
For each engineering module, they 
also take a compulsory additional 

module. Second-year students also 
take one second-year Mathematics 
module per semester. In the third 
year, students take the remaining 
second-year modules, but since they 
have already taken two second-year 
Mathematics modules, they have a 
slightly lighter load than the four-
year programme students. 

ENGAGE students follow exactly the 
same programme as the four-year 
programme students for the last two 
years of their studies.

All components of ENGAGE are 
compulsory and attendance of all 
modules is compulsory. Additional 
modules are given parallel to the 
mainstream modules. Additional 
modules are not extra tutorials. They 
have their own curricula. 

The objectives of the additional 
modules are to help students 
acquire background knowledge 
they may have missed at school, 
develop conceptual understanding 
of key concepts in the discipline and 
acquire problem-solving skills. 

Kedumetse Motloutsi is a second-
year Mechanical Engineering student 
on the ENGAGE Programme. He 
believes that the programme gives 
him an added advantage, and also 
gives him time to work on inventions 
such as a device he is developing 
with the assistance of the Southern 
Africa Resilience Innovation 
Laboratory. This invention has 
earned him a $5 000 Youth Spark 
Innovation Grant.

The Youth Spark Innovation Grant 
is an initiative of the ResilientAfrica 
Network (RAN), a partnership of 
20 African universities funded 
by the United States Agency 
for International Development 
(USAID). Students were invited to 
submit innovative ideas that have 

the potential to strengthen the 
resilience of communities. 

The device Kedumetse submitted 
is called “Magnon”, and produces 
electricity through magnets by 
applying the laws of physics and 
thermodynamics. It can increase 
access to electricity in rural areas 
and to the marginalised poor in 
a cost-effective way, and can be 
used to power water pumps. He 
received the grant based on the 
theory behind the device and 
how it will work (the principles of 
physics that need to be achieved 
to make it work). The grant will 
be used to test this theory and 
turn it into an innovation that 
will impact on millions of lives in 
South Africa.

A bright spark in the ENGAGE Programme
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One day in 1996, Dr Emmanuel 

Nkambule, a lecturer in the 

Department of Architecture 

at the University of Pretoria, 

was standing at the door of 

the rented mudroom where 

he lived in Mahwalala, an 

urban informal settlement in 

Swaziland, watching pedestrians 

passing by. Right there, he 

decided to study architecture so 

that he might one day improve 

the lives of the people living in 

informal settlements. 

Conducting visual research in informal 
settlements
Renate Louw and Gugulethu Mkhabela

He imagined different forms of 
houses that might make settlements 
look better and improve the safety 
of all the residents. He was inspired 
by the humanity, intelligence and 
inventiveness of informal settlement 
dwellers, who defy even the most 
oppressive legislation that various 
regimes create, to establish their 
own means of survival.

For his PhD research, Dr Nkambule 
sought to improve the living 
conditions in informal settlements 
by visually studying the structure 
of the settlement and its many 
physical and social layers. He hoped 
to develop a method by which 
architects and urban designers could 
help solve socio-economic problems 
in poverty-stricken informal 
settlements. The methodology 
would give service delivery providers 
a better picture that accounts for 
the settlement’s organic social 
economy.

His research was stimulated by his 
desire to address the problem of 
poor living conditions and perpetual 
poverty in informal settlements 
through architectural design. He 
started his PhD study under the 
supervision of the late Prof Karel 
Bakker and found it difficult to 
express himself in written form. 
With the passing of Prof Bakker, 
Prof Roger Fisher became his new 
supervisor. Prof Fisher suggested 
that he play on his strengths and use 
a visual research methodology to 
conduct his study.

Dr Nkambule was intrigued by the 
ways in which people in informal 
settlements survive and he felt that, 
as an architect, he could use design 
to improve these people’s lives by 
examining the space around them. 
He could make suggestions as to 
what could be done to effectively 
use open spaces in informal 
settlements.

Visual research methodology

South Africa is a country with 
11 official languages and a high 
illiteracy rate. What is therefore 
needed is a visual language that can 
cross these barriers.

Providing and facilitating effective 
communication through the 
universal language of visual 
communication and thus engaging, 
explicating and communicating 
architectural thought is necessary 
in research nowadays. Therefore, 
Dr Nkambule identified what 
was necessity to develop a lingua 
franca to effectively communicate 
architectural visions and ideas within 
academia, with communities and 
pivotal stakeholders who may not 
understand the spoken or written 
language of an architect. This 
involves the use of a vast range of 
graphic tools, from ideation, through 
the working and assembly drawing, 
to analytical and explanatory 
graphics.

Dr Nkambule adopted the visual 
research methodology for his 
study from the visual arts. This 
methodology uses drawings, 
sketches, plans, photographs, 
videos, graphs and infographics to 
create new knowledge. He applied 
this visual model to architecture 
to visually study the spaces in 
the Khutsong Section informal 
settlement, which is located in the 
township of Ivory Park, Midrand. 

Dr Nkambule selected this location 
because a previous student from the 
University of the Witwatersrand had 
already done the required mapping 
of the area as part of another study 
and he could build his visual study 
on this work. During the visual study 
of the area, he drew from memory 
what he experienced while growing 
up and interpreted what he saw 
within the context of Ivory Park. 
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 Precedent extrapolation drawings showing 
transitional spaces.

 Site documentation and study drawings at the 
Khutsong Section informal settlement.

 Three-dimensional drawing showing a 
finalised proposed intervention.

He found that this methodology 
shows the settlement’s spatial 
character and social networks. The 
study’s findings show the many 
socio-spatial layers that make up 
informal settlements, which can help 
with the planning of interventions 
to improve the lives of inhabitants. 
If an architect or urban designer 
wishes to understand the underlying 
structure and social economy of an 
informal settlement, Dr Nkambule’s 
application of the methodology is 
perfectly suited to the job.

During his study, Dr Nkambule 
found that engineering provides 
functional services such as storm 
water drainage and sanitation 
facilities, whereas architects aim 
to use these services to create 
a more aesthetic and dignified 
space in the informal settlement. 
There is no visual exploration of 
what these spaces could be before 
these services are installed. From a 
design, landscape and architectural 
perspective, architects need to 
think about providing the other 
layers. For example, the storm 
water drainage could also be used 
to make the environment greener, 
and solar panels could be installed 
in a neater and more appealing way. 
Infrastructure could also be used to 
improve urban spaces in informal 
settlements.

Dr Nkambule also found that 
architects do not play a strong 
leadership role in the way informal 

settlements could be developed.  
Dr Nkambule believes that architects 
could play a more active role and 
use this visual methodology to 
communicate a sustainable vision 
of these spaces. He also suggests 
a debate about what the informal 
settlements’ upgrading should look 
like before rolling out all the services 
and construction work. 

Dr Nkambule concludes: “We are 
underplaying ourselves as a discipline; 
we could improve the way we design 
by exploring more methods of design 
that could impact on the practice. 
We need to continue innovating by 
looking at alternative, visually based 
design methods. I feel we are lagging 
behind in that regard and need to 
catch up and get involved.”

Looking to the future, Dr Nkambule 
wants to apply his work in other 
informal settlements and extend it 
to rural settings. “In urban areas, 
I want to understand and create 
systems for the “lost identity”, 
“homeless” and “non-belonging”, 
namely the dweller of an informal 
settlement. In rural areas, I want to 
create spaces and environments for 
residents, local social groups and 
other community networks that 
will improve their socio-economic 
conditions.”

This young researcher hopes his 
work will help restore dignity to the 
growing populations in informal 
settlements. 

 A design process section and three-dimensional drawing showing informal 
settlement upgrading ideas.



Dr Nkambule grew up in a rural 
informal settlement in eMabeleni, 
Swaziland. He completed high school 
at a missionary school in Mbabane, 
Swaziland, before pursuing a BSc 
degree in Mathematics and Physics at 
the University of Swaziland in 2002, but 
architecture remained his true passion. 

For an entire year, he travelled 
from Swaziland to apply to study 
architecture at various tertiary 
institutions with no success. He 
considered studying at the Bartlett 
School of Architecture in London, but 
it was not financially viable. He applied 
at the University of Pretoria and finally 
enrolled to study Architecture in 2003. 

He completed his master’s degree at 
the University of Pretoria in 2008. His 
dissertation, entitled “The rise of the 
black people” focused on housing, 
giving a holistic view of socio-economic 
issues in the township of Mamelodi, 
east of Pretoria, and providing ways 
designers and architects can address 
these issues. Even though it sparked 
some controversy from his lecturers, 
it earned him Corobrik awards in 
the categories of Best Use of Brick 
in Design, Best Average for Design 
and Technical Documentation and 
Architectural Student of the Year in 
2008.

“I’ve always been interested in the 
microscale socio-economic dynamics 
of informal settlements. People will 
use whatever they can to create a 
sense of survival,” he says. During the 
apartheid years, black people could 
not trade, so people would hide their 
stock in their homes, which gave rise 
to “spaza” shops. These shops and 
the way shacks are constructed with a 
mixture of different materials, which 
makes them colourful and gives them 
character, inspired Dr Nkambule’s 
research. “I realise that people 
without any training will always find a 
means of survival.” 

Meet Dr Emmanuel Nkambule
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The Department of Architecture 

at the University of Pretoria has 

a long history of engagement 

with urban and rural 

communities in and around the 

Tshwane area. This involvement 

pre-dates the democratic era. 

Under the leadership of  

Prof Amira Osman, this culture 

of engagement was developed 

with the philosophical approach 

of community building as 

espoused by Prof Nabeel Hamdi, 

who was awarded an honorary 

doctorate from the University of 

Pretoria in 2008. 

Design perspectives of community 
engagement
Dr Carin Combrinck

Under the guidance of Dr Carin 
Combrinck, the honours degree 
programme has continued to 
refine participatory methods of 
research, mapping and collaborative 
design as the basis for an ethos of 
contextually responsive architecture. 
This process has been one of trial 
and error, tears and laughter, and 
eventually much critical reflection. 
Of the many lessons learnt from 
communities living in townships 
and informal settlements on the 
urban peripheries of Tshwane and 
Johannesburg, the most important is 
the value of relationships.

The second important lesson 
resides in the value of introduction, 
as experienced in the informal 
settlement of Slovo Park in 
Johannesburg. After a former Minister 
of Human Settlements, Tokyo 
Sexwale, introduced Dr Combrinck 
and her team to the chairperson of 
the Federation of the Urban Poor 
(FEDUP) at a workshop in 2009, they 
were introduced to the Gauteng 
branch of FEDUP, which then made 
it possible to establish a relationship 
with the Slovo Park Community 
Development Forum (SPCDF).

The first visits to Slovo Park were 
haphazard and unplanned, with 
a small group of honours degree 
students eager to learn more about 
the community. From these first 
encounters, consecutive groups of 
students developed an increased 

understanding of the settlement, 
social structures, immediate needs 
and long-term aspirations of this 
community. Collective efforts were 
made to upgrade the dilapidated 
community hall in 2010, and it 
was renovated and enlarged again 
in 2012. This time, additional 
contributions were made by students 
enrolled in the Faculty of Engineering, 
Built Environment and Information 
Technology’s Community-based 
Project (JCP) module. 

A six-month workshop series in the 
settlement served as an extensive 
platform from which to refine 
action plans specific to Slovo Park, 
simultaneously affording staff 
members of the Department the 
opportunity to refine the curriculum 
content in the honours degree 
programme. Input from various 
disciplines, such as engineering, 
visual arts and drama, along with 
work produced by the honours 
degree students over several years, 
supported the decision of the Socio-
Economic Rights Institute of South 
Africa (SERI) to challenge the City of 
Johannesburg (CoJ) to ensure the 
in-situ upgrade of the settlement 
according to the Upgrading of 
Informal Settlements Programme 
(UISP) of the Department of Human 
Settlements. On 5 April 2016, the 
Gauteng Local Division of the High 
Court ordered the CoJ to apply to the 
Gauteng Provincial Government for 
a grant to upgrade Slovo Park.



 Dr Combrinck works with the community members.
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Closer to home, in 2011, the 
University of Pretoria’s Department 
of Community Engagement arranged 
an introduction to the director of 
Viva Village, which operates in the 
informal settlement of Alaska to 
the east of Mamelodi. Over the 
following five years, students in 
the honours degree programme, 
as well as several master’s degree 
students, engaged with people 
in and around Viva Village and 
identified social networks, problems 
and opportunities that were 
translated into architectural and 
landscape propositions. Various 
initiatives, ranging from upgrades 
to the Viva Village site under the JCP 
programme and a water point at a 
taxi stop, to competition schemes 
that resulted in an internship in 
a photographic academy, were 
undertaken in the area. 

Research collaboration with the 
Department of Family Medicine at 
the University of Pretoria, through 
its Community-oriented Primary 
Care (COPC) network, resulted 
in the mapping of food security 
networks and the proposition of 
urban agriculture in the area. More 
detailed mapping was undertaken 
by students of the Department of 
Geoinformatics in the Faculty of 
Natural and Agricultural Sciences, 
who collaborated with architecture 
students in developing an 
understanding of this settlement. 
Despite the years of engagement, 
however, it remained difficult to 
develop a deep relationship with 
the leadership structures of this 
section of Alaska, mainly due to 
the transient nature of this area’s 
population. Security risks were also 
of greater concern than in Slovo 
Park, with riots regularly occurring 
as a result of clashes between 
residents and council officials over 
illegal electrical connections.

During 2015, relationships with the 
Tshwane Leadership Foundation 
underpinned an engagement with 
the Homeless Forum that operates 
in the Pretoria inner city. Following 
the same principles of transect 
walks, hard infrastructure mapping, 
and the more intangible social 
networks, students in the honours 

degree programme were able to 
develop a close reading of the 
Marabastad area and northwest 
quadrant of the inner city. 

Intervention proposals aimed at the 
regeneration of this part of the city 
ranged from establishing homeless 
shelters to the repurposing of 
vacant government buildings and 
upgrading of derelict public spaces, 
all responding to networks of activity 
identified through the research 
process. Some of these findings 
were presented as part of the 
Tshwane Homeless Summit in 2015. 

This line of investigation has 
continued, with productive 
relationships being established 
between the departments of 
Architecture and Theology, as 
well as the Yeast Social Housing 
Foundation. The focus of the inner-
city studio then shifted to the 
southeast quadrant during 2016, 
where similar methods of mapping 
and engagement have revealed a 
strong network of non-governmental 
organisation (NGO) support in the 
area, indicating the possibility of 
sustained future development.

With the understanding that 
relationships between the 
Department of Architecture and 
various poor urban communities 
in the city depend largely on 
appropriate introduction through 
leadership structures, as well as 
established support systems, the 
decision to engage in the contested 
area of Plastic View in 2016 followed 
on the collaboration with the 
Department of Theology and the 
Tshwane Leadership Foundation. 

Plastic View (also known as 
Woodlane Village) is an informal 
settlement adjacent to the Moreleta 
Church, which is situated along 
Garsfontein Road in Moreleta 
Park, Pretoria East. This is a highly 
contested site, as the land currently 
belongs to the City of Tshwane, 
has a high real estate value and is 
surrounded by upmarket security 
estates. Stakeholders include 
residents’ associations, the church 
congregation, NGOs and non-profit 
organisations (NPOs), Lawyers for 

Human Rights and the residents of 
the informal settlement themselves.

In this context, the experience gained 
over the past six years in various 
other areas served the Department 
of Architecture well, as students in 
the honours and master’s degree 
programmes could be properly 
introduced to the existing support 
networks, such as the Pure Hope 
Foundation, which then arranged 
formal introductions to the 
settlement’s leadership structures. 

Applying the mapping and research 
methodologies established in the 
programme, students were able 
to understand and represent the 
complex conditions that influence 
opportunities and constraints for 
development in this area. Narratives 
of the dwellers in the settlement 
were overlaid with those of the 
surrounding area to gain a deep and 
rich understanding of the points of 
potential conflict and confluence. 
Scenarios for landscape and 
architectural intervention included 
spiritual sanctuaries, alternative 
housing models, skills development 
nodes and responsive public 
spaces, all aimed at integrating 
disparate population groups that are 
inherently interdependent.

Although there are progressive 
policies in place to encourage such 
developments, students have been 
able to reveal the current lack of 
implementation through their 
research. Through their proposed 
designs, they have also been able 
to put forward well-grounded and 
credible premises in which these 
shortcomings could be resolved. 
Participation cycles have included 
research, presentation and 
critical feedback loops by way of 
stakeholder meetings at regular 
intervals, where students have 
been able to present their work 
and receive input from community 
members, as well as NGOs.

There is always room for 
improvement in terms of the 
methods of engagement that 
underpin the design studio, resulting 
in a constantly heuristic process of 
refinement in methodology. 
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Beginning with just a few 

drawings and sketches, within 

half a century, the Boukunde 

Architectural Archive has 

expanded to nearly 80 

significant physical and digital 

collections, and is now one of 

the most extensive university-

based architectural archives in 

South Africa.

UP’s Architectural Archive: half a 
century of preservation
Yvonne Meyer

For universities to establish and 
maintain architectural archives is not 
unusual. In South Africa, for example, 
the University of KwaZulu-Natal houses 
the Barry Biermann Architecture 
Library, a branch library on its Howard 
College Campus. The University of 
Cape Town Archives houses a separate 
archive dedicated to architecture, and 
the University of the Witwatersrand 
also keeps its own architectural 
archives.

What makes the Architectural 
Archive of the University of Pretoria’s 
Department of Architecture stand out 
from its counterparts, in addition to the 
extent of its collections, is its regional 
focus and significant digital presence. 

From the beginning

The preservation efforts of the 
Boukunde Architectural Archive 
started around 1966 with a small 
number of sketches and drawings. 
However, during the early 1970s, the 
Norman Eaton Collection was donated 
to the Department by  
Prof Tobie Louw, the first head of 
the newly established Department 
of Quantity Surveying. He had been 
a friend and business partner of the 
renowned Pretoria architect, and 
the donation of Eaton’s drawings, 
project records, photo albums and 
autobiographical memorabilia, among 
other things, marked the beginning of 
a fully fledged architectural archive.

The donation was instigated by 
Anton du Toit. He is counted among 
a number of fellow staff members 
from the Department of Architecture 
like Prof Schalk le Roux, Prof Roger 
Fisher, Prof Karel Bakker and 
Nicholas Clarke, who have sought to 
grow the Archive’s collection. 

Today, the Archive is coordinated by 
Dr Arthur Barker and a committee 
composed of emeritus professor 
Roger Fisher, lecturer Johan Swart 
and librarian Karlien van Niekerk.

The Archive is housed in the 
Boukunde Building on the Hatfield 
Campus. The Department of 
Architecture’s Reading Room serves 
as an on-site resource centre, 
complete with computer and 
reproduction facilities where students 
and lecturers can easily access those 
artefacts that enjoy the greatest 
use. These include a slide collection, 
document collection, books, reference 
works, journals, theses, dissertations 
and pamphlets. The drawing 
collection is located in the basement 
archive room, and the departmental 
archives and rarely used collections 
are stored in three other venues in 
the Boukunde Building.

A focus on regional 
architectural thinking

Due to the lack of critical engagement 
with architectural production in South 
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Africa, only a small number of journals, 
monographs and exhibitions exist 
that document developments in the 
discipline of architecture. Obtaining a 
comprehensive understanding of the 
South African architectural continuum 
is therefore very difficult. 

This is furthered by the complacent 
record-keeping of many architects 
and public institutions, and the fact 
that original architectural drawings 
are often not accessible or are 
simply lost. A noteworthy example 
is the former Munitoria Building, 
which had housed Pretoria’s drawing 
archive and burned down in 1997.

This is why the Boukunde 
Architectural Archive is so important. 
Besides preserving and making 
valuable architectural artefacts 
accessible, its collections also 
represent a coherent continuum of 
architectural production from the 
mid-nineteenth century that focuses 
largely on architectural thinking in 
the Pretoria region.

The Archive houses the collections 
of such prolific architects as Gordon 
McIntosh (1904–1983), including zero 
hour originals (1933), John van de 
Werke (1904–1980), Norman Eaton 
(1902–1966), Gustav Schmickl (1903–
1977) and Glen Gallagher (1935–2010), 
as well as other important collections 
like that of the ZAR Departement 
Publieke Werken (1887–1900) and the 
Cultmatrix heritage consultancy of 
Karel Bakker and Robert de Jong.

Together, these collections offer 
a comprehensive record of the 
architectural discipline in the Pretoria 
region from the city’s founding 
in 1855 onward, showing how it 
changed and evolved over time. These 
collections also contain material 
relating to various iconic Pretoria 
structures, such as the Old Raadsaal 
and the Palace of Justice designed by 
Sytze Wierda, the Melrose House by 
WT Vale and the University’s own Aula 
Theatre by Philip Nel.

Going digital

In addition to the physical artefacts, 
there is an extensive digital archive 
stored on the departmental server 

called Archie, a secure network 
attached storage (NAS) file server, 
as well as the online archives on 
UPSpace, accessible through the UP 
website. In fact, Dr Barker states that 
the Department of Architecture was 
one of the first at UP to digitise. In 
the Archives, this process is ongoing 
and deemed a crucial part of the 
coordinating committee’s work.

One of the most innovative aspects 
of the Boukunde Archive lies at the 
centre of its digitising journey. It 
started in 1973 with the development 
and implementation of a punch card 
system for the indexing and retrieval 
of articles to help researchers access 
journal information. This system was 
called TOBi (“Trefwoordstelsel vir die 
Ontsluiting van Boukundige Inligting”). 
It was developed into a DOS database 
in 1981 and then converted into 
Access for a Windows environment  
in 1996.

Based on TOBi, an additional 
database (TOPi) was created 
for the departmental archives, 
which contains not only plans, 
sketches and elevations, but also 
documents, conference proceedings, 
photographs, maps and other 
artefacts, as well another database 
(TOSi) for its large collection of slides.

The Archive’s database also 
contributed to its growth and 
prestige. In 1999, during a RIBA/CAA/
SAIA1 accreditation assessment, it 
was noted that the system had put 
the Department in a position where 
the preservation of drawings and 
other visual material was recognised 
beyond the Department, leading to 
the donation of major collections 
like the John Fassler slides.

The TOBi and TOPi databases were 
eventually developed into ArchUP 
and PlanUP respectively on the 
national library network, Sabinet, 
making them available countrywide.

It is, however, through UPSpace, 
the University’s full-text open-
access digital repository, that the 
Boukunde Archive achieves what its 
coordinating committee considers 
the ideal outcome of its endeavours: 
to make its collections available to 

scholars everywhere, at all times, 
through this online archival platform.

Since the launch of UPSpace, the 
Department of Architecture has been a 
vital contributor, helping the platform 
achieve its reputation as one of the 
foremost open access repositories 
on the continent. With its dedicated 
digitisation room, the Archive is 
continually growing its online collection 
of hosted journals, self-generated 
material and donated collections.

Making history current

Besides safeguarding South African 
architectural heritage, the Archive 
demonstrates its contemporary value 
by supporting departmental and 
postgraduate research, and by serving 
as a resource to students and lecturers 
alike in architectural history and design 
education. In addition, students who 
work as archival assistants acquire 
marketable skills in digitising, indexing 
and handling archival material.

The Boukunde Archive also supports 
the practice of architecture and 
conservation endeavours within the 
community by fostering research 
partnerships and connections with, 
for example, the National Archives 
and the Department of Public 
Works. Architectural and heritage 
practitioners from across the country 
consult the Archive for projects in 
conservation, adaptive re-use and 
urban development, and its online 
collections and hosted journals are 
regularly accessed by both local and 
foreign researchers.

The Archive’s coordinating committee 
aims to continue to facilitate these 
activities by carrying on with its 
mission of growing and curating 
its collections, and disseminating 
information about it to anyone 
who is interested. It is also making 
a concerted effort to increase the 
collections’ online visibility. 

Over the span of 50 years, the 
Boukunde Architectural Archive has 
utilised innovative techniques to 
curate its collections, thereby making 
South Africa’s rich cultural heritage 
both relevant and valuable in the here 
and now. 

1 Royal Institute of British Architects (RIBA); Commonwealth Association of Architects (CAA); South African Institute of Architects (SAIA)
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The Department of 

Architecture is a dynamic 

academic department that 

has made, and will continue 

to make, meaningful 

contributions to society 

through discourse on 

the design, quality and 

sustainability of the cultural 

landscape and the practice 

of architecture, landscape 

architecture and interior 

architecture. In line with 

this vision, the University 

of Pretoria’s landscape 

architecture study 

programme encourages 

students to engage in 

critical analysis and 

discussions that relate to 

the design of spaces. 

Landscape architecture meets land art
Dr Ida Breed

Each year, second-year landscape 
architecture students start the 
year with a land art project as an 
introduction to form and fabric in 
landscape design. 

The students are required to design, 
execute, photograph and present 
a land art project for assessment 
within just two weeks. Land art is 
a style of art that uses elements 
found in nature to build a sculpture 
that works in harmony with a given 
location. Dr Ida Breed, a lecturer 
in Landscape Architecture at the 
University of Pretoria, feels that 
this project helps immensely as an 
introduction to the design process, as 
it takes the student from idea to post-
design reflection in a relatively short 
space of time. The emphasis lies on 
form creation and aesthetics, which 
are essential components of all the 
landscape design projects to follow.

Nowadays, the term “land art” 
is applied to almost any kind of 
design in public space with some 
artistic qualities. In the late 1960s, 
an art movement emerged in the 
USA where the work of art and the 
landscape in which it is created are 
inextricably linked. According to 
Bielefeld (in Weilacher, 1996), land art 
can be described as interventions by 
artists who use earth, stone, water 
and other natural materials to mark, 
shape, build, change and restructure 
landscape space. They do so with a 
sensitivity and care arising from an 
awareness of ecological responsibility 
and as the means of expression of a 

place-weary society. Most works are 
located well away from civilisation, for 
example, in canyons or deserts, and 
form a record of human presence 
only when seen from the air. 

According to Smuda (in Weilacher, 
1996), people’s disturbed relationship 
with nature and the ensuing 
worldwide threat to the ecological 
balance is an ever-increasing 
concern. There is a conflict between 
our understanding of nature as a 
source of raw materials and our 
romantic conception of nature to 
seek untouched natural beauty. Land 
art emphasises nature as a space 
of sensory perception, a space for a 
relationship between humankind and 
the environment. 

In the 21st century, landscape 
architecture mostly manifests 
as pragmatic solutions to social 
and environmental problems of 
our urban condition. However, a 
great ambition of all landscape 
design remains to capture “the 
re-presentation of land as art” 
(Weilacher, 1996). In these ambitions, 
landscape architecture resembles the 
ideals of land art. As a contemporary 
form of dialogue between humans 
and nature, art remains a unique tool 
of non-verbal communication. The 
artist experimentally explores new 
mediums of communication between 
people and the environment.

Reference
Weilacher, U. 1996. Between landscape architecture 

and land art. Berlin: Birkhauser.
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Past student projects

In his piece, Urbanisation, the late 
Jarred Thain created an ephemeral 
design executed by cleaning dirty 
wall surfaces (Figure 1). This piece 
represents urbanisation that is 
slowly chasing the wildlife out of our 
cities. His design shows the wildlife 
striving to get away from the urban 
environment. This was achieved 
by allowing his graphic to “escape” 
through the crack in the wall to 
a more environmentally friendly 
ecosystem. The birds fly away in 
perfect formation as they find a 
better place to be.

Louis van Wyk created a piece called 
Containment (Figure 2). This land art 
of wild vegetation in chicken cages 
is an ironic symbol of human lives 
in the city environment. The stark 
contrast of steel and wilderness 
against the clear sky provides a 
provocative, yet open interpretation 
of the daunting shapes.

Emma Brecher’s piece, Wind Snake, 
used plaited grass, which indicates 
movement through the field  
(Figure 3). It curves like a serpent 
and imitates the movement of wind. 
It almost seems alive. The pattern is 
a replication of nature’s proportions. 
She believes that everything in 
nature is in proportion, even the 
wind’s patterns through grasslands. 
She finds the movement of wind 
very poetic and that is what  
she wants her piece to 
communicate.

The Scar by Kim Dean (Figure 4)  
communicates that humans give 
meaning to and impose their values 
on nature. This work emphasises 
what was already there by 
juxtaposing colour and material. 
The invasive alien flowers are used 
to imitate scars, representing the 
wounds in nature that are created 
by invasive plants.

Suné Bos’s piece is called  
Bitterbessie Dagbreek (Christmas 
berry dawn) (Figure 5). Blood-red 
and bittersweet Christmas berries 
run with water into sandstone 
cracks like the blood in our veins. 

It is reminiscent of the bittersweet 
love of humans for nature and 
the overall lack of recognition that 
nature is as alive as humans are.

Figure 6 shows Garry Huygen’s  
Bird Foot. Using only natural 
materials and nature, red earth in 
water is distributed by bird’s feet. 
The sky is reflected in the muddy 
red pools and reminds us of how 
earth, water and air unite all living 
things. It also shows how small 
birds’ feet can have large poetic 
effects in nature. 

 Figure 1: The late Jarred Thain’s land art 
piece, Urbanisation.

 Figure 2: Containment is a piece by  
Louis van Wyk.

 Figure 3: Emma Brecher’s piece, Wind Snake,  
shows the movement of wind through grass.

 Figure 4: The invasive alien flowers in  
Kim Dean’s piece, The Scar, are used to 
imitate scars.

 Figure 5: Suné Bos’s piece, Bitterbessie 
Dagbreek, is reminiscent of the bittersweet 
love of humans for nature.

  Figure 6: Garry Huygen’s piece, Bird Foot, 
demonstrates how earth, water and air 
unite all living things.
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The shopping centre has 

become a prominent feature 

and integral part of the modern 

urban landscape, occurring in 

widely divergent cultures and 

economies. South Africa has 

the sixth highest number of 

shopping centres in the world. 

Over 2 000 centres offer  

23 million m2 of shopping space. 

Exploring South Africa’s retail landscape
The characteristics of shopping 
centres as complex systems, and 
the divergent and important role 
they fulfill in modern society, are 
being investigated in a wide range of 
research topics in the Department 
of Construction Economics at the 
University of Pretoria. 

In association with the South African 
Council of Shopping Centres, the 
Department has been actively 
involved in the training of shopping 
centre managers since 1993. 
More than 1 200 participants have 
benefited from courses that range 
from intensive week-long training 
for budding managers to a year-
long advanced course in strategic 
shopping centre leadership. In 
addition, the Department played a 
leading role in 2015 in the training of 
lawyers preparing for participation 
in the Commercial Lease Arbitration 
Tribunal, which is a first in South 
Africa.

Among other things, shopping 
centres play a stimulating role in 
the development of previously 
underdeveloped areas. Non-
metropolitan areas, as well as other 
African countries, have become 
target markets for big retailers in 
recent years. Retail development 
in tribal authority areas, as well as 
retail cannibalisation in Maseru, 
consumer behaviour in Soweto, the 
role of entertainment in shopping 
centres and the development 
of a strategic framework for the 
expansion of retailers in Africa have 
been researched. 

Cannibalisation refers to a situation 
where a retailer opens a new store 
location close to an existing store. 
When this happens, the existing 
store loses customers to the new 
store. Another study established 
a positive relationship between 
entertainment, the retail image 
and the value of the mall. Trends in 
gender and race transformation in 
the shopping centre management 
industry have been presented at 
international conferences, as have 

surveys of the skills required of 
shopping centre managers.  

Retail development in South Africa 
is strongly influenced by what is 
happening worldwide. Current 
worldwide economic conditions are 
also influencing the retail sector 
in South Africa. It is therefore of 
utmost importance to understand 
global economic trends and the 
impact on retail development. 
Shopping centre development 
in South Africa is also strongly 
influenced by what is happening in 
the USA. Urban sprawl and high car 
ownership are the main reasons 
for following the USA model of 
retail development. Traditional 
rural retail development closely 
corresponds with what is happening 
elsewhere in Africa where the level 
of urbanisation is still low.

Like many other emerging markets, 
South Africa is developing an 
increasingly large band of middle-
class consumers. For retail and 
consumer goods companies in 
particular, these consumers are 
highly aspirational and have many 
opportunities to spend their 
disposable incomes, as their local 
towns and cities are well supplied 
with modern malls. These cater to a 
local consumer culture that places 
a premium on high-end consumer 
goods, from fashion labels through 
to luxury car models, with a 
remarkable degree of sophistication 
and spending power among many of 
the country’s consumer class.

On the downside, the retail market 
is affected by a volatile currency, 
unstable inflation, steep price 
increases in fuel and especially 
electricity, unreliable provision of 
services in many smaller towns, 
sporadic labour unrest, high 
unemployment and extreme income 
inequality.

The South African retail industry 
is the largest in the sub-Saharan 
region and is the 20th largest retail 
market in the world. In 2011, total 
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retail sales in South Africa surpassed 
a trillion rand for the first time in 
history. By 2016, this is expected to 
increase to R1.46 trillion. Five South 
African companies – Pick n Pay, Spar, 
Massmart and Metcash – constitute 
80% of the retail sales. 

In 2012, the retail, wholesale, 
catering and accommodation 
sector contributed 14.4% to overall 
gross domestic product (GDP) 
and reflected a growth of 3.5% 
over the previous year. The retail 
and wholesale sectors specifically 
employ an estimated 2 825 000 
people, which is 22% of the national 
labour force. This positions retail as 

typically defined locally by the living 
standards measure (LSM) market 
segmentation model. The LSM divides 
the population into 10 LSM groups 
(with 10 being the highest and 1 
being the lowest) according to their 
living standards using criteria such as 
degree of urbanisation and ownership 
of cars and other major appliances.

For those on the upper end of the 
scale, there is a clear aspirational 
drive to increase spending, 
especially for status purchases 
such as of high-end motor vehicles 
and premium alcohols. There is 
continued migration from lower LSM 
scores through to higher ones, with 
immediate knock-on benefits for 
retailers. 

For the large, lower-end pool of 
consumers, two key government 
initiatives – large-scale infrastructure 
investments across the country and 
wide-ranging social grants – are 
helping to prop up demand. Both of 
these initiatives are significant. 

Tenant mix is an important 
component of the success of a 
shopping centre. Exclusivity clause 
practices by South Africa’s major 
food retail chain groups, as well 
as wholesale traders, have led 
to concerns and Commission of 
Inquiry investigations about the 
potential exclusion of new market 
entrants, reduced competition 
between supermarkets and broader 
competitors, and the detrimental 
effects on consumers. This 
contentious practice is currently 
being investigated as one component 
of a PhD study on space demand 
models for real estate retail markets.

More technical aspects investigated 
in recent years include the use 
of computerised maintenance 
management systems in shopping 
centres and sustainable facilities 
management practices. Sustainable 
and “green” features of shopping 
centres are receiving increasing 
attention. The retail sector of the 
local economy represents almost 
14% of South Africa’s total GDP 
and almost a million people are 
employed in a very large number of 
stores throughout the country. 

an important sector in the overall 
South African economy.

Future growth will be largely driven 
by the number of black consumers 
rising into middle- and upper-income 
groups, with a consequent expansion 
in their disposable income. By 2016, 
some 11 million households are 
expected to have an annual income 
above R89 500.  This spending 
power is further bolstered by widely 
available consumer credit, both from 
retail banks and retail chains. 

Local retailers focus closely on how 
they position their brands against 
specific income bands. These are 

The South African 
retail industry is 
the largest in the 
sub-Saharan region 
and the 20th largest 
retail market in the 
world.



Chair in Shopping Centre 
Studies founded at UP

A partnership between the South 
African Council of Shopping Centres 
(SACSC) and the Department of 
Construction Economics in the Faculty 
of Engineering, Built Environment 
and Information Technology at the 
University of Pretoria has resulted in 
the founding of a Chair in Shopping 
Centre Studies. 

This is the first Chair of its kind in 
South Africa, and will be headed by 
Prof Chris Cloete. The partnership 
is a ground-breaking and innovative 
display of leadership by the 
SACSC, and is an expression of its 
commitment to empowerment, 

equity and transformation 
opportunities. 

The Chair will provide students an 
opportunity to produce pioneering 
research. A specialisation in 
shopping centres will also be 
introduced in the BSc(Hons) 
and MSc programmes in Real 
Estate from 2017. It is envisaged 
that this will help alleviate the 
shortage of professional shopping 
centre managers in South Africa. 
Candidates are encouraged to apply 
for bursaries to support them in 
doing these programmes.

Prof Cloete has been actively 
involved in training shopping centre 
managers nationally, in association 

with the SACSC, since 1993. More 
than 1 200 participants have 
benefited from two collaborative 
courses, the Certificate in Shopping 
Centre Management and the 
Advanced Certificate in Shopping 
Centre Leadership. In 2015,  
Prof Cloete also played a leading 
role in training lawyers preparing 
to participate in the recently 
established Commercial Lease 
Arbitration Tribunal.

The Department of Construction 
Economics is committed to making 
this partnership a success and is 
developing a Centre of Excellence 
with the SACSC so that together they 
may make a distinct contribution to 
the country. 
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The study also addressed a long-
standing perception in the building 
industry that green building costs 
significantly more than conventional 
construction. Knowledge and 
awareness of global warming, and 
the need for a sustainable building 
industry in South Africa have been 
increasing steadily since the turn of 
the 21st century. The establishment 
of the GBCSA in 2007 significantly 
increased this awareness in the 
South African built environment. 

To date, more than 180 buildings 
have been awarded a Green Star SA  
certification, and more than 7 000 
professionals have enrolled for 
GBCSA training courses. However, 
the growing green building industry 
is also experiencing challenges. 
Locally and internationally, research 
has indicated that there is a 
widespread perception that green 
building attracts a cost premium 
as high as 15 to 25% compared to 
conventional construction. These 
perceptions hamper the progress of 
green building. 

The vast majority of GBCSA 
certifications issued between 2009 
(when the first certification was 
done) and 2014 (when this study 
was launched) were issued to new 
office buildings. To ensure the 
consistency and relevance of the 
findings, the study only focused on 
office buildings. 

The research report included all of 
the 54 South African office buildings 
that had been certified by the GBCSA 
between 2009 and 2014. These 
buildings were awarded with 4-Star, 
5-Star and 6-Star ratings by the 
GMCSA. All 34 companies that own 
these buildings agreed to participate 
in the study. The cost data was 
obtained from the professional 
consultants involved in the various 
construction projects that were 
included in the study sample. 

Green building costs in South Africa
Danie Hoffman

A joint study on the cost of 

green building in South Africa 

has been conducted by the 

Green Building Council of South 

Africa (GBCSA), the Association 

of South African Quantity 

Surveyors (ASAQS) and the 

University of Pretoria. The 

purpose of the study was to 

provide certainty on the actual 

cost of South African green 

building and to specifically 

calculate the cost premium 

paid to achieve a Green Star 

South Africa (Green Star SA) 

certification rating from the 

GBCSA. 

The primary focus of the study 
was to describe the green cost 
premium or the additional cost of 
green building over and above the 
cost of conventional construction, 
expressed as a percentage of the 
project’s total cost. The green design 
penetration was also evaluated. This 
expressed the extent to which green 
design aspects were introduced into 
the different elements of a project, 
and was expressed as a percentage 
of the total project cost.  

The study used various generic 
building cost-related aspects to 
analyse and describe the findings in 
more detail. These aspects include 
the Green Star SA certification level 
awarded, the location, the relative 
size, the base building cost (R/m2) 
or specification level, the vertical 
façade ratio, the certification date 
and the tenant mix. The study also 
evaluated the percentage of the 
green cost premium spent on each 
of the nine different categories of 
the Office v1 rating tool to describe 
the typical design strategies followed 
for the certified buildings.

All but one of the 54 sample projects 
are located in Gauteng (61%), 
the Western Cape (20%) and the 
Durban/Umhlanga area of KwaZulu-
Natal (17%). Of these projects, 70% 
received a 4-Star rating, with 24% 
and 6% receiving 5-Star and 6-Star 
ratings respectively. The construction 
area of the sample projects varied 
from 858 to 74 244 m2. 
 
The certification date of the projects 
confirmed the exponential growth 
of the green industry in South Africa, 
as 81% of the projects had received 
certification in the last three years 
covered by the study compared 
to only 19% during the first three 
years. During the first three years 
covered by the study, almost 80% of 
the certified projects were designed 
for a single, corporate tenant, while 
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only 59% of the projects completed 
in the last three years had a single 
corporate tenant.

Results

The data sample of the green cost 
premium was slightly right skewed 
(0,389). The median was therefore 
chosen as an indicator for the 
central tendency of the data, as it is 
less sensitive to skewed data than 
the arithmetic mean. 

The major finding of the study was 
that the average green building cost 
premium achieved by the projects 
was 5% of the total project cost  
(see Table 1).  

The study has therefore clearly 
indicated that the green building cost 
premium of 5% is relatively small, 
and much lower than the perceived 
cost premium of 15% and more. This 
study has also provided the South 
African property industry with the 
first set of cost parameters of good 
practice in green building, based on 
the achievements of actual projects. 

Several other significant correlations 
were found between the green 
cost premium and aspects such 

as the construction size of green 
buildings, the vertical façade ratio, 
the certification date (maturity level) 
and the building’s tenant mix. The 
study found that, on average, 42.7% 
of the project budgets of certified 
green office buildings now contained 
green design elements to adhere to 
the requirements set by the GBCSA 
(see Table 2). This confirmed that 
the GBCSA’s certification process 
had resulted in a widespread effect 
on the design and construction of 
buildings certified by Green Star SA 
ratings. 

The study revealed that almost 58% 
of the total green cost premium 
was allocated to only two of the 
nine categories of the Office v1 
tool, namely Energy and Indoor 
Environment Quality (IEQ). Even 
though the two categories carry a 
combined weighting of 40% in the 
Office v1 tool, the study has revealed 
that design teams emphasise 
Energy and IEQ in their green design 
strategies.
 
Future research

Further work to extend the study’s 
findings through the inclusion of 
the cost data of the Green Star SA 

Danie Hoffman is the Programme 
Leader for Quantity Surveying in 
the Department of Construction 
Economics. He is currently studying 
towards his PhD in Quantity Surveying 
at the University of Pretoria.

office projects certified in 2015 
and 2016 is about to start. The 
local green industry is maturing 
and the patterns and trends 
identified will still evolve over time. 
It will be important to describe the 
development of South African green 
building cost trends as the industry 
further expands and matures. The 
trends identified in this study will 
therefore have to be continuously 
observed and documented. 

Green building is also taking place 
in other major sectors of the real 
estate industry, such as the retail, 
industrial, residential and educational 
sectors. As cost trends of these 
sectors will not necessarily duplicate 
or follow the cost trends presented 
by the office sector, different cost 
parameters for each real estate 
sector will have to be established, 
which offers various opportunities for 
future research studies.  
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Table 1: Green cost premium
Certification level – green 

cost premium 
Minimum Average Maximum

Total 1.1% 5.0% 14.2%

Table 2: Green design penetration
Location – green design 

penetration 
Minimum Average Maximum

Total 17.6% 42.7% 73.5%

 The findings of the study were officially launched to the public at Gallagher 
Estate, Midrand, on 15 July 2016.
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Quantity surveyors provide 
specialised financial and contractual 
services and advice to clients in the 
construction industry, as well as 
other related industries. They are 
independent, professional consultants 
who act in cooperation with architects, 
consulting engineers and contractors, 
among others, to promote the 
interests of building clients.

Dr Stephan Ramabodu, who has 
been a senior lecturer at the 
University of Pretoria since  
March 2016, believes the University 
to be a distinguished provider of 
training in this field.  

He was appointed President of the 
Association of South African Quantity 
Surveyors (ASAQS) in June 2016, and 
his extensive experience in both 
academia and industry adds value to 
the University’s Quantity Surveying 
study programme.

He had initially enrolled for a generic 
BSc degree at the University of the 
Free State (UFS), but changed to  
BSc Quantity Surveying (QS) after an 
uncle who worked on a building site 
introduced him to the profession. 
After graduation, he became a junior 
lecturer at UFS and did private work 
for contractors and QS firms to 
gain further experience. By 2005, 
Dr Ramabodu had completed his 
master’s degree by coursework in 
land and property management. 
He obtained his PhD at UFS in 2014, 
where he studied the procurement 
guidelines for project success in the 
cost planning of constuction projects. 

In 2006, he joined the quantity 
surveying consultancy Davis Langdon 
as a director, and in 2008, left to 
start his own business, Ramabodu & 
Associates. He was also elected Senior 
Vice-President of ASAQS and Editorial 
Board Chairperson of Acta Structilia, 
the national research journal in the 
physical and development sciences, 
published by the UFS’s Department of 

Industry collaboration bears fruit for 
quantity surveying

Quantity surveying graduates of 

the Department of Construction 

Economics at the University 

of Pretoria are highly rated in 

the industry. They are formally 

acknowledged as work-ready 

professionals in independent 

surveys carried out by 

specialist consultants among 

practitioners, and are therefore 

sought after by industry.

Quantity Surveying and Construction 
Management.

His current research interests 
include developing a template that 
can be used every year to update 
reimbursable quantity surveying 
expenses as outlined by the South 
African Department of Public 
Works, and producing articles 
on regulations that need to be 
amended to improve compliance in 
the industry. According to  
Dr Ramabodu, compliance is a big 
issue in the industry, as is evident in 
the number of pending court cases.

Basic training for quantity 
surveying consists of a three-
year undergraduate degree and a 
one- or two-year honours degree. 
The University of Pretoria offers a 
three-year BSc (Quantity Surveying) 
degree, as well as postgraduate 
qualifications up to doctoral level. 

The BScHons (Quantity Surveying) 
degree is the second phase of the 
Quantity Surveying programme and 
students have to complete it before 
they can register as professional 
quantity surveyors. Students are 
also required to obtain practical 
experience in the construction 
industry to support their academic 
learning. The honours degree 
requires students to work part-
time at approved QS firms for a 
prescribed period to supplement 
their theoretical studies with 
practical experience.  

According to Dr Ramabodu, each 
university is different in the way 
it offers quantity surveying study 
programmes. In terms of UP, the 
option of completing the honours 
degree over two years is unique. This 
means that some students study 
for five years, instead of four. The 
benefit of this is that they only need 
to complete two of the three years 
of in-service training, as required for 
professional registration. 



What makes UP unique?

In this way, UP is able to supply 
work-ready students who can 
cope with the demands of 
industry. In other situations, 
where students only complete a 
four-year degree, they still need 
to be taught how to do their jobs 
in the first year of the three-year 
vocational training period.

Another unique aspect of UP’s 
training is the fact that students 
need to complete at least 240 hours 
of vocational training during their 
studies before they can graduate. 
The emphasis of this process is on 
gaining experience and becoming 
more confident in the work 
environment, so that graduates are 
confident in their trade. 

Collaboration between industry 
and higher education institutions 
is important to ensure that 
graduates are highly employable. 

The  ASAQS provides guidance 
and resources to help quantity 
surveyors succeed in the quantity 
surveying industry and stay 
abreast of developments in the 
built environment. The ASAQS 
also provides continuous career 
development opportunities 
and is involved with regulation, 
standardisation and accreditation. 

Because the process of 
becoming President of such a 
body is rigorous and because 
the incumbent has to be an 
influential person in the industry, 
having such a person on its 
establishment is beneficial to 
the University. Dr Ramabodu’s 
expertise and capacity at the 
ASAQS allows him to be in-
tune with industry trends and 
challenges as he conducts 
his research, knowing which 
challenges employers and 
graduates might experience.

Dr Ramabodu feels it is important 
to inspire prospective students to 
study quantity surveying and he 
aims to motivate all his students 
to achieve their full potential. 
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From literature, it is evident that 
crime and the fear of crime have a 
direct influence on how individuals 
perceive and utilise (or underutilise) 
the urban space and the meaning it 
holds. The fear of crime is triggered 
by cues in the environment that 
relate to aspects of crime for the 
individual. Due to crime and the fear 
of crime, individuals tend to avoid 
certain urban spaces. Thus, crime 
and the fear of crime in the urban 
setting have a direct influence on the 
economic, social and political fabric 
of a city (San-Juan, Vozmediano & 
Vergara, 2012; Bannister & Fyfe, 
2001).

When looking at the physical 
structuring elements within the 
built environment, it is noted that 
the physical structure and form of 
the built environment can influence 
crime and the fear of crime within 
the urban space, for example, 
“places of concealment suggest 
the possibility of someone hiding” 
and therefore the possibility of 
victimisation (Nasar & Fisher, 1993). 
Physical structures such as the type 
and layout of buildings, enclosed 
faҫades, railway lines, hidden alleys, 
poorly designed street networks and 
isolated public transport stops can 
generate the fear of crime (Painter, 
1996; Marzbali, Abdullah, Razak & 
Tilaki, 2012; Ceccato, 2012). 

The major physical structuring 
and form-giving elements in the 
study area are the railway line, a 
major freeway (N1) and an open 
space system. During the course 
of the research, interviews were 
conducted with members of the 
Villieria branch of the South African 
Police Service (SAPS), private security 
firms that operate in the study area, 
the Community Policing Forum, 
community liaison members and 
Mon Ami Trauma Troops (hereafter 
referred to as local law enforcement 

The influence of structuring elements on 
crime in the built environment
Elsa Snyders and Prof Karina Landman

A study conducted in the 

Department of Town and 

Regional Planning at the 

University of Pretoria examined 

the influences of physical 

structuring elements on crime 

and the fear of crime in the built 

environment in two non-gated 

neighbourhoods in Pretoria, 

Kilner Park and Queenswood. 

The two main components 

of the analysis entail crime 

and the fear of crime, and the 

physical structuring elements.

agencies). In addition, focus 
groups were conducted with local 
community members. The Villieria 
branch of the SAPS made crime data 
available for the period April 2014 to 
March 2015, which was analysed and 
graphically represented by means of 
geographic information system (GIS) 
data. 

From discussions with local law 
enforcement agencies and related 
parties, it was evident that the N1 
freeway, the railway line and the 
open space system were viewed 
as crime generators, with most 
incidents of crime recorded in these 
areas. These areas are branded as 
crime “hot spots” within the study 
area. Comparing the opinions of 
local law enforcement agencies and 
related parties, buffer areas were 
included along the N1 freeway  
(500 m), the railway line (500 m)  
and the parks or open space system 
(150 m), identifying the total number 
of crime incidents recorded per 
identified structuring element buffer. 

When analysing the statistical data, 
it is evident that 46% of all crime 
incidents in the study area occurred 
in the railway line buffer. It was 
also seen that 29% of all crime 
incidents were recorded in the open 
space buffer, and 26% of all crime 
incidents were recorded in the N1 
freeway buffer. The crime incidents 
per buffer area were calculated by 
identifying all the crime incidents 
recorded in the particular buffer 
area of interest compared to the rest 
of the study area. The analysis was 
repeated for each additional buffer 
area.

When the railway line buffer is 
examined in detail, it is evident 
that the predominant crime 
type recorded in this buffer area 
is property related (56%). It is 
interesting to note that insurance 
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 The study area in Kilner Park and Queenswood.

 All crime incidents per buffer area.
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they do not utilise the open space 
adjacent to the railway line and are 
fearful of victimisation, even when 
travelling in the street parallel to 
the railway line due to the area 
being isolated and poorly lit in the 
evenings. Community members 
view the N1 freeway as an easy 
escape route, with the properties 
located in close proximity to the 
N1 being vulnerable targets. In 
addition, community members 
do not feel comfortable walking, 
cycling or jogging near the N1 
freeway crossing, as the crossings 
are isolated, poorly lit and provide 
hiding places for criminals.

The community members 
supported the views of the local 
law enforcement agencies that the 
railway line, N1 freeway and open 
space system are crime and fear-of-
crime generators. The observations 
of the community members and the 
local law enforcement agencies are 
statistically supported by the crime 
data.

From the above discussion, it is 
evident that the main structuring 
elements, as identified within this 
particular study area (the railway 
line, N1 freeway and open space 
system) are poorly integrated into 
the urban fabric. The structuring 
elements foster crime and fear of 
crime due to visual clues of disorder 
and neglect. In addition, the physical 
structures provide hiding places and 
heighten the fear of victimisation. 
Poor lighting and isolation of the 
structuring elements add to the fear 
of crime and, in turn, the avoidance 
of these spaces.

This research confirms some of 
the existing international research 
and South African studies that 
found that the planning, design 
and management of the built 
environment can either enhance 
or reduce opportunities for crime 
and the fear of crime in the 
built environment. Given this, it 
is essential that municipal and 
local crime prevention strategies 
acknowledge the role of physical 
disorder and the nature of the built 
environment on crime and the fear 
of crime. 

companies levy a higher monthly 
fee to households located within a 
500 m radius of a railway line due to 
higher crime rates.

Turning to the community members’ 
opinions and experience, most of 
the community members indicated 
that they do not feel safe to utilise 
the open space system, as the area 
is unkempt with litter lying around. 
The grass is mostly overgrown 
and can provide ample hiding 
place for criminals. Furthermore, 
community members indicated that 

 All crime incidents in the railway buffer.
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Consequently, it is imperative that 
local crime prevention strategies not 
only deal with law enforcement and 
social crime prevention initiatives, 
but also measures aimed at dealing 
with the physical disorder and 
nature of the built environment, 
commonly referred to as crime 
prevention through environmental 
design interventions or, in a broader 
sense, situational crime prevention. 

At the same time, planning and 
design policies need to acknowledge 
the role of the built environment to 
enhance or reduce opportunities 
for crime or fear of crime, and 
consequently keep situational crime 
prevention concepts in mind when 
engaging with spatial planning and 
land use management. 
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Designing for user experience and 
usability has, therefore, become an 
important part of the business model 
of any organisation with an online 
presence. 

In South African organisations, there 
is still uncertainty about where the 
responsibility for user experience, 
design and usability evaluation lies. 
User experience is typically assigned 
to the development, marketing 
or client services departments 
that do not have the expertise to 
properly integrate it into the overall 
design and development process. 
Approaching user experience 
cleverly will result in design choices 
that realise business objectives and 
support strategic decisions about 
online business directions.

The design laboratories of the 
Department of Informatics at 
the University of Pretoria consist 
of a UX laboratory and a mobile 
development laboratory. Besides 
researching human-computer 
interaction (HCI), the Department 
assists organisations with the design 
and evaluation of websites and 
other software applications in a way 
that will ensure that the products 
are usable and provide a satisfying 
user experience. The Department 
provides a range of HCI-related 
services, specialising in the use of eye 
tracking technology in usability and 
UX design and evaluation.  

What is eye tracking?

Eye tracking is the process of 
recording a viewer’s gaze on a 
stimulus by tracking the person’s 
eye movements. When we see an 
object, the light reflected from that 
object is registered with the retina, 
a light-sensitive layer at the back 
of our eyes. The retina consists of 
visual sensory receptors called rods 
and cones. Rods function in low-
light environments, while cones are 

Eye tracking sheds light on usability and 
user experience
Prof Helene Gelderblom

The user experience (UX) that 

is afforded by an organisation’s 

website or other software 

applications is what makes 

customers stay or leave. A 

flawless website that allows 

users to effortlessly access what 

is on offer will set a company 

apart in a congested and 

competitive online business 

landscape.

active in well-lit conditions. Cones 
are responsible for colour vision and 
are mostly located in a small area 
at the centre of the retina called the 
fovea. The fovea registers stimuli 
more sharply than any other part of 
the retina. Because our peripheral 
vision is mainly good at picking 
up movements and contrasts, we 
constantly adjust our eyes so that 
the light that reflects from the object 
we are looking at falls onto the 
fovea. So, to see objects clearly, we 
continuously scan our visual field 
with eye movements called saccades. 
These saccadic eye movements can 
be small (for example, when reading) 
or large (for example, when driving). 
Visual information is processed when 
our gaze is kept still for short periods 
between saccades to reposition a 
new image onto the fovea. These still 
periods are called fixations and make 
up about 90% of our viewing time.

Most commercially available eye-
trackers capture gaze data using 
an unobtrusive method called 
video-based corneal reflection. This 
method uses image processing 
software to capture the glint (the 
small white reflection that appears 
on the eye surface) and the centre of 
the pupil.  By projecting infrared light 
into the eye, a clear glint is produced 
and the pupil appears as a clearly 
defined disc that is easy to detect. 
With trigonometric calculations, 
using the relative position of glint 
and pupil centre, the eye-tracking 
software calculates gaze location on 
a stimulus.

Because our eyes move constantly, 
eye-trackers must capture eye 
movements frequently to record 
gaze points accurately. The 
frequency of an eye-tracker’s data 
collection is denoted by the eye-
tracker’s sampling rate. For example, 
an eye-tracking device with a 60Hz 
sampling rate can record gaze points 
every 16.6 milliseconds.
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How eye tracking is used in 
usability and UX evaluation

For the purpose of the usability 
testing of software applications, 
eye-tracking data is presented in 
the form of gaze plots, heat maps or 
gaze videos that provide an animated 
view of users’ eye movements 
across the screen. Gaze plots are 
graphs showing a user’s sequence of 
fixation. Fixation patterns can provide 
invaluable information about a user’s 
spatial distribution and the order of 
foveal snapshots on the stimuli.

Researchers in the Department of 
Informatics strongly believe that a 
product can only be designed or 
evaluated successfully when end users 
are involved. Users do, however, find it 
difficult to express their opinions, and 
lean towards the positive when put on 

the spot. Eye tracking overcomes this 
bias by providing objective evidence 
of user preferences. Yet, eye-tracking 
tests are combined with retrospective 
interviews to ensure that the user’s 
experience is accurately represented. 
During these interviews, users are 
shown their eye-tracking videos and 
questioned about aspects of where 
their eye movements indicated 
uncertainty or where they focused on 
elements for longer than should be 
necessary. Without this tool, users find 
it difficult to recall their perceptions 
and will mainly remember the latter 
part of their interaction.

Eye-tracking equipment in the 
Department of Informatics

The design laboratories of the 
Department of Informatics are 
situated in the Information 

Technology Building (Rooms 4-52 
and 4-55) on the University’s 
Hatfield Campus. The UX laboratory 
consists of an observer room and a 
participant room that is separated 
by a one-way mirror. It is equipped 
with the 120 Hz Tobii X3 eye-tracker, 
which is used with the Tobii Pro 
Studio software. The software 
enables researchers to perform very 
thorough and comprehensive data 
analysis and produce sophisticated 
visualisations of the user’s interaction 
with the product. This equipment 
allows eye tracking on any screen 
size, from a large television screen to 
a small mobile device. 

Clients whose products are evaluated 
are always invited to observe the 
eye-tracking evaluation process 
from the observer room. This allows 
them to get immediate feedback and 

 Heat maps show which objects were registered by users’ eyes, and indicate how intensely people looked at the objects. 
Various colours represent different fixation intensities: red denotes the most intense fixations, yellow indicates moderate 
ones, and green signifies the least intense ones.
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 A gaze plot shows the sequence of fixations on a stimulus. Each circle represents a fixation and is numbered to show 
where it fits into the sequence.

identify specific areas that they want 
researchers to probe further.

How students benefit from the 
eye-tracking experience

Eye tracking is part of the HCI 
syllabus that forms part of the 
honours degree programme 
in Informatics. Students do a 
comprehensive, practical eye-tracking 
assignment that involves performing 
complete usability evaluation 
studies for real-world clients. The 
Department approaches companies 
to provide students with systems to 
evaluate, along with a brief on the 
evaluation they require. In 2016, 
students worked with Deloitte, 
Comair and SAFair.
 

 The mobile eye-tracking setup – a small scene camera records users’ hand 
gestures on the interface from the top, while the eye-tracker records gaze data 
from below.

Prof Helene Gelderblom is an associate 
professor in the University of Pretoria’s 
Department of Informatics. Her research is 
focused on human-computer interaction. 

Over the past three years, lecturers 
have observed how this experience 
positively affects students’ attitude 
towards HCI in general, and towards 
usability and UX evaluation in 
particular. Eye tracking has proved 
to be a powerful teaching tool that 
convinces students of the importance 
of user-centred design. The results of 
student evaluations from 2014 to 2016 
confirm that students regard the eye-
tracking assignment as a mind-altering 
experience, and that eye tracking is 
an effective tool for convincing future 
IT professionals of the importance of 
usability, UX and user-centred design.

Several honours and master’s 
students in the Department are 
doing research projects with the 

use of eye tracking. In 2015, three 
students investigated how listening 
to music affects users’ perception 
of, and interaction with, an 
interface. Three honours students 
are currently comparing how users 
from different age groups interact 
with e-commerce websites, and a 
master’s student is examining the 
value of presenting organisations 
with eye-tracking data that compares 
the usability of their products with 
that of their direct competitors. 

The research possibilities around 
eye tracking and interaction design 
are endless, and the Department 
of Informatics would welcome 
collaboration in this regard with other 
departments at the University. 
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The Department of Informatics 
teaches students the skills to develop, 
implement and maintain information 
systems in a broad variety of domains, 
such as business, healthcare and 
government. Since information 
systems are generally considered to 
be solutions to problems, analytical 
thinking and problem-solving skills 
have always been an important part 
of the curriculum. In the past, these 
skills have been included in first-year 
System Analysis and Design courses. 
Over the past couple of years, the 
Department has increasingly realised 
the importance not only of problem 
solving, but also critical thinking, and 
decided to include a module that 
focuses on these competencies in the 
BCom (Informatics) degree, starting 
in 2016. The module consists of two 
parts: the first focuses on critical 
thinking and the second on problem-
solving skills. 

Teaching critical thinking 

There are different approaches to 
teaching critical thinking, which can 
be loosely categorised as formal 
or informal. Brookfield (2012) is of 
the opinion that if critical thinking 
is taught outside a specific domain, 
such as philosophy or health 
sciences, it should at least be taught 
by connecting with the students’ 
experience. He uses a rather informal 
approach to teaching critical thinking 
and summarises it as involving four 
interrelated phases: discovering our 
own underlying assumptions, checking 
the accuracy of these assumptions, 
looking at our ideas from different 
perspectives and making informed 
decisions based on these researched 
assumptions. He strongly believes in 
the importance of educators modelling 
their own critical-thinking processes, 
as well as the fact that critical thinking 
is a social learning process. Other 
approaches are more formal and use 
elements of predicate or formal logic 

First-year Informatics students learn 
about critical thinking and problem solving
Prof Machdel Matthee, Dr Marita Turpin and Dennis Kriel 

A new first-year module that 

enables Informatics students to 

sharpen their reasoning skills,

resolve messy problems and 

apply design thinking in the  

UP MakerSpace was recently

introduced in the Department  

of Informatics.

in the evaluation of texts or arguments 
in a specific domain.

This module uses a hybrid approach 
by linking to students’ experiences 
while also utilising elements from a 
more formal approach. To this end, the 
textbook of Butterworth and Thwaites 
(2014) is used. As an integral part of 
the course, different group activities 
are included in the lectures. Various 
concepts serve as analytical tools in 
teaching students the different aspects 
of critical thinking. These include 
concepts such as claims, statements, 
arguments, complex arguments, 
reasons, assumptions, fallacies, 
inference, evidence and credibility. The 
content was contextualised by utilising 
discourses (for example, on loyalty 
vs honesty, inter-racial relations and 
sugar tax) from the popular press and 
social media, and providing students 
with arguments (including scientific 
arguments) to analyse and evaluate. 

Looking back at this part of the 
course, students found it easier to 
give opinions in class, than to analyse 
and evaluate an argument in a test 
situation. In a survey of the module’s 
critical thinking component, students 
confirmed that the module improved 
their critical thinking skills and helped 
them to better analyse arguments and 
question the validity of a proposition.

Problem solving, design thinking 
and the UP MakerSpace 

The second part of the module focuses 
on problem solving. Students require 
more than just analytical skills to solve 
textbook-type problems. In their work 
environment, systems analysts are 
regularly confronted with complex 
problems, where the complexity is 
not just technological, but also social 
or political. For this reason, our point 
of departure was Russell Ackoff’s 
classification of problem situations 
into puzzles, problems and messes 



642 0 1 6  I N N O V A T E  1 1    F E A T U R E S

(Gammack, Hobbs & Pigott, 2011). 
Puzzles are logical or analytical. They 
may be very difficult to solve, but there 
are standard methods to approach 
them and they have only one correct 
answer. A mathematics brainteaser 
is an example of a puzzle. Problems 
are less structured in how they are 
presented. They may have multiple 
solutions, depending on a number 
of criteria. An example of a problem 
is when one purchases a new car, 
and has to consider factors such 
as affordability, reliability and size. 
Messes are even less structured, to 
the extent that it is not even clear what 
the underlying problem is. An example 
of a mess is a dispute between a 
labour union and management. For 
students in the technology field, the 
problem-solving skills they are taught 
elsewhere typically focus on puzzles 
and problems, rather than messes. In 
the new module, students are taught 
to classify problem situations as 
puzzles, problems or messes, and the 
appropriate approaches to apply in 
each situation. 

To give students additional exposure to 
dealing with messes, a number of class 
assignments are given that entail hard 
negotiations between stakeholders 
when they role-play messy situations.   

UP MakerSpace assignment

The problem-solving group assign-
ment focused on a technological 
problem. Students had to design and 
develop a prototype of a corporate 
gift and, in the process, make use of 
the technology in the UP MakerSpace. 
They had the privilege of being the 
first undergraduate class in the School 
of IT to use the MakerSpace. 

Students were first given a lecture 
on the Maker Movement. This 
Movement is a trend in which 
individuals or groups of individuals 
create and market products that 
are recreated and assembled 
with unused, discarded or broken 
electronic, plastic, silicon or virtually 
any raw material or product from a 
computer-related device. Students 
also learnt about the exciting 
possibilities of Arduino hardware 
and programming, as well as 3D 
printing, after which they were given 
a tour of the UP MakerSpace. 

Students had to execute their 
projects by applying a design-
thinking process. This process 
ranged from empathising with their 
client and brainstorming concept 
options, to developing a working 
prototype. As a result, students were 
exposed to constructionist learning, 
also known as “learning by making” 
(Papert & Harel, 1991). 

Since most of the first-year 
Informatics students had not had 
previous exposure to 3D modelling 
or Arduino programming, a 
steep learning curve and serious 
improvisation were required. 
Students were encouraged to attend 
MakerSpace courses in 3D modelling, 
ask advice from the MakerSpace 
assistants and draw on resources 
from the internet, family and friends. 
Since the aim of the assignment was 
not to gain in-depth modelling skills, 
but to learn about design thinking 
while being exposed to MakerSpace 
technology, they could borrow skills 
and knowledge. A number of groups 
received help from siblings or friends 
in Engineering.

Demonstrations of the group 
prototypes were preceded by some 
last-minute printing, as the students 
had to learn that a 3D printer can 
have a very time-consuming queue. 
The prototypes they managed to 
design and develop were impressive 
and the class average for the group 
assignment was high. Students felt 
that the exposure to 3D printing 
technology motivated them to engage 
with the assignment more intensely. 

The module is deemed successful 
as students’ argument analysis, 
problem-solving and design-thinking 
knowledge in the examinations 
improved markedly. 
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The term “Big Data” is pervasive 

in business discussions as it is 

seen as an innovation enabler. 

However, the term can be quite 

confusing.  Is “Big Data” really 

that different from “data”? 

As data has been around for 

a while, it might appear that 

Big Data is the result of data 

moving away from a strictly 

“text-based, structured format” 

to a heterogeneous unstructured 

format. 

Unravelling “Big Data” for the enterprise 
Estée van der Walt and Prof Jan Eloff

The question that arises is whether 
the complexity that is brought 
about by the volume, velocity and 
variety of data deems it necessary 
to process data in a different way 
in comparison to the way data was 
processed some years ago.

Research conducted in the 
University of Pretoria’s Department 
of Computer Science aimed to 
develop a better understanding of 
Big Data and compare it to what is 
known as data. 

Enterprises have invested a lot of 
resources on Big Data infrastructure, 
and this research questioned 
whether it is justified, or could 
traditional data-processing methods 
still serve a purpose.

What is Big Data?

The term Big Data was first coined in 
the 1990s, but academically, it made 
its appearance in 1998 to describe 
working with large volumes of data. 

Big data is the term used for a 
collection of data sets so large and 
complex that they become difficult 
to process using on-hand database 
management tools or traditional 
data-processing applications.

Gartner (2014) describes Big 
Data according to its underlying 

characteristics. It mentions that 
Big Data is a collection of high-
volume, high-velocity, high-variety 
information assets that demand 
cost-effective, innovative forms 
of information processing for 
enhanced insight and decision 
making.
 
The fact that we have too much 
data to consume is not new. The 
term “information overload” was 
popularised in 1970 in a book by 
Alvin Toffler called Future shock 
Toffler, 1970). This term has evolved 
into what is known as Big Data. 

The explosion of data

Digital data has its own set of 
structures and technologies for 
storage, retrieval and usage, and is 
traditionally kept in a database. The 
explosion of data in the last decade 
is due to the fact that technology 
allows for better storage and speed. 
Data produced in real-time without 
human intervention is another 
contributing factor. 

This was propounded by what is 
known as the “Internet of Things”. 
This constitutes the idea that devices 
such as digital cameras and smart 
phones can be connected to the 
internet via a unique identifier to 
produce and consume data – also 
referred to as “smart data” (Jara, 
Bocchi & Genoud, 2013), thus adding 
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to the ever-growing data explosion. 
According to Gartner (2013), there 
will be nearly 26 billion devices on 
the Internet of Things by 2020, while 
ABI Research (2013) estimates that 
more than 30 billion devices will be 
wirelessly connected to the Internet 
of Things by 2020.

Social media adds to data generated 
from the Internet of Things by 
enabling the “person in the street” 
to create their own content, share 
their lives in words and videos, and 
blog about their thoughts without 
any technical skills required. At the 
beginning of 2014, Facebook alone 
had over 1.4 billion users,  
300 petabytes or 315 million  
gigabyte of data and 10 billion 
messages sent daily by its users. 
Twitter generates 190 million tweets 
per day and there are 17 million 
articles hosted on Wikipedia.

These volumes of data have 
necessitated enterprises and 
academics to constantly search for 
new ways to handle the explosion 
of data and the challenges faced 
in data processing, resulting in 
non-relational heterogeneous 
databases (Reeve, 2012) that are 
able to handle non-structured data 
distributed across multiple clusters. 
This presented many challenges, 
such as ensuring that clients of 
these data infrastructures always 
see the same version of the data 
and that at least one copy of the 
data is always available. Non-
relational databases are managed 
via database management systems 
and demand enterprises to shift 
from a structured query language 
(SQL) to access data and find new 
mechanisms. 

The authors also investigated 
the trend towards non-relational 
database environments using 
Google trends to illustrate this 
increasing interest over time in non-
relational database management 
systems and not only SQL (NoSQL) 
from 2004 to 2013. They believe that  
increased interest correlates very 
closely with the evolution of the web 
and more specifically to Web 2.0 and 
Web 3.0 frameworks (Nath, Dhar & 
Basishtha, 2014). 

They also investigated the public 
interest in Big Data as opposed 
to non-relational database 
management to understand whether 
the new technologies were a catalyst 
towards the big data hype as 
depicted by Gartner Research.

It is the authors’ opinion that as non-
relational database technologies 
have matured, the public has 
realised that there is value in their 
own data and they see similarities 
between the challenges they 
face and what these Big Data 
technologies are now beginning to 
solve. Data volumes can be handled 
efficiently and in a timely manner 
(assuming it is from multiple sources 
and in various formats. 

Characteristics of Big Data

In 2001, Doug Laney, an analyst 
from the Meta Group (now Gartner 
Research), produced a paper 
proposing a formal approach to 
data management (Laney, 2001). 
He illustrated that dealing with 
data has challenges and requires 
a formal framework. He defined 
data management along three 
dimensions: volume, velocity and 
variety. It is these dimensions that 
became the model for describing the 
characteristics of Big Data.

Volume

Data volumes are growing at a 
phenomenal rate and will continue 
to do so in the future. The more 
data there is, the more challenging 
the algorithms become to analyse 
the data and the more time it takes 
to maintain and ensure the quality 
of the data. A point is reached 
where adding additional storage or 
processing power does not provide a 
solution to the volume of data as it is 
still too much, the costs are too high 
or the distribution of data does not 
make it possible to analyse the data 
with traditional SQL and relational 
databases.  

Big Data solutions have addressed 
this problem by means of non-
relational database management 
systems that allow data to be stored 
across many low-cost servers that 

are easily accessible, cloud-based 
services that allow one to store 
data off-site, and high-performance 
computers that have even more 
capability than before to process 
larger data volumes in memory.

However, these solutions do 
not replace traditional relational 
database management systems 
and query languages. Each one has 
its purpose. Relational databases 
are still better in analysing high-
value transactional data and 
processing the same data over 
and over again, but it comes at a 
price as these systems get more 
expensive the more data they are 
required to handle (Leavitt, 2010). 
Non-relational databases, on the 
other hand, are good at handling 
high volumes of data in its raw 
form over various low-cost servers. 
Non-relational databases can 
complement relational databases. 
This is indicated by partnerships 
between companies that offer the 
best of both the relational and non-
relational worlds. 

The question remains: What 
constitutes a Big Data volume 
problem? The authors believe that 
Big Data will always be relative: 
relative to affordability, size, the type 
of data they store and the current 
technology that is available. Storage 
devices have evolved to store more 
data than before and will continue 
to do so. The fact remains that the 
enterprise will inevitably reach a 
point of data volume saturation, 
which is the point at which it will be 
required to find other solutions.

Velocity 

Not only is more data being 
generated, but it is done at a faster 
pace. The demand to consume and 
make use of this data in a timely 
manner has become important. 
Data can be processed in one of a 
number of time frames, including 
batch, periodic, near real-time and 
real-time. In batch processing, data 
is processed in large complete sets, 
while in real-time processing, results 
are required as the events happen.
Traditionally, data velocity was 
handled by adding more processors 
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to servers, adding more RAM or 
running processes in parallel. This 
eventually reaches a threshold 
where the analysis cannot keep up 
with the amount of data received. 
Big Data has addressed this problem 
in a number of ways:

• With low-latency analysis, the 
data can be split across various 
servers. This allows for faster 
processing of batch data.

• With high-latency near real-time 
analysis, methods like in-memory 
processing or analytical tools 
are used. These tools achieve 
faster analytics by using a form 
of column-based storage and 
scalable aggregation algorithms 
for computing query results in 
parallel.

• With high latency in-stream 
analysis, the data is analysed as 
it arrives, pushing out results as 
they become available. In contrast 
to low-latency batch processing, 
these tools continue to analyse the 
data until they are told to stop.

The question is what constitutes 
a Big Data velocity problem? 
The authors believe that it is a 
balancing act between how fast 
results are produced and how long 
consumers are prepared to wait 
for their results. Results become 
irrelevant towards driving business 
decisions or servicing customers 
when consumers demand a 

different solution or search for other 
opportunities elsewhere. It is at 
this point that the authors feel that 
enterprises are dealing with a Big 
Data velocity problem.

Variety 

Data originates from various 
sources, all of which carry data of 
value in various formats like text, 
videos and photographs. Historically, 
data has been textual in nature and 
loaded into relational databases 
that are very structured. These 
textual sets of data have attributes 
and values that fit perfectly into a 
relational model. 

In recent years, some additional 
variations of semi-structured and 
unstructured data have been seen 
that do not fit into a relational 
methodology. Semi-structured data 
can be manipulated to conform to 
the expectancies of relational models. 
In contrast, in unstructured data, it is 
difficult to identify the attributes and 
commonalities between the data, let 
alone how to extract and model it. 

Within Big Data, the challenge seems 
to be the amount of manipulation 
and effort required to get data in a 
format that is usable, presentable 
and of value.

The authors are of the opinion that 
variety is a real problem within the 

Big Data environment. Data variety is 
a fairly new concept. The introduction 
of Facebook in 2004, Twitter in 2006 
and the iPhone in 2007 introduced 
unstructured content creation and 
sharing to the public. The authors 
believe that as soon as data is no 
longer structured, one is dealing 
with a variety problem that requires 
special measures for usage.

Big Data case studies

To develop a better understanding of  
the abovementioned characteristics of 
Big Data, case studies of its application 
in the enterprise were considered:

• The Bank of America has a very 
large customer base (over  
50 million consumers and 
small businesses). In the past, it 
experienced problems analysing 
this big volume of data in time.  
Now it can predict consumer 
behavior and has the information 
available to help desk operators 
and attract more customers. 

• Macy’s Inc., a retail store in the 
USA, adjusts pricing in near real-
time for 73 million items, based 
on demand and inventory. In 
the past, this process took more 
than 27 hours due to the volume 
of data. Now the process is 
completed within an hour. This 
allows Macy’s to adjust its prices 
regularly to compare to current 
public trends. 

“Information is the oil of the 21st century, 

and analytics is the combustion engine.” 

 – (Senior VP of Gartner, Sondergaard, 2014)
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• UPS, a world-known package 
delivery company, has been 
tracking the movement of 
packages and transactions 
since the 1980s. The company 
now tracks data on 16.3 million 
packages a day for 8.8 million 
customers, with an average of 
39.5 million tracking requests 
from customers a day. The 
company stores over  
16 petabytes of data. One of its 
goals was to save costs, and it 
started using sensors in over 
46 000 vehicles to track their 
movements and devise better 
routes to save fuel and time. 

Current Big Data research

Considering all the characteristics 
of Big Data, the authors looked 
at the knowledge bases of the 
Institute of Electrical and Electronic 
Engineers (IEEE) and the Institute 
of Engineering and Technology 
(IET) for research on Big Data 
in 2013/14. This was done to 
understand what has been done to 
help the enterprise solve its Big Data 
problems. The IEEE is the world’s 
largest professional association 
and is based in the USA. The IET 
is based in the UK. Together they 
produce over 30% of the world’s 
literature in electrical and electronics 
engineering and computer science. 

The authors extracted the keywords 
from all the articles and conference 
papers on Big Data for 2013  
(1 771 instances) and 2014  
(1 259 instances). They aggregated 
all keyword results and mapped the 
top 25 keywords from each year to 
the characteristics of Big Data as far 
as they could. They added one more 
additional characteristic – veracity – 
to annotate those keywords dealing 
with the accuracy of Big Data. 

Based on this analysis, it appears 
that research is still more involved 
with the volume and velocity of Big 
Data than with variety. However, 
in 2014, there seemed to be a 
shift towards research into the 
variety of Big Data. This is typical 
in the enterprise today. The issue 
surrounding volume and velocity 
is well known and has been 

around since the start of relational 
databases. The characteristic of 
variety, however, takes less priority, 
but showed a growing research 
interest in 2014. The authors believe 
that this could be attributed to the 
fact that enterprises realise the 
value in their data: something they 
had never done before.

Data without value and meaning 
is of no use (Springer, 2013). This 
is why the authors added the 
veracity characteristic of Big Data 
in their research. Veracity refers to 
truthfulness or how accurately the 
data reflects facts or results. There 
is still a gap for further research to 
improve this aspect of Big Data. 

Conclusion

Big Data has grown from a 
concept to something tangible 
with measurable characteristics. 
Even though data is still the same, 
enterprises should proactively 
invest in Big Data, making sure 
that volume, velocity and variety 
do not become a problem for their 
landscape. Further research will 
focus on veracity, to understand 
how this could be measured and 
improve enterprise results. 
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South Africa, like 

any other country in 

the world, is exposed 

to so-called “grand 

challenges”. These 

challenges most often 

have a direct impact 

on the wellbeing of 

societies, and are 

related to health, 

security, poverty, 

energy, food and 

education. These 

challenges have one 

thing in common: 

they deal with vast 

amounts of data  

(Big Data), and 

require sophisticated 

and intelligent 

techniques to process 

and make sense of 

the data.
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This is a multidisciplinary degree 
and spreads across a number of 
academic faculties and departments. 
It is administered by the Department 
of Computer Science. The focus of 
the degree is to provide postgraduate 
opportunities to Big Data Science 
researchers and practitioners who 
are aware of the data needs of the 
South African landscape. 

Graduate professionals from 
industry can leverage this degree 
to reskill themselves in the 
foundational building blocks of Big 
Data Science, while researchers can 
excel in Big Data and Data Science as 
research disciplines. 

A blended mode of delivery will 
be followed. For each module, 
instructors facilitate discussions in 
face-to-face classes. Assignments 
proportional to the number of 
credits are assigned to each module. 
These assignments may be based on 
individual or group activities, such as 
writing reports and participating in 
online discussions. 

The degree requires a minimum 
of two years’ part-time study, and 
must be completed in a maximum of 
three years. If students need more 
than three years to complete the 
degree, they can apply for permission 
from the Dean of the Faculty of 
Engineering, Built Environment and 
Information Technology. Lectures are 
presented on the University’s Hatfield 
Campus for approximately two days 
a month. 

One of the key features of the 
curriculum is a practical project, 
which makes the theoretical Big 
Data Science knowledge gained 
in the programme operational 
in the real world. Apart from the 
core component, students can also 
choose from electives offered by all 
the participating departments. 

Introducing the master’s degree in  
Big Data Science 
Prof Jan Eloff and Prof Andries Engelbrecht

To meet the demands of an 

evolving information and 

communication technology 

landscape, the University of 

Pretoria has introduced a new 

master’s degree in Big Data 

Science in its Department 

of Computer Science. It will 

be known as the Master’s in 

Information Technology (MIT) 

(Stream C: Big Data Science) 

degree.

Core modules

• Machine learning 
• Statistical learning 
• Hands-on experience in 

technologies, such as Python, 
Spark, Hadoop, streaming, data 
fusion, distributed file systems 
and data sources

• Information ethics
• Mathematical optimisation
• The governance, administration 

and organisation of large 
volumes of structured and 
unstructured data

• A Big Data Science project
• A research-based mini 

dissertation: Students may 
choose a Big Data Science-related 
research topic and subsequently 
be assigned a supervisor or 
co-supervisor from any of the 
participating departments across 
various faculties (Computer 
Science, Electrical, Electronic and 
Computer Engineering, Industrial 
Engineering, Informatics, 
Information Science, Mathematics 
and Applied Mathematics, 
Computational Biology, Family 
Medicine and Radiology). 

A limited number of applicants 
are selected for admission into 
the programme each year. The 
admission requirements are as 
follows: 

• An appropriate honours degree 
• A minimum pass rate of 65% for 

the honours degree
• A pass mark in the following first-

year modules:
-  Mathematical Statistics or 

Statistics (or at the discretion 
of the Programme Organiser)

- Mathematics (or at the 
discretion of the Programme 
Organiser)

- Computer Science or 
Informatics (or at the 
discretion of the Programme 
Organiser)  



Multimedia studies in the 

University of Pretoria’s 

Department of Information 

Science are fostering excellence 

in student training. They are also 

contributing to the development 

of the discipline with research 

covering various aspects of this 

dynamic field of study. 
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Multimedia research, teaching and 
learning in full swing

The multimedia unit focuses on 
continuously updating the content 
of the discipline as it is presented to 
students. It does this by expanding 
the theoretical basis of the field and 
developing relevant subject-specific 
principles. 

Students enrolled in the  
BIS (Mulitmedia) degree programme 
benefit from a well-rounded course 
shaped by the latest developments 
in their field of study. Apart from 
specific multimedia principles and 
skills, students master a wide range 
of skills in the related disciplines of 
computer science and visual design. 
This includes acquiring proficiency 
in various programming languages, 
becoming well versed in the way 
programming and programming 
languages work, and mastering the 
principles of computer graphics, 
artificial intelligence, compilers, 
computer operating systems, 
databases, networks and other 
essential computer science concepts. 

In addition, students are introduced 
to the basic elements and principles  
of design, typography and layout,  
become exposed to the characteristics  
of different media types and the 
design process, and acquire the 

skills required for the effective 
visual analysis and interpretation 
of elements like aesthetics and 
the functional and communicative 
aspects of design, both in physical 
and digital environments. 

Through this, students learn to 
implement the latest multimedia-
related trends and technologies to  
create websites by implementing 
the latest standards of web-based 
technologies, employ dynamic 
multimedia content like videos and 
animation on a variety of platforms, 
and combine their acquired 
multimedia knowledge through the 
development of a fully operational 
video game.

Researchers in the multimedia unit, 
under the guidance of Koos de Beer, 
are investigating a wide variety of 
topics in order to contribute to the 
understanding of the field. Their 
research focus areas include the 
following:

• User experience, with a 
particular interest in the design 
of digital products according to 
the particular needs of users to 
contribute to these users’ entire 
experience and perception thereof. 

• Game studies, both from 
a behavioural perspective 
(exploring games as a cultural 
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phenomenon with the ability 
to influence the behaviour 
of the people who come into 
contact with them) and a coding 
perspective (incorporating 
concepts and theories from 
computer science).

• Serious games, including alternate 
reality gaming, where the deep 
immersion of players fuels 
research interests. 

• Gamification through the 
application of game elements 
(for example point scoring, 
competition and rules of play) in 
a strictly non-game context on a 
variety of platforms.

• Virtual reality, with a particular 
focus on interface design and 
user experience.

Fostering student excellence 
at the Information Science 
Project Day

From within the multimedia unit in the 
Department of Information Science, 
the complexity of final-year student 
projects necessitated a platform 
where students, judges and industry 
stakeholders could interact with these 
projects in a focused environment. 

The Project Day evolved into a 
showcase of student excellence, 
which has included presentations of 
final-year projects from multimedia’s 
sister disciplines, information science 
and publishing studies, in recent 
years. 
 
The final-year multimedia project 
comprises the design and 
development of a video game. 
This is the ideal expression of 
everything that students have 
learned throughout their degree 
programme, including elements of 
information systems, visual design, 
user experience, coding, theory of 
game design and game studies on a 
socio-cultural level. 

The video games are displayed and 
promoted in booths where they can 
be played in order for interested 
parties to have the full experience 
intended by the developer.

Industry stakeholders are always 
present at this event, and students 
get incredible exposure. Students 
who have completed this degree 
programme possess highly sought-
after skills, and many students get 
recruited at the Project Day. 

Over the past three years, 
the multimedia unit has 
been developing its Virtual 
Reality and Integration Lab. 
The lab and its equipment 
are currently being tested by 
third-year BIS (Multimedia) 
students and postgraduates. 
This lab has become a hub of 
activity with its acquisition 
of Oculus Rift development 
kits, a powerful virtual 
reality computer, an HTC 
Vive, its own 3D scanner 
and printer and some micro 
electronics for Internet of 
Things experiments. 

 Screen shots from some of the top games developed by final-year multimedia students for their Project Day.
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We all apply strategic thinking 

to reduce uncertainty and to 

maximise competitiveness. 

But what lies beyond 

strategy? The future.  

The future is notoriously 

unpredictable, but likewise, it 

is not predetermined.

Visits to the future: future thinking and 
future readiness
Dr Anthon P Botha

There are ways of making the future 
less uncertain. One can look at the 
future in the context of technology 
trends (not science fiction, but 
technologies that are recognisable 
in the research and development 
phase), the behaviour of people 
(young and old, in the workplace 
and in the marketplace) and events 
that change the world (geopolitical 
events, natural events, predictable 
and unpredictable events, avoidable 
and unavoidable events). In this 
triangle (future thinking space), which 
is formed by technology, behaviour 
and events, one can see the future 
unfolding in the form of probable 
possibilities. Future thinking now 
takes place in a holistic context: a 
systemic approach to many facets of 
what is shaping our tomorrows.

The human dimension

As humans, we have the ability to 
do mind-time travel (Fortunato & 
Furey, 2010). According to the theory 
of mind time, the ability of human 
beings to dissociate from the present 
moment and engage in mental time 
travel gave rise to the development of 

three distinct thinking perspectives: 
past, present and future thinking. The 
extent to which individuals utilise the 
three thinking perspectives, and in 
combination, influences the types of 
worlds they prefer. 

This is all enabled by the 
hippocampus, which is located in 
the medial temporal lobe of the 
brain. It is the centre of emotion, 
memory and the autonomic nervous 
system (Mullally & Maguire, 2014). It 
provides us with episodic memory, 
spatial navigation, scene or event 
construction and future thinking. 

Episodic memory is the system that 
allows us to remember personally 
experienced events and travel 
backwards in time to re-experience 
those events. Spatial memory is the 
part of memory that is responsible 
for recording information about 
one’s environment and its spatial 
orientation. Scene or event 
construction is the mental generation 
and maintenance of a complex and 
coherent scene or event. Future 
thinking is the ability to project 
oneself into the future to pre-

E S S A Y S
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 Figure 1: Future thinking space and some foresight tools.
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experience an event. Together, these 
mental capabilities provide us with 
our semantic memory, which is our 
knowledge of the world.

Human cognition and future 
thinking guide us to know the 
present, remember the past and 
project the future. By remembering 
the past, we produce evidence, 
estimate accuracy, find proof, build 
trust, exercise caution, do validation, 
determine authenticity, conduct 
reflection and find the truth.

Our present thinking leads to 
completion, provides results, finds 
harmony, sets order, creates a 
balance, provides stability, ensures 
continuity and leads to processes 
and results. Future thinking, though, 
is based on curiosity, provides 
ultimate vision, is fuelled by 
imagination, thrives on flexibility, 
creates opportunity, economises 
on ideas, results in innovation, 
gives hope, holds possibility, calls 
for originality and catalyses change 
(Furey & Fortunato, 2014).

Applying future thinking 

The future thinking space is now trans-
formed into a lens of the future by 
“spinning” the triangle. As the para- 
meters of technology, behaviour and 
events are moved through space 
and time, they influence each other 
through inter-parameter impact phe-
nomena that depend on the direction 
of spin, as indicated in Figure 2.  
Actions that emerge in a clockwise 
spin of the lens are, for example, the 
development of new governance 
systems (between technology and 
events), introducing change paradigms 
(between events and behaviour) and 
initiating new technology innovation 
(between behaviour and technology). 
In a triangle that is spun anticlock-
wise, actions that emerge include, 
for example, creating user behaviour 
(between technology and behaviour), 
social innovation (between behaviour 
and events) and applying mitigation 
measures (between events and tech- 
nology). This future thinking lens is 
used in business environments to 
reveal some of the critical future 

changes that are required to assume 
leadership and remain competitive.

Future thinking and future studies

A variety of foresight tools are used 
to approximate the future. These are 
often applied in isolation, thus reveal-
ing only certain aspects of the future. 
The future thinking space now opens 
an opportunity to integrate these tools 
and obtain a holistic view of the future. 
The three parameters of the future 
thinking lens are connected to some 
standard tools and methodologies 
that are used in future research and 
foresighting, as indicated in Figure 1.

Future readiness

Building on technology readiness 
levels (Straub, 2015) and manufactur-
ing readiness levels (Department of 
Defence, 2011), the future readiness 
levels and a Future Readiness Index 
can now be defined for the first time. 
The future readiness levels are based 
on the Technology Future Readiness 
Level (TFRL), the Behavioural Future 
Readiness Level (BFRL), the Event 
Future Readiness Level (EFRL) and the 
Future Thinking Readiness Level (FTRL) 
in line with the future thinking space. 
 
Utilising the future thinking approach, 
several readiness parameters are 
defined for measurement in a 
specific business environment. In 
the calculation of a future readiness 
rating, the importance of a parameter 
is determined and the state of its 
application is quantified. A Future 
Readiness Index, as shown in Figure 3,  
is then calculated for the entire 
future thinking space. This approach 
can lead to the internal monitoring 
and evaluation of the state of the 
organisation to remain sustainable 
and competitive in the future, 
competitive benchmarking among 
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organisations in a similar cluster, 
or benchmarking at industry level, 
as well as the development of a 
national Future Readiness Indicator. 
Once the Future Readiness Level 
and Future Readiness Index are 
known, it will become clear what 
strategic interventions to initiate to 
improve them. This is normally done 
by setting new targets for the next 
Future Readiness Level and Future 
Readiness Index assessment phase. 

Conclusion 

By applying the future thinking 
approach to look at the future,  
one can see change, which is a 
function of physical things (technology) 
plus perception (behaviour of people) 
plus what happens (events).  
Future thinking is then integral to  
all change over time, and strategy  
is the summation of all future  
thinking. 
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The exploitation and utilisation of 
clean energy sources reduces the 
dependence on fossil fuels, which 
means a reduction in greenhouse 
gas emissions. 

It also facilitates energy supply at 
places where there is no national 
or regional electrical grid. Fast-
developing and widely used sources 
of clean energy include wind, solar 
thermal, solar photovoltaic (PV), 
hydro, geothermal and biomass. Of 
these clean sources, wind energy has 
been accepted commercially due to 
its availability, ease of maintenance, 
and low cost of operation. 

According to the Global Wind Energy 
Council, the global cumulative 
wind power-installed capacity 
reached 369.597 GW by the end 
of 2014 compared to 318.644 GW 
in 2013 – an increase of 16%. With 
a cumulative installed capacity of 
91.413 GW, China was the leader in 
the wind power industry in  
December 2014. The USA, Germany, 
Spain and India were placed second, 
third, fourth and fifth, with total 
cumulative wind power-installed 
capacities of 65.879, 39.165, 22.987 
and 22.465 GW respectively. With 

The suitability of small horizontal axis 
turbines for off-grid loads in Saudi Arabia
Dr Shafiqur Rehman, Prof Josua Meyer and co-authors1

Globally, increasing 

populations, rapid technological 

development, and luxurious 

and materialistic lifestyles have 

resulted in a disproportionate 

increase in power requirements. 

New and renewable sources of 

energy, in addition to regular 

means of power generation, 

are therefore being explored to 

meet increasing demands.

respect to new additions in 2014, 
China took the lead with 23.196 GW 
(45.1%) and Germany was placed 
second with 5.279 GW (10.2%). 
However, the USA, Brazil and India 
remained third, fourth and fifth 
with new capacity additions of 4.854 
(9.4%), 2.472 (4.8%) and 2.315 GW 
(4.5%) respectively.

Saudi Arabia is a vast country and is 
well connected with asphalt roads 
and an electrical grid. Despite all 
government efforts, some isolated 
areas, as well as small communities 
and villages, are not on the national 
grid, as it is not economical. Diesel 
power plants that are developed 
and maintained by the national 
power utility supply these villages 
and communities. This option is very 
costly and a lot of skilled manpower 
is necessary. Hence, government is 
taking the initiative to use new and 
renewable sources of energy like 
wind, solar, thermal and solar PV to 
meet the partial load requirements 
of these communities and villages. 
A research study was therefore 
initiated to investigate the possibility 
of using small wind turbines for 
various applications in Rawdat Ben 
Habbas in Saudi Arabia.
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 Schematic diagram of the meteorological measurement tower at  
Rawdat Ben Habbas.
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The meteorological data (wind 
speed, wind direction, ambient 
temperature, relative humidity, 
surface pressure and global solar 
radiation) was measured for a period 
of approximately 56 months from  
13 September 2005 to 9 May 2010.  
The data was scanned every three 
seconds and 10 minutes, and 
average values, along with the mean, 
standard deviation, minimum and 
maximum, were recorded. The data 
collection was done through on-site 
visits and remote Al-Jawal Global 

System for Mobile Communications 
(GSM) data services. 

The measurement site was 
situated at 29˚8’N latitude and 
44˚20’E longitude at an altitude 
of 443 m above sea level. The 
data collection site at Rawdat Ben 
Habbas is open from all directions, 
with the exception of a number of 
transmission line poles, cables and 
shades for housing generators and 
other inventory items. The site is 
located in the Rawdat Ben Habbas 

 The meteorological measurement mast at Rawdat Ben Habbas.

CONNECTING 
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diesel power plant and is fenced on 
all sides. The wind speed data was 
collected at heights of 20, 30 and 
40 m above the ground. Two wind 
speed sensors were installed at 
each measurement height. The wind 
direction data was recorded at  
30 and 40 m. The ambient 
temperature (in ˚C) and global solar 
radiation (W/m2) data were recorded 
at 2 m above the ground. 

The energy pattern factor (Ke) – also 
known as the cube factor – was 
calculated for each wind speed. For 
constant air density, the energy 
pattern factor was calculated as the 
ratio of the actual mean wind power 
density to the wind power density 
calculated based on only the mean 
wind speed. 

Thirteen wind turbines were 
analysed in terms of annual energy 
yield and plant capacity factor by 
using the wind speed data measured 
at 20, 30 and 40 m above ground 
level at the Rawdat Ben Habbas 
meteorological station in Saudi 
Arabia for a period of 55 months and 
25 days. To estimate the net power 
or energy yield, the downtime, array, 
icing and other losses were assumed 
as 5, 4, 1 and 2% respectively.

The long-term mean wind speed 
varied at the different measurement 
heights from 4.74 m/s (at 20 m) to 
5.34 m/s (at 30 m) and 5.72 m/s  
(at 40 m). An increase of about 
20.7% was found in wind speed 
measured at 40 m compared to  
that measured at 20 m. 

In the present case, the mean of 
monthly means wind speed was 

energy yield was observed for all the 
chosen wind turbines while changing 
the hub height from 15 to 20 m (an 
increase of only 5 m). The next best 
percentage increase in annual energy 
yield was obtained for a hub height 
change of 5 m (from 10 to 15 m). 

An interesting observation was that 
almost all the wind turbines showed 
the same percentage change in 
annual energy yield for an increase 
in hub height of 5 m (from 10 to  
15 m) and a hub height increase of 
10 m (from 20 to 30 m). In general, 
the rated power generation  
duration was found to increase  
with an increasing hub height due  
to the fact that the wind speed 
intensity increases with height  
above ground level due to the 
minimal effect of ground activities 
and additional contribution of 
regional wind speed.  

almost the same as the normal 
mean values. The mean wind 
direction was predominantly from 
NNW with an average value of 339˚ 
at 40 m and 327˚ at 30 m. The 
ambient temperature varied from a 
minimum of -6.1 ˚C to a maximum 
of 49.1 ˚C with an overall average 
of 24.7 ˚C. The mean value of the 
global solar radiation was 231 W/m2;  
pressure was 931.4 mbar and 
relative humidity was 21.4%. The 
mean air turbulence intensities 
were 0.14 (at 40 m above ground 
level), 0.14 (at 30 m above ground 
level) and 0.16 (at 20 m above 
ground level), which were always 
less than the critical turbulence 
intensity value of 0.18 – which is the 
permissible value recommended in 
the International Electrotechnical 
Commission (IEC) 61400-1 standard. 

The mean wind power density values 
were 102 W/m2 (at a height of 20 m), 
135 W/m2 (at a height of 30 m) and 
165 W/m2 (at a height of 40 m). The 
mean energy content or the wind 
speed cube factor was observed 
to decrease with increasing wind 
measurement height. When the 
measurement height increased by 10 m  
from 20 to 30 m, the energy content 
changed by approximately 25%, while 
for the same height change from 
30 to 40 m, it only changed by 18%. 
This simply implies that the energy 
content or the wind cube factor effect 
decreases with height. 

The energy pattern factors were 
found to decrease with increasing 
height, with the highest values 
measured at 20 m and the lowest 
measured at 40 m. The maximum 
percentage increase in annual 

Research was initiated to 
investigate the possibility 
of using small wind turbines 
for various applications in 
Rawdat Ben Habbas in  
Saudi Arabia.
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A number of researchers have worked 
on the 3D numerical simulation of 
natural convection in an enclosure 
filled with a fluid-saturated porous 
medium. Hoist and Aziz (1972) 
numerically analysed the transient 
natural convection in 3D confined 
porous media, and found that 3D 
motion would result in significantly 
higher heat transfer rates across 
the porous medium than 2D motion 
at the same Rayleigh numbers. 
Khashan, Al-Amiri and Pop (2006) 
also conducted a study using the 2D 
modelling of a cylindrical cavity filled 
with a fluid-saturated porous medium 
to study the steady-state behaviour of 
natural convection heat transfer. 

The 3D CAD geometry model used 
in the simulation conducted at the 
University of Pretoria is a cylindrical 
enclosure that represents the 
upstream fluid region where the 
heated bottom plate is located, the 
porous region and the downstream 
fluid region (see Figure 1b). The 
assembly drawing and dimensions 
were replicas of the prototype used 
in the experimental study. The model 
was imported from Solidworks into 
the commercial Star CCM+ package, 
where surface repair was carried 
out on the two in-place boundary 
interfaces (see Figure 2) to allow 
surface and volume meshing to 
proceed correctly due to the close 
proximity of neighbouring boundaries. 
An in-place interface was required to 
link together two regions (fluid and 
porous) by imprinting two boundaries 
on each other so that a conformal 
mesh is created at the common 
interface planes during the surface- 
and volume-meshing process.

Modelling is the mathematical 
physics problem formulation in terms 
of a continuous initial boundary 
value problem. In performing any 
computational fluid dynamics (CFD) 
modelling, the physics should first 
be set up for the model. Essentially, 

Simulating natural convection  
heat transfer 
Noah Olugbenga, Prof Johan Slabber and Prof Josua Meyer

As a contribution to research 

worldwide to make water-

cooled reactors safer, a 

design is being investigated 

at the University of Pretoria’s 

Department of Mechanical 

and Aeronautical Engineering 

where coated particles used 

in high-temperature reactors 

is used. The proposal is to 

load these coated particles 

into the fuel tubes instead of 

conventional fuel pellets. The 

particles will be submerged in 

a helium gas that will transfer 

the heat to the surface of the 

tube. The heat transfer from 

these particles to the tube 

wall is investigated as part 

of the research. Part of the 

heat transfer is by means of 

natural convection, which 

forms a major focus of the 

investigation. 

physics models define the primary 
variables of the simulation and 
mathematical formulation that will 
be used to generate the solution. 
The physics models enabled for this 
study are the following: 

• The fluid was gas.
• The gas was assumed to behave 

as an ideal gas and the ideal gas 
law was used for the density 
temperature dependency.

• Sutherland’s law was used for 
thermal conductivity and viscosity 
temperature dependencies.

• The flow was steady and laminar.
• The space model selected was 

three-dimensional because the 
mesh was generated in three 
dimensions.

• The gas specified was helium for 
which the constants were available 
in the Star CCM+ database.

• A coupled energy solver was 
selected to control the solution 
due to its robustness for solving 
compressible flow and flow with 
dominant source terms, such as 
buoyancy.

The 3D geometry model in Figure 1b  
consists of an upstream region, a 
porous region, a downstream region 
and two interfaces between the 
fluid and the porous regions. The 
upstream and downstream regions, 
which represent the lower and upper 
part of the setup, are defined as fluid 
regions, while the region containing 
the particles is defined as the porous 
region. Regions in Star CCM+ require 
the creation of interfaces between 
them that will allow the transfer of 
the appropriate quantities of mass 
and energy calculated during the 
simulation. The thermal specification 
for the heated plate located at 
the bottom of the enclosure is 
set to a constant heat source of 
corresponding experimental value.

On completion of the geometry, 
meshing and physics model processes, 
the porosity and the values of the 
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 Figure 2: Threshold of a 
generated quality mesh 
of experimental model.

 Figure 3: (a) Temperature contour plot across fluid and porous regions in heated bottom plate porous medium model; 
and (b) temperature contour plot across fluid and porous regions in particle-generating heat source porous medium 
model.

 Figure 1: (a)
Schematic diagram of 
experimental setup; 
and (b) a meshed 
geometry model.
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porous resistance properties need 
to be specified in characterising the 
medium. Porous resistances are 
coefficients represented by inertial and 
viscous terms. These coefficients are 
required for the source terms in the 
momentum equation, as they affect 
the fluid flow through a region in a 
particular direction. It should be noted 
that no porous inertia resistance is 
active for this simulation. Only porous 
viscous resistance is active because the 
flow is assumed to be laminar.

Simulating a porous region under 
natural convection requires specifying 
the gravity in the right direction 
in accordance with the model 
coordinates and the fluid properties 
(density). This prepares the medium 
for buoyancy-driven effects to be 
simulated. Energy transport across 
porous regions is dealt with by 
specifying the thermal properties of 
the solid represented by the porous 
media in addition to the thermal 
properties of the fluid passing 
through. An initial static temperature 
and pressure of helium was specified 
to be 293 K at 1 atm and zero-gauge 
pressure and computing a density 
of 0.16648 kg/m3, all set as initial 
conditions for the two simulations 
carried out. The bottom plate, walls 
and interface boundary conditions 
at the fluid and porous regions were 
specified for each simulation.

In simulating the porous medium 
heated from below, all conditions 
applicable to experimental study were 
employed using precise numerical 
values as obtained in each procedural 
process. In the experimental setup, 
the cylindrical enclosure containing 
randomly packed bed particles was 
filled with helium gas, while the top 
and bottom lids of the cylinder were 
airtight. The gas in the medium 
was heated by an inductive heater 
through a bottom steel plate in the 
cavity (see Figure 1a).

The proposed fuel design is made up 
of tri-isotropic (TRISO) fuel particles in 
which the heat is produced by nuclear 
fission. The fuel particles fuels are 
randomly packed inside the cladding 
tube of nuclear fuel elements. Heat 
generated by these particles heats the 
helium environment surrounding it. 
The heat is then transferred to the fuel 
cladding tube through conduction and 

natural convection. A CFD simulation 
of a particle heat-generating source in 
a porous medium was carried out in 
this study. The geometry, mesh and 
physics model of an earlier simulation 
was used in this simulation. The initial 
pressure and static temperature in 
the enclosure remain the same as in 
the former simulation. Since it was not 
possible to simulate the heat transfer 
from heated particles to the fluid, the 
process was reversed and the heat 
transfer from the heated gas to the 
particles was investigated as part of 
the experimental validation procedure.

The results generated in this 
simulation were compared with 
experimental results captured 
and analysed in the course of this 
investigation. The scalar scene of the 
simulated model in Figure 3a  
demonstrates how the temperature 
field changes under buoyancy-driven 
flow within the cylindrical enclosure for 
a given constant heat source supplied 
by an inductively heated bottom steel 
plate. 

Heat transfer in this medium is 
observed to be transient at the 
porous region. It can also be seen 
that most of the heat in the hot 
helium gas is first extracted by the 
bed particles located at the lower 
part of the porous region. This 
makes the gas denser and unable to 
flow to the end of the downstream 
region at the initial stage due to the 
density difference. However, after the 
accumulation of heat by convection 
current, the gas can gradually flow 
to the downstream section. A similar 
experience from captured data was 
observed during the experimental 
investigation that was carried out.

The simulation of heat-generating bed 
particles was a great step in studying 
the expected characteristics of the 
proposed fuel design. Results from the 
study show that the CFD simulation 
results obtained from this modelling 
approach were in fair agreement with 
the experimental measured values. 
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Water demand is ever increasing, 
and South Africa has utilised 
almost all its fresh water supplies. 
Desalination traditionally requires 
large amounts of energy, which 
makes it an ideal candidate for solar 
energy to generate an additional 
source of potable water.

Globally, there is a drive towards a 
more sustainable energy mix. Given 
Southern Africa’s very high solar 
fluxes, solar energy is a shamefully 
under-utilised resource. One of the 
key problems of the direct utilisation 
of solar radiation is its low intensity. 
On its own, it is only capable 
of generating a very low-grade 
thermal energy. The key to more 
widespread and varied utilisation is 
concentration. 

South Africa is currently plagued 
by an electricity shortage, while a 
large portion of the population is 
still not fully connected to the grid. 
Consumers are facing sizeable price 
increases to pay for upgrading 
existing and installing new capacity. 
By supplying point-of-use energy 
to small communities, there is 
less need to install heavy grid 
capacity countrywide. In addition, 
by providing energy in exactly the 

Sustainable desalination  
through concentrated solar energy
Dr Heinrich Badenhorst

Concentrated solar energy 

offers several advantages over 

other available options, one 

of which is the capability of 

producing cheap energy storage 

to enable ongoing operation. 

Research in the Department of 

Chemical Engineering is being 

directed at using this type of 

energy to solve the problem of 

clean water supply. 

required form, such as heat, the 
large inefficiencies of electricity 
generation are negated.

Seawater desalination and brackish 
water recovery are very energy-
intensive processes. Instead of 
using renewable energy to generate 
electricity to drive it, it makes sense 
to look at ways of using renewable 
resources directly. Industrially, three 
processes dominate the market: 
multi-stage flash, multi-effect 
distillation and reverse osmosis. Of 
these, reverse osmosis constitutes 
nearly two-thirds of installed 
capacity. On a large scale, it is 
difficult to beat this technology due 
to its high efficiency and low cost. 
The technique does, however, have 
a few drawbacks. Extensive pre-
treatment is needed to reduce the 
salinity of high salt concentrations. 
The recovery rate is generally limited 
to a maximum of 60%. Thermal 
processes like flash and distillation 
processes do not have high energy 
efficiencies, but the limitations of 
reverse osmosis can be overcome 
to yield a very high-purity water 
product. Research is therefore being 
focused on using sustainable energy 
sources, such as solar energy, to 
drive these processes.
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Researchers in the Department 
of Chemical Engineering have 
designed and built an innovative 
solar concentrator that is aimed 
at using only cheap, off-the-shelf 
components to achieve very high 
concentration ratios. The device 
uses a circular Fresnel lens, which 
traditionally requires very accurate 
tracking to maintain its focal point. 
Unfortunately, due to the trajectory 
of the sun across the sky, even if the 
lens tracking is impeccable, the focal 
point will not be horizontal and its 
position in space will move as the 
sun moves. For these reasons, the 
opposite approach was adopted. 
The lens is kept fixed and, instead, 
sunlight is reflected through a series 
of mirrors.

Figure 1a illustrates the platform 
oriented in a north-south 
direction (facing north given the 
current location in the southern 
hemisphere) with mirror 1  
tracking the sun, and mirror 2 
being stationary. In Figure 1b, 
when viewed from above, mirror 1 
maintains an angle perpendicular to 
the direction given by the centreline 
of the angle between the sun and 
true north. In this way, sunlight is 
reflected in a northerly direction 
throughout the day, independent of 
the sun’s azimuth angle. The sun’s 
elevation is compensated for by 
adjusting the angle of the mirror 
with respect to the earth’s horizontal 
level. Thus, the system uses a 
simple two-axis tracking method 
that has been employed extensively 
in photovoltaic implementations. 
Figure 2 shows the trajectory of 
individual sunbeams through the 
system as it is simulated in the 
Soltrace software package

The unit was fabricated by the 
local renewable energy company, 
Netshield, which specialises 
in tracking systems for large 
photovoltaic units. The concentrator 
has its own power supply and 
battery storage. Thus, it is capable 
of full independent operation, 
which makes it suitable for rural 
deployment. In this implementation, 
a Fresnel lens with a diameter of 
1 m was selected. The average 
power of the unit, at its current 

 Figure 1: A schematic of the tracking system from the side (a) and from above (b).

 Figure 2: A theoretical model of a concentrator.

 Rapid heating by solar 
concentrator.

 Boiling water using graphite foam.
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location in Pretoria, will be around 
2 200 kWh per year. The expected 
peak output during summer will be 
approximately 1 kW. This system 
is not fitted with an online tracking 
system, but is instead fitted with a 
built-in, pre-programmed tracking 
pattern. The tracking platform is 
fitted with two slew drive motors for 
accurate positional control.

The oversized concentrator platform 
has several benefits. Any small 
alignment errors due to tracking 
are negated, since the lens will still 
have full solar coverage. In addition, 
this drastically extends the system’s 
operational hours. By increasing 
the width of the mirror to 2 m, the 
system can even operate during the 
early hours of the morning, in both 
summer and winter. This allows the 
platform to be used extensively for 
experiments throughout the year. 
The smallest achievable focal point 
has a diameter of around 3 cm. This 
places the theoretically achievable 
concentration at around 1 000 suns. 
The system is capable of very rapidly 
achieving temperatures greater than 
1 000 ºC.

In order to use the concentrator as 
a driver for thermal desalination, a 
suitable receiver must be developed. 
Graphite is a crystalline form of 
pure carbon that has an excellent 
thermal conductivity, which makes it 
an appropriate choice to distribute 
collected solar energy into a target 
medium.

The University of Pretoria has 
produced a low-density graphitic 
foam, which is derived from locally 
sourced, low-quality coal tar pitch. 
The foam represents a cheaper 
manufacturing method compared 
to traditional techniques, while 
still delivering good thermal 
conductivity. A variety of foam 
compositions and configurations 
were produced and tested. The foam 
is capable of inducing direct boiling 
of water when the light is directly 
focused on it.

Unfortunately, an investigation 
has demonstrated that, despite 
the porous nature of the foam, it 
does not perform very well. This is 
mainly attributed to the reflective 
nature of graphite, which does not 
absorb the solar radiation very well. 
Carbon black, on the other hand, is 
an amorphous type of pure carbon 
that has excellent electromagnetic 
absorption qualities (including 
radiation in the solar range). Carbon 
black consists of nanospheres with 
diameters of 10 to 30 nm.

Due to their small cross-section, 
the nanospheres can absorb light 
across the entire solar spectrum, 
which results in resonant heating. 
In this way, very high temperatures 
are induced on the particle surface, 
leading to localised vaporisation 
and boiling of the fluid in contact 
with the spheres. These particles 
have been successfully suspended 
in water to form a thermal fluid that 

directly absorbs the concentrated 
solar energy. Experimental work has 
been done to design a flow cell that 
will heat the water beyond its boiling 
point to allow flashing. The system 
is currently being optimised and 
tested for seawater desalination in 
an ongoing flow system. 

 Carbon black nanosphere.  The simulated temperature inside a flow cell.

 Dr Heinrich Badenhorst with the 
concentrator platform.

Dr Heinrich Badenhorst is a senior
lecturer in the Department of Chemical
Engineering at the University of Pretoria.
His group is working on developing
new materials from local resources
and designing innovative solutions to
the barriers faced by solar energy for
both energy generation and sustainable
water supply.



Utilising the water infrastructure for 
hydropower energy generation
Marco van Dijk, Jay Bhagwan and Chantel Dedekind 

In South Africa, mainly 

due to the relative scarcity 

of surface water, there is 

a prevailing perception 

that the potential for 

hydropower development 

is rather low. However, 

according to a study 

by the Water Research 

Commission (WRC), the 

country’s 1 082 dam 

facilities store about 65% 

of the total mean annual 

surface runoff, re-evaluated 

at 49 210 million cubic 

metres.

Presently, only seven dam 
facilities are equipped with 
hydropower generation plants. 
The largest is the Gariep 
hydropower plant on the Orange 
River, which has an operational 
capacity of 360 MW. 

In South Africa, there are almost  
4 500 registered dams of all sizes 
that provide water mainly for 
irrigation and urban/rural water 
users.

In 2009, the South African  
National Committee on Large  
Dams (SANCOLD) classified large 
dams in South Africa according to 
size (see Table 1).

Typically, dams are built for 
various purposes, including 
flood control, the irrigation of 
agricultural land, urban/rural 
water supply, stock watering, 
recreation and hydropower. 

Most of the dams built in South 
Africa prior to World War II were 
built primarily to supply the 
country’s irrigation boards. Over 
time, the main purpose of a dam 
might change according to the  
water demand.

According to the draft National 
Water Resource Strategy 2  
(NWRS 2) of the Department of 
Water and Sanitation, the water 
stored in all South Africa’s dams, 
together with the water drawn 
from dams and underground 
sources, is made available to 
the various economic sectors as 
follows: agriculture and irrigation 
(60%), municipal and domestic 
(27%), industrial (3%), power 
generation (2%), mining (2.5%), and 
livestock and nature conservation 
(2.5%). Water for afforestation is 
represented as a reduction in the 
surface runoff (3%).

The largest quantities of raw 
water that are made available 
for the irrigation and municipal 
economic sectors are delivered 
through extensive water supply 
and wastewater disposal 
infrastructure installations, such 
as weirs and intake structures, 
pipelines, canals and chutes. 
According to the European Small 
Hydropower Association (ESHA), 
this may provide accessible and 
economical low-head hydropower 
that is hidden within the existing 
irrigation or urban/rural water 
supply infrastructure.

Presently, there is no universally 
accepted classification system 
for hydropower scheme sizes 
(Klunne, 2012). In some cases, 
installations smaller than 20 MW,  
or even 25 MW are referred 
to as “small”, although 10 MW 
is common. It seems that in 
the South African context, the 
classification provided in Table 2 
tends to be the standard.

The Hydro Research Group in the 
Department of Civil Engineering 
at the University of Pretoria has 
successfully implemented a 96 kW 
micro conduit hydropower plant 
at Bloemwater in Bloemfontein, as 
well as a 15 kW pico plant at the 
Pierre van Ryneveld Reservoir in 
Pretoria. The City of Tshwane has 
also developed a 150 kW pump-
as-turbine conduit hydropower 
plant at the Annlin Reservoir to 
the north of Pretoria. These plants 
have indicated the sustainable 
renewable energy that is available 
in our urban infrastructure.

Hydropower opportunities

A scoping study on low-head 
hydropower potential in South 
Africa was concluded by Van 
Vuuren, Loots, Van Dijk and 
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Category Power output

Pico Up to 20 kW

Micro 20 kW to 100 kW

Mini 100 kW to 1 MW

Small 1 MW to 10 MW

Macro (or large) >10 MW

Source: Van Vuuren, Van Dijk, Loots, Barta and Scharfetter, 2014.

 Figure 1: Overview of hydropower potential  
(Loots, Van Dijk, Barta, Van Vuuren & Bhagwan, 2015).

Table 2: Classification of hydropower schemes

Class Number Percentage of total

Small (5 to 12 m) 3 232 73

Medium (12 to 30 m) 1 033 23

Large (30 m and higher) 192 4

Total 4 457 100

Source: South African National Committee on Large Dams, 2009.

Table 1: South African dams according to size

Barta in July 2013. The results of 
this investigation indicated that 
there is significant potential for 
the development of low-head 
hydropower in urban systems, 
irrigation schemes and South African 
rivers (including small dams and 
weirs) (see Figure 1).

The study noted that the potential 
would not necessarily be significant 
with regard to the contribution to 
Eskom’s national grid. However, low-
head hydropower could be significant 
in reducing the electricity demand of 
localised sites, including raw water and 
wastewater treatment facilities. 

It could also be a significant 
contributor to rural electrification, 
which is a persisting challenge in 
South Africa (Van Vuuren, Loots,  
Van Dijk & Barta, 2013).

Ever more studies are being 
conducted worldwide to evaluate 
the potential for the hydropower 
exploitation of previously untapped 
sites (European Small Hydropower 
Association, 2009; Klunne, 2013; Bailey 
& Bass, 2009; Colorado Department of 
Agriculture, 2011; Lam, 2008).

Hydropower provides numerous 
benefits over other energy sources 
(International Hydropower 
Association, 2005; United States 
Bureau of Reclamation, 2008).

These include the following:

• Hydroelectric energy is a continu-
ously renewable energy source.

• Hydroelectric energy is non-
polluting and no heat or noxious 
gases are released.

• Hydroelectric energy is detached 
from fossil fuel escalation 
and has low operating and 
maintenance costs. It is 
essentially inflation proof.

• Hydroelectric energy technology 
is a proven technology, offering 
reliable and flexible operations.

• Hydroelectric stations have a 
long life. Many existing stations 
have been in operation for 
more than 50 years and are still 
operating efficiently.

• Hydropower stations achieve 
high efficiencies.

• Hydropower offers a means of 
responding quickly to changes in 
load demand.

• Hydropower can, in some cases,  
“piggy back” onto existing water 
infrastructure, which results in a 
minimal environmental impact.

It became evident from the scoping 
study of Van Vuuren et al. (2013) 
that the owners and administrators 
of domestic water supply, irrigation 
and wastewater treatment schemes, 
in many cases, do not have the 
relevant know-how to exploit the 
hydropower energy that might be 
hidden in the schemes they are 
operating.
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Operational category Type Purpose

Conveyance

Open channel

Convey fluid from one point 

to another

Tunnel/conduit

Aqueduct

Drops (vertical and 

chutes)

Culverts

Water distribution 

systems

Transfer schemes

Bulk sewer lines

Regulatory and diversions

Sluice gates Control water level upstream 

side of the structure, 

navigation, storage and hydro

Weirs

Barrages

Flow measurement

Parshall flume

Measure flow
Crump weir

Broad crested weir

Sharp crested weir

Dams Outlet works

Reserve flow releases, 

domestic or irrigation 

releases, spill/overtopping 

flows

Water treatment works
Inlet works Treatment facility with 

specific opportunities at both 

in- and outletOutlet works

Wastewater treatment works
Inlet works Treatment facility with 

specific opportunities at both 

in- and outletOutlet works

Energy dissipation
Drop structure Dissipate energy associated 

with big elevation change or 

velocity headKinetic structure

Industrial flows Conduits and channels
Water utilised in industrial 

activities/processes

Table 3: Hydropower development opportunities

The research compiled in numerous 
research reports and journal 
publications aims to make the 
administrators and operators more 
aware of the identification and 
evaluation of the hydropower potential 
within their systems, while highlighting 
the benefits to be obtained from 
generating even small amounts of 
energy from untapped own sources.

Current research activities

The Water Division of the Department 
of Civil Engineering, with the support 
of the WRC, the Department of 
Science and Technology (DST) and 
local municipalities, is currently 
developing various sites to showcase 
the numerous hydropower 
opportunities.

City of Tshwane (Zeekoegat 
wastewater treatment works)

The project team, funded by the WRC, 
developed a Kaplan turbine for utilising 
a percentage of the outflow (4 kW) of 
the wastewater treatment works. The 
total potential at this site is 17.5 kW.

!Kheis Local Municipality 
(Boegoeberg canal system)

It is planned to install kinetic turbines  
(3 x 5 kW) in the Boegoeberg 
irrigation canal system. The 
generated electricity will be used in 
the !Kheis Local Municipality water 
treatment works.

Joe Gqabi District Municipality 
(Gauging weir in the Orange River 
at Aliwal North)

This project relates to the 
refurbishment of an old hydropower 
site with a Kaplan-type turbine to 
utilise generated electricity in the water 
treatment works. It is funded by the 
DST to assist the district municipality to 
become more sustainable.

City of Tshwane (Garsfontein, 
Klapperkop and Akasia reservoirs) 

Three conduit hydropower sites 
(1.65 MW) will use Francis turbines at 
sites in Garsfontein, Klapperkop and 
Akasia in Pretoria. The Department 
of Civil Engineering is now designing 
and integrating these three sites in 
the bulk water supply lines and the 

municipal electricity grid. This project 
is funded by the City of Tswhane.

Mhlontlo Local Municipality in the 
Eastern Cape (Tina Falls)

This is a more conventional run-
off-river scheme where a 50 kW 
crossflow turbine installed in 
a container will be utilised for 
the electrification of the rural 
community of Kwa Madiba. This 
project is funded by the DST with a 
similar project being implemented in 
the Umzinyathi District Municipality 
on the Buffalo River to supply the 
Ndodekhling-Shayiwe community.

The development of successful 
alternative unconventional 
hydropower schemes in South Africa 

would be an important showcase of 
potential development in this field. 
The great need for alternative power 
sources opens a window on this 
type of development, highlighting 
successful, feasible options at a 
countless number of potential sites 
in South Africa.

A great benefit of some of these 
hydropower schemes is the 
application to retrofit onto existing 
water infrastructure, therefore 
minimising the overall cost and 
negative environmental impact. 

The aim of undertaking these 
projects is to create awareness of the 
hydropower potential in South Africa 
and to increase the general know-how 
to identify potentially viable sites. 
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 A turbine intsalled at the Zeekoegat wastewater treatment works outlet.

 The installation of kinetic turbines in the Boegoeberg canal system in the 
!Kheis Local Municipality. 

Jay Bhagwan is a qualified civil and 
public health engineer and the 
Executive Manager for Water Use 
and Waste Management at the WRC.

Chantel Dedekind is a full-time 
postgraduate student in the 
Department of Civil Engineering at 
the University of Pretoria. 
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In today’s world of threatening 
climate change and increasing water 
scarcity, research on water resources 
has taken on greater importance 
than ever before. But how well 
are we doing in terms of research 
and innovation? Monitoring and 
evaluating the various facets of the 
scientific enterprise is a necessary and 
integral part of science policy. Rising 
costs of research and development, 
coupled with disciplinary claims 
for financial resources, require the 
intelligent allocation of resources, 
which presupposes knowledge of 
the activities and performance of the 
innovation system.

While the National Survey and 
Experimental Development, 
undertaken annually by the 
Department of Science and 
Technology, provides valuable 
information on various research and 
development expenditures in various 
fields, water research is not part of 
the report’s classification schemes.

A study undertaken in the Institute 
for Technological Innovation at 
the University of Pretoria offers 
the first-ever glimpse of the state 
of water research in South Africa. 
It is the expressed hope that the 
outcomes of this study will go a long 
way towards guiding research and 
innovation policy.

Water research and 
development expenditure 

Fostering and supporting high levels 
of expenditure on research and 
development is a critical component 
in the efforts of countries such 
as South Africa to enhance their 
global competitiveness. Domestic 
expenditure on research and 
development as a percentage 
of the gross domestic product 
(GDP) is a useful indicator of the 
extent of support for research and 
development.

The state of water research in 
South Africa
Prof Anastassios Pouris

In South Africa, targeted 

water-related research and the 

resulting scientific discoveries 

have played a significant role 

in reducing uncertainties and 

improving the management of 

this scarce natural resource. 

Our improved scientific 

understanding has also formed 

the foundation for practical 

applications that have enhanced 

the prosperity and security of 

South African society.

While South Africa has no specific 
targets for water-related scientific 
investment, the country has set an 
overall target of achieving a research 
and development intensity ratio of 
1.5% by 2019. 

The country currently spends 
around R24 billion a year on 
research and development. This 
translates to 0.76% of GDP, and has 
remained steady since 2010/11.

Water-related research and 
development spend, on the other 
hand, amounted to R240 million 
in 2014, which was an increase 
from about R50 million in 2000. 
Despite this progressive increase 
in expenditure, the total amount 
translates into a minute percentage 
of GDP of only 0.0069%.

Water patent analysis

Patents play an increasingly 
important role in innovation and 
economic performance, as they 
are useful indicators of inventive 
activity and a country’s capacity for 
innovation. There is an increasing 
trend among policy makers, 
researchers, innovation analysts 
and technocrats to rely on patent 
statistics for this reason.

Probably the most important 
characteristic of patents that makes 
them valid indicators is the fact 
that they undergo proper validation 
that the content contributes to 
knowledge. As such, patent statistics 
remain a unique source for the 
analysis of the process of technical 
change. The patents most often 
utilised internationally for this type 
of analysis are those granted by the 
US Patent and Trademark Office 
(USPTO), even though most countries 
have their own patent authorities.

In terms of the number of patents 
awarded to South African inventors 
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by USPTO over the last two years, an 
increasing trend can be observed, 
and it appears that the long-term 
decline in the South African share in 
patents awarded has stabilised.

In general, however, South Africa 
gets very few patents from USPTO 
compared to companies such as IBM, 
for example, which are granted more 
than 3 000 patents a year.

Of the patents granted to South 
African inventors between 2000 and 
2014, only 46 patents were related 
to water. This translates to around 
three patents a year.

Human resources in water 
research in development

An important set of indicators 
monitoring the science, technology 
and innovation space are those 
classified under human resources in 
science and technology. Attracting, 
developing and retaining talent in 
science and technology is a priority 
of the water science community.

Capacity building in science is 
critical to meet the demand for 
scientific advance, and to improve 
science-based decision making 
and problem solving. One way of 
assessing capacity building in the 
water research sector is by looking 
at the higher education system’s 
production of master’s and PhD 
degrees. 

With this information, important 
gaps in a research field can 
be identified, research can be 
stimulated in neglected areas, 
and networking and collaboration 
between researchers can be 
encouraged, while informed decision 
making and strategic management 
are facilitated. In South Africa, the 
number of relevant PhDs awarded 
annually ranges from 14 to 32.

Evaluating the number of water-
related PhDs per research institution 
proved somewhat problematic, as 
a number of tertiary institutions 
merged after 2004. Nevertheless, the 
top five universities in terms of PhDs 
awarded between 2000 and 2014 
were the University of Pretoria (42),  

 Patents granted to South African inventors by USPTO (2000–2014).

 Patents granted to South African inventors by USPTO (2000–2014).

the University of Cape Town (37),  
Rhodes University (36), the University  
of the Free State (32) and the 
University of the Witwatersrand (30).  
They are followed by the University  
of the Western Cape (26), 
Stellenbosch University (23), 
North-West University (13) and the 
University of KwaZulu-Natal (11).

The number of water-related PhDs 
produced in South Africa remains 
small, and indicates an apparent 
lack of focus on water research in 
South Africa. Researchers and PhD 
candidates are distributed across 
the country.

Between 2000 and 2014, the top 
universities in the production of 
master’s degrees are Stellenbosch 
University (181), the University of 
the Witwatersrand (180), North-West 
University (147), the University of 
Pretoria (135) and the University of 
the Western Cape (123).

This study also attempted to identify 
the involvement of the Water 
Research Commission (WRC) in 
human resources development. The 
WRC does not provide bursaries, but 
encourages researchers to involve 
postgraduate students in their 
studies. 

South African patents: USPTO (2000–2014)
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 Number of South African water research publications (1981–2014).

Between 2007 and 2014, the 
WRC supported, on average, 500 
postgraduate students a year.

In terms of WRC-supported 
PhD candidates across various 
universities in 2013/14, the 
University of KwaZulu-Natal 
(23%) appears at the top of the 
list, followed by the University of 
Pretoria (14%) and the University of 
Cape Town (13%).

Bibliometric analysis

Since communication in science 
is realised through publications, 
publications are considered an 
extremely suitable source of data 
to investigate the growth rates 
of science. Bibliometric analysis, 
the quantitative study of the 
research system, is based mainly on 
publication indicators.

The figure above illustrates 
the number of water research 

publications with at least one author 
with a South African address for the 
period 1981–2014. It is apparent 
that South African researchers were 
producing around 60 publications 
a year in the beginning of the 
period. During the 2000s, this 
number increased to around 
100 publications a year. By 2014, 
the number had jumped to 200 
publications.  

The figure below illustrates the South 
African share of water research 
publications in the field. The share 
appears to have declined from above 
3% of world publications in the 
beginning of the period to around 
1.5% during the most recent period. 

It is speculated that the South 
African decline is a result of the 
increase in coverage of water-related 
research in the ISI Thomson Reuters 
database, as well as the increase in 
the number of publications in other 
countries.

 South African water articles as a percentage of world literature (1981–2014).

Between 2005 and 2014, journal 
articles were published on a range 
of subjects, most notably water 
resources, environmental science, 
engineering and geology. These 
research categories are the same 
across all articles in water resources 
internationally. The water resources 
emphasis in South Africa is in 
accordance with international trends.

The University of KwaZulu-Natal 
is the most prolific South African 
organisation in terms of the 
publication of water research 
between 2005 and 2014. It tops 
the list with 246 articles, followed 
by the universities of Pretoria and 
Johannesburg, with 166 and 151 
articles respectively.

The USA tops the list of water 
publications in the world from 
2005 to 2014 at almost 25 000. 
The People’s Republic of China has 
the second-most water-related 
publications. It is noteworthy that 
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countries with small populations, 
such as Canada and Australia, as 
well countries with small GDPs per 
capita, such as India and Brazil, are 
managing to produce more water-
related research than South Africa.

South Africa ranks 19th in the world 
in the field of water research (the 
only African country among the top 
20). This compares to the country’s 
world ranking of 33rd for the total 
number of publications in all fields.

Collaboration in science and 
technology is an international 
phenomenon. Different 
stakeholders have various reasons 
for collaborating across borders. 
Governments, for example, 

participate in order to achieve 
foreign policy goals, to address 
global scientific problems, to 
enhance basic scientific research 
and to leverage investment in 
science and technology.

In the field of water, 35% of the 
articles produced had international 
co-authors during 2014. This is in 
accordance with the trend in all 
South African scientific articles, 
where 56% had international co-
authors. It should be noted, however, 
that different scientific disciplines 
have different collaboration norms. 
The countries with which South 
African water researchers collaborate 
the most are Australia, England, The 
Netherlands and the USA. 

Rising costs of research 
and development, coupled 
with disciplinary claims 
for financial resources 
require the intelligent 
allocation of resources.

Prof Anastassios Pouris is associated 
with the Institute for Technological 
Innovation at the University of 
Pretoria. 
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However, in the major farming areas 
of a country, the role of these roads 
is not only to provide access, but 
also to facilitate mobility in terms 
of transporting agricultural cargo 
to viable markets. It is a well-known 
and appreciated fact that the road 
condition affects the operation and 
costs of vehicles using the transport 
infrastructure. 

Most vehicle operating cost (VOC) 
models provide an indication of the 
effects of road roughness on fuel 
consumption, additional damage 
to vehicles and tyre wear. However, 
these models do not typically include 
the effect of road conditions on the 
condition and potential damage to 
the transported cargo. The riding 
quality of a road (defined as the 
smoothness of the ride experienced 
by a vehicle on a road) is used as the 
primary indication of the quality of 
a road – mainly due to findings that 
most of the deterioration in the road 
structure ultimately translates into a 
decrease in the riding quality of the 
road.

Under normal conditions, the 
protection of goods is mainly 
provided by the packaging used to 
transport the cargo. In the case of 
agricultural transport, packaging 
is often not a solution to the 
problem, as the use of older vehicles 
operated on mostly rural roads 
with lower riding quality levels is a 
main contributor to cargo damage. 
Engineers associated with the 
University of Pretoria, together with 
the tomato producer, ZZ2, and the 
Post-Harvest Innovation Programme, 
developed a method to objectively 
determine the actual road condition 
and whether or not it is necessary 
to intervene. This method also 
indicates which parts of the road 
need to be scraped if the entire 
road’s riding quality is not uniform.  

Various studies correlating the road 
riding quality and the vibrations, 
accelerations and responses in 
vehicles and cargo have also been 
conducted. These studies mainly 
concluded that a decrease in the 
riding quality of a road is a major 

The effects of rural road conditions 
on agricultural cargo
Prof Wynand Steyn

Rural roads characteristically 

carry relatively low volumes of 

traffic. In the typical national 

gross domestic product (GDP) 

context, their role is often 

not viewed as being of major 

economic importance. It is 

generally accepted that the 

importance of rural roads for 

local communities lies mainly in 

the provision of access to health 

and educational opportunities. 

Their economic role is typically, at 

best, seen as providing access for 

labourers to the labour markets 

in larger towns and cities.
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cause of increased vibrations and 
subsequent structural damage to 
vehicles and cargo. This leads to 
direct negative economic effects 
to the producer or farmer, such as 
increased transport costs, loss of 
market value of the transported 
cargo and reductions in revenue.
A typical relationship between the 
road condition, expressed in terms of 
international riding quality (IRI), and 
truck and cargo response, in terms 
of the coefficient of variation (CoV) 
of vertical accelerations, is shown 
in the accompanying figure. This 
figure shows the direct relationship 
between the occurrence of increasing 
riding quality, and truck and cargo 
response through the cumulative 
occurrence of these two factors 
measured on a rural road. 

The relationship not only focuses 
on the riding quality, and truck and 
cargo response, but also on the 
time spent on the specific road (as 
longer trips would typically cause 
more damage to the cargo). Studies 
have shown that losses of up to 
8% in income can be incurred due 
to tomatoes fetching lower prices 
(because of damage) or not being 
sold at all (failed), due to damage 
caused by transport on rough roads.

The overall objective of the 
management of riding quality on 
rural agricultural access routes is to 

 Cumulative occurrence of riding quality and CoV for rural route.
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Prof Wynand Steyn is Head of the 
Department of Civil Engineering at the 
University of Pretoria. His interests 
are in pavement engineering, vehicle 
pavement interaction, accelerated 
pavement testing and pavement 
materials and instrumentation. He 
holds a B3 rating with the National 
Research Foundation. 

knowledge of the levels of road 
condition that are most damaging to 
cargo in a certain region can lead to 
the development of a collection of 
road condition triggers and warning 
levels in the pavement management 
system that should alert the road 
owner in a timely manner of 
decreasing riding quality levels and 
the subsequent expected increase in 
cargo damage. 

enable the road owner to manage 
the risks of decisions related to 
the management and preservation 
of the pavement network in an 
improved way, as the potential 
effects of such decisions will be 
quantifiable in economic terms. 

The type of information collected 
from agricultural cargo road quality 
studies can assist road owners to 
develop a set of cargo performance 
measurement indicators. This may 
be a combination of the expected 
damage and failure of cargo on the 
routes for a specific province or 
region, combined with the lower 
speeds that trucks typically travel 
on rougher routes to indicate 
the potential economic effects of 
the road network on which the 
roughness is less than optimal.

The data can further be used to 
define and design policies on the 
provision and maintenance of 
agricultural routes by road owners 
and agencies, as the data provides 
for a quantifiable method to establish 
the additional cost of routes that are 
in an unacceptable condition. 

Road users can use these types 
of data to conduct an evaluation 
of the level of maintenance costs 
they can absorb through their 
own contributions to ensure lower 
damage levels to their cargo. Lastly, 

Deterioration in 
the road structure 
ultimately 
translates into a 
decrease in the 
riding quality of 
the road. 
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Judicious use of repellents might 
prevent or at least reduce outdoor 
malaria transmission. Mosquito 
repellents such as N, N-diethyl-m-
toluamide (DEET) provide outdoor 
personal protection against malaria 
(Walker et al., 1996). DEET is the most 
widely used repellent because of its 
superior residual efficacy (Lupi, Hatz 
& Schlagenhauf, 2013). However, the 
length of its residual effectiveness 
is only a few hours. The relatively 
high cost of DEET and the need for 
repeated application to the skin 
at high concentrations (10 to 70%) 
preclude its use in tropical countries 
(Turner et al., 2011). 

This study focuses on the development 
of a slow-release, affordable, 
mosquito-repelling bi-component 
polymer filament for the production 
of personal protection items to reduce 
outdoor malaria transmission in 
resource-limited countries. 

The approach is to develop a  
bi-component polymer filament 
with a core containing the volatile 
active ingredient, such as DEET, 
and an outer membrane layer 
that reduces the rate at which the 
active ingredient is released into 
the atmosphere (Figure 1). The bi-
component filaments are produced 
by a simple melt extrusion and 
drawing process. These filaments can 
be knitted into a fabric that can be 
used for products such as stockings, 
ankle bracelets, jackets, bed sheets, 
head sheets and outdoor clothing. 
If successful, this approach will be a 
simple and very cost-effective way 
of stabilising volatile repellents, in 
comparison to micro-encapsulation.

Five different methods were used 
in this study: DEET absorption by 

The development of slow-release 
filaments to control malaria1

Mthokozisi Sibanda, Dr Andreas Leuteritz, Dr Harald Brünig and Prof Walter Focke
 

Malaria is a debilitating disease 

that causes about 600 000 deaths 

annually, most of which occur in 

Africa (WHO, 2015). An important 

reason for the continued 

prevalence of malaria in endemic 

areas is the lack of adequate 

vector control measures. Long-

life insecticide-treated nets 

(LLINs) and indoor residual 

spray (IRS) are the flagship 

interventions recommended 

by the WHO for malaria vector 

control. Both these interventions 

target mosquitoes that feed 

indoors. However, a significant 

proportion of malaria infections 

in Africa may be due to exposure 

to vector mosquitoes during the 

early hours of the night when 

people are still active outdoors 

and not subject to protection by 

LLINs or IRS (Braack et al., 1994; 

Braack et al, 2015). 

the ethylene-co-vinyl acetate (EVA) 
polymer matrix, extrusion and 
filament spinning, microscopy, 
spectroscopy and thermal analysis.   

The uptake of DEET depends on the 
amount of vinyl acetate (VA) present. 
VA introduces amorphous regions 
in the polyethylene matrix. This is 
where DEET may be incorporated 
into the polymer matrix. It therefore 
follows that the EVA polymer matrix 
with a higher VA content will absorb 
more DEET. EVA (27%) can absorb as 
much as 50 wt.% after 24 hours of 
oven exposure whereas EVA  
(19 to 21%) shows a maximum 
uptake (saturation) of 40 wt.%. 

By means of scanning electron 
microscopy (SEM) micrographs, the 
cross-section morphology of EVA 
reveals the formation of craters and 
small pores in the polymer matrix of 
the EVA-containing DEET. Although 
this phenomenon is not yet totally 
understood, it is believed that 
these pores hold some of the DEET 
repellent in the EVA matrix.

Increasing the residual effectiveness 
of repellents can have a significant 
impact in reducing outdoor malaria 
transmission. Spectroscopy studies 
clearly show that the bi-component 
polymer filaments can slowly 
release liquid actives such as DEET, 
thereby extending their residual 
effectiveness. The formation of 
bi-component filaments between 
polyethylene and EVA is relatively 
simple, and large-scale production 
should be affordable. 

The most efficient malaria vector in 
Africa (Anopheles Gambiae complex) 
typically bites on the lower limbs 
(Braack et al., 1994; Braack et al., 2015).

1This project is a joint venture between the University of Pretoria and the Leibniz Institute for Polymer Research (IPF) in Dresden, Germany.  
The German collaborators assisting with the development of the fibre-spinning technology are Dr Andreas Leuteritz and Dr Harald Brünig.

Florian Wieczorek, Carmen Sache, Wolfgang Trümper and Chokri Cherif from the Institute of Textile Machinery and High Performance 
Material Technology (ITM) of the Technical University Dresden, Germany, assisted with the knitting of the demonstrator socks.
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Hence, an example of a good 
repellent product would be a sock 
or ankle cover. Therefore, repellent 
efficacy evaluation in foot-incage tests 
is required. 

Towards this goal, the bi-component 
yarn was successfully knitted into 
socks. Initial mosquito repellent 
properties are outstanding. Further 
tests, including ageing and wash tests, 
are underway to establish the long-
term performance of these socks.

This study has proven the concept of 
trapping DEET and slowly releasing 
it into the environment using bi-
component filaments. It should 
allow the production of textile-based 
personal protection items to reduce 
outdoor malaria transmission.

The bi-component yarn concept can, 
in future, also be considered for 
weaving or knitting into fabrics, or for 
use in netting. 

This idea represents a promising 
approach for a straightforward, 
cost-effective way of stabilising 
volatile repellents, compared to 
repellent polymer coatings or micro-
encapsulation. 
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 Figure 1: The envisaged bi-component filament. D represents the diameter of the 
EVA core and T the thickness of the high-density polyethylene (HDPE) sheath.

 A demonstrator sock knitted with the new fibre-spinning technology.
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Researchers in the University of 
Pretoria’s Department of Chemical 
Engineering recently filed a 
provisional patent that transforms 
the standard batch or semi-batch 
electrowinning process into a 
continuous process. The invention 
has been shown to work well 
for the production of copper by 
electrowinning, but can also be used 
to produce metals from aqueous 
solutions of cobalt, nickel and zinc, 
for example. The technique can be 
used for electrorefining with minor 
modifications, with the advantage of 
long-term continuous operation. 

The process was first demonstrated 
in 1807 and has since been 
developed into a widely used 
technology to extract metals from 
acid leach solutions. Acid leaching 
is the metallurgical process for the 
dissolution of metals by means of 
an acid solution. Examples include 
the extraction of copper from 
oxide- or sulfide-bearing ore and 
the dissolution of uranium from 
sandstone ores.

Industrial electrochemical 

metal production relies on 

two main methods: electro-

winning and electrorefining. 

Electrowinning is an electro-

metallurgical production 

technique that uses an electric 

current to deposit metal on 

the cathode of an electrolytic 

cell. Electrorefining uses a 

similar process to remove 

impurities from a metal. Both 

processes use electroplating 

on a large scale. These 

techniques are important for 

the economical purification of 

non-ferrous metals.  

Commercial electrolytic cells have 
not developed much since the early 
20th century and still use batch or 
semi-batch processes to produce 
metals. The plated cathodes have 
to be removed and replaced 
after a designated period, which 
requires specialised labour and 
hoisting equipment. This leads to 
production losses. Furthermore, 
traditional electrolysis devices make 
use of parallel electrodes, which 
leads to unwanted high current 
concentrations on electrode edges 
that result in unwanted electro-
depositions and other process 
inefficiencies.

The research team conducted an 
extensive study of electrolysis, which 
revealed the abovementioned flaws. 
The researchers sought to address 
these issues from theoretical and 
practical viewpoints. The result 
was three prototypes that are able 
to continuousy produce copper. 
The latest prototype is currently 
undergoing rigorous evaluation and 
testing. 

Continuous metal production by 
electrolysis 
Ryno Pretorius, Charles Biddulph and Prof Philip Crouse
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 Micrographs of the powders (left) and flakes (right) produced by the second prototype.

This novel invention has been 
shown to be able to continuously 
produce copper as a fine powder. 
The powder is scraped from the 
electrode and collected for further 
processing. The prototype has 
demonstrated the ability to alter 
product parameters, such as the size 
and shape of the metal particles, 
deposition rate of the produced 
particles, degree of electrolyte 
(leacheate) depletion and operating 
cost associated with electricity use.

A final advantage of the invention 
is the fact that “sludge” from the 
valuable platinum group metals 
(PGMs) can continually be extracted. 
This is of particular interest to South 
Africa, where copper is commonly 
produced during the purification of 
PGMs. The PGMs include palladium, 
platinum and rhodium. The process 
is scheduled to be scaled up by the 
end of 2016. 
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 The second prototype’s scraping operation during continuous operation.
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Polytetrafluoroethylene (PTFE), 

also known by the Dupont/

Chemours trade name Teflon, is 

a perfluorinated polymer that 

is widely used in industrial and 

engineering applications, where 

its extraordinary physical and 

chemical properties are exploited. 

These properties, which include 

a wide operating temperature 

range, chemical inertness, a 

very low coefficient of friction 

and superhydrophobicity, are 

also to blame for two major 

disadvantages of this polymer. 

Advances in polytetrafluoroethylene 
recycling
Paul Sonnendecker and Prof Philip Crouse

These disadvantages are as follows:

• PTFE cannot be processed 
in the molten state due to a 
rapid increase in the viscosity 
of the material upon melting. 
Therefore, the polymer cannot 
be cast or extruded in tailored 
shapes and sizes. The material 
is compressed into billets and 
machined to the desired part or 
shape. This method produces 
a significant portion of waste, 
often exceeding 50%. 

• The abovementioned waste, 
which often ends up on a landfill 
site, does not degrade due to the 
chemical inertness and thermal 
stability of PTFE. To date, the 
natural degradation rate, at 
ambient conditions, of PTFE is 
still not known and, therefore, 
the lifespan of the material in a 
landfill site cannot be estimated.

Since PTFE is a key engineering 
material in many applications, the 
sustainable use of this material must 
be accompanied by a sustainable 
recycling method. The only method 
used for destroying PTFE is by high-
temperature pyrolysis. In turn, the 
pyrolysis of PTFE can produce highly 
toxic perfluorinated product gases.

The Department of Chemical 
Engineering at the University 
of Pretoria is in the process of 
developing various methods and 
techniques for the destruction, 
analysis, separation and 
repolymerisation of waste PTFE.

The fast, vacuum pyrolysis of small 
batches of PTFE was successfully 
demonstrated with results confirming 
historic and current literature 
reports. The key, however, is to adapt 
the batch system to establish a safe 
and feasible ongoing process.

982 0 1 6  I N N O V A T E  1 1    E S S A Y S
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A number of challenges have to be 
faced in this regard, including the 
multiple energy-intensive processes 
that are involved (high vacuum and 
temperature are required during 
pyrolysis, as well as extremely low 
temperatures for condensation). 
The handling and transportation of 
PTFE pyrolysis products are usually 
accompanied by several freeze-thaw 
cycles by means of liquid nitrogen 
cooling. The pyrolysis stream 
normally contains an uncontrolled 
mixture of perfluorinated alkanes 
and alkenes that have to be 
separated by subzero distillation.

A main objective of the project was 
to streamline the pyrolysis process 
by manipulating the temperature 
and pressure to selectively produce 
products for direct use, requiring 

the bare minimum post-pyrolysis 
treatment steps. Published work of 
a similar nature always includes an 
inert gas as a transport medium. 

This is an unwanted method, since it 
inherently includes a separation step. 
Researchers in the Department of 
Chemical Engineering have recently 
successfully produced a continuous 
mixture of tetrafluoroethylene and 
hexafluoropropylene in fractions 
suitable for the direct polymerisation 
to generate the fluorinated ethylene 
tetrafluoethylene (FEP), another 
sought-after polymer. The possibility 
of producing only the monomer, 
tetrafluoroethylene, that is pure 
enough for repolymerisation by 
means of manipulation of the 
process condition has also been 
demonstrated.

Research now in progress, shows 
promise in the following areas:
• Separation of the mixed pyrolysis 

product to produce high-purity 
products in high yield (done by 
packed-column distillation at 
subzero temperatures)

• A new method for ongoing, in 
situ analysis of the pyrolysis 
product gas developed to ensure 
better control and manipulation 
of process conditions

• The identification of possible 
inorganic compounds as beneficial 
catalysts for the reduction in 
energy demand during pyrolysis 
and to increase the reaction rate 
of the pyrolysis reaction 

• Retrofitting the current batch 
polymerisation reactor to 
repolymerise the gas stream 
directly from the pyrolysis reactor 

Prof Philip Crouse is the incumbent 
of the South African Research 
Chairs Initiative (SARChI) Chair in 
Fluoromaterials Science and Process 
Integration in the Department of 
Chemical Engineering. 

Paul Sonnendecker is a chemical 
engineer at the University of 
Pretoria. His research focuses on 
process design, commissioning and 
implementation.

 PTFE produced in-house.

 A vacuum PTFE pyrolysis system.
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Freshwater systems provide an 
essential ecosystem service, which is 
necessary for the survival of social-
ecological systems. Consequently, 
rivers have played an important 
role in the establishment of human 
settlements, with most towns and 
cities established along river valleys 
and floodplains. 

Freshwater ecosystem goods 
and services that benefit human 
settlements are, for example, local 
drinking water, irrigation and flood 
regulation. However, the valuable 
ecosystem goods and services of 
the freshwater system can only 
continue to be provided to adjacent 
communities if the wetlands, river 
channels, reservoirs, biodiversity 
and interconnected ecosystems of 
the watershed are maintained intact. 

Should human activity degrade 
freshwater ecosystems to a point 
where natural systems are no longer 
supported, the social system will 
become vulnerable as well  
(Folke et al., 2002). Vulnerable systems 
have a reduced resilience and a 
weakened capacity to adapt to change 
(Carpenter, Walker, Anderies & Abel, 
2001). According to Spirn (2011), 
knowledge of how systems in a city 
interact with each other over time is 
essential to create resilient cities that 
are flexible and adaptable to change.

Pretoria was established on the 
banks of the Apies River, resulting 
in a turbulent relationship 
between the city and the river. This 
relationship was characterised by 
flooding, pollution, exploitation and 
canalisation. The Apies is but one of 
many water courses in the greater 
City of Tshwane metropolitan area 
that provides essential services to 
the city. Many of these other water 
courses are now under threat of 
development or have already been 
impacted on by development. 

Learning from past mistakes: 
the case of the Apies River 
Emmarie Otto, Prof Chrisna du Plessis and Prof Piet Vosloo

In the context of resilience 

thinking, ecological and social 

systems must be viewed in 

relation to each other, with 

the understanding that social 

systems exist as an integral 

part within ecological systems 

(Walker & Salt, 2006). Because 

of this close link, changes that 

occur in the social system 

impact on ecological systems 

and, similarly, changes that 

occur in the ecological systems 

affect the social system (Walker 

& Salt, 2006). These closely 

linked systems are referred to 

as social-ecological systems 

(Folke, Carpenter, Elmqvist, 

Gunderson, Holling & Walker, 

2002).

Understanding the historic dynamics 
of the relationship between the 
Apies River system and the built 
environment, and the impact of 
these dynamics on the resilience 
of both the Apies River freshwater 
system and the city, can perhaps 
provide valuable lessons to the 
metropolitan municipality on how it 
deals with the development of areas 
bordering on other water courses.
  
To this end, a study was undertaken 
to understand how changes in 
the connection between the built 
infrastructure of the city and the Apies 
River have affected the resilience of 
the Apies River freshwater ecosystem 
as an integral part of the Tshwane 
social-ecological system.

The study

A historical narrative was used to 
identify the different changes, the 
drivers of change and the effects 
that these changes have had on the 
resilience of the Apies River and the 
city itself, with a specific focus on 
quaternary catchments A23E and 
A23D. This narrative is divided into 
three eras, representing different 
states of the river since 1855, when 
it became an urban freshwater 
system. In the first era (1855–1909), 
the Apies River was seen as a 
natural system. In the second era 
(1910–1970), the Apies River became 
a hidden, polluted and disconnected 
freshwater system. In the third era 
(1971–2014), attempts were made 
to beautify the Apies River and 
regenerate its freshwater system. 

During the history of the relationship 
between the city and the river, the 
Apies has been transformed from a 
natural river to a concrete channel. 
This solution was both a response 
to a number of flooding events in 
the city, such as the flood of 1909, 
and a contributor to flooding further 
downstream. 
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 The Apies River drift below Lion Bridge (1860s). Image courtesy of the Tshwane Info photo collection 1850–1960, held at 
the City of Tshwane Library (Photograph 1525 (n.d.)). 

Timeline of the Apies RIver as an urban freshwater system

First era: 1855–1909
Natural era
54 years

During this time, the river flowed 
in its natural form until the end of 
the era when stormwater drains 
and the canalisation of the river 
began to modify the natural 
stream channel. Pollution of the 
drinking water caused an outbreak 
of diseases and the response 
to resolve this was slow. There 
was uncontrolled and wasteful 
utilisation of the water during this 
time. Bridges and dams were also 
built.

Three flooding events were 
recorded over 54 years.

The canalisation of the river intensified 
from 1910 onwards. There was also 
an increase in the building of dams 
and bridges. The supply of the water 
of the fountains reached its supply 
capacity during this time, requiring the 
importation of water to Pretoria.

Nine flooding events were recorded 
over 60 years.

18
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19
10

19
70

19
71

20
14

Second era: 1910–1970
Natural disconnection
60 years

Third era: 1971–2014
Era of attempted 
regeneration 43 years

Knowledge of the ecological value of 
freshwater systems was more freely 
available during this time. During 
the 1970s and 1980s, protests took 
place to improve the state of the river 
flowing through the city. Proposals 
were also developed outside the city 
council in an attempt to regenerate 
the river, but these were never 
implemented. The activities of non-
governmental organisations (NGOs) 
took place to beautify the river and 
clean several pollution events that 
were causing disease.

Eight flooding events were recorded 
over 43 years.
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 The Apies River in the concrete canal running underneath the bridge. View 
from the Lion Bridge looking south (2014). Photo: Emmarie Otto.

 Pulse disturbance on the Apies River: Floods on 9 January 1909 affecting and 
being affected by houses (land use change – press disturbance) that are situated 
in the floodplain of the river. The floods are a result of higher-level slow press 
disturbances on the system. Image courtesy of the Tshwane Info photo collection 
1850–1960 held at the City of Tshwane Library (Photograph 1640 (n.d.)).

Lessons learnt

The historical analysis of the 
changes in the river examined both 
pulse disturbances (such as flooding 
or pollution events) and press 
disturbances (such as population 
growth or development planning), 
as well as the many resultant 
disconnections experienced 
between the urban and freshwater 
systems. Three main lessons were 
learnt from the historical analysis.

Firstly, the health of urban 
freshwater systems is not ensured 
in the long term if there is no local 

government in place or if the local 
government governs in an inflexible 
and non-transparent way. This is 
supported by Haarhoff, Juuti and 
Mäki (2012), who state that history 
has taught us that even a good 
source of water requires strong 
municipal governance to sustain 
both the quality and supply of water. 

The historical analysis of the 
Apies River demonstrated a local 
government that responded to pulse 
disturbances (like flooding), but did 
not act on press disturbances (such 
as developments in floodplains), 
which are the long-term hidden 

pressures affecting the trajectory of 
the system. 

Press disturbances take place slowly, 
subtly and over a long period of time, 
gradually infiltrating and eroding a 
system. They are usually difficult to 
trace and track (Collins et al., 2011). If 
the slow press disturbances, such as 
stream modification and incompatible 
development encroachment onto the 
floodplain, were addressed, the pulse 
disturbances, such as floods and 
pollution in the Apies River freshwater 
system, would have been avoided.

Secondly, the historical analysis 
highlighted the importance of 
maintaining tight feedback in the 
urban social-ecological system to 
be able to detect potential slow 
drivers of change, and so manage 
disturbances before they negatively 
affect the freshwater system. 
The latter was evident in several 
incidents of delayed response to 
pollution in the Apies River, which 
negatively affected the quality of the 
freshwater system and the health 
of the community. Similarly, the 
slow pressures of land-use change 
and development in the flood 
plain, combined with an increase 
in non-permeable surfaces and 
concomitant stormwater run-off, 
made the city more vulnerable to 
the pulse disturbance of flooding.

Thirdly, urban freshwater systems 
and the social-ecological system 
are negatively affected by a lack 
of ecological awareness, leading 
to planning decisions that are 
made without an understanding of 
how freshwater systems function 
and without including the natural 
functioning freshwater system as 
an integral part of planning and 
development proposals. 

According to Folke et al. (2002), 
this ecological ignorance and lack 
of knowledge regarding natural 
systems have a negative effect on the 
wellbeing of societies and undermine 
resilience. This can be seen where 
uncontrolled developments have 
occurred on the floodplain of the 
Apies River over a period of decades 
without compromise, and where 
stream modification was applied as a 
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“solution” to the pulse disturbances 
of flooding. It is also evident that 
once a system’s trajectory has been 
changed by canalisation, it is almost 
impossible to change the system 
back to its original state as a naturally 
functioning freshwater system.

According to Carpenter et al. (2001),  
by increasing the resilience of one 
aspect of the system, one can weaken 
the resilience of another part of the 
system. This is also what happened 
in the Apies River freshwater system 
when the adaptive capacity of the river 
was weakened by the management 
decisions of the social-ecological 
system’s governance system, which 
addressed flood attenuation by 
canalising the river. In doing this, it 
weakened the connection between 
the built environment and the river, 
and the connection between the river 
and its natural components. As a 
result, it compromised the functional 
integrity of the river and affected 
the general resilience of the Apies 
River freshwater system (enabled by 
diversity, modularity and redundancy).

Conclusion

While the city responded to the 
needs of specific resilience (for 
instance, protection against flooding), 
the result was a loss of general 
resilience of the Apies River systems. 

This occurred due to two reasons: 
The first was the lack of a local 
government structure to supply 
proper infrastructure and service 
delivery to the people of Pretoria, 
followed by an inflexible and largely 
unresponsive local government system 
that lacked tightness of feedback by 
not timeously detecting the signals that 
indicate the crossing of a threshold. 
The second reason was a lack of 
ecological awareness, which requires 
the understanding of how freshwater 
ecosystems function in order to 
incorporate a natural freshwater 
ecosystem as an integral and functional 
part of the urban infrastructure. 

However, things can be done 
differently in future, and, according 
to Walker and Salt (2006), the 
resilience of a social-ecological 
system can be enhanced when the 

importance of ecosystem services is 
recognised, and these services are 
connected to and integrated into 
urban planning, acknowledging the 
value of the ecosystem services as a 
contributor to human wellbeing.  

This study aims to contribute to a 
better understanding of what caused 
the disconnection between the City 
of Tshwane’s built infrastructure 
and the Apies River, and how urban 
development around freshwater 
systems needs to be managed if the 
resilience of both the freshwater 
system and the society that 
depends on it is to be maintained. 
Thereby, it is hoped that it can 
inform a regulatory framework that 
supports the integration of naturally 
functioning freshwater ecosystems in 
the city, both in terms of regenerative 
design and as part of new planning. 
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The study broadly examined the 
current rising worldwide urbanisation. 
Cities fragment green spaces and this 
threatens biodiversity. Conversely, 
cities could be designed, planned and 
occupied to increase the quality and 
benefits that green spaces provide 
as part of greater ecosystems. Since 
most of the population is settling in 
urban areas, cities hold the potential 
to greatly influence the health and 
integrity of future ecosystems. Today, 
landscape designers and other 
built environment professionals 
play a major role in shaping cities, 
and influence the way their clients 
contribute value to green spaces. As 
global conditions have increasingly 
had a negative effect on the 
environment since the 1960s  
(MEA, 2005), professionals have 
a greater ethical responsibility to 
guide nature values within society by 
articulating them. 

Human values strongly influence 
social behaviour and attitudes. 
Values are influenced by collective 
social practices, for example, 
individuals who speak at meetings 
and conferences. Professionals have 
access to the latest information and 
can share this knowledge. In these 
social settings, current values are 
either asserted or questioned. In this 
way, landscape designers collectively 
assign values to the kind of spaces 
they create. They articulate what 
they find important and extend it 
beyond the profession.

The aim of the study was to establish 
what values are assigned in the 
local industry through the kind of 
green spaces that are developed. To 
determine the trends in landscape 
design and professionals’ views, 
the study examined three popular 
trade magazines, Landscape SA, 
Environmental Management and 
Urban Green File, over a period 

Ecosystem services and the articulation 
of values in landscape design practice 
Dr Ida Breed

A doctoral degree study 

conducted in the Department of 

Architecture considered value 

systems in the landscape design 

profession in South Africa 

and how these values can be 

steered to secure greater social 

and ecological resilience. This 

research unites the concept of 

ecosystem services with human 

values, and contributes to 

the limited body of work that 

focuses on landscape designers 

as actors in social-ecological 

systems.

of nine years. The landscapes 
featured in these magazines would 
provide an accurate cross-section 
of the different landscapes that 
are produced throughout the 
country. By analysing these typical 
landscapes, the study investigated 
the different values and ecosystem 
services emphasised by landscape 
designers in green urban spaces.

According to the Millennium 
Ecosystem Assessment (MEA) (2005), 
ecosystem services are the benefits 
that healthy ecosystems provide, and 
can be classified according to four 
main groups: provisioning, supporting, 
cultural and regulating services. This 
classification provided a method to 
illustrate which functions of nature 
professionals deem important. 
Cultural services relate to recreation 
and aesthetic experiences. Flood 
prevention and microclimate control 
are examples of regulating services. 
Supporting services support habitats 
and biodiversity, and provisioning 
services relate to products obtained 
from nature like food, fibre and water.

During the study, 665 articles that 
discuss 355 landscape design 
projects featured in the three 
magazines over nine years were 
examined in terms of which of the 
four ecosystem services the articles 
emphasised, as these aspects would 
be important in the industry. The 
research methodology included 
interviews with 12 South African 
experts, each with at least 30 years’ 
experience to verify whether the 
projects featured in the analysed 
magazines were representative 
of the trends and design values in 
the industry. The experts hailed 
from Johannesburg, Pretoria, 
Durban and Cape Town. During the 
interviews, it was established that 
the experts mostly confirmed those 
tendencies found in the magazines. 



105 E S S A Y S    I N N O V A T E  1 1  2 0 1 6

 The trade magazines that were studied to determine trends in landscape design. 

Table 1: The four categories of ecosystem services

The interviews also identified 
the nature values these experts 
deemed important. After these two 
assessments had been completed, 
it was concluded that, although 
scientific literature deems all 
ecosystem services to be important, 
the industry emphasises the cultural 
and regulating ecosystem services 
more than the provisioning and 
supporting services. 

Rolston and Coufal (1991) identified 
10 nature values, which have been 
expanded to 14 by other authors. 
From an environmental ethics 
perspective, these values, although 

not grouped accordingly, range from 
instrumental to intrinsic values. 
Other authors (Jax et al., 2013) state 
that, in terms of instrumental values, 
humans view nature as a functional 
utility that delivers various services. 
Eudemonistic values are those 
that provide a basic condition for 
good human life and enjoyment. 
Fundamental values relate to nature 
as a basic condition for life on earth. 
While these three ethical concepts 
refer to nature as valued through its 
direct or indirect benefits to humans, 
nature also has intrinsic value, which 
means that it has value in itself 
regardless of how it affects people. 

For normative reasons, it is 
important to acknowledge the 
intrinsic and non-utility value 
of nature in society (Lockwood, 
1999). According to Alessa, 
Kliskey and Brown (2008), from 
an environmental psychology 
perspective, the 14 nature values 
can also be grouped in terms 
of their tangibility; some values 
are physical, while others are 
considered intermediate or 
intangible. Intangible values cannot 
be seen, but should not be forgotten 
or deemed less important, since 
they are critical for mental wellbeing 
(Matsuoka & Sullivan, 2011).

Cultural services Provisioning services Regulating services Supporting services

• Recreation and mental 
and physical health

• Tourism
• Aesthetic appreciation and 

inspiration for culture, art 
and design

• Spiritual experience and 
“sense of place”

• Food
• Raw materials
• Medicinal resources
• Fresh water

• Local climate and air 
quality regulation

• Carbon sequestration and 
storage

• Moderation of extreme 
events

• Wastewater treatment
• Erosion prevention and 

maintenance of soil 
fertility

• Biological control

• Habitats for species
• Maintenance of genetic 

diversity

Source: Based on The Economics of Ecosystems and Biodiversity (TEEB, 2011)
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Landscape values

Rolston & Coufal (1991)
Alessa et al. (2008);  
Van Riper et al. (2012)

Alessa et al. (2008)

Biotic diversity

Biological, provide places for a variety 
of biota 
Cultural, associated with the passing 
down of knowledge and traditions

Tangible values
Natural history

Historic, places and things of natural 
and human history

Recreation
Recreation, outdoor, recreation 
activities and experiences

Economic
Economic valued for economic 
opportunities like tourism and fisheries

Intermediate values

Wildlife Wilderness, because they are wild

Aesthetic Aesthetic, valued for the scenery

Intrinsic
Intrinsic, just because they exist and 
unrelated to humans

Life support

Life sustaining, produce, preserve, and 
renew air and water 
Subsistence, provide necessary food 
and materials for humans

Scientific
Learning about the environment 
Future, allowing future generations to 
know and experience

Intangible values

Spiritual

Spiritual, sacred, religious, spiritually 
important 
Therapeutic, make people feel better, 
physically and/or psychologically

The study compared the values the 
experts mentioned in their interviews 
to the values in Table 2. 
 
From an ethics perspective, the 
values identified fell mainly into 
the instrumental value group of 
functional utility or – in second 
place – in the eudemonistic value 
group. Far fewer nature values were 
articulated as being fundamental 
or intrinsic. This grouping suggests 
that, in South Africa, urban green 
spaces are professionally regarded 
as being inherently beneficial to 
humans, and these spaces are not 
valued in and for themselves. 

This could be attributed to the fact 
that intrinsic value might be seen as 
being less important in developing 
countries that are stricken with 
poverty and unemployment. 
However, environmental 
psychologists have pointed out 

that valuing nature intrinsically has 
normative implications that influence 
people’s judgement when it comes 
to environmental conservation 
actions (Lockwood, 1999). Therefore, 
professionals have an ethical 
responsibility to articulate this value 
to their clients and the public.

Although the instrumental or 
functional utility of nature is 
highly valued in landscape design 
practice, professionals do not yet 
incorporate, for example, food 
gardens or systems that create 
fresh drinking water. Furthermore, 
they do not acknowledge the value 
of biodiversity in the regulation of 
ecosystem processes in urban areas. 
The above values are important, 
since 25% of people in South Africa 
go to bed hungry, according to the 
Food Security and Vulnerability 
Assessment in South Africa of 
the Department of Agriculture, 

Forestry and Fisheries (DAFF) (2010), 
while biodiversity secures system 
resilience (Hunter, 2011).

Professionals comparatively 
articulated few values among the 
intangible categories of scientific, 
future, spiritual and therapeutic 
values. Scientific values and future 
values are essential aspects to 
secure human survival and system 
resilience (Gómez-Baggethun et al., 
2010). Professionals do not take 
advantage of the present potential 
of urban landscapes to relieve 
the high prevalence of stress and 
mental disorders in South Africa 
(Williams et al., 2008).

In short, the reality of what 
we require for human and 
environmental wellbeing in South 
Africa is not always reflected in our 
landscapes. The perceived value 
biases of landscape designers are 

Table 2: The concept of landscape values, as defined and grouped by different authors
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important because they greatly 
influence the resilience capacity of 
current urban centres at both social 
and ecological levels. They also affect 
the extent to which nature in urban 
green areas can be inclusive of all 
people’s potential needs and values. 

Public green spaces are neglected 
in South Africa for various reasons, 
be it fear of crime or budgetary 
restrictions. Some of these spaces 
are dated and do not reflect 
contemporary South African identity. 
For example, the Union Buildings’ 
gardens, although very popular, 
still look very European with their 
terraces and clipped hedges, 
and provide mainly aesthetics 
and recreation with no influence 
on biodiversity or subsistence. 
There are, however, spaces that 
reflect modern local cultural and 
psychological aspects, such as Green 
Point Park in Cape Town. These 
spaces are not just aesthetic, but 
multifunctional and provide all four 
categories of ecosystem services. 

Cities are growing and urban 
green spaces need to fulfil multiple 
functions and benefits to humans 
and the greater ecosystem. In 
South Africa, landscape designers 
have mainly steered clear of 
developments such as urban food 
gardens or biodiversity gardens 
because of the myriad of logistical 
challenges they could present. 
These challenges include negative 
public perception, maintenance and 
managing access to the benefits. 
However, professionals in other 
parts of the world, such as Europe, 
North America and South America, 
have managed to overcome 
these challenges and provide 
multifunctional spaces that focus on 
more than one ecosystem service. 
 
How can one make sure that 
professionals are guided to design 
future urban green spaces that 
will include a greater spectrum 
of ecosystem services? During 
the interviews, experts identified 
four collective practices that show 
potential for balancing the values 
articulated in the design process. 
These practices are education, 
legislation, rating systems and 

 Green Point Park (top), the wetland walk within the context of the city; and 
(bottom) multifunctional green open spaces for recreation and sport.

 Green Point Park storyboard panels (top); and educational art (bottom) as 
part of the biodiversity display garden.
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award systems. Out of these, 
award systems seem to be the 
best positioned as they provide 
both physical benefits and moral 
motivations, and in South Africa, 
many landscape professionals 
partake in the awards.

The study reviewed two award 
systems: those of the South African 
Landscapers Institute (SALI) and the 
Institute for Landscape Architecture 
in South Africa (ILASA). An analysis 
of existing award systems revealed 
shortcomings in the awards process 
and criteria. The awards need to 
acknowledge intangible, intrinsic and 
non-utility values of nature and reflect 
a broader spectrum of ecosystem 
services to guide professional 
practice. The projects that are 
awarded prizes will then be generally 
representative of all the categories 
of human and nature values and 
not just one or two of them. These 
projects can then be used as best-
practice examples in the industry. 

Conclusion

Public green spaces are neglected 
in South Africa for various reasons. 
These are mainly due to the way 
value is given to things in society. 
We need to question the values 
that are currently being assigned 
to things based on the knowledge 
we have about what is required 
for our survival and environment. 
Professionals in the built 
environment also have an ethical 
responsibility to give the correct 
advice to their clients and secure 
future public and environmental 
wellbeing with the type of urban 
environments they create. The 
decisions of landscape designers are 
critical since green spaces in urban 
areas will have to play a critical role 
in the future of our planet as cities 
become bigger and denser.

The findings of the study propose 
that professionals are currently 
biased in the way they profess 
values of urban green spaces. 
They do not give an accurate and 
balanced message to their clients 
and the public. This includes not 
mentioning or acknowledging the 
intangible, intrinsic and non-utility 

values of nature. These values may 
seem less important in the context 
of the developing world. However, 
research has proven their critical 
importance for healthy people and 
ecosystems.  

There are several ways to streamline 
professional values, including 
education and legislation. However, 
the awards in the landscape design 
fraternity seem to carry moral weight 
and financial benefit for practitioners. 
The study therefore recommends that 
landscape designers in South Africa 
make sure that their award processes 
and criteria steer their designs 
to exemplify projects that have a 
balanced mix of nature values and 
ecosystem services. These projects 
can subsequently influence the public 
to accept and enjoy all the roles and 
benefits that nature needs to provide 
for people and the environment in the 
future of our cities. 
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Deputy deans appointed 
in the Faculty

N E W S

Prof Van der Merwe was Head of the 
Department of Informatics in the 
School of Information Technology 
(IT). She previously held leadership 
positions as professor at the University 
of South  Africa (Unisa) and was a 
principle researcher at the Meraka 
Institute of the Council for Scientific 
and Industrial Research (CSIR). 

She obtained a bachelor’s degree in 
Computer Science at the University 
of Johannesburg and completed 
her honours and master’s degrees 
in Computer Science at North-West 
University. She obtained her PhD 
in Computer Science at Unisa. She 
has been involved in teaching and 
research for the past 28 years, 
including the design of an Enterprise 
Architecture (EA) course for honours 
students at Unisa. She is co-chair 
of the Institute of Electrical and 
Electronic Engineers (IEEE) Enterprise 
Architecture Technical Committee 
and is acting in her second term 
as president of the South African 
Institute of Computer Scientists and 
Information Technologists (SAICSIT). 

She holds a C1-rating from the 
National Research Foundation 
(NRF) and has supervised a number 
of master’s and doctoral degree 
students. She has published articles in 
peer-reviewed journals, conferences 
and several book chapters. 

Prof Eloff is a professor of Computer 
Science in the School of IT. He 
previously held leadership positions as 
Research Director for SAP Research in 
Africa, chairperson of the School of IT,  
member of the Steering Committee 
of the IT CoachLab at The Innovation 
Hub and Head of the Department of 
Computer Science.

He obtained a BSc in Computer 
Science and Mathematics, and 
completed his honours, master’s 
and doctoral degrees in Computer 
Science at the Rand Afrikaans 
University (now the University of 
Johannesburg). His main focus 
is on research, innovation and 
productisation. A number of 
innovative software prototypes 
have been developed for industry 
under his leadership, and he is the 
co-inventor of a number of patents 
registered in the United States. He 
is associate editor of Computers & 
Security and serves on the editorial 
panel for the Computer Fraud & 
Security Bulletin.

He holds a B-rating from the NRF, 
and has supervised a number 
of master’s and doctoral degree 
students. He has published 
extensively, producing both book 
chapters and articles in peer-
reviewed journals, nationally and 
internationally. 

The University of Pretoria 

is pleased to announce the 

appointment of two new 

deputy deans in the Faculty of 

Engineering, Built Environment 

and Information Technology 

with effect from 1 August 2016. 

Prof Alta van der Merwe has 

been appointed as Deputy Dean: 

Teaching and Learning, while 

Prof Jan Eloff has been appointed 

as Deputy Dean: Research and 

Postgraduate Studies.
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Father of 
enterprise 
architecture 
and enterprise 
engineering 
visits UP
Dr Aurona Gerber

As one of the activities of the 

enterprise architecture initiative 

in the Department of Informatics, 

John Zachman – often referred 

to as the father of enterprise 

architecture – visited the 

Department in August 2016 to 

present a certification workshop 

and guest lecture. This visit 

was the result of collaboration 

spanning more than 10 years 

between Zachman, Prof Alta 

van der Merwe (Deputy Dean: 

Teaching and Learning) and 

Prof Aurona Gerber (associate 

professor in the Department of 

Informatics). During his visit, 

Zachman presented several 

lectures and workshops, and 

convinced audiences of the 

importance of enterprise 

architecture and engineering.   

Enterprise architecture is described as 
a means of coping with organisations’ 
ever-increasing complexity by 
ensuring that they appropriately use 
and optimise their technical resources. 
Enterprise architecture is therefore 
seen as the integrated and holistic 
vision of an enterprise’s fundamental 
organisation, which is embodied in 
elements (people, processes and 
applications), their relationships to 
each other, and the environment and 
principles that guide its design and 
evolution. Enterprise engineering 
is defined as the engineering skills 
and activities that are necessary to 
engineer and implement enterprise 
architecture. 

Given the complexity of the 
environment in which most 
organisations operate today, 
interest in enterprise architecture 
and engineering is growing rapidly. 
Nowadays, it is not possible to read 
any leading technology articles 
without referring to the emerging and 
disruptive technology trends that will 
dramatically alter our socio-technical 
and socio-economic landscape in the 
near future. Enterprise architecture 
and engineering is regarded as 
an emerging discipline that could 
assist enterprises not only with 
positioning themselves for disruptive 
environments, but also with harnessing 
the potential benefits of the fast-
changing operating environment.

Zachman coined the term enterprise 
architecture in the 1980s when he 
proposed his first version of the 
Zachman Framework for Enterprise 

Architecture (ZFEA) or Zachman 
Framework™. The latest version of 
the Zachman Framework™ is also 
described as an enterprise schema 
or enterprise ontology (please 
visit https://www.zachman.com/
about-the-zachman-framework for 
more information). The Zachman 
Framework™ is a 6 x 6 bounded 
matrix where the columns depict 
the fundamentals of communication 
that are found in the primitive 
interrogatives (what, how, when, 
who, where and why). According 
to Zachman, the matrix would 
necessarily constitute the total set of 
descriptive representations that are 
relevant for describing an enterprise 
(or any other engineering artefact). 

In the more than 40 years since 
its initial publication, the Zachman 
Framework™ has had a profound 
effect on the development of the 
emerging discipline of enterprise 
architecture.

The enterprise architecture activities 
in the Department of Informatics 
include the founding of the 
International Technical Committee 
of the Institute of Electrical and 
Electronics Engineers (IEEE) and the 
Systems, Man and Cybernetics Society 
(SMC) on Enterprise Architecture 
and Engineering (EAE), which is 
also responsible for the annual 
IEEE Conference on Enterprise 
Systems. Future research will focus 
on how enterprise architecture and 
engineering can enable organisations 
to manage and align technological 
disruptions such as Big Data. 

 Prof Alta van der Merwe (left) and Prof Aurona Gerber (centre)  
host long-time colleague, John Zachman.



The IEEE grade of Fellow is conferred 
by the IEEE Board of Directors upon 
a person with an outstanding record 
of accomplishments in any of the 
IEEE’s fields of interest. The total 
number of fellows selected in any 
one year cannot exceed one tenth of 
1% of the total voting membership. 
IEEE Fellow is the highest grade 
of membership and is recognised 
by the technical community as 
a prestigious honour and an 
important career achievement.  
Prof Hancke is only the sixth person 
in South Africa to have had this 
honour bestowed on him. Of the 
others, another three are from 
the University of Pretoria – and 
also from the Department of 
Electrical, Electronic and Computer 
Engineering. These are Prof Jan 
Malherbe (1994), the late  
Prof Duncan Baker (1998) and  
Prof Xiaohua Xia (2010). 

The IEEE is the world’s leading 
professional association for 
advancing technology for humanity. 
Through its 400 000 members in 
160 countries, the IEEE is a leading 
authority on a wide variety of areas, 
ranging from aerospace systems, 
computers and telecommunications 
to biomedical engineering, electric 
power and consumer electronics. 

Dedicated to the advancement 
of technology, the IEEE publishes 
30% of the world’s literature in 
the electrical and electronics 
engineering and computer science 
fields, and has developed more than 
900 active industry standards. The 
IEEE also sponsors or co-sponsors 
nearly 400 international technical 
conferences each year.

IEEE President and CEO, Dr Howard 
Michel, congratulated Prof Hancke 
and said: “You bring honour to 

Prof Gerhard Hancke named  
IEEE Fellow

Prof Gerhard Hancke of the 

Department of Electrical, 

Electronic and Computer 

Engineering has been named 

an Institute of Electrical and 

Electronics Engineers (IEEE) 

Fellow, effective from  

1 January 2016, for his 

contributions to wireless  

sensor networks.

yourself and to the IEEE by your 
achievements.”

Prof Hancke established the 
Advanced Sensor Networks (ASN) 
Group, based in the Department of 
Electrical, Electronic and Computer 
Engineering, in 2005. The ASN Group 
is a leading hub of research and 
development in the field of ASN. 

It aims to be a focal point in the 
creation of a critical mass in this 
key field, collaborating with local 
and overseas academic institutions, 
research organisations and industry. 

ASN refers to the set of technologies 
and disciplines that allows 
distributed embedded systems 
to cooperatively sense, decide, 
learn and act in real time to 
achieve certain goals. These can 
revolutionise our understanding and 
control of the physical world. The 
integration of advanced information 
and communication technology 
(ICT) systems in an environment can 
result in an intelligent environment 
that can monitor itself and take 
proactive steps even without human 
intervention.

ASN has a vast and diverse 
application potential, which spans 
the manufacturing, agriculture, 
security, military and medical 
spheres, as well as the natural 
and the built environment, among 
others. However, it has been difficult 
to realise the potential of ASN 
due to its resource-constrained 
characteristics and typical 
challenging operating environment, 
the scale of the networks and 
interdependent multidisciplinary 
nature of the solutions required 
for the practical and widespread 
adoption that is common to complex 
systems. 

111111 N E W S    I N N O V A T E  1 1  2 0 1 6



A “codeathon” is a type of “hackathon” 
where computer programmers, 
graphic designers and project 
managers collaborate on a software 
development project. It is usually held 
for educational or social purposes, 
although – in most cases – the goal is 
to create operational software. 

Six teams comprising five individuals 
each competed against each 
other for the coveted prize. The 
universities represented in the 
challenge were the University of 
Pretoria, the University of Cape 
Town and North-West University. 

The challenge was to develop 
a software product that uses 
“gamification” aimed at younger 
clients to encourage learning and 
participation in savings, investment 
and wealth building within 12 hours. 
This programming challenge assisted 

Tuks 
team wins 
Investec 
“codeathon” 
challenge

The Investec IT Graduate 

Programme hosted a two-day 

“codeathon” for students from 

universities across South Africa 

on 25 and 26 January 2016. Any 

student who had completed an 

undergraduate qualification in 

the ICT field was eligible to enter.

with the generation of ideas for the 
Investec family banking applications 
environment.

The University’s team comprised 
David Sobey (BCom Informatics), 
Jacques Brosens (BIT), Rendani 
Kruger (BIT), Dyan Visser (BCom 
Informatics) and Yi-Yu (Bruce) 
Liu (BCom Informatics). The 
coders developed a concept 
that encourages a parent-child 
relationship where parents 
incentivise their children for saving 
towards a particular goal. 

The team emerged victorious after 
presenting their idea and software 
solution to three judges who 
are senior leaders from relevant 
departments within Investec. Each 
member of the winning team was 
rewarded with a new MacBook Air 
valued at R16 799. 

The BANKSETA bursaries were 
awarded to 47 students from 
the Department of Informatics in 
the Faculty of Engineering, Built 
Environment and Information 
Technology’s School of Information 
Technology, and 28 students from 
the Department of Marketing 
Management in the Faculty of 
Economic and Management Sciences. 
This funding covers the students’ 
registration fees, tuition fees, meal fees 
and required textbooks and laptops, 
PCs or any technological devices. 

BANKSETA focuses on small and 
medium enterprises, the youth, adult 

Students benefit from BANKSETA grant
The University of Pretoria had a 

significant reason to celebrate 

when it hosted a special function 

for students and their parents on 

28 April 2016. The Banking Sector 

Education and Training Authority 

(BANKSETA) changed the lives of 

75 students by awarding a grant 

of R9 million to the University of 

Pretoria for student bursaries. 

education, continuous professional 
development and research. It also 
enables skills development and 
transformation in the broader 
banking and microfinance sector. 
“We are very proud of this 
partnership with BANKSETA, as we 
cannot address skills shortages in 
isolation,” says Prof Alta van der 
Merwe, Deputy Dean: Teaching 
and Learning. “There is a national 
shortage of skills in information 
technology, and training skilled 
graduates in Informatics will assist 
South Africa to be more competitive 
in an increasingly technological 
world.” 

 The victorious Tuks team at the Investec “codeathon” earlier this year.
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SAIMM recognises UP researchers
At its Annual General Meeting 

(AGM) held on 11 August 2016, 

the South African Institute of 

Mining and Metallurgy (SAIMM) 

acknowledged the outstanding 

research conducted in the 

University’s Department of 

Mining Engineering, as well as 

the Department of Industrial and 

Systems Engineering.

 Receiving their awards at the SAIMM AGM are (from left): Johann Hager,  
Prof Sarma Yadavalli and Prof Ronny Webber-Youngman.

Dr Bernd Platzek (a former PhD 
candidate), Prof Leon Pretorius (a 
full-time lecturer) and Dr Dietmar 
Winzker (a part-time lecturer) 
received the award for their 
paper, “The vital entrepreneurial 
learning organisation: a corporate 
mindset for entrepreneurial 
change management”, which was 
published in the International 

In June 2015, the World 

Scientific Press selected three 

academics associated with the 

Graduate School of Technology 

Management (GSTM) as the Best 

Paper Award Winners for 2014. 

Journal for Innovation and Technology 
Management.

The paper presents the concept 
of a vital entrepreneurial learning 
organisation, which describes a 
systematic theoretical framework 
for firm-level entrepreneurship 
in dynamic environments. The 
theoretical constructs developed 
on theoretical exploration 
are nine design elements of 
holistic intrapreneurship, three 
entrepreneurial tasks and a 
process model, a role model for 
the entrepreneurial organisation, 
a conceptual framework of the 
business environment, a qualitative 
systems model for entrepreneurial 
change management, and five 
organisational learning elements.

The awards process was conducted 
by Prof Vinod Kumar and  
Prof Giuseppina Passiante, associate 
editors of the International Journal 
for Innovation and Technology 
Management. 

World Scientific Press Best 
Paper Award for GSTM

Prof Ronny Webber-Youngman, 
Head of the Department of Mining 
Engineering, and Johann Hager, a 
master’s student in this Department, 
received silver medals, due to the 
fact that they are members of 
SAIMM. Prof Sarma Yadavalli, Head 
of the Department of Industrial 
and Systems Engineering, received 
a certificate of merit from the 
Institute, due to the fact that he is a 
non-member. The authors received 
recognition for research that 
makes a major contribution to the 

profession of mining and metallurgy. 
Their research was conducted on 
stochastic simulation for budget 
prediction for large surface mines in 
the South African mining industry, 
and the findings were published in 
the June 2015 issue of  Journal of the 
Southern African Institute of Mining and 
Metallurgy. This research formed part 
of Hager’s master’s thesis in Mining 
Engineering, which he obtained cum 
laude. His research was supervised by 
Prof Webber-Youngman and  
Prof Yadavalli. 

 Prof Leon Pretorius, Dr Dietmar Winzker and Dr Bernd Platzek.



Dr Abré Pienaar, Chief Executive Officer 
of iPlan Industrial Engineers received 
the Kris Adendorff Award for the Most 
Outstanding Industrial Engineering 
Professional, which was presented by 
Prof Susan Adendorff, daughter of the 
late Prof Kris Adendorff and Director of 
the University’s Department of Facilities 
Management. Peter Staude, Chief 
Executive of Tongaat Hulett and non-
executive of Hulamin, was the runner 
up in this category. Both Dr Pienaar and 
Staude are alumni of the University of 
Pretoria. 

Prof Sarma Yadavalli, Head of 
the University’s Department of Industrial 
and Systems Engineering , received the 
award for the Most Outstanding Industrial 
Engineering Researcher, and the award 
for the Most Outstanding Industrial 

UP shines at SAIIE awards ceremony
The Southern African Institute for 

Industrial Engineering (SAIIE) hosted 

its first awards ceremony and gala 

evening to honour outstanding 

industrial engineering professionals 

at Montecasino’s La Toscana function 

venue in July 2016. Awards were 

presented in three categories, and all 

three of the recipients were either 

staff or alumni of the University of 

Pretoria.

Engineering Lecturer went to  
Prof Paul Kruger, one of the stalwarts of 
industrial engineering at the University 
of Pretoria. Prof Kruger was also 
nominated in the Most Outstanding 
Industrial Engineering Researcher 
category.

A total of 15 nominations were 
received from members of SAIIE for 
the three categories, with nominees 
hailing from Gauteng, KwaZulu-Natal, 
the Eastern Cape and the Western 
Cape. With the help and dedication 
of seven peer evaluators from across 
the country, the group was reduced 
to just two finalists in each category. 
This achievement is a feather in the 
University’s cap, as four of the six 
finalists either graduated from or 
teach at the University of Pretoria. 
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The researchers, Prof Chrisna du 
Plessis (Head of the Department of 
Architecture), Prof Karina Landman  
(a lecturer in the Department of  
Town and Regional Planning),  
Dr Carin Combrinck (a lecturer in 
the Department of Architecture) and 
Dr Edna Peres (a part-time lecturer 
in the Department of Architecture) 
are involved in a project on the 
resilience of aspirational African cities 
in transition, as manifested in the 
Gauteng urban system. 

This inter- and transdisciplinary 
project utilises the combined skills of 
planning, design thinking, conceptual 
modelling and ecological engineering 
in an iterative systems approach. 
The team’s approach is rooted in 
sustainability science in that it deals 
with the resilience of the city as a 
social-ecological system. 

The project is use inspired, 
transdisciplinary and problem-
focused. This required it to be strongly 
contextualised, which included 
engagement with society in a way that 
made the theoretical development of 
the study accessible and relevant to 
practice. This requirement to involve 
practitioners, decision makers and 
the public resulted in a number of 

Grant 
extension 
for inter-
disciplinary 
research team

A team of researchers in the School 

for the Built Environment has been 

awarded a grant extension of just 

over R900 000 from the National 

Research Foundation (NRF) for 

2016/17. 

non-traditional research outputs 
and human capital development 
activities with significant impact in 
both academia and practice.

The impact of the project lies 
both in the contribution made to 
the development of a theoretical 
basis of urban resilience and the 
illustration of how the theory can 
be practically implemented by 
providing tangible examples of 
interventions that could be made in 
a city to improve its resilience and 
sustainability, thereby providing 
guidance to design practitioners, 
as well as decision makers in local 
government. 

One of the main objectives of 
the project is to build national 
capacity in generating and applying 
knowledge on the new research 
area of resilience and regeneration. 
A range of dissemination activities, 
such as seminars, colloquia, 
videos and social media platforms, 
therefore ensured that this 
knowledge could reach a wide 
national and international audience, 
and created opportunities for 
human capital development in the 
form of continued professional 
development. 
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Industrial and Systems 
Engineering

Highlights in the Department of 
Industrial and Systems Engineering 
were presented at a project evening 
held in November 2015. Among the 
top projects included a project on 
manual labour as a core element in 
an automated packing line (Eckhardt 
Horstmann); a project to analyse and 
improve the supply chain process in 

Student achievements showcased at 
annual project evenings
The School of Engineering 

recognises the achievements of 

its final-year students by means 

of annual project evenings and 

student seminars, which provide 

an opportunity for students 

to showcase their hard work 

through the delivery of poster 

and project presentations. 

order to ensure high-quality, ripe-
and-ready avocados (Yolandi le Roux); 
a route optimisation project for the 
South African Post Office (Alemayehu 
Tafesse); a project to analyse and 
optimise a contract help-desk function 
(Ninon Louw); a simulation-based 
optimisation to solve a car sequencing 
problem with stochastic rework (Stefan 
Enslin); a project on strategic planning 
for the detonator production process at 
Sasol Dyno Nobel (Vincent de Andrade).

Electrical, Electronic and 
Computer Engineering

The Department of Electrical, Electronic 
and Computer (EEC) Engineering 
showcased the achievements of its 
students by means of a final-year 
project competition The projects that 
were presented in the final round of 
the competition included the design 
of a wirelessly controlled smart car 
(Craig Griessel); the development of 
an automated popcorn-seasoning 
machine (Bradley Helfrich); and the 
design of real-time environmental 
mapping through the use of multiple 
heterogeneous robots (Tinus Green).  

 Top achievers in the Department of EEC 
Engineering,Tinus Green (front, second from left), Craig 
Griessel (front, second from right) and Bradley Helfrich 
(front, right), with their classmates. 

Mining 
Engineering

Since 2002, the 
SAIMM has been 
organising and 
presenting an 
annual Student 
Colloquium to 
give the best 
final-year mining 

and metallurgy students the opportunity to present their 
final-year projects. The best projects delivered at the 
Colloquium by students from the University of Pretoria 
were a project to increase the tyre life of the truck fleet 
at Kolomela Mine (Gerco Lindeque); a project to identify 
causes of substandard practices and the effect on safety 
performances in South African gold mines (Gerard Kleyn); 
and the optimisation of chain road development at New 
Denmark Colliery (Jeethen Singh).

 Gerard Kleyn, Gerco Lindique 
and Jeethen Singh.

 Eckhard  
Horstmann

 Yolandi le Roux

 Ninon Louw  Vincent  
de Andrade

 Alemayehu 
Tafesse

 Stefan Enslin
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 Erika Combrinck

 Nadia Snyman

 Brendon Els

 Vicky van der 
Merwe

 Jehane du Toit

 Berend Weirenga

Chemical Engineering

The annual project evening of the 
Department of Chemical Engineering, 
also held in November 2015, delivered 
some interesting projects as well. 
These included research on sodium 
acetate trihydrate: melting behaviour 
and supercooled stability (Liesl van 
Eeden); exergy and energy optimisation 
of a methanol auto thermal-reforming 
process for H2 production (Edgar 
Whyte); and metabolic flux analysis of 
Rhizopus oryzae with citrate addition 
(Alexander Johannes). 

Civil Engineering

The Department of Civil Engineering held its annual project 
evening in October 2015. The top five final-year student 
projects included a project on methods for preventing the 
lateral torsional buckling of an unbraced steel purlin cantilever 
(Nicholas Tickle); a review of the spatial variation of rainfall on 
a small catchment area (Khutjo Makgopa); a project to evaluate 
the grade and cross-slope of a road using inertial sensors and 
GPS (Tiaan Bosman); a project on the feasibility of ternary 
geopolymer mixes (Oscar Tarique); and a project on modelling 
and monitoring pore pressures in a tailings dam under 
construction (Li-Bonné Swart). 

Material Sciences and Metallurgical 
Engineering

The Department of Material Sciences and 
Metallurgical Engineering presented a final-year 
poster and project exhibition to showcase its best 
student projects. The three best presentations 
for the 2015 exhibition were delivered by Helena 
Rossouw, who examined the influence of laser 
transformation hardening and laser shock peening 
on the evolution of microstructures, case depths and 
residual stress distribution in 26NiCrMoV14-5 rotor 
disc steel used at Hendrina Power Station; Nadia 
Snyman, who examined atmospheric corrosion; and 
Vicky van der Merwe, who evaluated the thermal 
fatigue performance of three alloys for casting 
mould applications. These students were granted 
the opportunity to exhibit their projects at the annual 

congress of SAIMM. Here, 
Vicky van der Merwe, 
placed in the top five and 
Jehane du Toit received 
the first prize for her 
pyrometallurgy project: 
Matte – tap-hole clay – 
refractory brick interaction 
in PGM smelters. 

 Liesl van Eeden

 Edgar Whyte

 Alexander Johannes

Mechanical and Aeronautical Engineering

The Department of Mechanical and Aeronautical Engineering presented a 
poster exhibition in November 2015. This exhibition forms part of the Research 
Project module for final-year mechanical engineering students. The top 
projects included the implementation of a control system for a semi-active 
hagnetorheological (MR) suspension system on a quarter car setup (Erika 
Combrinck); enhanced boiling heat transfer (Brendon Els); and continuous 
variable transmission (CVT) tuning (Berend Weirenga).

 Khutjo Makgopa, Oscar Tarique,  
Prof Elsabe Kearsley, Nicholas Tickle,  
Li-Bonné Swart and Tiaan Bosman.
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The race involves small ARVs that 
are built by third-year students as 
part of the Microcontrollers module  
(EMK 310) of their course. The 
students’ ingenuity is put to the test 
by competing to see which team’s 
ARV can complete a track (made up 
of red, green, blue and black lines 
that cross each other) in the shortest 
possible time. Students work in 
teams of up to four to develop 
ARVs that can detect the different 
coloured lines on the track and 
navigate their way around them.  
Initially, there were 60 teams of 
students, but only 52 teams were 
selected to compete on the day.

ARVs “read” the track they are to 
follow by means of a light sensor 
that beams down onto the track and 
is reflected back onto the sensor. 
The robots are programmed to 
follow the green line. However, most 
participants can attest that this is 
easier said than done, as some of 
the cars seem to have a “mind” or a 
colour preference of their own. The 
ARVs have three minutes to move 
from one end of the track to the 

The Department of Electrical, 

Electronic and Computer 

Engineering hosted its fourth 

annual autonomous robot 

vehicle (ARV) race on  

30 May 2016. The event exhibits 

and celebrates the work and 

achievements of students in the 

Department. The fact that the 

Faculty is celebrating its 60th 

anniversary this year, made it 

an extra special occasion. 

other and are closely monitored by 
track officials during the race.

Race Day is an excellent opportunity 
for students to incorporate everything 
they have learnt in a practical 
way. Students are responsible for 
every aspect related to the design 
and construction of their cars. 
This includes writing, testing and 
implementing firmware for the 
hardware and building the chassis of 
the vehicle itself. The sensor system 
that is responsible for the detection of 
the multi-coloured track, for example, 
is partly developed in the Analog 
Electronics module, which students 
take with the Microcontrollers module 
in the first semester of their third year.  

The Department also invites teachers 
and prospective engineering students 
from neighbouring schools to the 
event every year. 

This project is the brainchild of award-
winning Prof Tania Hanekom,  
who also won the Faculty’s Teaching 
and Learning Award for 2015, as 
well as the National Excellence in 

UP celebrates fourth annual Race Day 
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Teaching and Learning Award of 
the Higher Education Learning and 
Teaching Association of Southern 
Africa and the Council on Higher 
Education. Prof Hanekom states that 
her teaching philosophy involves 
challenging students, especially 
engineering students who cannot 
resist competition as it requires 
the application of their technical 
ingenuity and the added prospect of 
achievement. Her second foundational 
philosophy is that excellence fosters 
excellence. “If one wants to nurture 
excellence in students, one must 
offer excellence in the teaching and 
learning strategy – one needs to set an 
example that students cannot resist 
following,” she adds.

Prospective engineers are guided 
through a carefully planned 
process that assists in developing 
a fundamental set of engineering 

skills through this innovative project. 
These include hardware and firmware 
design, systems integration, the ability 
to work and function in a team, time 
management, perseverance and the 
good old indispensable “engineering 
gut feeling”, which only comes with 
experience in the execution of 
engineering projects. The pride and 
joy expressed by the students while 
competing in the race with their very 
own inventions is quite inspiring. It is 
a sight to behold.

This year, Johann Hough and Mathew 
Fulton, who are both studying 
computer engineering, emerged 
victorious. Their robot crossed the 
finish line in 20 seconds  
to claim first prize. 

They each received a prize worth  
R7 000, including cash and numerous 
electronic products. 

 The ARVs “read” the track they are to follow by means of a light sensor that beams down onto the track and is reflected back 
onto the sensor. 

Race Day is 
an excellent 
opportunity 
for students to 
incorporate what 
they have learnt in a 
practical way.



119119 N E W S    I N N O V A T E  1 1  2 0 1 6

Academic leaders gather to discuss the 
future of pavements

The all-day forum was held at O’Hare 
Airport in Chicago, and was led by 
Prof Imad Al-Qadi of the University 
of Illinois at Urbana-Champaign 
(UIUC). Over the past two years, 
Prof Al-Qadi, Prof Bjorn Birgisson 
(Aston University), Prof John Harvey 
(University of California, Davis),  
Prof Dallas Little (Texas Agricultural 
and Mechanical College) and  
Prof Tom Scarpas (Delft University 
of Technology) have formulated a 
basic vision for advancing pavement 
engineering education and research, 
and setting a new course for 
preparing the next generation of 
pavement engineers for professional 
practice. 

This vision includes a collective focus 
on the science and engineering 
principles that underpin civil 
engineering and align education, 
research and professional practice 
with new knowledge in design, 
materials, analysis, modelling, 
management and sustainability to 
address the challenges experienced 
by pavement professionals in the 
21st century. 

As an academic discipline, 

pavement engineering faces 

numerous challenges and 

opportunities in terms of 

identity, education, research 

and professional practice. On 

14 October 2015, Prof Wynand 

Steyn, Head of the Department 

of Civil Engineering, attended a 

meeting in the USA to review, 

discuss, debate and further refine 

the development of a pavement 

engineering academic workforce 

with the knowledge and skills 

necessary to address the needs 

and demands of the multi-

trillion-dollar infrastructure that 

underpins the world’s economies. 

The establishment of the 
Academy of Pavement Science 
and Engineering (APSE) was 
announced at the meeting and 
dedicated task force teams were 
charged with the development of a 
mission statement and the drafting 
of White Papers on education, 
research, professional image 
and community service for the 
pavement engineering profession. 
These White Papers will provide the 
building blocks for a global roadmap 
to revitalise the discipline, share 
knowledge and strengthen the 
academic foundations of pavement 
engineering.

The group held a follow-up 
meeting on 14 January 2016 during 
the 95th Annual Meeting of the 
Transportation Research Board, 
where various members of the 
group presented White Papers on 
education, research and service, and 
discussed further work to advance 
the group’s mission. The next APSE 
meeting will take place later in 2016 
to finalise the roadmap and put 
APSE into action. 
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The roots of industrial 
engineering 
Prof Paul Kruger

The contributions of 

mathematicians and 

physicists from Central 

and Eastern Europe to the 

science and technology of 

the Western world during 

the 20th century are well 

known and comprehensive. 

Some names that come to 

mind are Albert Einstein from 

Germany and Switzerland, 

Enrico Fermi from Italy, and 

Edward Teller, Wolfgang Pauli 

and Werner von Braun from 

Germany. John von Neumann 

and Stanislaw Ulam, who 

were both born in Hungary, 

certainly belong to this elite 

group as well.

 John von Neumann,
 the immaculate dresser

 Stanislaw Ulam,
 the patience player

John von Neumann (1903–1957)

János Lajos Neumann was born in 
Budapest to wealthy Jewish parents. 
His father was a banker who held 
a doctorate in law. His mother was 
Kann Margit, whose grandfather was 
elevated to the nobility by Emperor 
Francis Joseph for his services to 
the Austro-Hungarian Empire. Thus, 
the Neumann family attained the 
hereditary designation of Margittai 
and János Neumann became Margittai 
János Neumann, a name he later 
changed to the German aristocratic 
version of Johann von Neumann.

Von Neumann was an extraordinary 
child prodigy. At six, he could divide 
eight-digit numbers mentally and was 
fluent in Latin and Greek. By eight, 
he was familiar with differential and 
integral calculus. His achievements 
and contributions to mathematics are 
extensive and diverse. Among others, 
he was accomplished in the following:

•  Mathematics (set theory, ergodic 
theory, topology and numerical 
analysis)

•  Physics (nuclear physics, quantum 
mechanics and fluid dynamics)

•  Economics (game theory and the 
expanding economy model)

•  Computing (Von Neumann 
architecture, cellular automata, 
stochastic programming, pseudo-
random numbers and the Monte 
Carlo Method)

Von Neumann immigrated to the USA 
in 1930 and was invited to Princeton 
University to join the Institute for 
Advanced Study in 1933, where 
he remained as a mathematics 
professor until his death. He was 
possibly one of the most influential 
mathematicians of the 20th century 
and contributed significantly to 
computer technology, nuclear physics, 
and the research conducted as part 
of the Manhattan Project at the Los 
Alamos Laboratories. Von Neumann 
published 60 papers in mathematics, 
20 in physics and 60 in applied 
mathematics. As part of his research 
on cellular automata, he designed a 
self-replicating computer program 
in 1949, which is considered the first 
computer virus.

Von Neumann once asked George 
Dantzig, the father of linear 
programming, to explain the simplex 

L A S T  W O R D
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algorithm to him, but stopped 
Dantzig after a few minutes by 
saying: “Get to the point!” He then 
proceeded to confront the astounded 
Dantzig with a lecture on convex sets 
and defined the dual theorem of 
linear programming in the process. 

Von Neumann was an immaculate 
dresser. He once rode down the 
Grand Canyon on a mule while 
wearing a dark three-piece pin-
striped suit and tie. In 1926, while 
he was defending his doctoral 
thesis, the mathematician David 
Hilbert (1862–1943) asked one of 
his fellow examiners: “Pray, who is 
the candidate’s tailor?” He received 
his doctorate in Mathematics from 
Pázmány Péter University in Budapest 
at the age of 22 and a Diploma in 
Chemical Engineering from the 
Technische Hochschule in Zürich at 
the same time.

He preferred working in noisy, 
chaotic environments. He had the 
annoying habit of playing German 
marching music very loudly on 
the gramophone in his office, and 
received numerous complaints from 
co-workers, among others, from the 
occupant of the next office who was 
none other than Albert Einstein. 

Von Neumann and Stanislaw Ulam, 
his compatriot, colleague and lifelong 
best friend, would spend hours 
gossiping and exchanging Yiddish 
jokes. He died of cancer in 1957 
at the Walter Reed Army Medical 
Centre under military security in case 
he revealed military secrets while 
sedated.

Stanislaw Ulam (1909–1984)

Stanislaw Marcin Ulam was born 
in Hungary in 1909 to a family of 
wealthy bankers, industrialists and 
other professionals. His father, 
Joseph Ulam, was a lawyer and his 
mother was Anna Auerbach. Ulam 
studied mathematics at the Lwów 
Polytechnic Institute, where he 
earned his doctorate in 1933. In 
August 1939, Ulam and his younger 
brother, Adam, left for the USA. Two 
weeks later, the Germans invaded 
Poland. Within two years, Ulam lost 
his father, his mother and most of 
his family in the ensuing Holocaust.

It may be argued that Ulam could 
not lay claim to the same, almost 
intuitive mathematical genius as 
Von Neumann. He was nevertheless 
an accomplished mathematician in 
his own right. He was well known 
and respected, and did important 
work in many areas of mathematics, 
including number theory, set 

theory, ergodic theory and algebraic 
topology. He was a brilliant nuclear 
physicist, who worked with Von 
Neumann, Edward Teller and Enrico 
Fermi as part of the Manhattan 
Project. His cooperation with Teller 
culminated in the first successful 
fusion reaction design, later known 
as the Teller-Ulam design. To this 
day, the design is the basis for all 
thermonuclear devices. 

Although Teller and Ulam jointly 
applied for a patent in 1951, they 
became involved in a dispute over 
who deserved credit for the work. 
Teller tried to downplay Ulam’s 
contributions, and when the press 
started calling Teller the father of the 
hydrogen bomb, physicist Hans Bethe 
said: “I think it is more precise to say 
that Ulam is the father, because he 
provided the seed, and Teller is the 
mother, because he remained with 
the child. I guess I am the midwife.” At 
one stage, Ulam employed “an army” 
of female “computers”, including his 
wife, to help with the horrendous 
amount of calculations required for 
his research work.

Since most of Ulam’s work was 
secret, not much of it was published 
at the time. He published his first 
paper at the age of 19 and a further 
150 papers during his lifetime. In 
2009, the Mathematical Reviews 
database contained no less than 
697 papers with the name Ulam 
appearing in them. He died of a 
heart attack in 1984 at the age of 75 
and Paul Erdős noted “… he died … 
without fear or pain, while he could 
still prove and conjecture”.

 John von Neumann and theoretical  physicist Robert Oppenheimer in 
front of the electronic numerical integrator and computer (ENIAC), the first 
electronic general-purpose computer.

 John von Neumann, Richard Feynman and Stanislaw Ulam in conversation.
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The Monte Carlo Method

One night in 1946, Ulam suffered 
an excruciating headache. When he 
tried to talk, he could only produce a 
mumble and lapsed into a coma. The 
diagnosis was inflammation of the 
brain. His wife and friends worried 
that he would suffer permanent 
brain damage, but these fears proved 
unfounded. It may be argued that 
Ulam produced some of his best work 
after this incident, such as the Monte 
Carlo Method. While still convalescing, 
Ulam played solitaire and pondered 
the question as to what would be the 
probability for a hand of solitaire to 
be successful. He quickly realised that 
mathematical combinatorial analysis 
may not be successful, since the 
number of possible hands exceeds  
7 000 trillion. He considered a physical 
experiment with him playing a large 
number of games and recording the 
number of successes, but the sample 
size required to obtain a reasonable 
statistical estimate would take a 
lifetime to attain. An approach with a 
sample size of 100 million, based on 
using a modern computer and the 
Monte Carlo simulation, has produced 
an estimate of approximately 0,087 
for this probability. It has been said 
that the inability of statisticians to 
precisely calculate this probability 
is “one of the embarrassments of 
applied probability”.

Von Neumann was heavily involved 
with the design and use of some of 
the first computers at that stage. Ulam 
was therefore aware of the existence 
and capabilities of these machines, 
and discussed his ideas to use them 
to solve the solitaire problem with Von 
Neumann. They both realised that it 
should be possible, but much more 
important, that the approach may also 
be used to obtain estimated solutions 
to many other mathematical problems, 
as well as problems in nuclear physics 
that may prove to be mathematically 
intractable. Von Neumann proposed 
a new research project at the Los 
Alamos Laboratories. The project 
required a code name and, since it 
resembled a gambling game to some 
extent, the name Monte Carlo was 
proposed and adopted. Von Neumann 
and Ulam immediately started to 
successfully apply the approach to a 

variety of problems that are mainly 
associated with thermonuclear and 
fission devices. The way in which they 
modelled, for example, the interaction 
between large numbers of neutrons 
in a fission reaction is almost eerily 
similar to what is now known as 
agent-based simulation. Since then, 
the Monte Carlo Method has been 
used in diverse fields ranging from 
physical sciences to engineering, 
computer graphics, applied statistics, 
mathematics and finance and 
business.

Most importantly, the Monte 
Carlo Method has been used in 
industrial engineering, as it is the 
basis for stochastic simulation and 
optimisation. One of the troublesome 
problems associated with the 
approach was the requirement of very 
large quantities of zero-one random 
numbers to be available quickly and 
easily. Many attempts to alleviate this 
problem were made. For example, 
in 1946, the Rand Corporation 
specifically constructed an electronic 
device that emulates a roulette wheel 
for this purpose. The device was 
capable of generating one random 
number per second, which was 
transferred to punched cards suitable 
for input to the computers at the time. 
They published a book in the early 
1950s containing a million random 
numbers. It is still in print and used 
for statistical sampling procedures.

However, such devices were 
probably too slow and cumbersome 
for many practical applications. Von 
Neumann attempted to develop 
computer algorithms to generate 
random numbers, which are known 
as pseudo-random numbers. One 
of these algorithms is known as the 

mid-square method. This generator 
may still be one of the fastest, 
but also one of the most useless, 
since it has a habit of getting stuck 
on one number. Von Neumann 
also proposed a recursive linear-
congruential approach, which is 
known as the Lehmer generator. It 
is the basis for most of the random 
number generators in use today.

The Monte Carlo Method has 
developed into an integral part 
of any computerised stochastic 
simulation model, but is also used 
extensively for financial modelling 
and risk analysis. The associated 
random number generator is 
a major part of the science of 
encryption, which has become a 
major part of modern data security.

John von Neumann and Stanislaw 
Ulam made significant contributions 
to mathematics, nuclear physics and 
science. However, from an industrial 
engineering perspective, their 
formulation and development of the 
Monte Carlo Method that evolved 
into the widely used concept of the 
stochastic systems modelling of 
complex systems may be their major 
contribution and lasting legacy. 
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“If people do not believe that 

Mathematics is simple, it is only 

because they do not realise how 

complicated life is.”

- John von Neumann
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