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Background: Foresight can be used to define futuristic orientated research and development
(R&D) that is required to position the road transport sector for a challenging future.

Objectives: To develop a set of futuristic R&D projects that could be added to a balanced
SANRAL R&D portfolio to position SANRAL and the transport sector for the future on a
15-year horizon.

Method: Inputs into and ranking of the drivers, trends and technologies that will impact the
transport sector were obtained from interviews with eminent thinkers, participants in
workshops and a survey leading to five potential future scenarios. Qualitative and quantitative
data analysis yielded several key solutions (KSs) and key interventions (KIs) to position the
sector. This was complemented with the novel use of technology trees to analyse the linkages
between new and existing knowledge and to identify gaps in knowledge and subsequently the
identification of key R&D opportunities.

Results: Through backcasting from the desired future scenario as well as using 412 stakeholder
inputs, 12 KSs and 61 KIs were defined and ranked. The top 30, most futuristic KIs were
analysed using 18 hierarchical technology trees to define R&D opportunities.

Conclusion: The analysis emphasised the importance of new technologies such as data science,
machine learning, smart transport and advanced materials to position the sector.

Contribution: The use of a novel, structured technology foresight approach that utilises
scenario development combined with hierarchical technology trees was demonstrated. To
position the road transport sector for a challenging future, 12 new thematic KSs and 61 KIs
were developed.

Keywords: technology foresight; futures study; R&D; transport sector; technology tree.

Introduction

Research and development (R&D) is essential for technological innovation that, in turn, stimulates
socio-economic development (Bessant et al. 2014:1; Link 1993:2; Link & Scott 2013:15), provided
that vital aspects such as funding and talent are well managed (Sarpong et al. 2023). Continued
socio-economic development and job creation rely on competitive industries and companies that
benefit from well-directed R&D. Social good such as improved roads and transport is often
derived from the public-funded R&D. However, public funds are limited particularly in
developing countries, which emphasises the need for the optimisation of R&D expenditure
(Bessant et al. 2014:1; DSI 2023; Lazarotti, Manzini & Mari 2011:212). Foresight is a structured
approach to develop R&D and technology development themes that will impact industry growth
and development (Georghiou 1996:360). It can provide a sound foundation for planning and
optimising an R&D programme that is both impactful and relevant to the future, as illustrated in
this article.

Infrastructure investment into roads, harbours, railway lines and airports drives socio-economic
growth (Cigu, Agheorghiesei & Toader 2019:1-22; Magoutas et al. 2023:780; Zhang 2013:24)
through effective transport of freight and passengers (Ng et al. 2018:292). This, in turn, effects job
creation, poverty alleviation and the reduction of inequality (World Bank 2014). Thus, relevant
and well-planned R&D into roads and transport that yields relevant solutions to current and
future challenges can have a major impact on socio-economic development.
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The South African National Roads Agency SOC Ltd
(SANRAL), a state-owned entity, initiated a new R&D
programme in 2019 (Rust et al. 2023:958). The agency identified
technology foresight as vital to ensure that the R&D
programme positions the transport sector for the future. It
therefore commissioned a technology foresight study to
provide a futuristic input into the R&D programme.

Technology and knowledge that emanate from R&D in roads
and transport vary from new materials and products, new
road and bridge design methods and traffic engineering
solutions to road safety solutions (Rust 2010:87). This
underlines the variability and complexity of R&D in roads
and transport. In addition, there are local and global drivers
that impact the transport sector currently and will shape its
future such as the Fourth Industrial Revolution (4IR) (Rust
et al. 2023:958).

Although R&D in the South African road transport sector
has historically focussed on solving short-term problems
(Rust & Koen 2011:3), there are significant drivers of change
and challenges coming to bear (Rust et al. 2023:958). These
include inter alia significant traffic load increases, climate
change, urbanisation, as well as significant advances in
technology through, for example, the 4IR (Schwab 2017).
This is exacerbated by a current loss of skills in the sector,
systemic problems such as corruption, need for improved
road safety and security and a scarcity of good quality road
building materials. This requires R&D to be focussed on
positioning the road transport sector for a challenging
future.

This article describes the use of technology foresight to
position the road transport sector for the future. The process,
for the first time to the knowledge of the authors, uses
technology trees as a tool. It initially defines the current state
and reality of the transport sector and then develops the
future scenarios from which utilising a backcasting
approach, the key solutions (KSs) and key interventions
(KIs) required to move the roads transport sector from its
current reality towards an ideal future were determined. In
a novel approach, technology trees were used to assess the
interrelationships of the KSs as well as their relationships to
existing knowledge.

Research problem

Initial activities by SANRAL in 2019 to structure an R&D
portfolio led to a set of research projects that were mainly
focussed on current problems and not aimed at positioning
the transport sector for the future. The agency identified
technology foresight as vital to ensure that the R&D portfolio
is balanced and includes a significant number of projects that
are aimed at positioning of the transport sector within the
study timeframe of 15 years and hence commissioned the
technology foresight study. The research problem was to
identify the drivers and trends that will impact the future
transport system in South Africa as well as the emerging
technologies that will impact the transport sector.
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Furthermore, the challenge was to use this as a foundation
for analysis, using innovative tools such as technology trees,
to determine the potential R&D focus areas required to
position the sector for the future and deliver solutions for
future challenges.

Objectives and purpose of the study

The purpose of the study was to develop future scenarios for
the South African road transport sector in a 15-year time
scale and to use this to recommend the R&D focus areas that
SANRAL should consider to position the transport sector for
the future. Technology foresight focusses on a medium to
long-term view of the future, with time frames between 5
and 30 years. The project team, in co-operation with
stakeholders, chose a 15-year horizon deeming 5 years to be
too short for the transport sector where technology
development moves relatively slowly and 30 years to be too
long to provide a meaningful strategy to SANRAL. The
objective of this study was to use a structured technology
foresight process to:

e determine and rate the future drivers, trends and
technologies that will impact the road transport sector;

* based on stakeholder inputs and an international scan of
new technologies, develop an understanding of the KSs
and KIs required to position the sector for the future;

e use a novel technology foresight approach in applying
technology trees to analyse the relationships between the
KIs and existing knowledge and to identify potential
gaps in knowledge required to position the sector for
future challenges.

The results were used by SANRAL to formulate its future
R&D programme.

Research questions

The following research questions were defined for the study:

® Question 1: What drivers, trends and technologies will
influence the South African transport sector currently
and in the future?

* Question 2: What technologies or technological fields
should be researched now to position the transport sector
for the future?

Literature review and conceptual
framework
Nature of technology foresight

The uncertainty of the future necessitates the use of tools
such as technology foresight to inform strategic planning
and even create the future (Ejdys et al. 2015:378). Foresight
provides an understanding of the drivers and trends
that shape the long-term future thus improving
decision-making. As a strategic, forward-looking technology
analysis, based on expert input and participation
(Mauksch, Von der Gracht & Gordon 2020), it helps to
develop and prioritise R&D. Foresight is associated with
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future studies, technology forecasting and technology
assessment (Andersen & Andersen 2014:278). In particular,
technology foresight is a structured approach that will
impact industry growth and development (Georghiou
1996:360) and can be conducted at a global or sectoral level
such as for the road transport sector.

Technology foresight does not attempt to forecast specific
outcomes at a particular point in time but rather focusses on
the development of various scenarios that leads to an
understanding of a variety of situations under different
circumstances for the target sector. This includes the
identification of unprecedented events and wildcards (Ejdys
et al. 2015:379). Technology foresight often utilises tools such
as scenarios and road maps to develop strategy and to reach
consensus among participants (Marinkovi¢ et al. 2022). It is
an ongoing learning process to provide different future
scenarios for strategic planning (Gold et al. 2024).

Foresight can be used for several purposes, including to
forecast developments and changes in the areas of society,
environment, economy, technology and science; to define
key areas of science and technology that are vital for economic
development and improve quality of life; to identify new
market opportunities; to initiate public-private collaborative
programmes and to link different interest groups (European
Union 2005:22). Foresight has also been used to facilitate
Open Innovation and information sharing (Sanabria et al.
2024), toenhance Business Model Innovation (Mogaddamerad
& Ali 2024) and for city region visioning associated with
resilience and climate change adaptation (Dixon et al. 2023).
Technology foresight has also been used specifically in the
transport sector to improve goal setting and planning in
Spain (Navarro-Ligero & Valenzuela-Montes 2022) and in
participatory foresight studies to assess the impact of
autonomous vehicles (AVs) (Lyons 2022). Foresight and
Delphi processes were used by Meyer, Von der Gracht and
Hartmann (2022) to assess the timeframe for 14 major
technologies to be implemented in the transport sector. These
included electric trucks, alternative fuels, truck platooning,
autonomous trucks, use of pipelines and drones to alleviate
truck traffic, digitisation of the transport sector, internet of
things (IoT) and smart transport logistics.

A number of methods and tools are used in technology
foresight. These include (Rust & Koen 2011:3):

e matrices such as morphological analysis and cross-impact
analysis;

e trend analysis, such as growth-curve modelling;

e expert opinion through, for example, surveys and focus
groups;

¢ modelling using prediction algorithms and simulation;

¢ logical and causal analyses;

e road mapping;

e scenario building and

e economic analysis.

Other methods identified include:
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e Horizon scanning (Pouru-Mikkola et al. 2023);

e Predictive analytics (Olaniyi et al. 2023); and

e Interactive backcasting (Szathmari, Koves & Gaspar
2024).

Each foresight study is unique and may use one or a
combination of the above methods.

The nature of the road transport sector in South
Africa

Any transport system comprises many elements and players,
which makes it a complex system combining road, rail, ports,
pipelines, air transport, maritime transport, conveyor belts
and cables, non-motorised transport (NMT) and minibus
taxis (Ittmann et al. 2016). Transport and transport
infrastructure are vital drivers of socio-economic
development and growth. Ittmann (2018) reported that pre-
coronavirus disease 2019 (COVID-19), the South African
transport sector was still performing reasonably well
although the Logistics Performance Index (LPI) had
decreased from 3.67 in 2012 to 3.28 in 2018, and the world
ranking had dropped from 23 in 2012 to 33 in 2018. The LPI
increased to 3.7 in 2022 (World Bank 2022). The World Bank
indicated a marked decrease in the world ranking of South
African transport infrastructure from 19th in 2012 to 38th in
2018 (Ittmann 2018). Over a similar period, the railway
system in South Africa also performed less than adequately,
and large quantities of freight were still moved over long
distances by road (Ittmann et al. 2016). The transport sector
was severely impacted by COVID-19 (Teuteberg & Aina
2021). Biznews (2023) reported that the South African
transport sector is still in dire straits. Train service utilisation
has dropped by as much as 97% between 2008 and 2022.
Freight rail infrastructure and ports are inefficient and
challenges are exacerbated by rising fuel costs. The freight
logistics chain has recently been disrupted with bottlenecks
at ports causing significant losses to the economy. The ports
of Cape Town and Durban are now rated among the world’s
worst performing (Hellenic Shipping News 2023).

The National Road Agency (SANRAL Ltd SOC) manages the
South African national road network, which consists of
22197 km of highways (SANRAL 2023a). The provincial road
network and the metro and municipal road networks of non-
urban and rural roads and urban roads are managed by
provincial and municipal road authorities, respectively. This
includes 136721 km of paved and 459957 km of unpaved
roads. In addition, there are also an estimated 140000 km of
un-proclaimed gravel roads.

SANRAL spent R849 bn on new projects and road
maintenance in 2022/2023 (SANRAL 2023b:46). A significant
amount of this is for road maintenance, and thus the national
network is in good condition with only 12.4% in a poor to
very poor state (SANRAL 2023b:46). The agency created jobs
for 1928 small contractors during 2019/2020 with 80.2% of
this work going to black-owned enterprises. SANRAL values
road safety; the educational projects on road safety have
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reached 587800 learners and 2247 parents (SANRAL
2023b:186). Of equal importance is mobility and traffic
management with the Freeway Management System and
associated Traffic Management Centres being emphasised.
The smart roads initiative of SANRAL focusses on traffic
management and safety improvement.

Apart from the national road network, the South African
Institution of Civil Engineering (SAICE) Infrastructure Report
Card (IRC) of 2022 rated the condition of South African road
infrastructure as well below adequate (SAICE 2022).
Provincial and metropolitan roads were rated at a level of D,
where A is world class and E is unfit for purpose.

Rust et al. (2023:958) identified a number of pertinent
characteristics of the transport sector. Most importantly,
although roads are essential in stimulating the economy, the
provincial and municipal networks are, in most cases, in poor
condition and are deteriorating fast. This is mainly because of
a backlog of road maintenance exacerbated by scarce and
costly road-building materials. The quality of public transport
and challenges with road safety are of major concern.
Furthermore, limitations on funding and skills in both the
public and private sectors, as well as systemic challenges such
as corruption, are hampering road infrastructure provision
and maintenance, placing emphasis on the need for a capable
state and effective governance. This is of particular importance
in view of increasing urbanisation, increasing loading of
infrastructure and congestion impacting on public transport,
traffic management, transport planning and road safety. The
transport sector is a major contributor to green house gas
(GHG) emissions, and its reduction will become a significant
challenge in the near future. These challenges necessitate
effective innovation in a generally developing country and
limited economy, utilising inter alia technologies from the 4IR
such as electric vehicles (EVs), autonomous vehicles (AVs),
new age materials and artificial intelligence (AI)/machine
learning (ML) to position the sector for the future.

Transport sector R&D programmes

Historically, government and private sector had funded
R&D, for example the Department of Transport, the South
African National Roads Agency Ltd SOC (SANRAL) and the
South African Bitumen Association. However, most of these
research programmes were designed to address immediate
issues of the day and did not have a futuristic view (Rust
2009:87). In 2019, SANRAL, in line with its Horizon 2030
strategy (SANRAL 2017:3), initiated a new R&D programme
that covers several roads and transport focus areas:

e future transportation and technical innovation;

® transportation planning, public administration, management
and economics;

® pavements;

® asset management;

e traffic;

e road safety and

e geotechnical, structures, drainage and hydraulics and the
environment.
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Methods

The project followed a modified approach for foresight
analysis specific to the needs of the South African road
transport sector (modified from Rust & Koen 2011:3) This
consisted of:

¢ defining the current reality and challenges faced by the
road transport sector;

¢ developing a set of future scenarios and a desired future
scenario and

* backcasting to determine the network of R&D activities
and interventions (particularly KSs and KIs) required for
the road transport sector to progress from the current
reality towards the desired future using technology trees
to assess the relationship of newly envisaged technologies
to existing knowledge and to identify gaps in knowledge.

The process, which was used in this study, was phased as
depicted in Figure 1.

The current reality analysis (see Figure 1) was conducted,
based on the characteristics, drivers, trends, challenges
and opportunities of the road transport sector (Rust et al.
2023:958). This work was based on a desktop study,
interviews, stakeholder inputs and a survey. Causal
maps were used to analyse the interrelationship
between the drivers, trends and technologies to inform
interdependencies and identify the main causal loops that
describe the state of the road transport sector (Rust et al.
2023:958).

The drivers, trends, technologies as well as challenges and
opportunities for the road transport sector were used to
develop five potential scenarios for the roads transport
sector on a 15-year horizon. This then allowed for the
development of a description of the desired, probable
future state of the road transport sector (scenario five)
through qualitative analysis of the data from the desktop
study, inputs from the interviews and data from

Backcasting method Step 2

Current [ 1 Desired
reality // \ state
/] \ ||
‘ SANRAL R&D '
programme
Key solutions Scenarios

Drivers and Key interventions,
Road and Probable

trends technologies and
Global, industry knowledge gaps other relevant and plausible
technologies

and local Road and
other relevant
technologies

Source: Adapted from Rust, F.C. & Koen, R., 2011, ‘Positioning technology development in
the South African construction industry: A technology foresight study’, Journal of the South
African Institution of Civil Engineering 53(1), 3

FIGURE 1: Phased approach to technology foresight study.
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stakeholder workshops. This was done by using a classical
foresight approach where extreme scenarios are developed
based on two intersecting major drivers, in this case socio-
economic development and sector capability.

Backcasting from the desired future state, 12 thematic
KSs were developed that would take the road transport
sector towards the desired future state. Then, 61 Kls
were developed (of which 30 are futuristic) that would
be required to bridge the gap between the current reality
and the desired future within the thematic KSs. This
was done by analysing all data and information collected
using inter alia:

e casual loop diagrams (Rust et al. 2023:958);

e inputs derived from stakeholder groups through
interviews, online workshops and a survey;

e consolidating the data into 12 thematic KSs, and

® evaluation and rating of the KIs and outcomes by
stakeholders.

In a novel approach, technology trees were used to
position the 30 futuristic KIs in relation to existing fields
of knowledge to indicate knowledge gaps and potential
R&D focus areas. The 30 futuristic KIs were then
analysed in terms of their applicability in the five scenarios
as well as their relevance to the SANRAL Horizon 2030
strategy.

Data sources
The data gathering processes included (Rust et al. 2023:958):

e A desk top study completed in July 2021 that identified
drivers, trends and technologies that will influence the
road transport sector;

* Six webinars with eminent speakers in May 2022 attended
by 219 participants (researchers, stakeholders and
government officials);

e Detailed interviews with seven technical experts in the
transport sector.

e Six stakeholder workshops in July and August 2022
attended by 111 participants (researchers, stakeholders
and government officials) and

¢ A questionnaire with 26 respondents.

The purpose of the workshops was for participants to:

e Augment the list of drivers, trends and technologies
identified in the desktop study;

e List the challenges and opportunities facing the transport
sector and

e Rate the drivers, trends, technologies, challenges and
opportunities using a real-time online tool with a six-
point Likert scale for importance and relevance.

The project therefore included qualitative and quantitative
research methods used in a mixed model. The qualitative
data were synthesised through data reduction to yield
specific technology focus areas. Statistical analysis was
conducted on the qualitative data.
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This article describes the development of the five scenarios,
the 12 thematic KSs and 30 futuristic KIs as well as
their position and relationship in a set of 18 technology
trees. The 30 required Kls to position the transport
sector for the future have been taken up by SANRAL
for consideration as projects in their R&D programme.

Scenario development

Scenario planning is an excellent tool to ensure that future
strategies flowing from foresight work are robust and can
stand up to various futures (Ringland 2010). Scenarios
assist in the understanding of complex systems by
providing a structure for making sense of market
intelligence against the backdrop of information from
horizon scanning and forecasting and thus provide a
platform for debating various aspects of potential futures
and provide input into the strategic decision-making
process. A set of scenarios can be used as a benchmark for
future plans and allow for new options to be explored
(Ringland 2010).

The main axes of the 4-block scenario matrix were selected
from the most important drivers and trends emanating
from the study. Scenarios were developed using a matrix
analysis of the drivers and trends in relation to the positive
and negative ends of the scenario axes. This led to detailed
descriptions of five scenarios that are discussed in detail
further on.

Thematic key solution and key intervention
development

The data from the stakeholder interactions, particularly
the challenges and opportunities, were analysed
qualitatively using matrices to identify thematic KSs and
more detailed KIs. This was based on an analysis of the
most important challenges identified and the potential
solutions based on the identified opportunities, trends and
future technologies.

Technology trees

Technology trees can be used to map R&D programmes
structured around platforms supported by capabilities
(applied technologies), base technologies and research
infrastructure (Rust 2009:237). In this regard, ‘technology’
is used in its broadest sense and includes knowledge-
based methods and solutions. The platform is the logical
grouping and utilisation of a set of core capabilities (Meyer
& Utterback 1993). A technology platform has a distinctive,
inherent set of technologies that provide a competitive
advantage. Technology platforms can be used to
understand the level of innovation and renewal and can be
used as a foundation on which to build new solutions
effectively. Platforms can be used to cost-effectively
develop several Kls through the sharing of base
technologies and capabilities.
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Firstly, to construct the technology trees, the key needs
and opportunities in a specific focus area were identified.
Secondly, the end products required to address these
needs with their available delivery systems for
implementation were determined. The end products can be
developed more cost-effectively from a platform where
the capabilities and base technologies are integrated to
support the development of the solution to a key
problem. Thus, the top structures of the technology
trees were grouped around a set of technology platforms.
The supporting structure of the technology trees consists
of capabilities, base technologies and infrastructure that
will be used to develop the end products through
the technology platform. This is discussed in more
detail further on.

The process is summarised in Figure 2.

Ethical considerations

The project entailed literature review and data analysis.
The CSIR ethics committee exempted the project form
ethics clearance 1002/58600/2018/P1.4.

Results

Drivers, trends and technologies in the transport
sector

The analysis of the data and information collected led
to the definition of the mega-drivers, sector-level
drivers, trends and technologies for the road transport
sector (Rust et al. 2023:958). For the sake of brevity, only
the top 10 ranked items in each of the groups are repeated
here (Table 1, Table 2 and Table 3).

From the preceding, it is evident that the skills gap in
the roads transport sector that impacts on the capability
of the state and governance is a very important driver.
In addition, socio-economic development that leads to
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urbanisation, increasing power usage, increasing GHG
emissions, scarcity of resources and traffic congestion
on the one hand and impacts on economic growth,
eradication of poverty and inequality, the employment of
the youth and improved services, on the other hand, is
equally important.

Technology development is often the response to
challenges and opportunities in a sector and is informed

TABLE 1: Top 10 of 16 mega-drivers ranked by importance rating.

Mega-driver Importance (%) Relevance (%)

Skills and capacity development 90.8 88.2
particularly among the youth and in

technical/engineering fields with

emphasis on 4IR skills (relating to skills

required to deploy 4IR technologies)

Increasing energy crisis that impacts on 88.6 87.7
the economy and social development

Urbanisation and population migration. 85.5 89.5
Increasing population particularly in

urban areas places pressure on

housing, transport and utility

infrastructure

Increasing resource scarcity other than 82.5 81.1
energy such as water and food

GHG emissions and climate change. 81.1 82.5
The emission of GHGs that lead to

climate change and impacts on global

warming and weather change

Sustainable development and 81.1 80.3
environmental protection, water

scarcity, sustainability of ecosystem

services that provide food, water,

materials, energy and the ability of the

environment to absorb waste products

Changing political landscape (power 79.4 82.0
shifts from west to east) and South
African political fluidity and challenges

4IR and an innovation economy 78.9 80.7
including autonomous vehicles, 3-D

printing, advanced robotics, advanced

materials, the 0T, sensors, blockchain

technology and synthetic biology

Poverty, hunger and inequality based 77.6 75.0
on race and gender — legacy of
exclusion. Including access to mobility

Cyclical nature of the economy; long- 76.3 82.0
term fluctuations of economic activity

and therefore ability to fund

infrastructure

4IR, Fourth Industrial Revolution; GHG, greenhouse gas; loT, Internet of Things.

Identification of mega drivers (16), sector drivers (26), trends (53), technologies (88), challenges (25) and opportunities (46)

Desk top study, eminent speakers (6),
interviews (7), workshops (6)

Rating of drivers, trends and technologies, challenges, opportunities

Workshops (6), questionnaire (1),
interviews (7)

Causal loop diagrams (6)

Qualitative analysis, data reduction

Five scenarios including ideal future

Qualitative analysis, visualisation

Identification of preliminary list of R&D focus areas (43), preliminary technology trees (17)

Qualitative analysis

Analysis of SANRAL research priority workshop data, combined with foresight data (412 needs)

Quantitative analysis

Definition of 12 thematic key solutions

Qualitative and quantitative analysis

Definition of and rating of 61 key interventions, using scenarios

Qualitative and quantitative analysis

Final technology trees (18)

Qualitative analysis, visualisation

‘ Review against Horizon 2030, scenarios

Quantitative analysis

v ‘ Recommendation on potential technology focus areas

Qualitative analysis

FIGURE 2: Summary of methodology.
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TABLE 2: Top 10 of 26 sector-level drivers.
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TABLE 4: Top 15 of 20 technology groupings ranked by importance.

Industry-level driver

Importance (%)

Technology group

Importance (%)

Need to build a capable state

95.0 Road safety technologies and methods: Safe System 89.0

Approach; Road safety data management techniques

Public sector governance 91.0
T — 91.0 Bitumen replacements (green bio-binders); 76.0
Need for safe, secure and reliable public transport 88.0 g?gz:g?%?;saﬁxxiﬁ;m’ ML prediction models, 76.0
Ic_joss |°f skillstand need for human capital 85.0 Asset management technologies: Smart asset 76.0
SYEIEIEInED management through advanced sensor technologies.
Integrated logistics planning 84.0 Smart materials: Low water usage technologies, 75.0
Need for improved road safety 84.0 self-healing roads and embedded sensors in materials;
Oil and bitumen shortage and price increase 82.0 Sensors in vehicles: Sensors and 1oT; vehicle-to-vehicle 75.0
and vehicle-to-road communication;
Safety and security in general 81.0 Is: Pl J p ed
Waste materials: Plastic roads and recycled waste 74.0
Cyclical funding with impact on industry capability 80.0 materials; v
Smart transport technologies: MAAS; Al for traffic light 74.0
control; blockchain; smart mobilit
TABLE 3: Top 10 of 53 trend groups ranked by importance. o Y .
" - Robots and drones: Monitoring of traffic flow and 73.0
Trend group Importance (%) Impact (%) events, infrastructure inspection
Transport infrastructure condition and 96.0 95.0 Modified materials: for example, nano-modified 72.0
growth materials, bio-based stabilisation and bio enzyme
Increasingly weakening South African 93.0 92.0 stabilisation, green materials
economy Mobile phone technologies: use of cell phone sensors 72.0
Need for increase in road 87.0 86.0 for e)fgmple acceler_ometers to determine road
infrastructure investment conditions and traffic flow
Young population unequal and 83.0 78.0 Smart vehicle technologies: Electrical vehicles; 72.0
g pop q Advanced battery technologies; Wireless inductive
unemployed . L .
) ) ) charging; Autonomous vehicles; alternative fuels
Increasing traffic congestion 80.0 84.0 Al and ML 70.0
Advances in road safety, for example safe 77.0 76.0 .
s h ¥ P Smart roads and sensors: In-road sensors; self-sensing 69.0
ystem approac and self-adapting pavements
Transport sector change and 77.0 80.0
transf%rmation & Advanced construction technologies: 3-D printing; 69.0
Skills devel + for 41R technologi 6.0 750 intelligent compaction and off-site manufacturing;
ills development for echnologies . R
. BIM, Building Information Modelling; ML, Machine Learning; Al, artificial intelligence;
|r3paCt of Cl'?'lj]ate char;ge, for example 76.0 75.0 MAAS, mobility as a service; |oT, Internet of Things.
adverse weather events
Dissatisfaction with public transport 75.0 79.0

4IR, Fourth Industrial Revolution.

by drivers and trends. A total of 79 key technologies
and knowledge packages were identified that will
impact the transport sector (SANRAL 2021:254). To
facilitate analysis, the technologies were grouped into
20 categories and then rated by stakeholders. The top 15
technology groups are indicated in Table 4.

As evident from Table 4, new technologies to address
road safety; a bitumen replacement; new modelling techniques
that include self-learning models based on ML techniques;
asset management and preservation, smart materials and
smart transport technologies were highly ranked.

Scenarios

Analysis of the drivers, trends, challenges and
opportunities led to the identification of two future key
uncertainties that are relevant and important to the
transport sector (SANRAL 2022):

e Socio-economic development and
e Sector capability (public and private sectors).

These axes then lead to the definition of five scenarios
(Figure 3):

e Positive economic development, strong sector: ‘Free
Flow scenario’, which is a Utopian scenario with all
aspects being positive.

¢ Negative economic development, weak sector: ‘Gridlock
scenario’, which is akin to a failed country.

Socio-economic development

“Probable, ideal desired future”

. N |/ Y
“Parking lot” S/ \\\ “Free flow”
Z G i
= (D2 AN N /
8 . T ) +
8 < :
= \\ L
: @ NV B
2 . .
“One way street”
A 4 \ %4
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FIGURE 3: Five scenarios based on socio-economic development and sector
capability.

¢ Positive economy, weak sector: ‘Parking Lot scenario’,
which indicates that, in spite of significant economic
growth and investment, the sector is weak, with low
skills levels and cannot get traction.

¢ Negative economic development, strong sector: ‘One-
Way Street scenario’, during which a strong, capable
private sector takes its skills off-shore to survive.

* A most probable, slightly positive future scenario or
Desired Future for the transport sector.

Itis important to note that scenario planning does not attempt
to predict which scenario will take place but rather use the
scenarios to describe actions that will position the sector
ideally for the set of scenarios. The probable scenario is
selected to be moderately positive so as to create a positive
vision for the transport sector to strive for. The ultimate goal
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of the study is to determine the optimum technological
pathway that the sector can take through the SANRAL R&D
programme to strive for this probable desired future.

Detailed descriptions of the scenarios are given in the
SANRAL Foresight Final Report (SANRAL 2023b). Brief
detail of the moderately positive Probable Desired Future
scenario is given in Table 5.

Key challenges and opportunities

The interactions with stakeholders through workshops,
interviews and a survey identified 25 key challenges and
opportunities (SANRAL 2023b). The following were
indicated as potential areas of research or capacity building:

e Training of practitioners to improve general skills but
also specifically in new age technologies, thus ensuring
localisation of new technologies.

e In-house training programmes for road authorities in
both technical as well as operational and managerial
aspects.

e Technologies to reduce the maintenance backlog that
could include 4IR materials that are superior in
performance and cost-effectiveness.

¢ Application of data mining to existing SANRAL data to
assess performance of existing systems and methods (e.g.
overload control, unsafe road behaviour and illegal road
usage) and recommend improved operational practices.

¢ Technologies to continuously monitor road infrastructure
and road users and to convert the collected data into
intelligence that will increase the expected lifetime of
roads, reduce congestion and improve road safety.

e Improvement of road safety statistics by augmenting the
current road safety research with an investigation of
technologies that can improve road safety.

* Methods for integrated transport planning across modes.

* Materials and design that can deal with increased
loading, particularly 4IR materials that are superior in
performance, durability and cost-effectiveness.

* Sustainable, cost-effective, climate-resilient maintenance
rehabilitation and construction methods developed and
implemented as standard practices.

e Legislationand policies that facilitates the implementation
of new technologies and a well-funded relevant research
programme that addresses the whole road network and
not only national roads (in conjunction with the national
Department of Transport [DOT]).

Similarly, an analysis of the list of opportunities in relation
to the Causal Loop Diagrams (CLDs) indicates that the
following are important focus areas:

® Methods and content for road user education and training
programmes.

e Frameworks for improved planning and collaboration
between the modes of transportation to allow better
forward thinking and planning.

e Implementation plan for the application of the safe
systems approach.
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TABLE 5: Description of probable, desired future scenario.

Aspect Characteristic

Economy Growth of 3.0% of GDP ahead of population growth of
1.7%; modest but steady per person income improvement;
investment funding of 20.0%; Fiscus well funded; public
sector investment one third of gross domestic fixed
investment; Rand stable and inflation at 3.0% to 6.0%;
strong support for SMMEs

Competitiveness Moderate but meaningful improvement in industrial
competitiveness; export sector moves from commodity
based to more industrially based; rising economic

competitiveness; growing share of world exports

Employment, equality. Reduction in unemployment to 20.0% and Gini

Social development co-efficient improves from 0.65 to 0.5 (in line with
emerging economies); focus on social development
through job creation (including labour-enhanced
construction); increased investment into social
infrastructure

Sector capability Sufficient capability to ensure continuous improvement;

skills in government and public sector rebuilt

Governance and service Institutional integrity sound; significantly improved service
delivery delivery; backlogs to infrastructure significantly reduced;
effective disbursement of funds at all levels of government

Skills Focus on general upskilling of workforce (also to deal with
new technologies) through well-funded sustainable skills
development programmes

Transport sector Responds to urbanisation with innovative solutions;
increased investment into transport infrastructure; greater
demand for optimum management and performance of

the transport system

Road safety and traffic ~ Public sector invests significantly in road safety

management improvement through new technologies such as driver
behaviour modelling using ML as well as improved
governance; advanced methods for traffic flow prediction
required to deal with urbanisation MAAS methods
deployed

Public transport Significantly improved public transport using new
technologies to improve safety, scheduling, commuter
communication and service delivery using solutions such

as MAAS

Geospatial South Africa is regionally integrated; urbanisation increases
but balanced with rural growth and rural infrastructure;
increasing pressure on infrastructure because of

urbanisation

New technologies embraced and related skills levels
improved; weather-resistant technologies employed

Technology

Materials Bitumen scarcity because of lower oil refining and more
electrical vehicles; scarcity of good quality road building
materials

Resources Focus on resource optimisation; use of waste materials;
Re-use and recycling of materials; modification of
low-quality materials to meet specifications through
nano-technology and biotechnology

Road condition In general, urban and rural road conditions are improved
through well-funded quality maintenance that is

coordinated between all levels of government; improved
planning for adverse weather events; reduction in vehicle

operating costs

Climate change 50.0% electrification of the transport sector by 2037;
hydrogen-based vehicles increased; reduction of GHGs;
focus on environmentally friendly materials and processes
for example low-water compaction and use of marginal
materials; leads to bitumen scarcity and cost increases;
climate change adaptation methods and strategies in
place

GDP, gross domestic product; SMMEs, small, medium and micro enterprises; ML, machine
learning; MAAS, Mobility as a Service; GHGs, greenhouse gases.

e The development of sustainable funding models for
transport infrastructure provision and maintenance.

* Advanced traffic control with intelligent transport
systems.

e Improved road performance prediction models using
ML and big data analysis of Long-Term Pavement
Performance (LTPP) and Accelerated Pavement Testing
(APT) data.

e Integrated policy framework for adaptation of
technologies.

e Use of Al during data collection and data mining in
support of transport risk modelling.
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e Implementation of a national electrification strategy with
renewables to support the transition to EVs and fuel cell
electric vehicles (FCEVs).

e Introduction of advanced technologies for crash
prevention.

e Improved analysis of driver behaviour using ML
techniques.

e Pre-manufactured road slabs that carry other services.

e Electricity generation through roads.

e Introduction of advanced technologies for accident
prevention and road safety.

* Ongoing development of contractors especially for
maintenance using labour-enhanced methods.

Thematic key solutions and key interventions

The analysis of 412 inputs from stakeholders in respect of
challenges, opportunities and project ideas was used to
compile a list of 12 high-level Thematic KSs:

1. Development of alternative materials for design,
construction and maintenance of roads and bridges.

2. Incorporation and customisation of the latest automation,
data processing and robotics practice.

3. Capacity building programmes in line with latest best
practice.

4. Improved transport planning, traffic management and
provision of transport services.

5. Improved road safety and security.

6. Improved road and bridge design construction,
rehabilitation and maintenance practice.

7. Increased attention to environmental sustainability.

8. Monitoring, evaluation and testing methods in line with
latest best practice.

9. Transformation, community participation and ongoing
small, medium and micro enterprise (SMME) development.

10. Improved asset management through sustainable and
stable financial and procurement practices supported by
good governance and appropriate management systems.

11. Up-to-date knowledge, information and communication
management systems.

12. Development and updating of relevant best practice
documentation and specifications for roads and transport.

Using the backcasting approach, 61 Kls that will bridge the
gap between the thematic KSs and the current reality of the
transport sector were determined. The KIs were rated
according to their importance to SANRAL; how well they
address the Desired Future Scenario; their potential impact
in the Desired Future Scenario; the required research
intensity to develop them and the ease of developing these
solutions. The top 30 KIs were then added to the SANRAL
portfolio of potential future projects. In addition, 18
technology platforms were identified from which the KIs
can be developed:

¢ P1: Smart transport and mobility
¢ P2: Smart transport infrastructure
e P3: Transport planning

e P4: Effective R&D programme
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e P5: Capacity/capability development

* P6: Pavement materials technology and testing
e P7: Pavement design and analysis

e P8: Pavement testing and performance

¢ P9: Construction and maintenance

e P10: Asset management

e P11: Traffic management

e P12: Road safety design and management

e P13: Road safety engineering and technology
e P14: Structures (bridges)

e P15: Geotechnical engineering

¢ P16: Hydraulics and drainage

e P17: Environment

* P18: Data Sciences Applications in Transport

The KIs and their associated thematic KSs and platforms are
presented in Table 6.

Technology trees

Figure 4 shows a schematic of a technology tree.

Technology trees can be used at the strategic level for a
research programme or at a specific focus area level with
more technical detail. Projects can be plotted at the
appropriate level, that is implementation projects are plotted
high in the tree, development projects near the middle and
basic R&D projects at the bottom.

Linkages between the projects and their supporting base or
applied technologies can then be explored and their execution
planned accordingly. The balance of the R&D project portfolio
in terms of the type of project (implementation, development

w H . i .
s £ Delivery system 1: Dellvary Ssiam 2 Delivery system 3:
2 ;3 e.g. Manual of e.2. Training course e.g. Knowledge
8z guideline & £ management system
T\ T\ ———
w
T § End product 1: End product 2: End product 3:
w .§ New material New design method New equipment
(=%
— ——
€
£
(=]
Z;,' Platf?rm 1
o
t ] t
3
] Capability 1: Capability 2: Capability 3:
;g e.g. New material e.g. New structural e.g. New material
o design method design method ageing protocol
(3]
1 1
$ | Base technology 1: Base technology 2: Base technology 3:
° 'gn e.g. Material curing e.g. Fatigue curves e.g. Sample
© T=: method Rutting models preparation methods
@ 5 | Material test method | | Transfer functions Ageing methods
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f i i
g z R&D infrastructure e.g. Materials laboratories,
< -.‘é analysis software, data bases

Source: Adapted from Rust, F.C., 2009, ‘A systems approach to managing R&D in the road
infrastructure sector in South Africa’, p. 237, PhD thesis, University of the Witwatersrand

R&D Infrastr., Research and development infrastructure.
FIGURE 4: Schematic of a technology tree.
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TABLE 6: Thirty futuristic key interventions.
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Thematic key solution Platform Key intervention Score (%)

KS2 P18 1. Develop an Al and ML core capability (platform) for ML-based pavement performance 89.7
prediction, traffic modelling and safety analysis

KS8 P8 2. Al/ ML-based pavement performance prediction 89.7

KS2 P2 3. Smart, self-aware infrastructure with embedded sensors and communication technologies loT 88.0
enabling real-time pavement damage modelling

KS2 P18 4. Appropriate utilisation of big data, Al and ML for improved management and analysis of roads, 87.0
bridge and transport data

KS1 P6 5. Bitumen replacement and non-bituminous binders 86.3

KS4 P3 6. Advanced transport planning, MAAS and modelling, including ML use 85.3

KS5 P13 7. Technologies for improving road safety and security (including modelling using ML) 84.7

KS1 P6 8. Innovative re-used and recycled materials in pavements 84.3

KS8 P8 9. Advanced core competence in LTPP and APT with associated instrumentation, testing devices, 82.7
data bases, analysis methods such as Al/ML modelling for performance prediction

KS1 P16 10. Updated, sustainable, climate-resilient drainage/hydraulic design and management methods 82.7
for roads and bridges

KS1 P6 11. Heavy duty materials, materials and design that can deal with overloading, particularly 4IR 82.7
materials that are superior in performance, durability and cost-effectiveness

KS1 P6 12. Innovative use of waste in pavements 82.2

KS1 P6 13. Development and use of alternative greener materials in design, construction and maintenance 81.7

KS7 P17 14. Climate change mitigation techniques and solutions 80.7

KS7 P17 15. Climate change impact and adaptation of transport infrastructure, modelling and risk 80.3
assessment, flood estimation

KS4 P3 16. BIM systems for transport infrastructure. Modelling and optimising projects by planning, 79.0
designing, building and operating BIM models

KS1 P16 17. Advanced methods and techniques for rainfall and flood estimation, risk analysis and 79.0
mitigation responses

KS1 P6 18. Innovative stabilisation methods for improved performance of granular/marginal materials 79.0
(chemical and mechanical) using for example nano-technology

KS1 P6 19. Performance-based materials testing, design and quality management 79.0

KS6 P9 20. Water-efficient construction related to dry compaction methods, low water usage materials 78.7
and compaction methods including water quality

KS7 P17 21. Sustainable, cost-effective, climate-resilient design, construction, rehabilitation and 78.7
maintenance methods developed and implemented as standard practices

KS11 P10 22. Enabling Asset Management Systems, including climate resilience through vulnerability 78.3
assessment/mapping and embedment in asset management both engineering and non-
engineering adaptation of asset management

KS1 P6 23. Smart materials for roads and bridges (e.g. embedded sensors, self-aware, self-healing) 78.3

KS1 P6 24. Innovative, alternative, multi-purpose surfacings that can carry services and generate energy 78.3

KS2 P2 25. Investigation of alternative energy sources and energy savings from road infrastructure 78.0
(construction and operations)

KS6 P9 26. Smart construction methods and construction methods for new, green, smart materials 78.0

KS4 P11 27. Advanced traffic management, use of ML for prediction of traffic state, dynamic traffic control, 77.7
V2V and V2R communication technologies to assist with traffic management

KS2 P2 28. EVs, FCEVs and AVs — infrastructure enablement and operations 77.7

KS1 P15 29. Advanced geotechnical design, slope stability and site investigation to counter extreme 77.7
weather events

KS1 P6 30. Advanced concrete mix design, green concrete 77.3

Al, Artificial Intelligence; ML, Machine Learning; 10T, Internet of Things; MAAS, Mobility as a Service; LTPP, Long-Term Pavement Performance; APT, Accelerated Pavement Testing; BIM, Building
Information Modelling; V2V, vehicle-to-vehicle; V2R, vehicle-to-road; EVs, electrical vehicles; FCEVs, Fuel Cell Electric Vehicles; AVs, Autonomous Vehicles; 4IR, Fourth Industrial Revolution.

or R&D) can then be assessed and corrected to fit the
programme’s strategic objectives. These diagrams also
provide a powerful way of depicting how the objectives of a
research programme link to specific projects and are useful in
communicating with researchers, stakeholders and funders.

In all 18 technology trees for the 18 platforms, listed earlier,
were developed and used to assess the potential gaps in
knowledge based on the list of 30 futuristic KIs. The Kls
were developed to provide an indication of what capabilities
and base technologies would be required to develop the
KSs. This analysis highlighted the importance of Data
Sciences and ML, and led to the development of the 18th
platform and technology tree on data sciences. The analysis
also identified a number of supporting Kls that are required
to operate and implement the results of the SANRAL R&D
programme:
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¢ Technical and managerial training courses;

® Systems for an optimised R&D programme including a
research impact assessment system;

e Effective and relevant stakeholder communication
systems and

e Transformation and participation of communities to
identify needs.

As examples the technology trees and their associated Key
Interventions for the following platforms are shown:

® P1: Smart transport and mobility (see Figure 5);

e P2:Smart transport infrastructure (see Figure 6);

e P6: Pavement materials technology and testing (see
Figure 7);

e P8: Pavement testing and performance (see Figure 8);

¢ P13: Road safety engineering and technology (see
Figure 9) and
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Delivery
systems

‘ Legend: [ ] This platform [] Other platform/WS [] Gap [] Link to other platform

Al/ML enabled MAAS
design manual

Intermodal transport
design manual

Alternative transport
modes design manual

EV facility and AV
accommodation design manual

Design criteria for Al/ML

Design criteria to integrate Al/ML

End

enabled MAAS system with intermodal transport

management

Design guidelines for
alternative transport modes

Design guidelines for EV facilities
and AV accommodation

KI: Advanced transport planning and MAAS

A

‘ P1 Smart transport and mobility ‘ KI: Alternative energy sources from roads

— t

A

T

T

Alternative

RELE transport modes

Capabilities | Platform | products

Electric vehicles

Autonomous vehicles

V2V comms
V2R comms

[

|

v

Al/ML to match mobility
supply and demand

Al/ML to predict future
demand

Intermodal logistics
platforms — fast freight
movements

Intermodal passenger

Al/ML to select best travel transport platforms

options Bicycle lane design

Battery charging
capability
Harvesting of heat
energy on roads

Harvesting of solar
energy on roads

Roadside infrastructure
to inform AV about
current road conditions
Mobility services that
guide AVs to travellers

Impact assessment

Cyber security to prevent
sabotage of mobility

Hyperloop technology

High speed passenger

In-travel battery
charging technologies

system

Retrospective analysis

services trains

Cellular and wifi network

Socio-economic feasibility
to connect travellers

analysis on alternative

to service providers

Base technologies

transport modes and
intelligent intermodal

Minimization of travel

Socio-economic Infrastructure
analysis on support of enablement
EV and AV technology

Infrastructure

enablement

time through constrained
optimisation

transport

Socio-economic feasibility
analysis on Al/ML
enabled MAAS

— KI: Infrastructure enablement for EVs and AVs

Al and ML training software systems

‘ ‘ Electronics laboratories for sensors and communications technologies

R&D
Infrastr.

Al, Artificial Intelligence; ML, Machine Learning; MAAS, Mobility as a Service; V2V, vehicle-to-vehicle; V2R, vehicle-to-road; EV, Electrical Vehicles; AV, Autonomous Vehicles; KI, Key Interventions;

R&D Infrastr., Research and development infrastructure; WS, Workshop.

FIGURE 5: Technology tree for smart transport and mobility.
e P18: Data Sciences Applications in Transport (see Figure 10).

The KIs relating to a specific technology platform are shown
in blue boxes. The elements inside a blue box will form the
main basis for developing an R&D project plan to address
the particular KI. As an example, in Figure 5, the project
plan for the KI: Alternative energy sources from roads
should consider:

* Battery charging capability;

e Harvesting of heat energy on roads;

* Harvesting of solar energy on roads and
e In-travel battery charging technologies.

In the process of project plan development and through
initial desktop studies, additional aspects will be added.

From the technology trees, the following can be noted:

e The KIs plot in the lower half of the technology trees
because of their technical, basic and applied R&D
nature.

e However, they should be linked to the relevant end
products and delivery systems during project proposal
development to ensure eventual uptake.
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Some of the initial trees needed to be revised to
emphasise elements of the KI explicitly and further
revisions are likely as projects progress and technology
develops.

A number of the KIs appear in more than one technology
tree and this should be considered during project proposal
development.

The technology trees form a hierarchy of their own with
some trees supporting others. Examples are: ‘Data
Sciences’ supporting ‘Pavement testing and performance’;
‘Material testing and technology” supporting ‘Pavement
structural design’; ‘Pavement testing and performance’
supporting ‘Pavement structural design’” and ‘Data
Sciences applications” supporting “Transport planning’
and ‘Traffic management’.

This implies that, for some projects, more than one
technology tree should be consulted to ensure synergy
and coordination between research teams.

During project proposal development all levels of the
technology trees should be taken into consideration to
ensure that the full innovation value chain is addressed
from R&D to implementation.
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‘ Legend: [ This platform [] Other platform/WS [] Gap [] Link to other platform

- Al/ML enabled in-road sensors Deployed Al/ML enabled Al/ML enabled traffic prediction Deployed Al/ML enabled traffic
§ GE) road damage detection design in-road sensor network for and management design and prediction and management
= ‘g and deployment manual road damage detection deployment manual system
oa
Design criteria for Al/ML enabled in-road In-road sensor networks that detect Design criteria for Al/ML enabled traffic
<3 sensors that detect road damage authentic vehicle identity state prediction to inform traffic
_§ management strategies
s
E In-road sensor networks that detect early Al/ML based methods to predict future
stage road damage traffic states
E Ki: Si t terial:
2 ‘omart materiats P2: Sm ran infrastr r
",‘:, KI: Self-aware infrastructure Sl ERIREITE
o A
g £ v ) LY ) Ly
= T T T T
= . Infrastructure to vehicle Vehicle to everythin, .
s Self-aware infrastructure - . y B Big data usage
g communication communication
(3]
In-road sensors that detect Dangerous road condition Systems for differential Early detection of road damage
road damage warning systems speed warnings Detection of suspicious
In-road sensors that Driver behaviour warning Vehicle proximity warnings driver/vehicle behaviour
authentically identify vehicles systems Intelligent truck platooning Detecting overload offenders
Remote sensing assessment Heavy vehicle overloading systems evading weighbridges
" of road surface quality WIS SIS Systems for informing slow Feasibility study on Al/ML
.:-’n Al to automatically process Real time recommended traffic to move to slow lane enabled prediction of traffic
% sensor data to detect road route information states (speed, flow rate, vehicle
% damage Abnormal event warning density) to inform traffnc
3 Onboard sensor processors to reduce congestion management strategies
§ to reduce data to be Pollution prediction systems
-] i . .
communicated Evaluation of effectiveness of
Wide area sensor networks traffic management strategies
to links sensors to backbone
Feasibility study on Al/ML
enabled in-road sensors
that detect road damage
=
3 8 Access to Al and ML training software systems Electronics laboratories for sensors, energy harvesting and communications
€ <«
c

Al, Artificial Intelligence; ML, Machine Learning; Kl, Key Interventions; R&D Infrastr., Research and development infrastructure; WS, Workshop.

FIGURE 6: Technology tree for smart transport infrastructure.

Discussion and conclusion

This study utilised a novel technique in Technology
Foresight through the use of technology trees to develop a
holistic picture of the R&D focus areas that the South
African transport sector should be focussing on to position
for the future. Techniques such as driver and trend
analysis and scenario development have been used for
Foresight both in South Africa and abroad. Several of
the long-term drivers such as urbanisation and climate
change have been defined before in Foresight studies.
However, this study focussed very specifically on the
role of new, emerging technologies such as AI, ML,
sensor technology and smart materials technologies
in positioning the transport sector for the future. The
findings and results have taken international aspects
and emerging technologies into account but also have
a uniquely South African viewpoint and as such is
most applicable to the South African transport sector.
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The drivers, technologies and trends were used to develop
five scenarios for the transport sector 15 years hence. Based on
the analysis of interviews, stakeholder inputs and a literature
review 12 thematic KSs and 30 futuristic KIs were defined that
can shape the future of the transport sector and move it
towards the Desired Future scenario. The relationship of the
KIs to current knowledge was analysed using 18 hierarchical
technology trees. Specific gaps in knowledge were identified
and the technology trees were adjusted accordingly.

This analysis emphasised the following:

e Significant effort should be placed on the development of
a technology platform that supports the application of data
sciences technologies such as big data management and
ML technologies to harness the utilisation of Al principles
to improve the performance of the transport sector.

e The use of ML techniques to predict road pavement
performance, traffic flow and traffic safety events need to
form a critical part of future technologies;
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FIGURE 7: Technology tree for pavement materials testing and technology.

Smart, self-aware transport and infrastructure utilising
technologies such as embedded sensors, V2V and V2R
technologies and the IoT will be required to position the
transport sector for future EVs and AVs;

In view of scarcity of good quality materials, new
materials technologies focussing on a replacement for
bitumen and the upgrading of low-quality materials using
for example nano-technology will be required;

Improved modelling of road pavement performance
using data from LTPP and APT evaluations as input into
self-learning, ML prediction models will be required to
maximise road pavement performance in view of
increased traffic loading;

Designs, technologies, asset management systems and
prediction technologies to address climate change
impacts will need to be developed. This will include
climate mitigation aspects such as green concrete as
well as climate resilient designs and materials to prevent
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premature failures caused by extreme weather events
such as flooding and high temperatures and

e In view of increased urbanisation and traffic volumes
and loading, advanced traffic management systems and
improved traffic safety technologies based on, inter alia
ML techniques will be required.

Research question 1 pertaining to the identification of drivers
and trends that will impact the transport sector was
comprehensively addressed in the study through the
identification of 42 drivers and 53 trends based on broad-
based input from local and international participants.
Research question 2 pertaining to the development of potential
R&D focus areas that will position the transport sector was
comprehensively addressed through the development of 30
futuristic KIs and their relationship with each other and
existing knowledge as depicted in the 18 technology trees.
The use of scenario development combined with the analysis
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FIGURE 8: Technology tree for pavement testing and performance.
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FIGURE 9: Technology tree for road safety design and management.
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FIGURE 10: Technology tree for data science applications in transport.

of the drivers and trends in the transport sector was effectively
combined with technology tree analysis for the first time and
will continue to be used as the SANRAL R&D programme
progresses into the future. SANRAL has added these
recommendations to their list of potential future research and
innovation projects for further evaluation and approval.
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