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SUMMARY 

The main objective of the study is twofold, first is to introduce to the South Africans a different and a modern type 
of efficient and cost effective transportation system, and secondly to investigate the competitive advantage that 
the monorail system possesses, while learning on other operating or signalling principles which can be adapted 
for use in a conventional railway in South Africa or even other countries. 

A case study approach will be used to analyse the road traffic congested areas in South Africa and comparisons 
to other urban areas in the world where monorail systems have successfully been implemented. A SWOT 
(Strengths, Weaknesses, Opportunities and Threats) analysis process will be used to test the competitiveness, 
effectiveness and determine the viability of monorail systems to the South African transportation industry. The 
study will also inherently analyse integrated operating systems as applicable to the monorail. 

The outcome of the study can be used to further enhance the body of knowledge in monorail systems and 
innovative metro transportation technologies. Automation, signalling principles and lessons learned from already 
operating systems are some of the key outcomes expected from this study. The results can essentially be 
transplanted onto the metro lines and hopefully contribute to the improvement or advancement of the operating 
efficiency, in the transportation arena. The outcome of the SWOT will also prove the competitiveness on monorail 
in comparison to other transportation technologies in the traffic congested urban cities in South Africa and in the 
world. 

 

1 INTRODUCTION 

The South African railway transportation system is playing a major role in heavy freight haulage and mass 
passenger transit. The track in both cases consists of what is currently called the “Cape gauge” (1067mm), but 
there is also a rapid transit train which runs on standard gauge (1435mm). There is however too little being said 
about the monorail track and trains. It is a mode of transport which is seldom used for heavy freight haulage, but 
mostly used to assist in alleviating heavy road traffic congestions in urban areas, by transporting ‘heavy’ or mass 
passengers. 

Contrary to conventional rail lines which have different track gauges worldwide, a monorail is a zero-gauged 
single track which is normally elevated on a concrete or steel beam structure with a unique train bogie (wheel 
arrangement). Conventional rail transportation has always been considered as an alternative to roads for mass 
transit public transportation systems in many cities in the word, but the innovation of monorail technologies 
seems to be the game changer.    

Since 2010, the commissioning of Gautrain and the Highway roads joining Pretoria and Johannesburg, there was 
a reduction in the traffic congestions between this two cities. There are also three big Re-signalling projects to 
upgrade the metro signalling of the big cities, namely, Pretoria to Johannesburg, Cape Town and Durban, to the 
latest electronic interlocking technology whilst improving on the headway on the metro railway lines. Although 
theses are being successfully implemented, the problem still lies with the intra-city transportation, which often 
results in a domino effect to the high ways. 

The feeder roads do not effectively support the city to city train system because of traffic congestions and this is 
where the monorail system can come to the rescuer. Hence the dream of moving massive passengers within the 
inner city, without delays remains a reality. Even though there is an effort to introduce dedicated road lanes for 
buses, the problem remains that these buses still get caught up in traffic where there is sharing of the road with 
other vehicles.  
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2 MONORAIL BACKGROUND 

2.1 Definition of Monorail System.  

It is an integrated system which consist of the train, the guideway and its interconnected subsystems needed to 
fulfil operational requirements. The monorail is a single (hence the word mono) concrete or steel beam, which is 
referred to as a guide way, normally elevated above ground level, designed to support and for running of a 
specific monorail train. Monorail trains are innovative vehicle which are designed to operate on a specific 
guideway or beam track (Tateya, Yamamoto, Inoue, and Tamotsu: 2008).  

The monorail operates solely on a rapid transit and by their design they are incompatible to a mixed traffic such 
as busses (BRT) or light rail (LRT). Unlike the rail tracks which can normally be embedded in the streets, the 
guide way cannot be crossed by other form of vehicle or even pedestrians. This means they require a unique 
type of elevated stations designs to accommodate passengers for ease of access. The station designs can add 
more benefit to elevated retail spaces, airports, and other elevated buildings with high passenger turn out.        

2.2 Monorail Configurations  

The monorail systems are classified according to the following categories:  

2.2.1 Beamway Suspended Monorail 

In this configuration, the train is suspended with the wheels running within the beam. With this configuration, the 
beam serves the purpose of suspending the load, supporting and guiding the vehicle which makes the design 
considerations of the rolling stock and the structure complex. It requires much more aerial clearance to road 
traffic. The most common design makes use of hollow steel or concrete beam and rubber tires are used instead 
of steel wheels. 

2.2.2 Straddle Beam (Alweg) Monorail  

The train bogie is designed to straddle/envelope or “hugs” around the guideway and the rubber tires are in 
contact with the beam on the top and on the sides for traction and load bearing, and stabilisation respectively.  
This is the most commonly used type of monorail because of it can fit into most urban environments much better 
that the suspended monorails, which normally require taller elevation to allow for enough vehicular clearance 
under the train. 

2.2.3 Beamway and Railguided Monorail 

The train runs on top of the beam way, with unique central guide rail that prevents uplift and derailment of the 
vehicle. The vehicle is dimensionally smaller and lighter that the Alweg design (approximate reduction of 2m in 
height). This offers a greater advantage to the switching design as only the guiderail need to be switched instead 
of the whole beam structure. The energy required to propel this type of system is reduced due to its lighter 
design weight.    

2.2.4 Magnetic Levitation (Maglev) 

The Maglev differ uniquely from the other monorail systems in that there is no physical contact to the beam, the 
system was arguably designed based on the straddle type monorail system even though it uses magnetic field to 
create both lift and propulsion to hover over the track, instead of tires to create physical contact to the track.  

There is also a semi-maglev which utilises a narrow runway where there are no parts of the train which 
envelopes the guide beam. The vehicle is guided and held in place by a single centred magnetic rail mounted on 
top of the elevated beam. This very same magnetic rail also serves the most cost effective, light weight switching 
structure, instead of switching the whole concrete beam.  



The Monorail Dream in South Africa: The Alternative  Page 3 of 9 

3 MONORAIL TRAIN OPERATIONS 

3.1 Control Centre.  

The monorail control centre consists mainly of the train supervisory system (ATS), the Radio Block Centre 
system (RBC), the Supervisory Control and Data Acquisition (SCADA) system and the Closed-Circuit Television 
(CCTV), which are all necessary for an integrated monitoring of the passengers, the train and the whole 
infrastructure.   

The ATS system is responsible for operational optimisation by controlling and monitoring the train and the 
signalling system to ensure that there is safety and trains run according to intended schedule and there is reliable 
service to the passengers. The proactive monitoring of the monorail system provides advantages that further 
damage resulting from system defects, abnormalities, and equipment malfunctioning can be avoided, thus 
providing available service. The functions include among others route setting and calculations for optimum use of 
the line, supervision of train status, enable adjustment of the train operations while the train is on-the-fly, 
automatic scheduling, generating reports and statistics to assist prior planning (Kato, Yamazaki, Amazawa, 
Tamotsu: 2004). 

The radio block centre is responsible for transferring train routes information from the interlocking, which is 
eventually transferred and interpreted as movement authority to various trains on the line. Inversely the RBC also 
send the train position via the radio to the interlocking system. The RBC plays a critical role in ensuring that the 
interface between the intelligent train onboard system and the interlocking system is vital.  Other channels are 
also used for passenger voice announcements.    

The SCADA can be used for commercial operating requirements and to display the status of the track side 
equipment.  The power distribution and electrical switching can be displayed and controlled from this system. 
Lastly the CCTVs installed within the train stations, train depots and anywhere necessary will assist in in security 
monitoring of the passengers, service staff and the train itself.  

3.2 Onboard ATP/ATO System  

The onboard equipment consists of a redundant failsafe automatic train protection (ATP) equipment designed to 
interlock to propulsion (acceleration), braking deceleration devices, balise antenna for train detection and 
passenger door (Kimijima, Takahashi, Kawabata and Matsuo: 2009). It also ensures that the correct information 
is displayed for the driver to react accordingly and the in-train voice announcements from the operation centre 
reach the passengers. In most monorails, the onboard system is configured such that most actions are 
automated, these includes train driving and regulated train door opening and closing.   Depending on the local 
requirements, some users of the monorail system prefer a drive controlling the train with ATP activated when the 
driver does not obey the rules, for example exceeding speed limit. 

3.3 Signalling Systems  

The signalling consists mainly of the points interfaces/controllers for interlocking to the track switches. Depending 
on the economic viability, the interlocking system can be integrated with the radio block centre such that 
communication to the track side equipment is archived via microwave transmission or it can be 
distributed/centralised with fibre transmission used for both signalling data and voice communication.  At every 
crossing, there will be an object controller cabinet enclosing the points interface and/or the Lineside Electronic 
Units (LEU). The passive balises are used in between train stations and the LEUs for active balises are placed 
within station stop positions and where there is interlocking requirements to the platform gates for passenger 
safety (Kuwabara: 2001).  

3.3.1 Low Capacity Requirements 

Depending on the capacity requirements of the line, the density of the trains can justify what level of signalling 
can be invested without compromising on the safety and the integrity of the system. A fixed absolute block 
principle can be implemented such that the movement authority is defined as the distance between the stations. 
Controllable balises with Lineside Electronic Units (LEU) can be used to send train location signals to the train 
onboard system via balise antenna.    
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3.3.2 High Capacity Requirements 

In some cities where the capacity demand is very high, implementation of a moving block principle would be 
ideal. The movement authority would in this case be defined as the distance between the moving trains. More 
than one trains can be allowed to enter a section and therefore tremendously reducing the headway. In this case 
balises are used to send signals to the train onboard system to confirm train location. Communication based train 
control continuously monitor the position of each train.   

3.3.3 Monorail Switching  

Just like with the traditional railway line, switching is still one of the vital components of a monorail operations. 
The switching is required to ensure that the single guideway between stations can be used for bi-directional 
operations, where necessary some trains can stop in a loop without blocking the running guideway, even if the 
monorail service is designed to operate in a loop, switching is still required for the trains to go for scheduled 
maintenance yard. 

 There are various switching designs depending on the chosen monorail configuration (Tarighi: 2011), for 
example the straddle type configuration would require that the whole heavy steel or concrete beam on the 
turnout is switched and that can be twice slower that traditional rail. The increased delayed switching time can 
limit headway calculations. However, the rail guided monorail configurations can have twice faster switching that 
the traditional rail, which could lead to improved headway calculations.     

3.4 Train Propulsion and Power Supply   

The monorail trains are propelled from what it is referred to as a smart and intelligent bogie, because of its 
integrated design, with both the electrical and the control electronics attached the bogie. The bogie itself 
automatically controls propulsion, speed (acceleration & deceleration) of the train. Powerful in-wheel 
electromagnetic motor is powered with variable voltage variable frequency, Pulse Width Modulation (PWM) drive 
technology. The 75VDC Power is obtained from the conductors mounted on either side of the guiderail. 

3.5 Evacuation  

The design nature of monorails is that they wrap around its track which makes derailments virtually impossible 
(Kimijima:2009 and Svensson:2005). However, in case of emergency for example faulty train, fire, etc, there are 
efficient emergency evacuation options to recover the situation. For example, firstly the disabled train can be 
pulled or pushed by a recovery train to a safe place for passengers to disembark, secondly the train can be 
designed such that there is an emergency sliding for the passengers to land safely on the ground and lastly a 
common example is where a rescue train arrives on the other side of the dual beam and the passengers are let 
to exchange to the safe train.  

 

4 APPLICABLE CASE STUDIES 

4.1 Case 1: Malaysia Kuala Lumpur 

Kuala Lumpur is enjoying a diverse and efficient transportation which offers an extensive network of buses, light 
rail commuter trains, and metered taxis that charter visitors within the city centre and beyond. However, Kuala 
Lumpur is also notorious for its gridlocked traffic during peak hours, as shown to be ranked number 54 in the 
world. The monorail system was implemented to connect to almost every part of the city, making it easy for 
commuters to avoid traffic congestion on the roads. 

The Kuala Lumpur urban monorail system is currently operational and was commissioned in 2003. It is a dual 
beam alignment with 11 stations from Jalan Tun Razak to KL Sentral, spanning over 8.6 km. The system is 
designed to the straddled beam configuration, using Union Switch and Signal to provide the radio based in Cab 
signalling. The alignment of the line is designed such that the train can be able to negotiate 65m curvature 
radius, at about 12% maximum grade.    
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The system has a high transit capacity operating at 5 minutes’ short headways, with an allowable maximum 
speed of 90km/h. The signalling use bidirectional fixed blocks with integrated trackside and cab signals for extra 
safety. The train drivers are supervised by the ATP system always to ensure absolute safety. There are two 
75kW motors per bogie, and these are powered from 750V DC power clamped along the sides of the track 
beam. There is an emergency backup power which ensures that the train remain operational for at least 30 
minutes in case of power failure. 

4.2 Case 2: Brazil Sao Paulo 

The greater Brazil Sao Paulo city has a population of approximately 20 million people. This is the financial capital 
of the Brazil and the wider Latin American countries rated number 71 in the world. However, the city experience 
massive mobility challenges relating to traffic congestions and has on a yearly basis reported percentage 
increase. The Companhia do Metropolitano de São Paulo (CMSP / São Paulo Metro) decided to enhance the 
monorail system which will reduce travel time between the two destinations from two hours to 50 minutes 
benefiting 500,000 passengers a day. 

The Brazil Sao Paulo INNOVIA monorail 300 train is currently operational and was commissioned in 2014. It is a 
dual beam alignment with 17 stations from Vila Prudente to Hospital Cidade Tiradentes, spanning over 24 km. 
The system is designed to the straddled beam configuration, using Bombardier CITYFLO 650, a complete 
driverless automatic train control signalling system. The alignment of the line is designed such that the train can 
be able to negotiate 46m curvature radius, at about 6% maximum grade.    

The system has a very high transit capacity with a capability to reduce the headway to as low as 75 seconds, 
with an allowable maximum speed of 80km/h. It features a communications-based train control (CBTC) moving 
block philosophy, vehicle automatic train protection (VATP), automatic train protection (ATP), and automatic train 
operation and train detection through radio transmissions of train positions. There are two 75kW motors per 
bogie, and these are powered from 750V DC power clamped along the sides of the track beam. There is an 
emergency backup power which ensures that the train remain operational for at least 30 minutes in case of 
power failure. 

4.3 Case 3: India Mumbai 

About 11 million people travel daily by Public Transport mainly suburban rail and bus transport in Mumbai and at 
the same time the existing Suburban Rail network expansion had failed to keep pace with demand resulting in 
severe congestion on road network & environmental pollution. However, the Mumbai Metropolitan Region 
Development Authority (MMRDA) realised a need to complement the suburban rail network through other modes 
of public transport systems and hence the monorail first monorail project was executed in India. 
 

The Indian Mumbai Scomi Urban Transit Rail Application train (SUTRA) is currently operational and was 
commissioned in 2008. It is also a dual beam alignment with 17 stations from Chembur to G.M Chowk, spanning 
over 19.17 km. The system is also designed to the straddled beam configuration, using Scomi ATP system with 
drivers. The alignment of the line is designed such that the train can be able to achieve 55m curvature radius, at 
about 6% maximum grade.    

The system has a high transit capacity operating at 4.5 minutes’ short headways, with an allowable maximum 
speed of 80km/h. The system operates on a centralised computer based signalling system, integrated to lineside 
LED signals. The train drivers are supervised by the ATP system always to ensure absolute safety. There are 
two 75kW motors per bogie, and these are powered from 750V DC power clamped along the sides of the track 
beam.  

4.4 Case 4: South Africa  

When one study the traffic congestion index records of the cities below, see figure 1, overall South African cities 
are experiencing an annual increase of 3.5% on average. Therefore, one could argue that this is concerning and 
we need to revitalise our city transportations and provide more innovative solutions to provide commuters with 
efficient alternatives.  
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Figure 1: Tom Tom traffic ranking results for South African cities 

The successful implementation of monorail in the above studied cities had a positive impact to their effective 
intercity transportation system and this can be observed from the online “Tom Tom” traffic index result that either 
there was a little or no increase in the congestions. These also provide a good justification for considering a 
business case for monorail as an alternative, innovative mode of transportation in South Africa.  

The above cases prove that innovative monorail transportation technology is available in the market and it is 
safe, reliable and matured enough to be trusted. The best way of ensuring a buy in and introducing the monorail 
to the South African environment would be to build a pilot installation where the public can be given a first-hand 
experience innovative technology such as monorail trains which can manoeuvre in very confined city spaces. 

For this study, the Johannesburg city was deliberately chosen to elaborate on the opportunities and the 
possibilities of designing a monorail system to cover most of the commuters in the city. The monorail would serve 
as an integrated feeder system to the Metro trains, the buses, and even to the taxi industry, while eliminating a 
need for private vehicles in the city, which normally cause a domino effect to the high way roads. Thus, the 
highways such as the N1, R21, N4 which join Joburg and Pretoria and other roads can be relieved off the traffic.  

The Joburg monorail design can start with a single elevated beam alignment which can be upgradable to dual 
when necessary at a later stage. The elevated guideway alignment would form a simple closed ring as shown in 
figure 2, consisting of stations starting from Gautrain Park station, Braamfontein station, FNB station, Standard 
Bank station, Carlton Centre station, Absa station, Elispark station, Doornfontein station and back to Gautrain 
Park station. This arrangement will ensure that all commuters from gautrain, metrorail, bus and taxi stations are 
distributed smoothly to their corporate towers without experiencing delays.  

 

Figure 2: Possible monorail ring route in Johannesburg city 
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There must also be a control centre, maintenance and recovery centre chosen at a strategic location.  Other 
corridors can be extended as shown in figure 3, to cover Goldreef city corridor for tourism or entertainment, the 
Wits to UJ APK campus corridor for students, and the OR Tambo corridor to the airport, can be considered at a 
later stage.  

 

Figure 3: Possible monorail branches to supplement the ring route. 

 

5 FACTORS AFFECTING COST ESTIMATES 

5.1 Costing  

Costing of monorail projects depends on amongst others the following key factors  

 The total length and the number of stations of the system. Every station would have associated costs, 
depending on the location, for example depending on the elevations, the might be a need for escalators, 
lifts and other special requirements to cater for disabled personnel.  

 The route where the system will be constructed, each corridor would have unique challenges to deal 
with.  

 Rolling stock and operational technology selections: a study must determine whether the monorail fleet 
would be a make-up of four cars or six cars, how should the seats be arranged, what should be the total 
capacity and so on. Operationally, should the train be automatically controlled or driver controlled. What 
are the signalling systems and traction power requirements?  

 Passenger requirements, considering evacuation requirements and access: will the stations be easily 
accessible for commuters, what are the security features suitable for every station, in case of 
emergency how will the passengers be safely evacuated.  

 Desired running speeds and headways, depending of commuter demand. 

 The topography and the associated geotechnical conditions: the subsurface soil conditions will 
determine how deep the excavations are required. This can have significant cost implications on the 
foundations. There must also be a consideration on the roads, bridges and even those joining towers.  

 Underground, surface and aerial utility services: A full survey must be conducted to ensure that other 
services underground and even aerial, running along the proposed route are detected and identified. 
For example, over 90% of electrical and communication cabling in Joburg is installed underground, 
together with water and sewage, and drainage systems which might require relocation.   

 Land acquisition and Environmental considerations:  the feasibility study must determine how much of 
the land take is required for purchase. This would take in to account other stakeholders such as 
property owners, and environmental applications to the relevant local bodies to ensure compliance. 
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Detailed negotiations might also be required in case of obstructions to views on certain sky rise 
buildings.  

 Constructability: most of the monorail equipment’s, including the guideways are prefabricated offside, 
transported and delivered to side for construction. However, there must still be access to construction 
machines. This can be a challenge due to already existing road traffic which the project is intending to 
minimise.    

 

6 SWOT ANALYSIS 

SWOT analysis is used in this context to determine the competitive advantage of the monorail system through 
its internal Strengths & Weaknesses; and external Opportunities & Threats in the transportation market. 

6.1 Strengths and Weaknesses 

The following is a demonstration of the internal strengths and weaknesses which monorail systems possess: 

Strengths Weaknesses 

• Monorail trains are unlikely to derail by their designs and they are also proven to hold 
a good safety record. 

• Suitable for installation in very constrained city areas 

• The small train types can manoeuvre and negotiate minimum curve radius of 40m  

• As low as 600V DC propulsion system with battery bank, which can be solar power or 
charged  

• Use advanced and proven innovative technologies for example Automatic train 
protection and Driverless Capabilities  

• Requires low cost of capital compared to conventional rail  

• Most of its infrastructure can be prefabricate offsite (pillars, Beams, trains, etc)  

• Evacuation devices and procedures like that of an aeroplane. Eg urbanaut 

• Easily expandable to additional routes where there is demand 

• Implementation result in skills and advanced transportation technology transfer.  

• Environmentally friendly and aesthetically pleasing  

• Minimal footprint, has capability to be installed in constrained existing city 
infrastructure, 

•  With less or no need for relocation or demolishing of structures and services  

• Incompatible to 
conventional rail 
transportation and 
other transit 
systems  

• Some designs 
require switching 
of complex guide 
structure 

• Little knowledge, 
less skills and 
capacity 
constraints  

• Extensive 
investment 
required for 
training 

 

6.2 Opportunities and Threats.  

The following are some of the external opportunities and threats which could deter implementation of monorail 
system, however counter arguments are also presented to show the consequences which can be avoided, in the 
South African transportation market.  

However, a careful study on the presented treats or competitors could argue that crucial time and expensive fuel 
are being wasted due to heavy traffic congestions. Not everyone has access or even own a private vehicle and 
they contribute to air pollution and global warming. There is a high risk of accidents involving pedestrians. Protest 
actions always lead to cancelation of buses and taxis, resulting in traffic delays. There is also a high risk of 
hijacking associated with walking pedestrians. 
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Opportunities  Threats 

• Intracity transportation 

• Another alternative feeder support for the Gautrain and 
Metrorail services  

• University campus transportation (APK-APB-Wits-DFC)   

• City touring transportation 

• Route along Parkstation, FNB bank City, Gauteng 
Beyers Naude Square, Std Bank towers, Goldreef City, 
Carlton Centre towers, ABSA towers, Doornfotein, Elis 
Park stadium and back to Parkstation to form a loop/ring 
feed. 

• An alternative to travel to and from Johannesburg CBD 
and OR Tambo international airport along the notorious 
R24 route/corridor  

• Other Opportunities exist in other South African cities 
and beyond 

• Uber industry 

• Taxi industry  

• Maxi taxies  

• Own private vehicles  

• Buses   

• Bicycles  

• Preference to walking 

• Motorbikes  

 

• associated with walking pedestrians 

 

 

7 CONCLUSION 

The monorail system is an innovative transportation solution with a huge growth potential in developing countries 
such as South Africa. The technology is mature, applied and proven globally, and it continue to improve. Provide 
efficient, cost effective, smart and modern transportation system, with an integrated, automated and safe, 
operating system. It is one of the solutions for economic development in major cities where time consciousness 
is imperative for labour force and business actives. From the three cases studied above, one can deduce that 
monorail projects have a chance of being successfully executed on time and budget. The strategy 
implementation tool, SWOT analysis proves that monorail holds competitive edge within the South African 
transportation environment. The dream remains that one day the ‘Monorail Dream’ will be realised in South Africa 
and it will eventually come true.   
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