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A B S T R A C T

While Bus Rapid Transit (BRT) has matured into a standardised set of technologies worldwide, its slow adoption 
in Sub-Saharan African (SSA) cities has raised questions about its suitability in some contexts. A number of key 
factors affect BRT adoption in SSA, including poorly developed road networks, constrained demand and 
affordability limits, and the strength and importance of the legacy informal public transport (PT) ecosystem. In 
response, some cities have increasingly departed from the conventional infrastructure-heavy BRT design 
approach towards lighter, more incremental deployment concepts, in an effort to better match local realities and 
constraints. This paper aims to describe this shift and put it into the context of a continuum of BRT deployment 
approaches. A literature review presents clarifying terminology and an overview of recent BRT system design in 
SSA cities. We then describe a phased implementation approach evolving in South African cities that focus on 
improving existing services gradually towards the final BRT design. Two examples of BRT evolution in large (City 
of Tshwane) and medium-sized (Rustenburg) cities are described in more detail. The potential implications of 
design standards are explored and provide insight for cities in developing countries seeking designs best-suited to 
enhance PT services with limited funding.

1. Introduction

The upgrade of road-based public transport (PT) services can take 
many forms, ranging from the improvement of existing services to 
implementing a bus rapid transit (BRT) system, to achieve desired 
operational enhancements (Niles & Jerram, 2010). BRT systems are 
defined differently around the world, from infrastructure ‘lite’ designs to 
full BRT, modelled on best practices of Latin American cities (Transport 
Global Practice, 2020). To date, different levels of BRT features have 
been implemented in 191 cities globally, and majority have adopted a 
heavy infrastructure approach (BRT+Centre of Excellence and 
EMBARQ, 2024).

While cities in developed countries introduce bus transit improve
ments to increase system ridership, developing countries lacking formal 
PT are dependent on unsafe and unreliable paratransit services and seek 
mass transit systems for high travel demand (Lindau et al., 2016). 
Attracted by the benefits offered by the full BRT model, earlier projects 
implemented the full BRT system to introduce a new business model or 
reform the PT sector and replace existing PT modes. BRT has evolved 

into integrated transit networks and is seen as a tool to achieve inte
gration of PT modes. However, many barriers to integration exist in 
developing countries, such as fragmented institutional frameworks and 
the informal PT sector (Hidalgo et al., 2016). Cities in Sub-Saharan Af
rica (SSA) have experienced significant challenges implementing full 
BRT and achieving the anticipated performance benefits. Some cities 
revised their designs after recognising the cost and complexity of full 
BRT and a few, like Lagos, followed a flexible design approach by 
adapting BRT to local conditions.

While research has been done on systems around the world, there is 
limited reporting on BRT system design in SSA cities and a need to un
derstand and document recent approaches (Venter et al., 2020). More 
research is required to understand the preferred approaches in SSA 
cities, influencing and limiting factors – to respond to questions around 
“which BRT model is being adopted and why?” and “what kinds of 
public transport reforms do African cities need and what would work 
best given the nature of how the system works now?” (Klopp et al., 
2019). Success factors and lessons learnt may provide insight for other 
cities on the implications of selected designs and deployment (Lindau 
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et al., 2016).
The aim of this research is to explore BRT system design approaches 

in SSA cities. The objectives are: 

• To document current approaches towards BRT system design in SSA 
cities,

• To investigate the potential implications of incremental approaches 
in SSA, and

• To consider suggestions for other cities introducing PT interventions.

This paper provides the theoretical background related to the BRT 
concept, BRT design and system development in SSA cities in the 
Literature Review in Section 2. Section 3 presents examples of BRT 
evolution in two cities in South Africa (SA), followed by insight into 
implications of design approaches in Section 4. Section 5 concludes the 
study and provides recommendations for further research.

2. Literature: BRT concepts and pathways

This section introduces concepts and clarifying terminology on BRT 
design and development pathways. BRT deployment and an overview of 
system design approaches are explored in selected SSA cities. Informa
tion was gathered from published literature, guidelines, evaluations and 
local reports.

2.1. BRT design concepts

Buses are a flexible means of providing access and connectivity and 
accommodate changes in travel demand (Olyslagers et al., 2021). Im
provements to conventional bus services in North America are known as 
‘BRT Lite’, bus-priority systems in Europe as Bus with High Level of 
Service (BHLS) and mass transit systems in South America are labelled 
full BRT (Ferbrache, 2019; Lindau et al., 2016; Olyslagers et al., 2021). 
The broader definition of BRT encompasses a spectrum of infrastructure 
and operational improvements that can be applied as individual features 
or packages to achieve speed and capacity performance benefits (Niles & 
Jerram, 2010). Lower-cost BRT systems with limited infrastructure are 
termed ‘BRT Lite’ and the fully-fledged BRT model contains segregated 
right-of-way with median busway alignment, off-board fare collection, 
platform-level boarding, and priority at intersections, to achieve 
maximum performance benefits (Institute for Transportation and 
Development Policy, 2024b). While full BRT is seen to offer the benefits 
of light passenger rail at a reduced cost (Wright & Hook, 2007), BRT Lite 
may offer 80 % of full BRT benefits at 20 % of the cost (Venter et al., 
2020).

2.2. Full BRT

In 2012, the Institute for Transportation and Development Policy 
(ITDP) (2024b), a non-profit organisation that works towards sustain
able transportation in urban areas, developed the BRT Standard to 
establish a common definition of BRT and guide cities in delivering 
world-class BRT systems. The original BRT Standard is based on best 
practices of BRT systems in Curitiba and Bogotá and serves as a planning 
tool for cities to achieve the benefits of BRT. Recognising high-quality 
system designs with a gold, silver or bronze scoring, the BRT Standard 
prescribes basic elements as a minimum requirement (ITDP, 2024b). It 
has been criticised for a one-size-fits all approach and Lindau et al. 
(2016) caution that the BRT Standard must be “interpreted carefully 
since it does not necessarily focus on performance and need, and it does 
not account for how operation is affected by its urban context”. The most 
recent revision, the 2024 BRT Standard, was informed by an advanced 
understanding of BRT and feedback from BRT specialists. It acknowl
edges the need for more flexibility with improved scoring for diverse 
systems and operations and advises that BRT “may not be the best so
lution in all instances” (ITDP, 2024a). Particularly in Africa, 

international BRT advocates have been criticised for portraying BRT as 
“cheaper, more effective, and easier to implement than it actually is” 
(Klopp et al., 2019) and “propagating BRT to open up PT markets in 
developing countries” to further their interests by providing loans and 
influencing the adoption of full BRT systems (Rizzo, 2014).

Some cities adopted BRT designs with varied infrastructure which 
were best-suited to their local context and show success in improving PT 
conditions. Challenges related to technical, operational and institutional 
matters may be encountered in BRT deployment (Deng & Nelson, 2011), 
as seen in some BRT projects (Klopp et al., 2019; Nguyen & Pojani, 
2018). Some cities have been laden with planning and implementation 
issues due to an inadequate understanding of the complexity of full BRT, 
long-term design and financial implications, necessary institutional ca
pacity and political will, among others (Olyslagers et al., 2021). There is 
a growing appreciation of the need for more flexible and adaptable 
approaches which are tailored to individual city contexts. Agents like 
the BRT + Centre of Excellence assist cities in developing BRT projects 
which improve user mobility and accessibility within local needs and 
conditions (ITDP, 2024a).

2.3. Incremental deployment

Incrementalism is used to describe a continuum of options related to 
BRT deployment with respect to timeframe, network and design fea
tures. This section differentiates these and provides clarifying termi
nology that will be used throughout the paper. Firstly, BRT systems 
around the world have been implemented using two timescales 
(Asimeng, 2021), leapfrog and incremental approaches, which have 
been applied to various degrees (demonstrated by Fig. 1). Incremen
talism taken as a stepped approach to develop systems towards the final 
design will be referred to as the ‘gradual approach’.

Secondly, incremental BRT from a spatial viewpoint is “either or 
both geographical extensions or additions of features” (Niles & Jerram, 
2010). Hitge and van Dijk (2012) infer that the incremental approach to 
introduce targeted features successively across the entire network or 
corridor-by-corridor approach can be applied to achieve the same ulti
mate system, or both strategically applied to achieve PT improvements. 
In this paper, the following terminology will be used with reference to 
gradual deployment: 

• ‘Phased approach’ – sequentially deploying features (or improve
ments) towards the final system, for widespread benefits (Niles & 
Jerram, 2010).

• ‘Corridor approach’ – deploying a single high volume corridor fol
lowed by additional routes (Venter et al., 2020).

These development pathways are illustrated in Fig. 1 on a hypo
thetical system with three corridors of unspecified service design.

Almost all systems have been implemented using the gradual 
approach. The world-renowned Curitiba BRT System was established 
over a 30-year period by avoiding “large-scale and expensive projects in 
favour of hundreds of modest initiatives” (Goodman et al., 1997). 
Following success in Curitiba, Bogotá gradually introduced an Inte
grated PT System (IPTS) with BRT corridors, paving the way for what 
became known as full BRT (Hidalgo et al., 2016). Meanwhile, Santiago 
deployed an IPTS in 2007 to integrate bus and rail passenger services 
which was launched in a single event using a “Big Bang” approach 
(Muñoz & Gschwender, 2008), and followed by further improvements 
(Hidalgo et al., 2016). Both systems were implemented at higher costs 
than anticipated and when comparing deployment strategies, Hidalgo 
et al. (2016) conclude that “an adaptive system seems a more sensible 
approach than a thorough transformation of service provision”. A 
gradual approach allows users to adjust to changes and the system to 
stabilise before further measures are implemented, which reduces risk 
and complexity (Hidalgo et al., 2016; Olyslagers et al., 2021). An 
essential part of achieving successful and sustainable systems is 
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understanding user needs and expectations, which may change over 
time.

Thirdly, incremental BRT describes the application of system design 
features to achieve a desired level of service. A selection of BRT features 
is applied from the spectrum of options to upgrade PT services – up to 
the maximum full BRT model (Niles & Jerram, 2010). In this paper, BRT 
infrastructure deployment will be described as ‘flexible’ when applying a 
tailored package of design improvements; each at a specified quality. 
The flexible BRT design approach addresses which features should be 
applied, to which degree and to which routes, to achieve system ob
jectives. It is key to creating a system that achieves the benefits of BRT 
by adapting the suite of BRT features to local context and conditions 
(Olyslagers et al., 2021).

2.4. BRT in Sub-Saharan African cities: an overview of developments

Rapid population growth and urban sprawl in SSA cities has resulted 
in unplanned spatial dev-elopment and growing transport and mobility 
needs (Acheampong et al., 2022; Ka’bange et al., 2014; Stucki, 2015). 
Passenger transport in SSA cities is often characterised by poor quality 
formal PT modes, an oversupply of unregulated paratransit operators 
and surge of private vehicle usage along inadequate road networks 
(Stucki, 2015; Vermeiren et al., 2015). Users are burdened with frag
mented journeys, variable fares, long travel times and dependence on 
unsafe and unreliable paratransit operations (Acheampong et al., 2022; 
Kaenzig et al., 2010). SSA cities lack funding for adequate PT provision 
and are attracted to BRT as a means of transforming PT (Asimeng, 2022; 
Fan & Beukes, 2021). This section explores the development of BRT in 
SSA cities with focus on design standards and motivating factors. The 
BRT Lite system in Lagos was followed by the full BRT infrastructure 
design in SA cities, Dar es Salaam, and Accra. This is contrasted by the 
Public Bus Service in George and lighter infrastructure designs consid
ered in preliminary stages in Nairobi and Kampala.

2.4.1. BRT Lite in Lagos
The first BRT system in Africa was implemented in Lagos in 2008. 

The enhanced bus service, termed ‘BRT Lite’, is a reduced infrastructure 
approach which was tailored to improve the operational characteristics 
of poorly regulated PT services in Lagos within cost and time constraints. 
The BRT Lite was financed by the government and planned in 
conjunction with consultants from the World Bank. Using the corridor 
approach, a major travel route was prioritised to improve low levels of 
service. The BRT Lite was deployed in 15 months using the most suitable 
design for existing road infrastructure. The 19.2 km corridor comprised 
full right of way along 85 % of the route (65 % segregated and 20 % 
demarcated as bus lane) and mixed traffic conditions for the remainder – 
such combinations are referred to as ‘hybrid’ infrastructure designs in 
this paper. The BRT Lite achieved immediate benefits which were 
attributed to a holistic approach (Kaenzig et al., 2010). Criticism was 

received over capacity constraints and issues such as limited operating 
speeds and overcrowding at bus stops (Integrated Transport Planning 
Ltd & IBIS Transport Consultants Ltd, 2009). In 2016, Lagos imple
mented Phase 2 under the technical assistance and financing of the 
World Bank. The Phase 2 corridor was a full BRT extension of the BRT 
Lite route which required upgrades to stations along the BRT Lite 
corridor and widening along the existing roadway of the extension, to 
accommodate the segregated lane for operational exclusivity (Transport 
Global Practice, 2020).

2.4.2. The swing towards full BRT projects
The first city in SSA to adopt the full BRT infrastructure design was 

Dar es Salaam. In 2002, initially planned as the first BRT in Africa, Dar es 
Salaam Rapid Transit (DART), envisaged a 137 km trunk corridor as the 
backbone of PT with 18 terminals and 228 stations. The project was 
funded internationally which included a loan from the World Bank and 
visits to Bogotá sponsored by the ITDP (Rizzo, 2014). The BRT system 
was planned to be implemented in six phases, using the corridor 
approach. Dar es Salaam lacked co-ordination between transport and 
land use planning and BRT lane construction subsequently required the 
relocation of informal settlements adjacent to the existing roadway, 
increasing project costs and delays (Jacobsen, 2021; Joseph et al., 
2021). It became apparent that “on-the-ground realities were not suffi
ciently understood or considered” (Transport Global Practice, 2020); 
however, Dar es Salaam did not stray from the full design standard. 
Despite the challenges encountered, DART Phase 1 reduced congestion 
in the city and offers travel time benefits to users (Morten et al., 2020). 
Subsequent phases are being implemented and land acquisition is un
derway (Nachilongo, 2024).

In SA cities, initial PT plans to improve bus and formalise and inte
grate paratransit operators were influenced by international consultants 
advocating for BRT. These ‘experts’ gained local support by providing 
technical advice and linking decision-makers and planners with Bogotá 
officials. This was seen as pivotal to the adoption of the full BRT design 
in SA cities (Wood, 2014). Under the PT Action Plan (National Depart
ment of Transport, 2007), development was accelerated in preparation 
of the 2010 FIFA Soccer World Cup. Modal upgrades were prioritised 
and the implementation of integrated PT networks (IPTNs) in 12 cities 
(including host cities) were funded by the Public Transport Network 
Grant (PTNG). The full BRT standard was mandated uniformly across 
cities and a heavy infrastructure design (comprising trunk services in 
segregated lanes with median stations, and feeder routes in mixed traffic 
conditions) was imposed for cities to gain access to funding through the 
PTNG. Lessons learnt from early implementation of the full BRT design 
standard (Fan & Beukes, 2021) contributed to the revised national 
policy on IPTNs – detailed in Section 4. Some of the major challenges 
include cost and duration of paratransit reform and continued 
competing services (Jennings et al., 2023), low ridership (for example 
Rea Vaya achieved only 22 % of planned patronage (Grütter Consulting, 

Fig. 1. BRT development pathways (Source: Authors).
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2011)) and high direct operating subsidies due to low farebox recovery 
ratios (30 % in Rea Vaya and 40 % in MyCiTi (Venter & Hayes, 2017)). 
Major criticism of BRT systems in SA stems from inadequate consider
ation of the unique conditions in adopting the full BRT model (Scorcia & 
Muñoz-Raskin, 2019). Long travel distances between employment nodes 
and low-income areas are a legacy of apartheid and although developing 
countries without formal systems seek BRT to cater for high travel vol
umes (Lindau et al., 2016), Scorcia and Muñoz-Raskin (2019) infer that 
the travel demand patterns in SA cities are typical of commuter transport 
– not traditional urban transport.

Meanwhile, a full BRT system with nine corridors was planned in 
Accra. The fully segregated BRT lane required excessive infrastructure 
investment and highway expansion. After construction began, the 
design was no longer financially viable. Following revisions, the full BRT 
system was downscaled to a scheduled bus service with limited priority 
measures, due to a lack of funds for a dedicated lane (Transport Global 
Practice, 2020). The system was launched in 2016 in mixed traffic 
conditions and, operating in competition with paratransit services, did 
not offer the anticipated travel time savings (Mimano, 2022). The bus 
service was suspended in 2018 due to operational deficits, and subse
quently relaunched as a morning and evening peak service in 2019 
(Asimeng, 2021).

2.4.3. The emergence of flexible infrastructure design approaches
In contrast to the full BRT design standard in SA cities, a pilot project 

of a differentiated approach was run in the medium-sized city of George, 
Western Cape (National Department of Transport, 2020). The George 
IPTN involved transforming PT services by establishing a company with 
previous paratransit and bus operators under a scheduled bus service 
contract (George IPTN, 2025), which serves as an example to 
similar-sized cities. Due to the limited funding allocated to George 
(based on travel demand of the city), instead of a full BRT system, fea
tures were designed with minimal infrastructure and developed using a 
phased approach. At present, GoGeorge operates in mixed-traffic with 
in-lane stops and few embayments which can be upgraded in the future 
according to demand and budgetary provisions (Robb, 2024).

Early designs considered in Nairobi and Kampala deviated from the 
full BRT standard. Nairobi followed the corridor approach, and the 
service plan favoured a BRT Lite design for Line 1 which consisted of full 
BRT and mixed traffic operating conditions, similar to the Lagos BRT 
Lite hybrid infrastructure design. Instead of a trunk-feeder configura
tion, a direct service was recommended to reduce passenger transfers 
(Weinstock et al., 2015) however, the full BRT design standard (which 
required road expansion to accommodate the BRT lane) was selected 
prior to the service plan (Integrated Transport Planning Ltd, 2017) and a 
Full BRT Pilot Project is underway. In Kampala, a BRT Prefeasibility 
Study financed by the World Bank favoured a design with median 
segregated lanes and open stations along nine trunk corridors (Japan 
International Cooperation Agency, 2010). A pilot project was planned 
along two BRT corridors with a median segregated lane and hybrid 
infrastructure similar to the Lagos BRT Lite, respectively (Integrated 
Transport Planning Ltd, 2010), but the BRT project was suspended due 
to design challenges related to road constraints. As a way forward, the 
Tondeka Metro Mass Transit Bus System (comprising 15 routes) was 
proposed as a reduced-cost alternative to provide a bus service with the 
capacity of BRT without the exclusive infrastructure and large vehicles – 
to potentially serve as a precursor to BRT (Muyinza, 2020). However, 
Kampala opted for a full BRT pilot project (Non-Aligned Moment – 
Uganda, 2024).

2.4.4. Critical role of the paratransit industry
Paratransit operations are the backbone of PT in SSA cities, but these 

adaptable services are often viewed as a barrier to PT improvement 
(Klopp & Cavoli, 2019). The full BRT model, for the most part, has been 
implemented to replace existing services by incorporating these under 
formal operating companies, but paratransit owners in SSA lack the 

capacity to provide formal services and require capacity-building pro
grammes and training to become operators (Asimeng, 2021). Foreign 
loans influenced the operating model of BRT projects in SSA – labelled as 
“colonial mentality” (Ndibatya & Booysen, 2020). This took the form of 
buy-in to bus operating companies in plans in Nairobi and Kampala, 
which placed a financial burden on operators (Muyinza, 2020). In Dar es 
Salaam, exclusion of the paratransit industry from BRT planning led to 
resistance and ongoing competing services. Questions arose around 
whether BRT was the most suitable solution to PT issues in SSA cities, or 
if the improvement of existing paratransit services was considered as an 
alternative – “general trademarks of BRTs” (Rizzo, 2014). In SA, para
transit transformation was performed in a leap. This involved compen
sation (required to incentivise participation) of affected paratransit 
operators and option to buy-in to a vehicle operating company (VOC) to 
run BRT services (Moody et al., 2014). National government did not 
equip cities with a blueprint for paratransit transition and different 
business models were tried across the municipalities (Matolong, 2022), 
resulting in insurmountable costs, lengthy delays, violent opposition and 
illegal parallel services (Klopp et al., 2019; Schalekamp & Behrens, 
2010). A successful model to participation of paratransit operators was 
achieved in Johannesburg, where vehicles and licences – owned by 
operators – were invested for a share in the VOC (Venter, 2013).

In contrast, the operating model in Lagos incorporated paratransit 
operators by permitting operations along the BRT Lite corridor 
(excluding bus lane). This did not hamper the project, rather Lagos 
capitalised on the subsidy-free service for increased capacity and 
network coverage, within its local context. A similar operating model 
has been adopted for the pilot project in Nairobi to serve the corridor 
demand (NaMATA, 2022). Hybrid operating models are emerging in 
SSA cities to create integrated PT systems which value the role of 
paratransit services.

2.4.5. Summary and research gaps
In summary, cities in SSA deployed two general approaches to BRT 

system design – flexible and full BRT. Specific system features in the 
selected cities are summarized in Table 1. Detailed features of BRT 
systems in SSA cities were tabulated (Venter et al., 2020). As shown, 
most cities implemented BRT using a corridor approach (Jennings & 
Behrens, 2017).

3. Recent BRT evolution in two South African cities

This section explores BRT design approaches and motivating factors 
in SA cities. Under the updated Strategic Plan (National Department of 
Transport, 2020), the revised approach to downscale PT infrastructure 
encourages differentiated designs based on city populations and pas
senger projections. In response to the challenges encountered with the 
Phase 1 replacement model (mentioned in Section 2.4.2), the flexible 
approach attempts to reform and incorporate paratransit services, which 
service majority of PT passenger trips in SA, to potentially prevent future 
operational deficits (Schalekamp & Klopp, 2018). Hybrid systems 
comprising formally integrated bus and paratransit services are priori
tised to improve the quality of PT and urban mobility on the whole 
(National Department of Transport, 2020).

Cities have subsequently adapted their approaches. Notably, the City 
of Cape Town initiated an operator capacity building programme to 
advance paratransit participation and reform through the formation of a 
transport operating company. This resulted in the hybrid trunk-feeder 
model comprising bus operations along the trunk corridor and on- 
demand paratransit services (known as minibus-taxis (MBTs) in SA) 
along feeder routes to reduce operating costs, and improve service 
coverage and operational flexibility for passengers (Jennings et al., 
2023).

Actual system designs and attempts to transition the paratransit in
dustry are exemplified in two SA cities of different sizes to represent 
emerging flexible BRT system designs in other SA cities. The City of 
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Tshwane and Rustenburg are presented to demonstrate developing ap
proaches in a metropolitan municipality and medium-sized city. Design 
approaches and details of selected features of both cities are summarized 
in Table 2. Interviews with municipal officials and contracted consul
tants served as the primary data sources.

3.1. City of Tshwane

3.1.1. BRT system design
Tshwane Metropolitan Municipality is the capital city of South Af

rica, and the largest by area in the Gauteng region. 38 % of residents in 
the City of Tshwane are dependent on PT as the main mode of transport 
(City of Tshwane, 2015). The City’s IPTN, called A Re Yeng, was 
deployed using the full BRT design for Phase 1A following the corridor 
approach (features shown in Table 2). Tshwane subsequently imple
mented an Optimisation Strategy to introduce services ahead of infra
structure. The key shift was the tri-phase approach to introduce 
immediate operations of bus services with essential infrastructure, 
interim operations prioritising infrastructure in critical areas, and 
upgrading to full BRT infrastructure for the final projected system de
mand. An inventory of infrastructure was created to assess requirements 
to complete the core trunk network, while ensuring the roll-out of ser
vices to achieve the benefits of a completed system. The aim was to 
enhance existing services to benefit residents and commuters, and 
reduce high operating and capital costs of the system (City of Tshwane, 

2018). Under the BRT Lite design for Line 2B, 2C and 2D, buses will 
operate in mixed traffic conditions along existing road infrastructure 
using existing bus stops (shared with the municipal Tshwane Bus Ser
vices), until the BRT lane is constructed. This resulted in a hybrid 
infrastructure approach for Phase 2 consisting of BRT Lite corridors and 
constructed segregated lanes along Line 2A, which can be seen in Fig. 2. 
Additionally, an express service is planned from Line 2A to Line 2D to 
create a seamless journey along the Phase 2 corridor (Mashile, 2024).

The revised operating strategy included running larger (18m artic
ulated) buses along segregated infrastructure for Line 1A and 2A during 
peak periods and smaller (12m standard) buses for lower volumes. This 
reduced the operational fleet and allowed timetable changes along low 
volume feeder routes. Feeder routes for the entire system are under re
view and new feeders planned with preliminary results indicating that a 
mixed vehicle fleet with different capacities is required (Mashile, 2024). 
As with some other SA cities, “over-estimated” passenger demand was 
used for BRT design and infrastructure implementation in Tshwane. A 
Re Yeng corridors were designed using travel demand forecast for the 
ultimate year (2037) and “no incremental growth was considered” (City 
of Tshwane, 2018), which resulted in over-designed corridors in the 
short term (du Preez & Venter, 2022). As such, Tshwane updated the 
travel demand model for future planning, in alignment with the Opti
misation Strategy.

Table 1 
BRT design approaches and features in selected SSA cities.

City Design approach Right of way Stations and stops Route structure Source

Lagos BRT Lite (Phase 1) Hybrid design (kerbside) Partially enclosed 
stations

Direct services Transport Global Practice (2020)

BRT Lane (Phase 2) Median segregated lane Kerbside stations Trunk route LAMATA (2024)
Dar es 

Salaam
Full BRT Median segregated lane Median enclosed 

stations
Trunk and feeder Jacobsen (2021); Joseph et al. (2021)

SA cities Full BRT (Phase 1) Median segregated lane Median enclosed 
stations

Trunk and feeder City of Tshwane (2018); National Department of 
Transport (2007, 2020); Rustenburg Rapid 
Transport (2016)BRT Lite (Phase 2) Trunk service in 

segregated lane and mixed 
traffic

Hybrid station 
design, kerbside 
stops

Variations of direct 
service and trunk routes

Accra Full BRT revised to bus 
service

Mixed traffic and 
segregated lane

Kerbside stations Direct service Transport Global Practice (2020)

Nairobi Full BRT pilot under 
construction

Median segregated lane Staggered stations Trunk and feeder ITDP (2019)

Kampala Full BRT pilot (design 
update out to tender)

Median segregated lane Staggered stations Trunk and feeder Non-Aligned Moment – Uganda (2024)

Table 2 
Detailed BRT design approaches for the City of Tshwane and Rustenburg.

City details IPTN operational and planned 
phases (length of trunk route)

Phase Right-of-way Stations and stops Route structure Vehicles Source

Tshwane

Adapted from Mutasa (2019)

Line 1A 
and 2A (9 
routes)

Segregated lane 
along trunk 
route

Closed median 
stations

Trunk- feeder 18m articulated, 12m 
standard low entry 
buses

Mashile (2024)

Population: 3 
597 000a

Line 2B Mixed traffic Kerbside stops Trunk route 12m standard bus

PT mode 
share: 38 %b

Line 2C 
and 2D

Mixed traffic Kerbside stops and 
interim transfer 
station

Trunk route 12m standard bus

Rustenburg

Adapted from Wattel (2024)

Phase 1A 
(13 routes)

Segregated lane 
and mixed 
traffic

Closed and open 
stations. Kerbside 
stops (mixed traffic 
section).

Trunk-feeder 
model revised 
to direct routes

12m low entry bus 
(national design 
guideline) and (5.4m) 
MBT

Wattel and 
Marumoloa 
(2024)

Population: 
719 000c

PT mode 
share: 51 %c

a City of Tshwane. 2022–2026 Integrated Development Plan.
b City of Tshwane. Comprehensive Integrated Transport Plan (CITP) 2015–2020.
c Rustenburg Local Municipality. 2022/2027 Integrated Development Plan.
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3.1.2. Paratransit reform
The large MBT industry consisting of legal and illegal operators 

presented a major challenge in Tshwane. The initial strategy to buy-out 
MBT owners along affected routes was an expensive and lengthy process 
which affected the overall deployment and patronage of the system (City 
of Tshwane, 2018). For example, paratransit resistance over BRT lane 
acquisition for Line 2B (from the existing two lane mixed traffic 
configuration) resulted in an almost four year roll-out delay. To prevent 
a “severely negative impact on the economy”, a new lane is under 
construction for BRT operations (Tshwane Rapid Transit, 2020). Addi
tionally, Phase 1A (Wonderboom to Pretoria CBD) was implemented 
along the direct route from Pretoria North to CBD and commuters were 
forced to transfer at Wonderboom, as MBTs were terminated along 
Phase 1A. A transfer station was planned, however due to infrastructure 
delays, passengers experienced difficulty transferring and preferred the 
previous direct MBT service (Mokoma & Venter, 2023). The situation 
was exacerbated by illegal operators. Case studies are required to assess 
the feasibility of contracting MBTs as feeders in effort to curb competing 
services (Mashile, 2024).

3.2. Rustenburg

3.2.1. Historical overview of BRT design
Rustenburg Local Municipality is located in the North West Province. 

The medium-sized city has a population of 719 000, 51 % are dependent 
on PT modes (Rustenburg Local Municipality, 2022). The initial full BRT 
envisaged for Rustenburg (when the local municipality was considered 
to be an emerging metropolitan municipality) consisted of a 
trunk-feeder network with enclosed stations to be operated by univer
sally accessible standard buses (Chetty et al., 2024). Following 
budgetary cuts from National Treasury, Rustenburg updated the travel 
demand model and implemented a “planning-alongside-operations” 
strategy to understand user needs and paratransit operations. This was a 
key shift towards the provision of a user-centred (as opposed to 
infrastructure-oriented) system (Wattel, 2022). Seeing as the segregated 
lane and six closed stations along the R104 corridor were partly con
structed as per the initial national guideline for Phase 1A, the feasible 
option was to incorporate the permanent BRT infrastructure into the 
new design. The full BRT design was converted to a bus service with 
direct routes operating in mixed traffic conditions, which overlap along 
the R104 (segregated lane), detailed in Table 2. The IPTN, named Yar
ona, is being implemented using a gradual approach according to the 
availability of funding, infrastructure and fleet. To date, Phase 1A con
sists of 13 operational routes which were strategically launched to 
facilitate the roll-out of other routes (Rustenburg Rapid Transport, 
2016). Although the BRT lane was constructed, not all stations were 
completed. As such, the route is mostly operated in mixed traffic until 
the full segregated lane can be utilised (Wattel & Marumoloa, 2024). 
There is a possibility of upgrading operations to a trunk-feeder network 
with six closed stations in the future, however, Yarona relies on funding 
from the PTNG and changes and further upgrades will be informed by 
budgetary allocations (Rustenburg Rapid Transport, 2016).

The revision also included a hybrid station approach incorporating 

the constructed closed stations and outstanding stations as open sta
tions. To reduce operational costs, most stations would be operated as 
open stations with on-board fare validation (Rustenburg Rapid Trans
port, 2016). The flexible approach for demand-responsive planning and 
operations, as applied in Rustenburg, allows for route adjustment and 
optimisation along mixed traffic sections. This approach was also 
adopted for the development of route stops. Namely, the position of bus 
stops were determined using onboard passenger surveys and temporary 
poles with signage were installed which, after testing and confirming 
bus stop locations, would be upgraded with permanent shelters (Wattel, 
2022). A hybrid operating model comprising standard buses and 
rebranded MBT was introduced as an interim strategy to roll-out services 
according to the Go Live Operational Plan. Due to delays with standard 
bus procurement (under the initial design guideline) and to minimise 
costs, on-hand MBT were introduced to prevent delays in the roll-out of 
services. Under the flexible approach, smaller vehicles (rebranded MBT) 
were introduced along new routes and would be upgraded in phases, as 
necessitated by passenger demand (Chetty et al., 2024). Fig. 3 shows 
running ways, stations and fleet of the operational hybrid model of 
Yarona Phase 1A.

3.2.2. Paratransit reform
Ongoing negotiations with owners resulted in a unique collaboration 

and MBT operators in Rustenburg were described as “receptive” (Kühl, 
2024). Under the formation of an integrated PT operating company 
(IPTOC), compensated owners were contracted to operate MBTs along 
routes in a scheduled capacity using rebranded MBTs (which were sur
rendered under the compensation agreement). MBTs were also con
tracted in a paratransit capacity to improve network coverage in areas 
where Yarona routes were not yet deployed, and account for demand 
variability. This contracting model serves as a first step to regulating the 
paratransit industry (Chetty et al., 2024).

3.3. Summary of approaches

Under the “build and operate” strategy (National Department of 
Transport, 2020), heavy BRT infrastructure was implemented for Phase 
1 in SA cities, using the corridor approach. City responses to the revised 
strategy (captured in Table 2) show a general shift towards under
standing passenger behaviour and creating a system suited to the travel 
demand model, notwithstanding challenges with inaccurate or outdated 
models. The updated scaled-down approaches of the two cities indicate 
that differentiated, more flexible designs could have been implemented 
from the start, shown by the operational reduced-cost alternatives 
developing in SA cities. Innovative solutions are being adopted due to 
budgetary constraints, like the use of existing vehicles to operate ser
vices, with plans to upgrade fleet gradually. As suggested by Hidalgo 
et al. (2016), the phased approach may assist cities in gaining user 
support and establishing demand prior to implementation of permanent 
infrastructure, to ensure long-term success. The revised strategy adopted 
in Tshwane and Rustenburg with focus to “operate then build” allows for 
system stabilisation before further infrastructure investment. Despite 
fears that cities will not progress towards ultimate system designs, the 

Fig. 2. A Re Yeng buses operating in mixed traffic and dedicated running way (Sources: Gary Hayes and Davis Muhungazi).
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lighter infrastructure indicated in Table 2 may be upgraded in phases (as 
and when needed) and prioritised by funding allocations, after services 
are established and routes altered based on demand. Regardless of 
pressure to deliver in the PT sector, proper long-term planning of BRT 
interventions is key to achieving the goal of successful systems (Wood, 
2019). Measures such as developing a Master Plan for PT integration 
(Hook, 2022) and a National Compensation Strategy (Matolong, 2022) 
may assist in standardising city approaches and provide guidance for 
system design and implementation.

4. Implications of the flexible BRT design approach

There are numerous BRT deployment pathways along the spectrum 
of options. Fig. 4 shows infrastructure investment for a BRT Lite and Full 
BRT design standard along a corridor – to compare two variations of the 
available selections. The flexible design approach is demonstrated under 
two implementation strategies – corridor and phased deployment. These 
two possibilities exemplify Phase 1 BRT deployment in SA cities and the 
revised strategy (to implement infrastructure after operations are 
established). The potential system capacities of the design and network 
development pathways are also shown in Fig. 4, to illustrate benefits. 
The initial passenger capacity (Ci) of the existing system increases to the 
total planned capacity as infrastructure is deployed according to BRT 
Lite (CL) and Full BRT (CF) designs. These vary based on several factors 
such as vehicle design and frequency, and the most significant are 
running way, station and vehicle capacities (Wirasinghe et al., 2013).

While shorter implementation timeframes and lower costs are 
observed for lighter infrastructure designs (compared to Full BRT), BRT 
Lite alternatives only partially achieve the performance benefits of Full 
BRT, highlighting the cost-benefit trade-offs. Moreover, the desired 
quality of service determines the level of subsidisation which is pertinent 
to developing countries with limited funds for subsidies. Heavy infra
structure investment necessary to provide these levels of service may 
translate into higher user fares and contribute to transport exclusion.

Implementing full BRT infrastructure at the start of the project 

requires high capital, expansion of existing road networks and an 
extended construction period. Furthermore, implementing heavy infra
structure prior to establishing services may result in a suboptimal or 
failed system which offers no benefits or is deemed a waste of funds, as 
observed in some SSA cities (e.g. Nelson Mandela Bay, SA). If deploy
ment of a single corridor depletes available funding, future corridors and 
completion of the network will be at risk, as seen in Accra. In compar
ison, a lighter infrastructure design could be piloted before further 
infrastructure investment to reduce risk and allow changes to be made 
accordingly. A phased approach offers flexibility to address uncertainty 
encountered in the African context, instead of waiting until the system is 
completed or irreversible, as seen in the revised approach in SA cities to 
achieve PT improvements gradually. The flexible approach to para
transit transformation could take the form of upskilling operators for 
integration into the BRT system, which could reduce operating costs, as 
seen in the City of Cape Town. This approach requires time but differs 
from the replacement model which led to interminable delays in many 
cities due to paratransit resistance and cost overruns.

The full BRT design standard adopted in Dar es Salaam, SA and Accra 
with varying outcomes, resulted in different infrastructure approaches 
for future deployment. Cities in SSA that adopted the full BRT model 
have, for the most part, been criticised for neglecting to understand the 
local context and project impact. Government officials in Nairobi and 
Kampala favoured large infrastructure projects and were unwilling to 
stray from the full BRT design standard, despite lighter infrastructure 
designs considered in preliminary stages (Klopp et al., 2019). In 
contrast, the adaptive approach of Lagos is seen as an exemplar of a 
tailored approach to BRT design for local user needs within operational 
and sociopolitical context (Kaenzig et al., 2010; Olyslagers et al., 2021). 
The flexible design approach was also adopted in the pilot project in 
George through phased deployment, which is pertinent to small cities in 
SSA. Certain variations of the flexible design approach, however, may 
not work in all contexts, as seen in the downgrade of the full BRT to a bus 
service with limited priority in Accra.

While the influence of international BRT lobbyists and financiers is 

Fig. 3. Yarona Phase 1A infrastructure and fleet (Source: Alison Chetty).

Fig. 4. Hypothetical infrastructure costs and capacity for deployment of flexible design approaches (Source: Authors).
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apparent in SSA cities, the full BRT design modelled on best practices 
demands a great depth of change in the African context (Asimeng, 
2022). Scholars propose that African cities, instead of replicating 
developed countries, implement plans best-suited to their needs and 
goals using a “whole-system integrated urban design” approach 
(Acheampong et al., 2022; Stucki, 2015). To this end, gradual BRT 
implementation, similar to Curitiba where BRT was developed over 
many years, is recommended (Moody et al., 2014; Stucki, 2015). 
Moreover, the paratransit industry performs a necessary service and 
must be integrated into PT systems in some form (Asimeng, 2022), as 
failing to include paratransit operators endangers the success of IPTNs 
(Jennings & Behrens, 2017). Kumar et al. (2021) provide a strategy to 
reform paratransit, however, there is no exact process to achieve this 
(Venter et al., 2019). As such, a multifaceted approach must be devel
oped for each city, starting with an in depth understanding of local 
conditions (Jennings & Behrens, 2017). Asimeng (2022) recommends a 
phased approach to progressively improve paratransit services towards 
the deployment of a desired form of BRT, which would eliminate the 
introduction of an entirely new BRT service from inception, and its 
challenges. Applied within the city context, this approach considers 
challenges faced by African cities in relation to financial limitations and 
dominating paratransit sector. Nevertheless, political changes experi
enced over several years may present conflicting agendas and obstacles 
to projects. There is a need for information and knowledge to develop 
and implement this vision in an African context (Stucki, 2015).

5. Conclusion and recommendations

BRT systems have been implemented around the world using a 
spectrum of design features and deployment pathways to reform or 
improve PT services. Cities in developing countries with poor quality 
formal PT services, dominating paratransit industries, growing transport 
needs and limited funding seek appropriate and affordable BRT design 
solutions. The success of Latin American cities and BRT advocates 
influenced system design and some SSA cities are still struggling to adopt 
the full BRT model, with limited success.

In response, there is a shift towards BRT designs that are better 
adapted to local conditions and limitations. The BRT Lite in Lagos is seen 
as an exemplar of a BRT design tailored to the city’s context to create the 
best-suited system. Lagos’ flexible design approach has lighter infra
structure and incorporates existing paratransit services for increased 
service coverage and capacity. The adaptive approach is also seen in the 
George IPTN, which transformed paratransit operators into a scheduled 
bus service. Moreover, following the low performing full BRT model in 
SA cities, flexible BRT designs are being implemented using the phased 
approach. The “operate then build” strategy focuses on hybridisation 
(incorporating paratransit services) and the possibility to upgrade to full 
BRT infrastructure in the future. The flexible BRT design approach is a 
tool to address challenges faced in the African context. It applies a 
custom selection of BRT features based on suitability to local conditions 
and constraints, as there is no one-size-fits-all model. Hybrid designs and 
operating models are emerging in SSA cities with paratransit as a vital 
component of integrated PT systems.

When considering BRT design approaches, a lighter infrastructure 
design allows for adaptation to existing road networks. However, the 
downside of BRT Lite alternatives is lower speed and capacity perfor
mance benefits compared to Full BRT infrastructure. With respect to 
BRT development pathways, gradual deployment appears to be the best 
option based on experience thus far. An ultimate BRT design can be 
implemented over time (or in phases), by deploying an initial lighter 
infrastructure approach and upgrading at a later stage. Moreover, a 
phased approach can be applied for capacity building of existing para
transit operators, as a potential step for integration into a formal system.

Developing cities seeking to implement BRT systems may benefit 
from an overview and understanding of potential implications of design 
approaches in SSA cities. Further research is needed to understand if the 

transport landscape in SA (dispersed spatial patterns with low passenger 
demand) is unique, or if similar conditions are observed in other cities in 
SSA and the Global South which could favour lighter infrastructure 
designs. An appraisal of the performance implications of potential 
combinations of BRT features to understand benefits offered by infra
structure investments will be carried out in further studies. This requires 
evidence of deployment pathways and actual performance of alternative 
designs. A cost-benefit analysis, to understand the trade-offs involved 
with the flexible approach, is proposed. Furthermore, a framework is 
recommended to assess BRT designs under consideration, to prioritise 
funds and align measures with system objectives.
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