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African countries with no globally recognized auto manufacturing factories are flooded with the most modern automobiles as soon as they are
commercialized in the absence of commensurate skilled local auto mechanics across the continent. In the wake of the Bus Rapid Transit (BRT) scheme in
Abuja Nigeria, the first set of luxurious buses purchased ended up as junks within a short period of operation largely due to lack of technician competency.
The continuous patronage of a few multinational workshop garages like Toyota, Honda, Kia Motors, etc is hindering the transport agencies from breaking
even. This paper is therefore aimed at evaluating the state of bus auto-mechanics and technicians in Nigeria for sustainable hybrid buses for effective
BRT in the country. Google search engine was used to source secondary data from dedicated transport and energy-related sites like National Research
Council (NRC) Agora Verkehrswende and GIZ, Smart city study, USDoT, and Africa Transport Solution, for the current paradigm shift in automobile energy
management. Participatory surveys were carried out in two major motor mechanic villages that house over two hundred (200) workshops. The study
reveals that there is a yawning gap between the societal ideal auto-mechanic expectations and the operational woe realities. This work becomes very
relevant in view of global urbanization and the crusade for Hybrid Bus Rapid Transit (HBRT) in urban mobility as a panacea to COP28 carbon emission
reduction. It is recommended that policymakers in urban transportation at all levels should ensure the certification and re-training of the motor mechanics
to be able to maintain those imported modern buses while investing in ITS-based road infrastructure for sustainable BRT in their country

Introduction

Urban heat waves and urban islands are related
environmental phenomena orchestrated by global climate
change that are believed to be more anthropogenic activities
than natural variability [1]. The world urban population is
expected to grow by more than a billion people between 2010
and 2025 at the expense of rural areas [2]. Epidemiological
studies have revealed a close relationship between global
warming and urban health challenges like water-born,
vector-born, and food insecurity [3]. Human industrial
and automobile activities that depend on fossil fuels
generate about 21.3 gigatones of carbon dioxide yearly, of
which nature can only sequestrate half leaving about 10.65
gigatonnes floating in the atmosphere. That climate change
is a reality is no longer news, but that the changes will be
continuous and sporadic even in their normal variability
leading to extreme heat waves as in Europe in 2003 and
the US in 2006 is traumatic [4-6]. Already, the Arctic and
Antarctic ice cover are melting leading to global sea rise and
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tsunami as in the case of New Orleans and Philippine-Asia
floods.

The spirit of personal car ownership and neglect of mass
transit systems in many urban centres have exacerbated the
urban gridlock as revealed in Figure 1. In fact, the need to
improve human health and reduce transport externalities
has led to the formation of the European Commission’s

Figure 1: Traffic gridlock in Nigeria Source: Dukiya [9].
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White Paper on Transport “European Transport Policy for
2010: time to decide” [7,8].

The omnibus and multidirectional flow of urban traffic
that tends to generate about one-third of global CO,
hinders the capturing of individual vehicle emissions;
hence the only effective mitigation method will be the
replacement of the old vehicles with modern hybrid, zero-
carbon vehicles as demonstrated in the USA energy Policy
Act of 2005. It is a government transport policy effort to
commercialize hydrogen fuel cell vehicles (HFCVs) [10].
Nigeria like other African countries is an automobile
consumer without adequate policy on technology adoption
since there is nothing like technology transfer globally.
African countries like Nigeria a signatories to the global
stocktake on decarbonisation Global Goal on Adaptation
(GGA), this work therefore becomes very relevant in view
of the global crusade on Hybrid Bus Rapid Transit (HBRT)
in urban mobility as a panacea to COP28 carbon emission
reduction. The sustainability of modern vehicle operations
like hybrid BRT in these countries will require conscious
effort in developing the capacity and certification of the
auto-mechanic small and medium enterprises (SMEs).

Related literature

Trend in the automobile design and
development: Based on the Google search engine result,
automobile development over the ages has gone through a
lot of transformation from the toy steam-powered engine by
Fedinand Verbiest in the year 1672 through Wiliam Morduch
who built a working model in 1784, and Richard Trevithich
who also ran a full-sized vehicle at Camborne in 1811 to the
self-propelled steam vehicle that conveys people and cargo
by Nicolas-Joseph Cugnot in late 18" century. The first oil-
fired steam car was built by Joself Bozek in 1815 at Prague
Polytechnic, while in 1867; Henry Seth Taylor demonstrated
his 4-wheel steam buggy in Quebec. Amédée Bollée was the
first to produce what can be referred to as a real automobile
in 1873, while the 4-stroke (gasoline) internal combustion
engine was built by Nikolaus Otto and Rudolf Diesel 19*
century before the petrol engine. In fact, the first motor car
in central Europe was built by Nesselsdorfer Wagenbau in
1897 which was later renamed Tatra. Bollée was the first to
conceive an electricignition system in 18773 but was perfected
by Robert Bosch in 1903 while the four-wheel brake was
addressed by Arrol-Johnston Company of Scotland in 1909
[11].

Smart City generally refers to cities whose critical
infrastructure, utilities, and functionality hinge on IT for
efficient interaction, and where investment in human and
social capital actively promotes a sustainable economy and
high levels of human development through participatory
governance [12-14]. Smart Economy or Smart Industry on
the other hand refers to e-production processes that attract
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and retain creativity and innovative talents. The theory and
concept of ‘Smart City’ hinges on the telecom technological
advancement incorporating the following six (6) key sectors
of the built environment: Economy, Mobility, Citizenship,
Environment, Management, and life quality.

Hybrid buses and Smart City technology within the
Intelligent Transport System (ITS) is the adaptation
of communication and information technology to
transportation infrastructure systems for efficiency and
environmentally friendly [15-17]. ITS has proven to be
a tool in addressing the hitherto challenges in traffic flow
management at all levels as it encompasses the use of telecom
and sensors on the modes and means of transportation in
the following areas:

1. Variations in the routing, destinations, timing,
volume, and mode characteristics of transportation
demand, and

2. Alterations in the service delivery efficiency
in the areas of safety, speed, and reliability of
transportation.

Modern-era automobiles have changed in power motive
and from back axle to front wheel with lighter weight
and shapes. The standardization of modern vehicles
with computer-aided design of the present day V2V/VaX
autonomous vehicles has increased the proliferation of all-
wheel drives as against the ubiquitous fuel caperator to the
injector and brain-box system, transversely position engine
to the lateral cross position since the 70s.

Transformation of vehicles in terms of body shape and
lighting system has been very significant over the years,
particularly in Toyota products with hatchback, sedan,
and sport utility series, high-powered luxury crossover
SUVs, sports wagon, two-volume Large MPV that now
dominate today’s automobile market. Thus, given the rate
of technological advancement in the automobile industry
over the years globally, there is much need for automobile
technicians and allied artesian in developing countries like
Nigeria to keep pace with the global best practices in motor
repairs if African countries will continue to maximize the
benefits inherent in modern day vehicles [18].

Aim and objectives of the study: This paper aims
to evaluate the state of auto-mechanics and technicians in
Nigeria for sustainable hybrid buses for effective BRT urban
mobility in the country. This is to be achieved through the
following objectives:

i.  Examine the new paradigm shift in BRT bus globally.

ii.  Evaluate the operations of the local motor mechanics
in Minna as of Nigeria and African auto mechanics.
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iii. Ascertain the prospect of modern hybrid BRT
sustainability in Nigerian cities.

Methodology

This paper adopted both the Google search engine and
field survey of selected major auto mechanics in Minna and
reports of other researchers in the evaluation of the operation
of the Small and Medium Entrepreneur mechanics that dot
Nigeria cities and towns. Secondary data from dedicated
transport and energy-related sites like National Research
Council (NRC) Agora Verkehrswende and GIZ, Smart City
study, USDoT, and Africa Transport Solution, etc were
reviewed for the current paradigm shift in automobile
energy management [19-22]. Participatory surveys were
carried out in two major motor mechanic villages that house
over two hundred (200) workshops based on the following
parameters:

i. How the initial training was acquired

ii. Duration of apprentice

iii. Vehicle model trained with

iv. Top-up training attended

v. Level of certification

vi. Vehicle problem diagnostic method
BRT technological paradigms shift

Bus Rapid Transit (BRT) is a compound term consisting
of technological innovations in bus service delivery along
designated routes or road corridors. BRT comes in different
packages that are easily adapted to emerging technology
to improve service delivery. For instance, the National Bus
Rapid Transit Institute in its 2009 handbook ‘Characteristics
of Bus Rapid Transit for Decision-Making’, recognises
about seven components of BRT that are on continuous
improvement as follows:

i.  The bus terminal,
ii.  The routes and corridors,
iii.  The fare collection system,
iv.  ‘The bus models and capacity,
v. ‘Operational signal-priority systems;
vi.  Modes of Service delivery system,;

vii.  Outfit brandings.

Advanced public transport system as a component of

ITS is part of the continuous innovation in BRT toward
improving general service delivery and optimization of the
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entire system [16,23]. Below are some of the adaptations of
the technologies:

i. “Smart” card fare collection methods: This
is a system that depends on ‘Smart Cards’ with a
microprocessor chip that electronically deducts
the appropriate bus passengers’ fare at the point
of boarding. Some systems can capture the point
of boarding and alighting a bus thereby creating a
database for future analysis.

ii. Automatic vehicle location (AVL) systems:
This is a real-time system that enables transit agents
to locate their vehicles at any time in place for various
purposes like timely schedule adjustments and
equipment substitutions. AVL is a GIS-based system
for spatial analysis at the control centre operating like
the TransCard system.

iii.Computer-aided dispatching and advanced
communications: These are systems that assist
transit dispatchers in combination with the AVL
system to maintain service delivery sustenance
through rapid response to en-route challenges based

on inbuilt sensors.

iv.Warning systems: These are designed to assist
bus drivers in safety issues like road infrastructure
and other road users’ collision avoidance, proximity,
and drowsy warning signals, intersection signal
compliance, etc.

v. Automated enforcement systems for exclusive
bus lanes: Are systems that assist in proper road lane
utilization through modern technology innovations
like automatic video cameras and infrared sensors

[24,25] (Figure 2).

Hybrid BRT and the challenge for the local auto-
mechanics and technicians

Hybrid buses were invented to ameliorate the hitherto
vehicular emission problems and for more fuel efficiency

‘ Figure 2: Beijing three-door BRT. Source: US Department of Transport.
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usage. They are generally noiseless with a host of inbuilt
safety sensors like ProTran Safe Turn Alert”, to enhance
customers’ satisfaction and e-management system. For
instance, the Chicago Transport Authority (CTA) has
benefited greatly from the fleet of their Hybrid diesel-
electric buses (model DE60LFR) as it helps in information
dissemination in real-time the agency has been able to
respond to issues as at when due, monitor and improve fuel
efficiency, carried out preventive management system as
against reactive Philippe [26].

Also, the hybrid hydrogen fuel cell buses developed by
ATP and Vossloh Kiepe are a major breakthrough in the
public transportation system as they only emit steam as
evidenced in their use in Amsterdam and Cologne. In fact,
the new 7900 Hybrid Articulated model with a high capacity
of about 154 passengers, offers fuel-saving efficiency of up to
30% compared to a 2-axle Volvo hybrid bus, Figure 3 for the
comparative efficiency.

The plug-in hybrid model is very noiseless and efficient
in sensitive serene areas of the cities as the availability of
charging stations enables 75% electron drive. Hybrid buses
are preferred in transit operations and where the frequency
of charging does not motivate station investments [27]. The
use of hybrid buses has grown over the years across the globe
due to their environmental friendliness and operational
efficiency as indicated in Figures 4,5.

Diagnostic study of mechanics’ operation

In the discus of the impacts of the education level
of proprietors and their business efficiency and service
delivery, studies have revealed that higher skill acquisition
is of major significance in advancement and the general
economy. For instance, the study conducted by Ajibefun
and Daramola [29] in Nigeria among the micro-enterprises
using 180 sample sizes including the motor mechanic
revealed that there is a great gap between the observed and
the expected in-service delivery

When it comes to the evaluation of motor mechanics in
Nigerian cities, in many instances, simple faults have proven
very difficult to fix by the supposed automobile experts and
technicians. Some car owners have to resort to multinational
workshops like Peugeot, Toyota, Honda, Kia Motors, etc for
repairs after repeated visits to the local auto workshops.
The fact that the multinational workshops are expensive
and inaccessible to the general masses, the majority has
continued to have more and more vehicles abandoned by
their owners Most of these artisans learn their trade with
old model manual vehicles and lack exposure to modern
sensor-based hybrid vehicles. They do not also have support
for more advanced skill acquisition in their trade, hence,
their poor service delivery to their customers. In fact, in an
effort to solve some reported problems on those vehicles,
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Figure 3: Comparison of high-capacity buses in relation to environmental friendliness
and energy consumption. Source: Volvo BRT [15].
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Figure 4: Global trend of BRT manufacturing and usage. Source: INFRAS, New Energy ‘
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Figure 5: Comparative analysis of HBRT in relation to other urban mass transit
modes.

they end up introducing more complicated new problems
due to poor diagnostic tools [30].

The unfortunate situation is that uncountable skilled,
semi-skill and even apprentice focused more on financial
rewards for service not well delivered instead of perfecting
the trade. Some truncate their apprenticeship period to
establish their own workshop to become quacks and corrupt,
using their patronizers’ vehicles as guess experiments
without ramous.
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The question is, how sustainable is the continuous
dependence on expert rates that will never transfer
technology is. Developing countries like Nigeria should as a
policy invest in the training and regulation of major artisans
like automobile technicians if BRT schemes across the
nation will be sustained in this digital age.

Support for entrepreneurship

The fact that no nation can develop beyond its Research
and Development (R&D) investment is long established.
Many advanced countries of the world do attract talented
individuals into their national sectoral development
programmes as in Dubai, America, and Asia. African
countries need to seek, attract, and retain talent and
promote entrepreneurship, such as ‘science or technology
parks, industrial parks and business incubators, and
innovation villages’. For instance, in Latin America, the
city of Guatemala has the Intecap ICT Centre (Guatemala
Technology Campus), and the Technopark in the Mexican
city of Colima. The challenging issue is ‘when countries
like Nigeria and warring African countries will be free from
brain drain syndrome’

Cities in Europe have good examples of innovative
business parks such as the Barcelona Nord Technology
Park, the 22@Barcelona project, the Biomedical Research
Park, the Industrial Free Zone, and the Glories Business
Incubator. Bilbao is another city with business areas like the
Technological Park of Bizkaia and the Science Park of the
University of the Basque Other countries have also sought
to develop flagship projects in an effort to seek international
recognition [14]. Development of entrepreneurship is very
low in African countries, thereby creating over-dependency
on the central government (Figure 6).

Action plan to retain and attract talents and creativity

Africa region is still lagging behind in such policy
implementation. Most African cities are continuously
experiencing brain drain due to socio-economic policies.
Many Africans in diasporas are heading major innovative
technological projects and thereby contributing greatly to
the development of their host countries. African leaders
seem to be paying lip service to a technological enabling
environment that can retain talents and creativity as
revealed in Figure 7.

Smart people for HBRT

Digital city with HBRT is more of the city’s infrastructure
components and operation that is IT based. But smart city
revolves around peoples’ digital friendliness which also
depends on their educational levels and exposure to the
outside world. A well-educated citizen who is enhanced
by the presence of higher educational institutes that adapt
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Figure 6: Regions with action plans to support entrepreneurship. Source: The
Committee of Digital and Knowledge-based Cities of UCLG. Smart City Study [14].
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Figure 7: Regions that implement actions to attract and retain talents and creativity.
Source: The Committee of Digital and Knowledge-based Cities of UCLG. Smart City
Study [14].

the local setting with global technological innovation tends
to grow the society and equip them with the required
capacity to be smart in interaction. The evaluation of
African countries using the smart city parameters reveals
that no African cities can be classified as smart in terms of
people and infrastructure e-compliance. Since technological
innovations are advancing, African countries cannot afford
to be spectators as they are dumping grounds for the out-
model means of mobility, There must be deliberate efforts
by the government at all levels to create enabling training
opportunities for the motor mechanics and other artisans in
to keep the continent buoyant.

R&D and Infrastructure

Smart city status attainment is a function of a nation’s
policy on Research, Development, and Investment (R&D&T).
The political ideology of the ruling government tends to
influence the infrastructural development and the support
for emerging sectors. Leadership political ideology plays
a major role in policy implementation and technological
advancement of a nation as leaders must be visionary of
where the country wants to be. A demobilized nation is
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synonymous with a backward nation that cannot be smart
in all its functionality as it lacks efficiency.

The way forward for sustainable hybrid BRT in African
countries

A nation’s mobility system can be said to be sustainable
when the emphasis on policy formation and implementation
is more in terms of its environmental friendliness, and
efficiency in the cost-benefit analysis of its externalities
[31]. Hence, the green mobility crusade is the intersection
of mobility, sustainability, and socio-economic systems as
illustrated in Figure 8.

GREENING THE AUTOMOBILE

Figure 8: Sustainability assessment of the transport sector in the environment. ‘

A sustainable transportation system therefore is a
system where the levels of its negative externalities do not
exceed the tolerances capacity of the environment according
to Daly [32]. It should be noted that all the innovations in
the transport sector (green mobility, hybrid vehicles, ITS)
are geared toward environmental sustainability. In fact,
pollution is the greatest impact of urban transportation on
the environment that must be properly mitigated [33].

Deen and Skinner [34] in considering the process
definition aspect of the transport system define it as a
system that modifies or adapts the operational system to
expected population changes, growth in economic activities,
and changes in resource availability while still meeting the
environmental standards. Akinyemi and Zuidgeest [35]
viewed it as a system that meets people’s needs in terms
of mobility, accessibility, and safety within the available
financial, environmental, and social resources [36-55].

Conclusion

Green urban mobility and sustainable energy crusades
are intertwined when it comes to innovative research and
environmental policy formation and implementation that is
backed up with the required funding. The standardization
of the global automobile industry requires the adoption of
ITS which revolved around current road infrastructural
development and human capacity. These must be
consciously planned and implemented without lip service
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as revealed in most African countries that lack patriotic
leadership. This work therefore will buttress the fact that;
for African countries be to committed to the climate action
plans under the Paris Agreement known as Nationally
Determined Contributions (NDCs) to be put forward by
2025, there must be a paradigm shift in their urban mobility
operation, management and capacity development to cope
with global mobility trend..

Recommendation

The Auto mechanics and allied artisans should
be subjected to short-term Certificate of Professional
Competence (CPC) Programmes with scheduled Continuing
Professional Development (CPD) programmes nationwide
in response to global innovation dynamics in automobiles
for sustainable HBRT

Organised Auto Dealers and manufacturers like
Innosen in Aba should be compelled by regulation to train
Mechanics/Technicians as Accredited Independent Service
Providers (AISP)

African road transport policymakers should as a matter
of priority focus on infrastructures that are compatible with
modern HBRT/ITS operations if they are truly looking for
sustainable urban mobility.

There should be a Memorandum of Understanding
(MoU) between concerned government agencies and the
Mechanics/Technicians for easier access to finance and
equipment importation that will enhance their efficiency in
service delivery.
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