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1. INTRODUCTION

It has been reported that Nigeria can decrease its dependence on refined petroleum product imports by an
aggressive use of domestic, renewable energy options (Alamu et al., 2009; Osho, 2025). Africa has a
complex electricity problem which is influenced by social, economic, and infrastructural issues. Persistent
insufficiencies in energy infrastructure can be solved through the availability of electricity to only 47.67%
of the population in the continent in 2018 (Katekar and Deshmukh, 2022). Unplanned settlements, lack of
adequate distribution channels and generation capacity impede growth of stable power supply (Quartey,
2021). At the same time, the price of electricity has been skyrocketing by up to 276% in certain areas since
2011, increasing poverty and the disparity between the rich and the poor (Quartey, 2021). The consumption
pattern of residential electricity, especially in Nigeria, reflects larger issues in the infrastructure of the
continent (Azodo, 2014). It is reported that there are about 1.4 billion individuals lacking electricity access,
with the biggest disparities being in rural regions of Sub-Saharan Africa and South Asia (Kaygusuz, 2012).

Although the urban areas are more electrified, there are rural areas with access rates as low as 4% (Ye and
Koch, 2023). Such inequalities are impediments to healthcare, education, and economic activities,
entrenching poverty and halting sustainable development (Amadi, 2018). The lack of infrastructure, the
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fast-growing population, and financial constraints aggravate the crisis of electricity. The financial obstacles
prevent investments in modern grids and renewable energy systems, whereas geographic remoteness
magnifies the price of electrifying rural areas (Lizunkov et al., 2018). Reliance on fossil fuels is also adding
to environmental degradation and putting economies at the mercy of unstable energy markets. The overall
effect of the mentioned challenges destabilizes industrialization and small-scale businesses, inhibiting
economic growth and innovation (Akinbola, 2017; Azodo and Omokaro, 2018; Halkos and Gkampoura,
2020).

The mitigating measures are integration of renewable energy, decentralized systems and Public-Private
Partnerships (PPP). Rural electrification efforts, such as the use of solar mini-grids and community-driven
projects, have proven successful, but governance and infrastructure challenges remain (Stritzke and Jain,
2021; Ugwu et al., 2024). Smart grids and PPPs are examples of innovations that prove to be more efficient
and reliable in energy use, with the Brooklyn Microgrid being just one example (Uzondu and Lele, 2024).
Nonetheless, scalability issues, cost, and regulatory bottlenecks impede a large-scale adoption (Batinge et
al., 2019). The increased access to electricity plays a crucial role in attaining SDG 7, which enhances the
access to affordable and clean energy. Interconnected goals, such as poverty eradication (SDG 1) and
climate action (SDG 13) are also supported by reliable electricity (Awogbemi et al., 2024). The shift to
renewable energy not only lowers the emission of greenhouse gases but also ensures the growth of the
economy and energy security (Alamu et al., 2009; Moriarty and Honnery, 2021; Henao and Guzman, 2024).

Mechanical self-propulsion systems are innovative technologies that can be used to power off-grid
applications (Sei-Bum and Min-Hyun, 2020). As a reaction, new triboelectric-based mechanical self-
propulsion systems, fluid dynamics-based self-propulsion, and hybrid energy harvesting systems offer an
original solution to energy production (Rana et al., 2022; Wang et al., 2018). Such technologies have the
potential to supplement the current systems but the challenges that still remain, including scaling,
integration, and optimization, still limit their real-life implementation in the African energy ecosystem
(Mirzaliev et al., 2022). Although research has been conducted on the adoption of renewable energy and
traditional energy issues in Africa, research on the assessment of mechanical self-propulsion technologies
in the context of a holistic socio-technical and economic context is limited. In particular, there are still
unresolved questions about their viability, scalability, and possible socio-economic consequences in
different African settings.

To fill this gap, the current review proposes a new framework to examine mechanical self-propulsion
systems, which is referred to as the Socio-Technical-Economic Viability (STEV) Framework. Having
considered technical performance, economic viability, and social impact, the paper transcends the
descriptive summaries of the current technologies, and presents an analysis of the potential of these
technologies in providing electricity solutions to Africa. Consistent energy supply is highly associated with
economic growth, increased Human Development Index (HDI), and the quality of life (Nowak et al., 2021).
Africa today has about one billion people who do not have access to reliable power, which restricts
education, health, and agricultural activity (Richard et al., 2023). Current solutions, such as fossil-based
and renewable ones, tend to not be as inclusive, reliable, and sustainable as long-term growth requires
(Huesemann, 2003; Allal et al., 2024).

Through the analysis of mechanical self-propulsion systems using the STEV Framework, this review is in
line with the United Nations Sustainable Development Goals (SDGs), such as SDG 7 (Affordable and Clean
Energy), SDG 10 (Reduced Inequalities), and SDG 13 (Climate Action) (Li et al., 2024). By specializing
in Africa, it is possible to combine old wisdom with new technological advancements to create context
sensitive, sustainable energy solutions. The paper shows how technologies of mechanical self-propulsion,
when evaluated in terms of a socio-technical-economic framework, may offer a sustainable and efficient
way to overcome the crisis of electricity supply in Africa, fill the gaps in the infrastructure, cost, and
environmental footprint.

Alamu and Azodo: Review of Multi-Pillar Evaluation of Mechanical Self-Propulsion Systems for Energy
Access in Africa: Applying the STEV Framework 15



Premier Journal of Engineering and Applied Sciences [ B | 4 || E || & | 8
Publication of Nigerian Society of Engineers, Ibadan Branch Vol. B, No. 3, 2025  /SSN-2734-3170

2. METHODOLOGY

In this paper, a systematic review approach is used to assess the possibilities of mechanical self-propulsion
systems to solve the electricity supply crisis in Africa. It involved four different yet related steps; literature
review, conceptual framework development, analytical application, and synthesis.

2.1 Methodology Process

2.1.1 Literature review

The literature search involved an extensive review of peer-reviewed journals, conference papers and
institutional reports published since 2000 so that the analysis is based on the recent scholarship. The search
strategy was based on the keywords such as mechanical self-propulsion, sustainable energy, energy access,
and developing nations. The filtering/screening of sources was done to give priority to works which discuss
technological innovation and socio-economic aspects of alternative energy systems. This stage defined the
contemporary state of research and identified knowledge gaps.

2.1.2 Development of the conceptual framework

Based on the literature reviewed, the STEV Framework was created as an analysis tool. In comparison to
single-dimensional measurements, the STEV Framework incorporates three pillars that relate to each other
such as technical, economic, and social viability into the comprehension of the mechanical self-propulsion
systems in the context of African energy.

2.1.3 Application of the framework
The literature gathered was systematically arranged and evaluated on the three pillars of the STEV
Framework:
i.  Technical Viability: The research on engineering design, energy conversion efficiency, durability,
and connectivity to the current networks was studied.
ii. Economic Viability: Studies that focused on cost structure, investment models, and savings on
long-term operations were consulted to assess financial sustainability.
iii.  Social Viability: Data related to the acceptance of communities, equity in energy access,
empowering of locals, and socio-cultural effects (e.g., on education and healthcare) were analyzed
critically.

2.1.4 Comparative analysis and synthesis

The last phase integrated results of the three pillars to have a scale assessment of mechanical self-propulsion
systems against conventional and large-scale renewable technologies. This integrative analysis helped
understand both the strengths and limitations of the systems as well as come up with the insight on cross
cutting challenges, future research requirements and enabling policy actions. With such a multi-step
approach, the study provides a high-rigor and conceptually-based basis of the viability of mechanical self-
propulsion systems as a solution to sustainable and inclusive access to energy in developing countries.

2.2 Overview of Mechanical Self-propulsion Systems

In energy generation, mechanical self-propulsion systems are those technologies that transform ambient
mechanical energy (flow of fluids, vibrations, or human movement) into useful electrical energy. These
systems are not reliant on constant external power such as batteries or fuel, as is the case with conventional
systems. They are increasingly relevant because they offer decentralized and renewable sources of power
which can alleviate the problem of electricity supply in Africa (Mirzaliev et al., 2022).

2.2.1 Fluid-based systems

These mechanisms harness the energy of flowing fluids like water and air. Micro-hydro turbines can
produce electricity using small streams or low-flow water streams, which is especially applicable to the
rural population in Africa where a large-scale hydroelectric power plant is not feasible (Kaunda et al.,
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2012). Likewise, Vortex-Induced Vibration (VIV) generators take advantage of vibrations generated by
fluid flow around a structure to generate power, which provides a scalable solution to off-grid applications.
Small-scale wind energy harvesters also qualify as such, offering local solutions in situations where wind
is sufficient.

2.2.2 Kinetic and motion-based systems

The other group is the technology using human movement or vibrations of the environment as a source of
energy. Some examples include kinetic floor tiles that produce electricity when trampled, which can be
implemented in areas with large pedestrian flows like train stations or educational institutions. Small but
helpful quantities of electricity can also be generated by wearable energy harvesters like shoe-integrated
piezoelectric systems to power portable devices. Although each of them is restricted in its production
individually, these solutions demonstrate the adaptability of mechanical energy generation in various
settings (Rana et al., 2022).

2.2.3 Triboelectric systems and hybrid systems

Triboelectric Nanogenerators (TENGS) are a new generation of self-propulsion systems which transform
mechanical movement into electricity via contact electrification and electrostatic induction. TENGs have
the potential to utilize the energy of daily mechanical processes, like walking, pressing, or vibrations of the
environment (Wang et al., 2021). More efficient systems using hybrid systems with triboelectric effects
combined with piezoelectric or electromagnetic systems are even more promising, and have been suggested
in decentralized energy collection in resource-constrained environments.

2.2.4 Analytical framework integration

The fluid-based, motion-based and triboelectric/hybrid technologies mentioned above demonstrate the
plethora of different methods of ambient mechanical energy utilisation to generate power. Both provide
their own distinctive prospects of sustainable, small scale power generation, which is essential in solving
the energy access problem in Africa. These systems will then be assessed in the sections that follow in an
organized manner using the STEV Framework and hence a systematic evaluation of their applicability,
efficiency and scalability is achieved.

2.3 The STEV Framework

It suggests the STEV Framework as a conceptual framework with the purpose of assessing the viability of
mechanical self-propulsion technologies in the African context. It is aimed at offering a systematic prism
through which the appropriateness of emerging solutions can be evaluated, to be not only technically
operational, but also economically and socially viable. The STEV framework allows combining three key
dimensions, namely, technical viability, economic viability, and social viability, into one comprehensive
assessment system, which is unlike traditional approaches that pay close attention to only a sub-set of the
stated (Peterson, 2016; Taghvaee et al., 2023).

2.3.1 Technical viability

Technical viability is concerned with the technical healthiness and practical stability of self-propulsion
technologies. Some of the main factors are energy production, which will dictate whether the technology
can produce enough and reliable power to serve its purpose (Sabino et al., 2025). Scalability is also
important, since solutions should be flexible to varying capacities and contexts, whether it is a single
mobility device or a community application (Tale and Rege, 2024). Central to them is also durability and
resilience which makes sure that technologies are able to survive local environmental factors like heat, dust
and humidity (Gasser, 2008). Lastly, maintenance needs should be sizable regarding technical skills locally
and the existing infrastructure, minimizing the chances of system breakdowns and system abandonment
(Faludi et al., 2024).
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2.3.2 Economic viability

Economic viability stresses upon financial sustainability and affordability throughout the life cycle of the
technology. Initial capital expenditure and the long-term operation costs have to be balanced not to strain
users or governments (Ojha et al., 2023). Adoption and long-term success can be impacted by financial
models, such as subsidies, micro-financing, or cooperative ownership structures (Cortez and Pérez, 2024).
Moreover, the potential of such technologies to drive local employment by producing, installing, or
servicing them supports their purpose in driving the local economy (Das and Muchhara, 2024). The
inclusion of these aspects means that the framework will not make proposed solutions donor-dependent but
a driver of sustainable development.

2.3.3 Social viability

Social viability is the measurement of how self-propulsion technologies match with society, its values and
practices. Community acceptance is essential as technically and economically valid innovations can fail
because of the lack of trust and readiness to accept (Clain et al., 2024). The training needs should be friendly
to handle and provide users and technicians with the required skills without putting entry barriers (Adegbite,
2024). Equity of access means that the marginalized groups such as women and rural population will not
be left behind in the benefits of innovation (Leong, 2024). The compatibility on the cultural level is also
considerable, where technologies should align with the local culture, everyday life, and movement trends
to become accepted (Latif, 2020).

2.3.4 Interconnections among the pillars

Although all pillars of the STEV Framework offer individual assessment criteria, they all are interlinked.
Technology that is technically superior at prohibitively high costs will not be adopted, nor will a low-cost
system, which lacks social acceptance, be adopted. In the same vein, socially adopted solutions that are not
technically sound may end up becoming obsolete quickly. The framework therefore puts a focus on balance
whereby any proposed technologies must show sufficiency in all the three dimensions before any of them
becomes viable. This interconnectedness echoes a wider sustainability framework, like the triple-bottom-
line model, that focuses on balance in the technical, economic, and social realms (Peterson, 2016;
Yazdandoost, 2021). The STEV framework (Figure 1) shows the three pillars and how they are interrelated.
The figure is a visual map of the convergence of technical, economic and social dimensions.

Technical Economic
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+ Community Acceloance| > = Regulatory Support
+ Local Skill Match * Subsidies/Incentives
+ Cultural Compatibility = Permitting Ease

+ Equity of Access

Figure 1: Conceptual Diagram of the STEV Framework for Project Viability Evaluation
(Peterson, 2016; Yazdandoost, 2021)
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2.4 Technical Viability: Engineering and Design Considerations

Mechanical self-propulsion systems hold promise as a sustainable solution to the electricity crisis in Africa
but this depends on their technical viability. In addition to the generation of power, these systems should
prove to be durable, adaptable, and maintainable in resource-limited environments. This part critically
analyzes the contribution of materials, energy conversion and storage as well as maintenance strategies to
technical feasibility (Peterson, 2016; Yazdandoost, 2021).

2.4.1 Innovative materials and design

Innovations in materials and design have increased the resilience of self-propulsion systems and efficiency
(Adetunji et al., 2011). The utilization of nanostructured composites and adaptive surfaces can be used as
an example, which enhances the resistance to environmental stressors such as heat and dust, prevalent in
most parts of Africa. Systems can adjust themselves to maximize energy harvesting by using structural
innovations, especially self-orienting wind turbines. The horizontal and vertical axis designs have been
demonstrated to enhance efficiency in output in variable wind conditions (Cowap, 2013). These innovations
directly cope with the problem of intermittency of renewable energy in the continent.

2.4.2 Energy conversion and storage

Self-propulsion systems rely on the effective energy conversion and storage. The hybrid renewable systems
like wind turbines combined with solar panels offer affordable electricity production to off-grid rural areas
(Kosonen and Alku, 2013). Nonetheless, renewable intermittency needs scalable storage to smooth supply.
Studies indicate that poor storage is one of the primary constraints of long-term feasibility, especially where
there is a poor grid network (Lebrouhi et al., 2021). This is one of the barriers that should be overcome in
an effort to provide power in Africa.

2.4.3 Durability, maintenance and longevity

Such attributes as durability and maintenance are essential in maintaining self-propulsion systems in Africa.
A lack of access to special spares and trained technocrats imply that systems will be modeled to be
inexpensively maintained with low-end technologies. The low success rate and low lifetime of operations
discourages the trust in new technologies (Lebrouhi et al., 2021). The duration of the system and cost
reduction can be achieved by adding predictive maintenance models in the system and designing
components with simplified substitute methods (Zaman et al., 2024).

The technical feasibility of self-propulsion systems depends on three main points: (1) resistant materials
and design that can withstand extreme conditions, (2) efficient energy conversion and reliable storage, and
(3) maintenance solutions that fit in the area with inadequate technical infrastructure. These are the main
concerns of the STEV framework that should focus on the abilities of technologies to survive, evolve, and
provide reliable power. Unless these barriers are overcome, self-propulsion system promise in alleviating
the electricity crisis in Africa will not be fulfilled (Zaman et al., 2024).

3. ECONOMIC VIABILITY: COST, INVESTMENT, AND SUSTAINABILITY

According to Zaman et al. (2024)), one of the most critical factors in assessing the feasibility of mechanical
self-propulsion systems is economic viability, in ascertaining whether this solution can truly help to address
the electricity crisis in Africa. On the one hand, these systems are associated with lower operation costs and
economic benefits in the long term. On the other hand, they have great obstacles based on high startup
expenses, lack of access to capital and frequent maintenance cost. This discussion addresses both the
demand and supply sides of the economic equation and sheds light on the ways to achieve a sustainable
implementation.
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3.1 Cost Savings and Long-Term Value

Mechanical self-propulsion systems have long-term cost benefits in the form of reduced operational and
maintenance costs. As an example, resilient components have longer lifespan and less downtime, which
lowers the ownership cost (Carmiel et al., 2022; Akinyemi and Alamu, 2009). The systems also supply
cheap power to rural areas where traditional grid extensions are frequently economically infeasible, thereby
assisting in supplying energy disparities. Moreover, deployment generates local manufacturing, installation,
and maintenance jobs and this can trigger the overall economic development (Xiao, 2023). These
technologies not only provide a technical answer but also a local development engine by making it possible
to produce energy in a decentralized and resilient way.

3.2 Investment Barriers and Financial Constraints

Although these benefits exist, many have not been able to be widely adopted due to the large financial
barriers. The most pressing issue is the high upfront cost of procuring and installing mechanical self-
propulsion systems, which deters investment in resource-constrained settings (Onwude et al., 2016; Ahmed
and Miller, 2022). Moreover, other hinderances include inaccessibility to financing especially in the rural
setting where the conventional banking systems are not strong enough, small enterprises and communities
are unable to make the required capital investments. Likewise, revenues on continuous maintenance are
another significant cost, even when installed, particularly in low-income areas where a repair can cost more
than end-users can afford (Ahmed and Miller, 2022). All these contribute to a slower adoption rate, with
the potential of the technology remaining untapped.

3.3 Addressing Financial Barriers

As reported in the study conducted by Ahmed and Miller, (2022), to conquer these economic challenges,
novel economic policies are needed. Micro-finance programs can give households and small businesses the
funds to invest in small steps towards decentralized energy. Another viable opportunity is to use public-
private partnership, whereby the government can share risks with the privates and at the same time promote
foreign and domestic investments. The initial expenses can be further lowered using international
development funds and energy-oriented subsidies, which will enable the adoption to be accessible to
underserved groups. These strategies can be used to balance short-term affordability and long-term
sustainability by customizing financial models on a local basis (Ahmed and Miller, 2022).

The financial feasibility of mechanical self-propulsion systems lies in their ability to find a balance between
long-term advantages and the short-term financial challenges to implementation. Although cost savings,
rural electrification and job creation provide a strong argument in favor of investing, the existence of
barriers like high initial costs and inadequate financing should be overcome with the help of innovative
financial mechanisms. In the framework of STEV, this pillar emphasizes that in order to deploy sustainably,
it is not only necessary to have technical feasibility but also affordability and accessibility to local
populations to calculate the overall viability of self-propulsion technologies (Ahmed and Miller, 2022).

4. SOCIAL VIABILITY, COMPARATIVE ANALYSIS, POLICY AND REGULATORY
FRAMEWORK

The most important pillars of the STEV Framework are discussed in this section including social viability,

comparative analysis, policy and regulatory framework.

4.1 Social Viability: Community Impact and Acceptance

One of the most important pillars of the STEV Framework is social viability, which states that the success
of energy technologies cannot be determined only by their technical efficiency or economic feasibility but
must also be determined by their capacity to meet the local needs, values, and practices. Mechanical self-
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propulsion systems are not guaranteed to succeed even when they are cheap and technically viable, unless
they are accepted by the community. This section discusses the ways in which these systems can reshape
education, healthcare, and local economies and outlines some of the possible obstacles connected with
equity, engagement, and cultural processes.

4.1.1 Education and healthcare

Educational and health outcomes in underserved communities can be greatly enhanced through access to
reliable electricity. Powered classrooms in schools allow digital learning tools and electronic teaching aids
to be used, which have been associated with increased primary school completion rates in marginalized
areas (Kelly, 2023). On the same note, powering up of medical facilities using electricity would be able to
electrify important medical equipment, enhance service delivery, and decrease avoidable mortality. These
not only improve quality of life, but also economic productivity by introducing healthier and better educated
populations (UNCTAD, 2023).

4.1.2 Economic empowerment and job creation

In addition to service provision, the decentralized self-propulsion systems raise the economy on the ground.
These technologies develop a base of economic growth by supporting the work of small businesses and the
industrial performance (Molu et al., 2022; Chakravorty and Pelli, 2022). The jobs are created on various
levels: to install the system, engineers and technicians will be required, skilled employees will maintain the
systems, and researchers will improve the system design and efficiency (lakimkin et al., 2018; Early et al.,
2011). This wide range of employment helps to empower locals and lessen the reliance on foreign expertise,
enhancing community resilience.

4.1.3 Energy equity and community engagement

Among the most disruptive applications of decentralized systems is the fact that they will increase access
to cheap electricity, a longstanding problem of energy poverty (Alamu, 2007). Self-propulsion technologies
using solar- and biogas-based systems have increased equitable access in underserved communities,
elevating the quality of life, advancing gender equity, and empowering the development of local enterprises
(Canfild et al., 2024; Henao and Guzman, 2024; Khalid et al., 2023; Mifias et al., 2024). Equally important
is the role of community engagement. Communities are empowered to own projects through participatory
forms of governance e.g. cooperative energy schemes. Such an inclusive practice not only enhances
sustainability but also increases social cohesion (Sanyare et al., 2024; Boostani et al., 2024).

4.1.4 Cultural dynamics and the possible challenges

The social benefits are tremendous but the technological adoption can also bring in risks. The traditional
practices can be undermined by Westernization and cultural transformations, and methods have to be
developed to retain the local wisdom and identity (Nasution, 2017; Odeyale et al., 2024). In the same way,
the automation and new energy infrastructure can render obsolete the traditional jobs, which is why
retraining and adaptability programs in the workforce should be emphasized (Senyapar and Bayindir, 2023).
Ultimately, the excessive dependence on foreign technologies can cause the development of the dependency
and weaken local autonomy and self-reliance (Pozas, 2015). These issues need to be dealt with through
active policies that incorporate social protection in the implementation of technologies.

Social viability in mechanical self-propulsion systems is based on the fact that they will enhance education
and healthcare, boost local economies, increase energy equity and encourage inclusive engagement.
Simultaneously, the threat of cultural erosion, loss of jobs, and foreign dependence have to be expected and
addressed with the help of community-based approaches. In the STEV Framework, this pillar highlights
the fact that the only way to achieve long term success is to ensure technology, rather than only making
people have electricity, is in line with the social and cultural context of the communities it is supposed to
empower (Ahmed and Miller, 2022).
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4.2 Comparative Analysis

This section is meant to present a thorough comparison of conventional, renewable and mechanical self-
propulsion systems based on the STEV Framework. This analysis presents the trade-offs between existing
energy models and new ones by putting together the findings of the technical, economic and social pillars,
and indicates the extent in which each type of system fits in the sustainability objectives in developing
settings.

4.2.1 Conventional and renewable systems

Traditional systems based on fossil fuels continue to form the backbone to electricity supply in the world
because of technical maturity, scalability, and infrastructure. They are well-established economically, in
most cases with subsidies and pre-existing supply networks. Nevertheless, their adverse environmental
effects are environmental emissions especially greenhouse gases and air pollution, which is an
unsustainable long-term model (Rahman et al., 2017; Calanter, 2015; Darkazalli, 1991; Kim et al., 2020).

The situation is reversed in large scale renewable systems like wind and solar power. They are eco-friendly,
and their emissions are almost zero in combination with battery or hybrid devices (Phanindra et al., 2024;
Wang et al., 2021). But they still have obstacles of economic and technical feasibility. Initial expensive
capital, intermittency, and difficulties in connecting decentralized sources to weak grid networks impede
large-scale adoption, particularly in developing nations (Sruthy et al., 2023; Tay and Konovessis, 2023).

4.2.2 Mechanical self-propulsion systems

Mechanized self-propulsion comes as a clear and level alternative. They use, technically, the developments
in resilient materials and adaptive designs to operate in resource-constrained and variable surroundings
(Cowap, 2013; Zaman et al., 2024). They offer lower operational costs over the long term, employment
opportunities, and electrifying rural areas, but their implementation is limited due to high initial capital
requirements and insufficient financing options (Onwude et al., 2016; Ahmed and Miller, 2022; Xiao,
2023). Their decentralized nature provides them with a special advantage socially. They can address social
viability without conventional and renewable systems do, through expanding access to energy, enabling the
community to govern, and empowering local (Kelly, 2023; UNCTAD, 2023; Molu et al., 2022; Sanyare et
al., 2024).

As stated by Kelly, (2023), the comparison indicates that conventional systems are good in terms of scale
and stability but they fall short with respect to sustainability. Renewable systems are also doing very well
in the environmental front but they continue to be challenged by their cost and infrastructural suitability in
the developing areas. Mechanical self-propulsion systems are somewhere in between: they are not yet free
of technical and financial challenges, but offer a socially engaging and ecologically responsible channel to
local energy solutions. The following table summarizes these distinctions, offering a side-by-side
comparison across the STEV Framework dimensions (Table 1).

4.3 Policy and Regulatory Framework

Mechanical self-propulsion systems are viable in aspects other than their technical, economic, and social
aspects. Enabling these systems to flourish in Africa is a precondition to having a supportive policy and
regulatory framework. The STEV Framework is used to assess internal viability, whereas policy determines
the external environment where such technologies are applied. Weak policies or lack of policies,
incomprehensible regulations and lack of institutional support may sabotage adoption, despite technical
potential and economic viability. This section outlines the main areas that policy intervention is necessary
(Molu et al., 2022; Sanyare et al., 2024).
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Table 1: Comparative Overview of Conventional, Renewable, and Mechanical Self-Propulsion Systems

Publication of Nigerian Society of Engineers, Ibadan Branch

System Type  Cost Scalability Environmental Authors
Impact
Conventional - High - Well- - Major contributorto  (Rahman et al.,
Systems operational costs established - greenhouse gas 2017; Calanter,
- Fluctuating Easily scalable emissions - Drives 2015; Darkazalli,
fossil fuel prices global warming and 1991; Kimet al.,
ozone layer depletion 2020)
Renewable - High initial - Scalability - Substantial reduction  (Phanindra et al.,
Systems investment - improving - in emissions - Battery-  2024; Obuseh et
Becoming more  Integration into powered and hybrid al., 2025; Sruthy et
affordable over larger systems systems show near- al., 2023; Wang et
time possible zZero emissions al., 2021; Tay &
potential Konovessis, 2023)
Mechanical - More cost- - Scalable - - Environmentally (Zambrano et al.,
Self- effective in Adaptable for friendly - Supports 2019; Olabode et
Propulsion remote/off-grid  rural green economy - al., 2021; Ofori-
Systems areas - High communitiesand  Ammonia fuel: carbon- Amoah, 2020; Kim
initial costs - decentralized free alternative et al., 2020)
Limited energy
investment

4.3.1 Financial incentives and creating markets

Governments have a central role in reducing the financial hurdles that constrain the use of mechanical self-
propulsion systems. These systems are expensive to obtain and finances are not readily available to a wide
range of communities (Onwude et al., 2016; Ahmed and Miller, 2022). Financial instruments like subsidies,
tax exemptions, and special grants can be triggered by policy so as to lower the start-up cost on investors.
Governments can support or guarantee micro-financing programs to enable households and small
enterprises to implement the use of decentralized energy systems step by step. Also, PPPs and international
development funds are capable of assisting in the scale deployment, help to distribute the investment risks
and encourage the extended involvement. These actions not only speed up the adoption, but also provide
the conditions under which the market can grow sustainably.

4.3.2 Regulatory clarity and standards

According to Molu et al. (2022), it is important that clear regulations are in place to promote confidence
with emerging technologies. In the absence of enforceable standards, there is a danger of flooding the
markets with low quality products that can erode confidence and performance. To achieve safety, reliability,
and durability, governments should put in place strong technical standards and certification procedures.
The simplified licensing and permitting process is also essential, because bureaucratic processes tend to
slow down or discourage the implementation of a project. These issues are further worsened by weak
implementation of the current policies, which restrain accountability and hinder development. Governments
can achieve this by enhancing regulatory clarity to create a stable and predictable environment that
promotes innovation and investment in mechanical self-propulsion technologies (Kelly, 2023).

4.3.3 Local content and capacity building

To be sustainable in the long run, the policy should make adoption to be accompanied by empowerment at
local levels. Industrial growth, job creation, and less dependence on imported technologies can be
stimulated by local content requirements that promote the local production of its products and their local
assembly (Molu et al., 2022; Chakravorty and Pelli, 2022). Complementary vocational training programs
can also play a crucial role in providing local technicians with the knowledge and skills to install, use, and
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maintain these systems, which will overcome the need to rely on foreign knowledge (Pozas, 2015). Potential
job displacement due to automation and modernization can also be reduced with the help of the policies
that support the retraining of the workforce (Senyapar and Bayindir, 2023). Governments can incorporate
capacity building into the policy framework to make communities active participants in the technological
transitions and not passive beneficiaries.

4.3.4 Policy as an enabler of social equity

Policy also contributes towards equitable access to energy. Social viability advantages of mechanical self-
propulsion systems can be magnified through programs giving preference to marginalized populations
(women, rural population, and low-income households) (Canfild et al., 2024; Henao and Guzman, 2024).
The cooperative energy schemes are inclusive governance structures that entail legal support in order to
scale and maintain them. Participatory policy frameworks enable governments to institutionalize
community engagement, which means that the deployment of technologies is more in line with local values
and cultural contexts (Sanyare et al., 2024).

Favorable policy and regulatory environment is not a fringe benefit but a pillar requirement to the
popularization of mechanical self-propulsion systems. Through a mix of financial incentives, regulation
clarity, and building local capacity, governments can turn these technologies into solutions that can scale
and promote energy access, equity, and sustainability. Devoid of this support, even the most technologically
advanced and cost-effective systems are at risk of stagnation. Finally, alignment of policies to the STEV
Framework will make technological advancements directly relevant to the Sustainable Development Goals
and the overall development agenda in Africa (Molu et al., 2022).

5. CONCLUSION

The power crisis in Africa characterized by poor grids, insufficient infrastructure and reliance on fossil
fuels requires innovative and contextually-based solutions. The Socio-Technical-Economic Viability
(STEV) Framework has been presented in this paper as a systematic framework to analyze the viability of
mechanical self-propulsion systems as a source of sustainable energy. The framework combines technical,
economic, and social factors to show that such systems are promising to provide resilient, locally adaptable,
and community-driven energy alternatives. Technically, self-propulsion systems are practicable, but they
need considerable improvements in materials, energy storage and design durability to withstand the extreme
conditions and to enable low-cost maintenance. On the economic side, the high initial costs still pose a
limitation but the long-term savings, creative financing strategies and the possibility of creating
employment opportunities enhance adoption. On the social front, success is not merely a matter of
technology, but must be based on the social needs of community ownership, equal access, and capacity
building of the locality to ensure that deployment does not create the same inequalities as those already
present.

The lesson that comes out throughout all the pillars of the STEV Framework is that policy and governance
are decisive enablers. The scalability and impact of these systems will not be as high without any clear
regulatory frameworks, specific incentives, and supportive investments in infrastructure. Policy is the
element that bridges the gap between the conceptual viability and the practical implementation. Going
forward, mechanical self-propulsion systems are not just an engineering innovation but it is a chance to
rethink the future of energy in Africa. With the STEV Framework, such systems can transform into the
experimental solutions into the cornerstones of sustainable development, propelling energy security, social
empowerment, and economic resiliency. The way is easy: the only solution to the mechanical self-
propulsion systems to become a real possibility is a balanced and integrated approach, which will open an
era of clean, dependable, and inclusive energy in Africa.
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