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ABSTRACT 

Southern Africa’s transport system suffers from historical inequities, ageing infrastructure, 
and rising environmental pressures. Urbanisation and fossil fuel dependency contribute to 
congestion and emissions, while rural areas remain isolated. This paper proposes Solar 
Synapse, a decentralised, AI-powered mobility ecosystem leveraging solar energy, electric 
minibuses, and community engagement. This generic model integrates solar micro grids, 
intelligent transport systems, and participatory technology to improve mobility equity and 
sustainability in urban and rural contexts. The framework’s technological, policy, and social 
dimensions are discussed with regional data and case studies. Safety considerations for 
lithium-ion batteries and alignment with development goals are included. Solar Synapse 
offers a scalable solution adaptable to Southern African realities without commercial 
branding.  
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1. INTRODUCTION  

Transportation is vital for socioeconomic development, enabling access to employment, 
education, healthcare, and markets. However, Southern Africa’s mobility system remains 
fragmented and inequitable. Large cities such as Johannesburg and Cape Town face 
severe congestion, with commuters spending over 100 hours annually in traffic (SANRAL, 
2023). Rural regions in Limpopo, Eastern Cape, and Northern Cape suffer from poor or 
absent transit infrastructure, leading to social and economic exclusion (Mokonyama, 
2022). 

Transport contributes approximately 14% of national energy consumption, from fossil fuels 
(Department of Environment, Forestry and Fisheries [DEFF], 2024), which drives 
greenhouse gas emissions and exposes economies to fuel price volatility. Informal minibus 
taxis, the main mode of public transport, lack digital integration, restricting optimisation and 
safety oversight.  

The Solar Synapse model addresses these challenges by combining decentralised solar 
energy systems, AI-enabled electric minibuses, and a crowdsourced mobility platform. This 
paper details the conceptual framework, technological architecture, policy alignment, and 
potential social impact of this integrated, adaptable mobility solution.  
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2. THE SOLAR SYNAPSE SOLAR SYNAPSE FRAMEWORK  

At the core of Solar Synapse is energy autonomy through solar photovoltaic (PV) 
microgrids paired with energy storage using second-life lithium-ion batteries from electric 
vehicles. These microgrids can be housed in existing municipal facilities or installed as 
mobile units to serve remote locations. Solar energy powers minibus charging, lighting, 
WiFi, and digital kiosks. This decentralised approach ensures continuous operation even 
where grid electricity is unreliable or unavailable.  

2.1 Solar Microgrid Charging Hubs  

Safety is paramount with lithium-ion battery use. The system incorporates thermal 
management, fire suppression, and advanced battery management systems (BMS) to 
prevent overheating, overcharging, and thermal runaway, which can lead to fires (African 
Development Bank, 2022). Routine maintenance and training of local technicians further 
mitigate these risks.  

The transport fleet consists of 12-seat electric minibuses equipped with GPS, load 
sensors, and on-board diagnostics. AI-powered routing optimises routes dynamically using 
real-time traffic data, commuter demand, and historical trends. This flexible service model 
blends scheduled public transport reliability with ride-sharing adaptability.  

2.2 AI-Optimized Electric Minibuses   

Local cooperatives or taxi associations operate the minibuses, fostering community 
ownership and employment. Partnerships with local manufacturers and retrofitters aim to 
develop regional assembly and maintenance capacity, supporting industrial development.  

The accompanying mobile app supports booking, real-time feedback on route disruptions, 
vehicle conditions, and stop requests. Users earn “solar credits” redeemable for fare 
discounts, airtime, or goods, encouraging participation. Leaderboards and anonymised 
data support transport planning. The app supports multiple local languages and offline use 
to maximise accessibility.  

2.3 Crowdsourced Mobility Platform   

3. IMPLEMENTATION STRATEGY  

Pilot implementation will focus on secondary cities such as Polokwane and Thohoyandou, 
where demand exists but infrastructure is lacking (Mokonyama, 2022). Local government 
partners will deploy 3-5 solar hubs and 10-15 electric minibuses. Evaluation criteria include 
user satisfaction, emissions reduction, wait times, and cost efficiency.  

3.1 Pilot Phase  

Post-pilot, Solar Synapse will expand to link townships, schools, clinics, and markets, 
integrating cross-border corridors within the Southern African Development Community 
(SADC) to foster regional mobility (SADC, 2021). Support from the African Union and 
African Continental Free Trade Area (AfCFTA) will facilitate procurement and policy 
coordination.  

3.2 Scale-Up and Regional Expansion   

  



3.3 Vocational Training and Local Manufacturing  

To sustain the system, vocational pipelines in solar technology, EV maintenance, and AI 
systems will be established via Technical and Vocational Education and Training (TVET).  

Colleges and universities. Local vehicle assembly and parts manufacture aim to reduce 
import reliance and boost local economies.  

4. POLICY ALIGNMENT AND SUSTAINABILITY  

Solar Synapse aligns with key policy frameworks including:  

• SDG 7 (Affordable and Clean Energy): Expanding decentralised solar energy access 
(United Nations, 2015).  

• SDG 11 (Sustainable Cities and Communities): Promoting safe, accessible, and 
inclusive transport (United Nations, 2015).  

• South Africa’s Green Transport Strategy: Driving emission reductions via clean 
transport (Department of Transport, 2022).  

• Limpopo Provincial Growth and Development Strategy: Emphasising rural access 
and innovation (Limpopo Government, 2023).  

• National Climate Change Response Policy: Encouraging low-carbon transport (DEFF, 
2024).  

Reusing second-life EV batteries supports circular economy goals and reduces electronic 
waste (African Development Bank, 2022). Environmental impact assessments ensure 
ecological sensitivity in site selection.  

5. BARRIERS AND MITIGATION STRATEGIES KEY CHALLENGES INCLUDE:  
• High initial costs: Addressed through blended finance-climate bonds, concessional 

loans, and public-private partnerships (World Bank, 2023).  
• Resistance from informal taxi associations: Mitigated by cooperative participation, 

revenue sharing, and training (Mokonyama, 2022).  
• Technological literacy gaps: Combated via community workshops, simplified 

interfaces, and multilingual support (National Planning Commission, 2011).  
• Grid integration challenges: Overcome through energy-independent microgrids and 

robust battery storage (IRENA, 2023).  
• Lithium-ion battery safety: Managed by BMS, maintenance protocols, and technician 

training (African Development Bank, 2022).  

6. IMPACT PROJECTION  

Based on pilot data and similar international initiatives such as Kenya’s BasiGo and India’s 
Smart E-buses (UNECA, 2023), Solar Synapse is projected to:  

• Reduce urban travel times by up to 40% (SANRAL, 2023).  
• Cut CO₂ emissions by approximately 60% versus diesel minibuses (DEFF, 2024).  
• Reach operational break-even within 3-5 years (World Bank, 2023).  
• Create 5,000+ jobs in engineering, driving, maintenance, and tech support within 10 

years (African Development Bank, 2022).  
• Improve local air quality and expand mobility for underserved communities (South 

African Cities Network, 2022).   



7. CONCLUSION  

Southern Africa’s transport system requires transformation beyond fossil-fuel dependence. 
Solar Synapse offers a scalable, adaptive, and community-centred framework integrating 
renewable energy and intelligent technology. By engaging informal sectors and users, and 
aligning with development agendas, it can catalyse a shift toward equitable and 
sustainable mobility. Though challenges persist, innovative partnerships and commitment 
could position Southern Africa as a leader in clean transport in the Global South. Solar 
Synapse is a concept, not a commercial brand, embodying a necessary future for regional 
mobility.  
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