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ABSTRACT 
 
The global shift from centralized to edge computing has reshaped digital architecture by 
moving computation and storage closer to the sources of data. For Africa’s digital 
ecosystem this shift is not just a technological trend but a strategic imperative resulting 
from the significant challenges of latency, bandwidth cost, data sovereignty, and national 
security associated with the reliance on extraterritorial data centers. This paper analyses 
current trends in edge computing and associated technologies with a focus on the critical 
convergence of the enabling technologies: the Internet of Things (IOT), 5G Networks, 
Artificial Intelligence (AI), Cybersecurity, and Renewable Energy Systems. We examine the 
evolution, diffusion, acceptance, and uptake of this technology within the African context in 
comparison with global patterns, identify technological synergies, and apply established 
theoretical frameworks to analyse the drivers and barriers to adoption. This paper 
concludes by identifying critical technology gaps and proposing actionable 
recommendations for policy, research, and practice, thereby enabling stakeholders to 
bridge the gap between the potential of edge computing and associated technologies and 
the reality of their implementation. 
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1. INTRODUCTION  
 
Global innovation has long been powered by the centralized cloud computing model. 
However, for the continent of Africa with its 54 nations, this model presents inherent 
limitations, such as high latency to extraterritorial data centers, high cost of international 
bandwidth, data sovereignty regulations, and privacy that pose a hurdle to achieving the 
desired level of growth.  
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Decentralizing compute, storage and analytics to local devices or edge servers near data 
sources rather than centralizing them in distant cloud data centers is known as Edge 
computing. This model is critical to the digital future of Africa. 
 
The true transformative power of Edge computing lies in its convergence with other key 
technologies: IoT devices generate data, 5G Network offers instantaneous connectivity, 
Edge AI generates localized intelligence, Cybersecurity ensures trust, and Renewable 
Energy Systems support operational resilience. Edge computing offers a pragmatic solution 
to overcome high cost of data, intermittent connectivity, and unreliable power grid, 
providing the framework for building robust, offline-first applications for critical sectors like 
healthcare, finance, and agriculture. This paper will analyse the trajectory of edge 
computing on the continent and propose a strategy for harnessing its potential.  

 
2. RELATED LITERATURE  
 
The understanding of how technology is adopted has evolved through key theoretical 
works. Beginning with the Diffusion of Innovation Theory introduced by Rogers (2003), 
followed by Venkatesh et al.’s (2003) Unified Theory of Acceptance and Use of Technology 
(UTAUT), both theories explain how the ease of use, usefulness, and social context 
influence adoption. These frameworks remain relevant in analysing the adoption of today’s 
emerging technologies, subsequently, the technical merits of edge computing were firmly 
established by Satyanarayanan (2017) who conceptualized the edge as a vital 
intermediary layer for latency-sensitive applications. In addition, the symbiotic relationship 
with 5G's Multi-access Edge Computing (MEC) architecture (Taleb et al., 2017), and the 
rise of on-device machine learning, or Edge AI (Wang et al., 2020) further emphasize the 
relevance of edge computing. 
 
More recent global research reveals a strong technological convergence of Edge 
computing, IoT, AI, 5G, and Renewable Energy. Axios (2024) reported AI as the key driver of 
Edge Computing, while Grand View Research (2024) projected sustainable growth in Edge 
computing fueled by industrial IoT and 5G integration. Diffusion for Africa remains limited 
due to infrastructure and skill shortage as noted by The State of AI Report in Africa (2024), 
and only 1.2% of Africans have access to 5G network as reported by Al Jazeera (2025). 
Meanwhile cybersecurity remains a great challenge for the continent. A critical review of 
the literatures reveals that majority of studies are situated within the context of developed 
economies with quality digital infrastructure and mature regulatory environment, factors 
lacking in much of the African continent thereby creating a significant gap. This paper 
contributes to the body of knowledge by adapting and applying established theories to the 
African reality, informed by regional policy and national regulations. 

 
3. Evolution, Diffusion, Acceptance and Uptake of these Technologies in Africa and beyond 
The trajectory of adoption of Edge computing in Africa diverges significantly from 
established global patterns. 
 
3.1. Global Trends (“Beyond”) 
The evolution of Edge computing in North America, Europe and East Asia is a top-down 
phenomenon, driven largely by major cloud providers like Amazon Web Services (AWS), 
Microsoft Azure, and Google Cloud extending their services closer to end users. Diffusion is 
concentrated in highly capitalized sectors like manufacturing, autonomous vehicles, and 
smart cities. Acceptance is predicated on achieving competitive advantage through 
marginal gains in efficiency, enhanced user experience, and reduced latency. 
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3.2. The African Context (“Within”) 
The evolution of edge computing in Africa is fundamentally different; it is a button up 
process driven by necessity. 

iii. Evolution and Diffusion: The technology is not just an extension of the cloud; 
it’s often a primary computing model that is diffused organically to solve 
immediate problems. Examples include: The financial inclusion revolution 
across Africa, powered by mobile money and agent banking networks, which 
relies on Point of Sale (POS) terminals that function as resilient edge devices, 
processing transactions even with poor connectivity. Similarly, the use of 
Unmanned Arial Vehicles (UAVs) popularly known as drones to deliver medical 
supplies in Rwanda and Ghana depicts the diffusion of mission-critical edge 
AI to solve a fundamental logistic problem.  

iv. Acceptance and Uptake: The acceptance of technology is not driven by 
convenience but by viability. A Micro, Small, and Medium Enterprise (MSME) 
in Africa will adopt a solution because it is the only way to operate reliably, the 
following technology interplay shapes uptake: 

f. IoT provides the date-generating layer with low-power devices and 
sensors that preprocess data locally to conserve bandwidth. 

g. 5G networks increase achievable edge performance but also requires 
significant capital and spectrum policy support. 

h. AI embedded at the edge enables inference and lightweight model 
personalization relevant to services like smart surveillance. 

i. Cybersecurity is both an enabler and a bottleneck, with decentralization 
comes increased attack surface that must be addressed by 
Governance, Risk, and Compliance (GRC). 

j. Renewable Energy supplies reliable power to edge nodes in off grid or 
weak grid context at reduced cost. 

 
4. THEORETICAL FRAMEWORKS APPLICABLE TO EVOLUTION, DIFFUSION, ACCEPTANCE  
    AND UPTAKE 
 
The four critical stages relevant to the adoption of edge computing and its associated 
technologies in Africa are dissected and analysed through distinct theoretical frameworks. 
 
4.1. Evolution  
The evolution of edge and associated technologies from the perspective of evolutionary 
economics is driven by: 

iv. Variation: The need to adapt to extreme environmental constraints  
v. Selection: The selection for resilience based on the African environment, and 
vi. Retention: The selected technologies are retained and scaled. 

 
4.2. Diffusion 
The Diffusion of innovation theory by Rogers (2003) maps the communication channel and 
adoption pattern of edge computing in Africa. According to Rogers, the rate of diffusion is 
influenced by five key attributes of the innovation itself: 

vi. Relative Advantage: This is not marginal; often it is absolute. It is the 
advantage of having a functional service vs no service at all. 

vii. Compatibility: An innovation must be compatible with existing values, 
experience, and needs of potential adopters. Africa’s successful edge 
solutions are compatible with its mobile-first economy. 
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viii. Complexity: Simplicity accelerates diffusion in a market with varying digital 
literacy as proven by the success of Unstructured Supplementary Service 
Data (USSD). 

ix. Trialability: Experimenting with an innovation on a limited basis reduces 
risk. Pay as you go models increase usage and diffusion. 

x. Observability: Innovations with visible results encourage others to adopt 
them. 
 

4.3. Acceptance  
The Technology Acceptance Model (TAM) proposed by Davis (1989), posits that 
acceptance is determined by two core beliefs:  

iii. Perceived Usefulness (PU): PU in Africa is exceptionally high when linked to needs 
that are fundamental to existence. Solar powered IoT devices combined with Edge 
AI will supports smart surveillance for African cities. 

iv. Perceived Ease of Use (PEOU): PEOU remains a critical determinant of technology 
acceptance in Africa. An application that consumes excessive data and requires 
high-end mobile devices will have a low PEOU, hence a low acceptance.  
 

4.4. Uptake  
The Technology-Organization-Environment (TOE) framework by (Tornatzky & Fleischer, 
1990) provides a robust model for analysing technology uptake.  

iv. Technological Context: This focuses on the availability and characteristics of the 
technologies themselves. Edge solutions in Africa especially Nigeria require 
affordable, resilient edge hardware and the maturity of local 5G and fiber networks 
to support uptake. 

v. Organizational Context: This centers on the firm’s characteristics including size, 
financial resources, and human capital with the main driver for uptake being 
disaster recovery, business continuity, and the ability to mitigate high operational 
cost associated with digital infrastructure downtime. 

vi. Environmental Context: This is concerned with the broader industry, regulatory and 
competitive landscape. African Union Data Policy Framework for Africa and the 
Nigerian Data Protection Act (NDPA) create an intense pressure for companies to 
adopt edge solutions for data localization, ownership, and improved national 
security.  

 
5. FINDINGS ON USEFULNESS OF TECHNOLOGY AND TECHNOLOGY GAPS/LIMITATIONS IN  
    AFRICA AND BEYOND 
 
Deployment of emerging technologies in Africa presents a duality; Profound benefits 
amplified by the continent’s challenges, and constraints due to systemic gaps and 
operational limitations. 
 
5.1. Usefulness of these emerging Technologies 

vi. Enabling a Resilient Informal Economy: Globally, fintech applications are valued for 
speed. Africa’s vibrant informal economy relies heavily on edge fintech applications 
like Point-of-Sale (POS) and Mobile Money for transactions due to their speed and 
resilience in the face of frequent power and network outages, consequently 
ensuring economic continuity and contributing to Africa’s Gross Domestic Product 
(GDP). 
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vii. Optimizing Natural Resource Management: Beyond global application in crop 
production, edge computing in Africa is relevant in managing critical natural 
resources, monitoring deforestation, and securing mineral supply against theft and 
illicit activity. Integrating edge AI with IoT to monitor mines in Congo will enhance 
real-time oversight of mining activities, improve worker safety, ensure ethical 
sourcing of minerals, and addresses critical issues of environmental degradation 
and human rights violations. 

viii. Building Decentralized Public Health Systems: while telemedicine remains a global 
trend, brain drain in the medical profession is a major concern for Africa. There is a 
need to build a decentralized health infrastructure in Africa. Built on Solar-powered 
edge nodes that run local Clinic Management Systems, manage temperature 
sensitive vaccine cold chains and power remote diagnostic tools to create resilient 
health outposts where traditional infrastructure is nonexistent. 

ix. Driving Energy Independence and Access: While developed economies deploy edge 
computing to optimize existing power grids, Africa uses it mostly for creating new 
ones. Intelligent Edge controllers serve as the brain of mini-solar grids, managing 
local generation, storage, and distribution delivering power to millions of off-grid 
homes and businesses thereby decentralizing the power infrastructure. 

x. Asserting Digital Sovereignty and Governance: Edge computing is critical to policy 
enforcement and national security for African nations. Processing and storing data 
locally provide the technical mechanism for enforcing data protection regulation 
like Nigeria’s NDPA and Kenya’s Data Protection Act enabling nation-states to 
assert sovereignty over their citizens’ data. 

 
5.2. Systemic Technology Gaps  

vi. The Foundational Power Deficit: Africa’s greatest challenge remains the lack of 
reliable, widespread electricity; as such, the entire business case and architecture for 
edge must be built around the assumption of an unstable grid unlike developed 
continents with mostly stable power supply. 

vii. Costly and Fragmented Connectivity: Although mobile penetration is high, the 
underlying connectivity backbone remains thin and unevenly distributed with a vast 
rural-urban divide. This gap combined with high data cost compared to average 
income and lack of last-mile fiber cabling restricts data-intensive edge applications to 
urban areas.  

viii. Scarcity of Convergent Human Resources: Africa’s skill gap is not just in software 
development, but in the convergent expertise required for emerging technologies, 
which hinders the planning, design, deployment, and maintenance of complex edge 
solutions in Africa.  

ix. A Nascent Hardware Ecosystem: Edge hardware including gateways, sensors, and 
single-board computers is imported into Africa. This dependence on developed 
continents and the lack of research and development, and manufacturing ecosystem 
in Africa create a supply chain vulnerability and increased cost. 

x. Immature Interoperability Standards: Africa lacks continentally agreed upon standards 
for IoT device communication and data format. This has created a fragmented market, 
preventing seamless integration between different vendor devices which hinders the 
development of scalable sector-focused pan-African platforms to support agriculture, 
healthcare and national security. 
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5.3. Limitations 
vi. Prohibitive Total Cost of Ownership (TCO): Beyond initial investment in 

hardware, operating cost of edge deployment in Africa is substantially high. 
This limits its long-term financial viability. 

vii. Physical Security of Distributed Assets: The distributed nature of edge 
infrastructure exposes hardware to significant risk of theft, physical tampering, 
and vandalism. Securing these assets is a major logistical and financial 
limitation.  

viii. Complex Supply Chain and Logistics: Deploying, servicing, and replacing 
hardware in multiple remote or insecure locations poses a severe operational 
constraint. Difficulty in replacing a failed device in a remote location could 
result in extended downtime. 

ix. A Localised and Under-resourced Threat Landscape: The lack of African specific 
threat intelligence limits the continent’s defensive capability as standard global 
cybersecurity solutions are often not equipped to handle local threats including 
those from refurbished or grey market devices.  

x. Harsh Environmental Condition: Africa’s Unique climate and environment, 
which include high heat, humidity, and dust require high-grade equipment that 
comes at increased cost and limitation in the choice of available technology.  

 
6. RECOMMENDATION FOR POLICY, RESEARCH, AND PRACTICES IN THE USE OF THESE  
    TECHNOLOGIES 
 
6.1. For Policy 

iv. Pan-African Harmonization: Africa’s regional economic communities like Economic 
Community of West African States (ECOWAS) and Southern African Development 
Community (SADC) should collaborate with the African Union (AU) to harmonize 
Governance, Risk, and Compliance for a single digital market.  

v. Strategic Infrastructure Investment: National Governments must derisk 
investments in critical foundational infrastructure, including renewable energy and 
fiber-optics backbone via public-private partnerships (PPPs). Nigeria’s launch of 
“Project Bridge” an initiative to deploy a 90,000-kilometer fiber optics backbone to 
revolutionize its digital infrastructure is a classic example of such a partnership.  

vi. Local Innovation Funds: National and regional funds should be established to 
support startups developing small-scale and resilient edge solutions tailored for 
Africa. 

 
6.2. For Research 

iii. Africa-Centric Research and Development (R&D): African research institutes and 
universities should prioritize R&D in low-power, rugged hardware and efficient, 
lightweight edge AI models. 

iv. Socio-Technical Studies: Research should be conducted on the socio-economic  
adoption and impact of edge technologies to ensure culturally relevant and 
ethically sound solutions are prioritized. 
 

6.3. For Practice 
iv. Design for Resilience: The Offline-First philosophy must be adopted by business to 

build applications that are fully functional during intermittent connectivity.  
v. Embrace Zero-Trust Security: Considering current cybersecurity challenges, a zero-

trust architecture that trusts no device by default is essential for any enterprise 
edge deployment. 
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vi. Develop Local Ecosystems: International tech giants must invest in local startups, 
partnerships, and skills development to build a sustainable African-centered digital 
ecosystem. 

 
7. CONCLUDING REMARKS  
 
For the African continent, edge computing is not an incremental upgrade but a 
fundamental architecture for a resilient and inclusive digital future. Unlike the global 
narrative that focuses on optimising performance, the African imperative is about 
accessibility, viability, and sovereignty. Edge’s convergence with IoT, 5G, AI, and Renewable 
Energy provides a tangible pathway for Africa to bypass legacy infrastructure dependencies 
and innovate solutions to its pressing challenges. To successfully navigate this path, 
concerted effort from policymakers, researchers, and entrepreneurs will be required to 
build a digital ecosystem that is uniquely African, transforming the continent from a 
consumer of technology into a global leader in resilient decentralized systems. 

 
8. FUTURE DIRECTIONS WITH THESE TECHNOLOGIES 
 
The future of edge in Africa is linked to decentralization. I envision the rise of autonomous 
edge-powered microgrids revolutionizing energy access. The growth of Web3 and 
decentralized finance (DeFi) will be supported by the continent’s thriving distributed edge 
infrastructure. Additionally, as more sophisticated local AI models emerge, edge systems 
will deliver highly contextualized services in local languages for every sector, driving a new 
wave of hyper-local innovations. Africa has the potential to become a global powerhouse 
for research, development, and deployment of edge computing for sustainable 
development. 
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