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The Challenge: Digital Divide in African Research

Research and Education Networks (RENs) in sub-Saharan Africa face significant hurdles in extending high-performance computing 

capabilities to rural research institutions, creating a profound digital divide that hinders scientific advancement.

Unreliable Power 

Infrastructure

Frequent power outages and voltage 

fluctuations in rural African regions make it 

difficult to maintain computing equipment, 

especially high-performance systems with 

demanding energy requirements.

Limited Internet 

Connectivity

Poor network connectivity in rural areas 

restricts data transmission and collaboration, 

while high costs make consistent online 

access prohibitive for many institutions.

Minimal Funding

Budget constraints limit investment in 

computational infrastructure, forcing 

institutions to operate with outdated or 

insufficient resources despite growing 

research demands.

Impact on Research Communities

These challenges disproportionately affect critical research domains such as agricultural research, environmental monitoring, and community health, where 

computational resources are essential for data processing and analysis.



Why Traditional Cloud Solutions Fail

Traditional cloud-centric approaches are largely unsuitable for rural African contexts due to inherent 

inherent limitations that exacerbate the existing digital divide:

Bandwidth Constraints

• High bandwidth requirements for large 

datasets

• Limited and expensive connectivity in rural 

rural areas

• Significant latency (200-800ms vs. 10-

50ms for edge)

50ms 

High Energy Requirements

Requirements

• High energy demands of centralized data 

data centers

• Unreliable power grids in rural regions

• Expensive diesel generators required

• High carbon emissions from data centers

Solar Unreliable Grid

Centralized Design Issues

• Computational power concentrated away 

from users

• Data sovereignty concerns

• Local control issues over critical research 

data

• Increased dependency on external 

infrastructure

Key Insight: Cloud-centric approaches exacerbate existing inequalities by requiring expensive infrastructure and forcing data to travel long distances, creating latency and 

dependency on external systems.



Limitations of Traditional Cloud Computing

Traditional cloud-centric computing approaches are largely unsuitable for rural African research institutions due to several inherent 

limitations:

High Bandwidth Requirements

Cloud computing necessitates consistent, high-speed internet 

access, which is often unavailable or prohibitively expensive in rural 

African regions.

Significant Energy Consumption

Centralized cloud data centers have substantial energy demands, 

making them unsustainable and costly in areas with unreliable or 

expensive power grids.

Perpetuation of Digital Inequality

Centralized designs concentrate computational power and 

resources, inadvertently widening the gap between well-resourced 

urban centers and underserved rural institutions.

Increased Latency

Data transfer to and from distant cloud servers introduces delays, 

impacting real-time data processing and analysis crucial for certain 

research applications.

Data Sovereignty Concerns

Storing sensitive research data in remote cloud infrastructures can raise issues regarding data ownership, privacy, and compliance with local regulations.



Vision & Primary Objective

Our Transformative Vision

To extend high-performance computing capabilities to underserved research communities in Africa, democratizing access to 

computational resources essential for scientific advancement and local development.

Primary Objective

To introduce and validate a novel, sustainable edge computing architecture specifically designed for rural and underserved 

African research contexts, fostering innovation in critical domains while maintaining environmental sustainability.

Agriculture

Enabling advanced crop modeling and yield 

analysis for food security.

Climate Science

Supporting environmental monitoring and 

climate modeling for sustainable development.

Public Health

Facilitating disease surveillance and community 

health research for improved healthcare delivery.



Project Objectives

This proposal aims to address the digital divide challenges through a novel edge computing architecture with 

architecture with the following primary objectives:

01
Design and Deploy Sustainable Edge Computing Architecture

Develop and implement a modular, solar-powered microdata center integrated with intelligent workload scheduling, tailored for th

tailored for the energy and connectivity constraints of rural sub

e 

-Saharan Africa.

02
Validate Performance and Impact

Conduct rigorous field testing in real-world rural research settings to demonstrate improvements in computational capabilities, 

capabilities, sustainability metrics, and research outcomes.

03
Create a Replicable, Open-Source Model

Provide detailed technical specifications, deployment methodologies, and cost models, along with open-source designs, to enable 

widespread adoption across diverse institutional contexts.



Our Contribution: Reimagining Research Computing

Our approach fundamentally reimagines the relationship between energy consumption, computational 

resources, and research priorities through a holistic, three-pillar solution that democratizes access to 

advanced capabilities while prioritizing sustainability.

Modular Solar-Powered

Microdata Center

Intelligent Workload

Scheduling System

Governance Framework

Sustainable Operation

Key Benefits

Enhanced Sustainability: 73% carbon footprint reduction compared to cloud-centric 

alternatives

Improved Performance: 99.2% system availability despite challenging environmental 

conditions

Processing Enhancement: 317% increase in data processing capabilities at research 

institutions

Local Empowerment: Democratizes access to advanced computational capabilities 

while building local expertise



Our Approach: Three Key Innovations

Our novel edge computing architecture integrates three key innovations to fundamentally reimagine the relationship between energy 

consumption, computational resources, and research priorities, ensuring sustainable deployment in rural African research contexts.

Sustainable Hardware

Modular, solar-powered microdata center 

design constructed using locally available 

materials with minimal maintenance 

requirements.

• Advanced thermal management reduces 

cooling requirements by 62%

• Operates optimally even in harsh 

environmental conditions

• Containerized solution for security and 

ease of transport

Intelligent Scheduling

Adaptive system that dynamically allocates 

computational resources based on real-time 

energy availability and research priorities.

• Maximizes processing during peak solar 

production

• Gracefully degrades performance during 

limited energy periods

• Operates with intermittent connectivity

Governance Framework

Novel framework enabling sustainable 

operation through shared resource models 

and cross-institutional collaboration.

• Addresses both technical and social 

sustainability

• Develops local expertise and 

maintenance protocols

• Establishes clear ownership structures 

for long-term commitment



Innovation 1: Sustainable Hardware

Modular, Solar-Powered Microdata Centre

A sustainable design for rural African research institutions using locally 

available materials and maintaining minimal specialized expertise.

Renewable Energy

PV generation capacities from 10 kW to 200 kW, reducing dependency on 

unreliable power grids.

Advanced Thermal Management

Passive/active cooling techniques reduce energy needs while maintaining 

optimal operating temperatures.

Containerized Solutions

Housed in containerized units for security and ease of transport (e.g., shipping 

containers in Malawi).

Battery Storage

• • 48V Lithium-ion batteries

• • Capacity: 19.8 kWh to 900 kWh

• • Energy storage for reliable operation

Cooling Requirements

Reduced by 62% compared to 

conventional data centers



Innovation 2: Intelligent Scheduling

Our adaptive system dynamically allocates resources based on real-time conditions, maximising processing during peak solar 

production without expensive storage.

Dynamic Resource Allocation

Adapts to energy availability and research 

priorities, ensuring optimal resource use at all 

times.

Energy Optimization

Maximizes processing during peak solar 

production and gracefully degrades during 

limited energy periods.

Intermittent Connectivity

Continues operation with unstable networks by 

queuing and prioritizing tasks based on energy 

input.

Intelligent Scheduling Decision Process

Energy Availability Task Prioritization Resource Allocation Optimized Processing

No expensive battery storage required

Our approach ensures continuous operation without costly batteries.

Cost-effective resource utilization

Optimizes resource allocation based on available energy, maximizing value.



Innovation 3: Governance Framework

Our novel governance framework addresses both technical and social sustainability through collaborative approaches that ensure 

long-term institutional commitment and operational resilience.

Shared Resource 

Models

Collaborative use of 

computational resources 

among institutions to 

maximize efficiency and 

reduce individual burdens.

Local Capacity 

Building

Developing local expertise 

through comprehensive 

training programs on system 

maintenance and operation, 

reducing reliance on external 

specialists.

Cross-

institutional 

Collaboration

Facilitating cooperation 

between neighboring 

institutions to share 

resources and expertise, 

creating a regional network of 

computing capabilities.

Clear Ownership 

Structures

Defining clear roles and 

responsibilities for 

management and upkeep, 

fostering long-term 

institutional commitment and 

accountability.

Outcomes & Benefits

Technical sustainability through resource optimization Social sustainability through local ownership Long-term institutional commitment



System Architecture Overview

Our approach integrates three key innovations into a holistic architecture that enables resilient and accessible high-performance 

computing in rural African research contexts.

Solar Power Source

PV arrays and battery storage providing energy to the 

system, with capacities ranging from 10 kW to 200 kW 

and 19.8 kWh to 900 kWh respectively.

Microdata Center

Containerized compute and storage resources with 

advanced thermal management reducing cooling 

requirements by 62% compared to conventional data 

centers.

Intelligent Scheduler

Adaptive management of computational resources 

based on energy availability, research priorities, and 

network conditions, maximizing processing during peak 

solar production.



System Architecture Overview

Our edge computing architecture integrates the three pillars into a cohesive system that delivers sustainable 

delivers sustainable computing capabilities to rural research institutions in Sub-Saharan Africa.

Energy Infrastructure Computing Resources Governance & Management



System Model Diagram

Our sustainable edge computing architecture integrates renewable energy, localized data processing, and intelligent resource 

management to serve rural research institutions.

Solar Power Microdata Center Research Network Intelligent Scheduler



Microdata Center Design

PV Solar Panels

Charge Controller

Battery Bank

DC-AC Inverter

Containerized Enclosure

(Locally Sourced Materials)

Monitoring Unit
(Raspberry Pi)

Modular Design

Containerized architecture using locally available materials, 

enabling rapid deployment and maintenance with minimal 

specialized expertise.

Advanced Thermal Management

Passive/active cooling techniques including evaporative 

cooling and insulation reduce cooling requirements by 62% 

compared to conventional data centers.

Solar Integration

PV generation capacities ranging from 10 kW to 200 kW, 

with battery storage using 48V Lithium-ion batteries (19.8 

kWh to 900 kWh) for reliable power supply.

Intelligent Monitoring

Integrated monitoring and control unit (e.g., Raspberry Pi) 

continuously monitors environmental parameters and 

system performance for optimal operation.



Intelligent Workload Scheduling Flowchart

Our intelligent system dynamically adapts computational resources based on real-time conditions, ensuring continuous operation without expensive 

battery storage.

Start/End Point Process Node Decision Node Flow Direction



Deployment Methodology

The deployment process is structured to ensure successful implementation and long-term sustainability in 

sustainability in remote African contexts:

Site Assessment

Assessment

Evaluate solar irradiance, 

irradiance, infrastructure, 

infrastructure, local 

materials, and network 

conditions

Material Sourcing

Sourcing

Prioritize locally available 

available materials to 

reduce costs and foster 

local economic 

engagement

System Assembly

Assembly

Assemble solar power 

system, battery bank, and 

and integrate hardware 

and software stack

Team Training

Provide training on 

operation, maintenance, 

troubleshooting, and 

repair

Commissioning

System testing, validation, 

and establish remote 

monitoring protocols

Key Benefits of This Approach

Cost reduction through local materials Builds local capacity and expertise Sustainable long-term operation



Advanced Thermal Management

Our microdata center incorporates advanced thermal management techniques that achieve a 62% reduction 

in cooling requirements compared to conventional data centers, maintaining optimal operating temperatures 

even in high ambient heat.

Passive Cooling Solutions

Heat Spreaders

Dissipates heat through contact with ambient air, reducing the need for 

mechanical cooling.

Finned Enclosures

Increases surface area for heat dissipation, improving passive cooling 

efficiency.

Natural Convection

Harnesses natural airflow to maintain optimal operating temperatures 

without mechanical assistance.

Cooling Requirements Reduction

Higher Density Solutions

Hybrid Liquid-Air Cooling

For higher density configurations, hybrid cooling combines liquid and air 

circulation to optimize heat dissipation in tropical climates.

Immersive Cooling

For extreme conditions, immersion cooling provides enhanced efficiency and 

performance in tropical climates.



Pillar 2: Intelligent Workload Scheduling System

An intelligent workload scheduling system that dynamically allocates computational resources based on 

energy availability, research priorities, and network conditions.

Energy Availability Intelligent Workload Scheduler Optimized Task 

Allocation

Dynamic Resource Allocation

The system intelligently分配s computational resources based on task importance 

and current network conditions, maximizing processing capabilities during periods 

of abundant solar production.

Graceful Performance Degradation

During periods of limited energy availability, the system ensures continuous 

operation of essential research tasks without relying on expensive battery storage 

solutions.

Adaptive Task Execution

The system dynamically adjusts task execution by offloading non-critical tasks to 

the cloud during low-energy periods or pausing less urgent computations until 

energy resources are more plentiful.

Renewable Energy Optimization

The intelligent scheduler maximizes processing capabilities during peak solar 

production while ensuring continuous, reliable operation even when renewable 

energy is limited.



Adaptive Performance Capabilities

Our intelligent workload scheduling system dynamically optimizes performance based on energy availability, 

ensuring continuous operation while maximizing renewable energy utilization.

Low Energy Availability

Pauses less urgent computations

Offloads non-critical tasks to cloud

Reduces processing intensity

Peak Solar Production

Maximizes processing capabilities

Prioritizes research tasks

Leverages renewable energy effectively

Adaptive Benefits

Continuous operation without battery storage

Graceful degradation during outages

Dynamic resource reallocation

Intelligent Prioritization

The system evaluates task importance and network 

conditions to determine optimal processing order and 

resource allocation.

Dynamic Task Migration

Non-urgent tasks can be seamlessly transferred to cloud 

resources during low-energy periods, maintaining 

continuous operation.

Adaptive Resource Scaling

Processing intensity automatically adjusts based on available 

energy, ensuring optimal utilization without overwhelming 

local resources.



Hardware & Software Stack Specifications

The system is built upon a robust, yet adaptable, hardware and software stack designed for resilience and efficiency in challenging environments.

Hardware Components

CPU

16-core (minimum), x86_64 

architecture22+ vCPUs for AI workloads

RAM

64GB (minimum)88GB+ for AI workloads

Storage

50GB (minimum) SSD for 

OS/appsExpandable for data storage

Solar Panels

UL Listed Photovoltaic ModulesUp to 

1600W capacity (scalable)

Batteries

Sealed, maintenance-free 100AH Lead Acid 

(Nema 3R)Lithium-ion options available

Enclosure

Weatherproof, IP65-ratedVented aluminum 

microdata center chassis

Software Solutions

Workload Scheduler

Custom intelligent schedulerSSA-GA Hybrid 

Algorithm, DRL-based

Operating System

Lightweight Linux distributionUbuntu 

Server, Alpine Linux

Containerization

Docker, Kubernetes (k3s for edge)

Monitoring

Integrated sensors for temperature, 

humidity, powerRemote management tools

Data Processing

Open-source libraries for data 

ingestionApache Flink, Pandas

AI/ML Frameworks

Optimized TensorFlow LitePyTorch Mobile 

for edge inference



Sustainability Results

Our model predicition on the field testing phase across remote agricultural research stations in Zimbabwe

Data Transmission

Before 85% Reduction After

Achieved through local preprocessing, 

significantly lowering bandwidth requirements 

for rural research institutions with limited 

connectivity.

Carbon Footprint

Compared to 

Cloud

73% 

Decrease

Our 

Solution

Significant reduction compared to cloud-

centric alternatives, primarily due to solar 

power integration and reduced data center 

energy requirements.

System Availability

Maintained despite challenging environmental 

conditions and unreliable power grids, 

ensuring continuous operation for research 

institutions.

Key Impact

These results demonstrate that our sustainable edge computing architecture can achieve remarkable sustainability while providing reliable computing 

capabilities for demanding research applications in challenging environments.



Research Impact Metrics

Our field testing across three remote agricultural research stations in Zimbabwe, Malawi, and Zambia demonstrates significant

research impact:

Data Processing Capabilities

+317% increase

Enabled complex data analysis previously unattainable at these 

institutions.

Analysis Time Reduction

-74% faster

Accelerated research cycles for complex agricultural models.

Research Applications

Crop yield data analysis Climate modeling Disease surveillance



Case Study: Agricultural Research Applications

Our edge computing system enabled previously impossible computational analysis in agricultural research, transforming research 

outputs and enabling more responsive agricultural interventions.

Crop Yield Data Analysis

Enhanced processing of satellite imagery and environmental data to 

optimize crop yield prediction and resource allocation.

Climate Modeling

Localized climate data analysis at unprecedented spatial and temporal 

resolutions, enabling more accurate seasonal forecasting.

Disease Surveillance

Real-time processing of epidemiological data to track and predict disease 

spread patterns, improving early intervention strategies.

Impact Metrics

317%
Increase in data processing 

capabilities

74%
Reduction in analysis time

Research impact: Enhanced research outputs and more responsive 

agricultural interventions, directly benefiting rural communities.



Open-Source Toolkit for Replication

Our project champions an open-source philosophy, providing comprehensive designs that enable widespread adoption across diverse 

institutional contexts in rural Africa.

Hardware Design

Modular, containerized microdata center plans

Solar PV system integration guidelines

Advanced thermal management techniques

Software Design

Intelligent workload scheduling algorithms

Governance framework templates

Monitoring and control software

Key Benefits

Community-Driven Development

Enables local adaptation and continuous improvement

Self-Reliance

Empowers institutions to maintain infrastructure

Modular Design

Adaptable to varying resource constraints

Evolving Relevance

Adaptable to changing research needs



Deployment & Cost Model

Our deployment methodology emphasizes modularity and local integration for cost-effective implementation in rural African settings, 

with a Total Cost of Ownership (TCO) reduction of approximately 45% compared to cloud-centric alternatives.

Key Cost Components

Hardware

Sourcing and assembly of solar PV systems, battery storage, and 

microdata center components with modular design for phased 

investment.

Local Labor

Prioritizing engagement and training of local personnel for 

construction, installation, and maintenance, fostering local 

economic development.

Training

Investment in capacity building programs to equip local teams with 

necessary skills for system operation and maintenance.

Total Cost of Ownership Comparison

Cost Reduction Factors

• Lower energy costs from solar power

• Reduced bandwidth requirements through local processing

• Decreased specialized maintenance needs



Building Local Expertise

Our capacity-building program focuses on establishing local expertise 

through comprehensive training, empowering communities with 

essential skills for system operation and maintenance.

Maintenance Protocols

Training on system monitoring, component replacement, and 

environmental management techniques specific to local 

conditions.

System Management

Comprehensive training on infrastructure operation, resource 

allocation, and performance optimization for research workloads.

Troubleshooting

Hands-on training for diagnosing and resolving common technical 

issues without relying on external support.

Benefits of Building Local Expertise

Reduced external dependency - Local teams can handle routine 

maintenance without relying on external specialists.

Skilled employment - Creates professional opportunities within 

communities for technical roles.

Sustainable operation - Systems can be maintained and evolved 

according to changing research needs.

Community ownership - Fosters a sense of project ownership and 

commitment to long-term success.



Democratizing Research, Sustainably

Our edge computing architecture extends the benefits of Research and Education Networks (RENs) to 

(RENs) to marginalized research communities in sub-Saharan Africa, fostering innovation while respecting 

respecting ecological and financial constraints.

Extending REN Benefits

Enables previously impossible computational analyses for crop yield, climate 

climate modeling, and disease surveillance

Reduces analysis time for complex agricultural models by 74%

Creates responsive research outputs that address local needs rather than 

than relying on distant cloud infrastructure

Respecting Constraints

62% reduction in cooling requirements compared to conventional data centers

data centers

Significant reduction in carbon footprint (73% decrease) compared to cloud-

centric alternatives

Lower total cost of ownership over 5-year period compared to traditional cloud-

centric or diesel-powered solutions

Transformative Potential

By democratising access to advanced computational capabilities while prioritising sustainability, this work directly 

addresses the conference's focus on building resilient and environmentally responsible research and education networks. 

Our approach demonstrates that edge computing can serve as a powerful mechanism for extending the benefits of RENs 

to marginalised research communities, fostering innovation in critical domains while respecting ecological limits and 

financial constraints.



Key Recommendations

To further advance the impact and reach of our sustainable edge computing model for rural African research institutions, we propose 

the following strategic recommendations:

1. Scaling Deployment

Expand the deployment of this architecture to a broader network of Research and Education Networks (RENs) across Africa, targeting additional rural 

and underserved research institutions. Focus on creating sustainable hubs that can serve as regional computational resources.

2. Cross-Continental Collaboration

Foster enhanced collaboration among African nations and international partners, leveraging the open-source hardware and software designs to 

facilitate widespread adoption and localized adaptation. Create mechanisms for knowledge exchange and best practice sharing.

3. Policy Integration

Engage with national and regional policymakers to integrate this sustainable edge computing model into broader digital infrastructure strategies, 

ensuring long-term support and resource allocation for marginalized research communities.

These recommendations aim to bridge the digital divide in African research while maintaining environmental sustainability and computational excellence.



Key Recommendations

To facilitate widespread adoption and long-term success of this sustainable edge computing model, the 

model, the following recommendations are crucial:

Adopt Open-Source Designs
Leverage the provided open-source hardware and software designs to 

designs to enable cost-effective replication and customization across 

across diverse institutional contexts.

Prioritize Local Capacity Building

Implement comprehensive training programs for local technicians and 

technicians and researchers, fostering expertise in system maintenance, 

maintenance, operation, and application development.

Foster Regional Collaboration

Establish and strengthen partnerships through Research and Education 

Education Networks (RENs) to enable shared resource models, 

collaborative maintenance protocols, and cross-institutional knowledge 

knowledge exchange.

Engage Policymakers

Advocate for policies that support decentralized digital infrastructure, 

incentivize renewable energy integration, and promote digital literacy in 

rural areas.

These recommendations are essential for sustainable adoption and long-term impact



Future Work & Expansion

Our roadmap for future development focuses on enhancing performance, expanding capabilities, and creating 

a sustainable pan-African edge computing ecosystem:

AI/ML at the Edge

Integrate advanced AI/ML models directly at the 

edge to enable sophisticated data analysis with 

minimal latency and reduced data transmission 

requirements.

Edge inference Local model training

Energy-efficient Hardware

Develop even more energy-efficient hardware 

components to further reduce power 

consumption and extend operational capabilities 

during periods of limited energy availability.

Low-power processors

Advanced energy harvesting

Pan-African Computing Network

Expand the governance framework to support a 

broader pan-African network of interconnected 

edge computing nodes, fostering collaboration 

and resource sharing across the continent.

Cross-institutional collaboration

Shared resource models



Conclusion: Democratizing Computing Access

Our novel edge computing architecture successfully extends the benefits of Research and Education Networks (RENs) to 

marginalized rural communities in sub-Saharan Africa while maintaining ecological and financial sustainability.

Energy Efficiency

Our solar-powered microdata centers achieved 

a 73% decrease in carbon footprint compared 

to cloud-centric alternatives.

Data Transmission

Local preprocessing enabled an 85% reduction

in data transmission requirements, overcoming 

bandwidth constraints.

System Availability

Our systems maintained 99.2% availability

despite challenging environmental conditions 

and unreliable power grids.

Impact on Democratizing Computing Access

By democratizing access to advanced computational capabilities while respecting ecological and financial constraints, our approach enables previously 

impossible research and innovation in critical domains such as agriculture, climate science, and public health. This work directly addresses the conference's 

focus on building resilient and environmentally responsible research and education networks.

Edge computing can effectively extend REN benefits to communities often left behind, fostering innovation while 

respecting ecological and financial limitations.
Questions?



Thank You & Questions

We appreciate your attention and valuable feedback!

Your questions and insights will help us further develop this sustainable edge computing model for rural African research institutions.

We welcome your questions

Please raise any concerns or suggestions you 

may have

Contact Information

contact@edgecomputing-africa.org www.edgecomputing-africa.org

+263 123 4567
Research and Education Networks, Sub-

Saharan Africa

"By democratising access to advanced computational capabilities while prioritising sustainability, this work directly addresses the conference's focus on building 

resilient and environmentally responsible research and education networks."
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