Business Model for Thermoelectric Refrigerator Powered by
Photovoltaic Module and Incorporating IoT

1. Executive Summary

This business model presents the development and commercialization plan for a
Thermoelectric Refrigerator powered by Photovoltaic (PV) modules and
incorporating Internet of Things (IoT) functionality. The innovation is designed to
address the persistent challenges of unreliable electricity and inadequate vaccine
preservation in rural and off-grid healthcare facilities across Nigeria. The system
integrates renewable energy and smart monitoring to ensure sustainable cold
storage, reduce energy costs, and promote effective healthcare delivery.

2. Value Proposition

The product delivers reliable, maintenance-free, solar-powered refrigeration for
critical medical and agricultural needs. By leveraging thermoelectric technology and
[oT, it ensures real-time temperature monitoring, improves vaccine preservation,
and eliminates dependency on the national grid. It is affordable, durable, portable,
and aligned with global sustainability goals.

3. Problem Analysis

Nigeria faces a recurring challenge in maintaining an effective cold chain due to poor
electricity infrastructure, especially in rural areas. Conventional compressor-based
refrigerators are energy-intensive, require regular maintenance, and are prone to
breakdowns in low-voltage environments. As a result, vaccines and medical supplies
are frequently wasted, undermining healthcare efforts and increasing mortality
rates from preventable diseases.

4. Solution Overview

The proposed solution utilizes thermoelectric (Peltier) modules powered by solar
PV to provide sustainable refrigeration. IoT integration allows for real-time data
monitoring, remote temperature tracking, and proactive maintenance alerts. The
system is portable, vibration-free, and adaptable for field use, disaster zones, and
remote clinics.

5. Market Opportunity

The primary market comprises over 30,000 primary healthcare centers across
Nigeria, many of which lack reliable cold-chain facilities. Secondary markets include
humanitarian organizations, NGOs, and private hospitals in off-grid communities.



This innovation aligns with national strategies for energy access and healthcare
improvement, such as Nigeria’s Sustainable Energy for All (SEforALL) framework.

6. Business Model Canvas

Key Partners: NASENI, SOMMEDI, NPHCDA, REA, WHO, and State Ministries of
Health.

Key Activities: Research and development, prototype fabrication, testing, [oT
platform management, and maintenance support.

Key Resources: Engineering team, fabrication tools, thermoelectric modules,
sensors, solar components, and ICT infrastructure.

Value Proposition: Reliable, solar-powered, loT-enabled refrigerator for medical
cold storage in off-grid regions.

Customer Relationships: Long-term partnerships with government programs and
donor agencies.

Channels: Direct institutional procurement, donor agency collaborations, and
health programs.

Customer Segments: Rural PHCs, NGOs, military health units, research institutions,
and disaster response teams.

Cost Structure: Materials, IoT hardware, solar equipment, R&D, testing, and
logistics.

Revenue Streams: Product sales, service contracts, [oT data monitoring
subscriptions, and technology licensing.

7. Technology and Innovation Element

The system’s uniqueness lies in combining thermoelectric solid-state cooling, solar
PV energy, and loT data analytics. Using microcontrollers and wireless modules,
users can remotely monitor storage conditions, battery levels, and operational
efficiency. This integration supports traceability, predictive maintenance, and data-
driven health logistics.

8. Implementation and Scaling Plan



The implementation strategy includes prototype fabrication, laboratory testing, and
field trials in rural healthcare centers. Upon validation, a phased rollout will follow
through NASENI’s local manufacturing network. Strategic partnerships with donor
agencies and the Federal Ministry of Health will facilitate nationwide adoption.

9, Financial Plan

The estimated cost of producing four prototype units is ¥9,071,200. This includes
Peltier modules, microcontrollers, sensors, solar panels, and fabrication materials.
Future scaling will reduce unit costs through local component sourcing and modular
assembly. Revenue projections anticipate breakeven within two years of pilot
deployment.

10. Environmental and Social Impact

The innovation supports SDG 3 (Good Health and Wellbeing) and SDG 7 (Affordable
and Clean Energy). It reduces carbon emissions by replacing fuel-based cooling
systems and creates local jobs through fabrication and assembly. The project
enhances healthcare access, reduces vaccine spoilage, and promotes clean energy
utilization.

11. Risk Analysis and Mitigation

Technical Risk: Addressed through iterative testing and component quality
assurance.

Financial Risk: Mitigated via phased investment and partnerships with funding
agencies.

Operational Risk: Reduced through staff training and loT-based fault detection.
Market Risk: Managed through stakeholder engagement and advocacy for policy
integration.

12. Conclusion and Strategic Outlook

The Thermoelectric Refrigerator powered by Photovoltaic module and IoT
embodies innovation, sustainability, and national relevance. It strengthens Nigeria’s
healthcare and energy infrastructure, aligns with NASENI’s mandate, and offers a
scalable model for rural technology deployment. Through continued R&D and
institutional collaboration, the project can evolve into a flagship product for
sustainable cold-chain management.



