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Abstract- Small-scale entrepreneurs in coastal and hilly 

regions often face challenges in storing perishable goods 

due to unreliable power supply and lack of cold chain 

infrastructure. This paper presents EcoFridge, a 

compact, solar-powered, and IoT-enabled smart cold 

storage system tailored for Micro, Small, and Medium 

Enterprises (MSMEs) in such underserved regions. 

EcoFridge operates fully off-grid using solar panels and 

batteries and offers smart temperature and humidity 

monitoring with mobile alerts. It provides a cost-

effective, energy-efficient, and sustainable solution for 

reducing spoilage of food, dairy, fish, and medicines. The 

system is particularly suited for individual vendors, 

farmers, and healthcare workers in remote areas. This 

paper details the architecture, implementation, and 

projected impact of EcoFridge on rural business 

sustainability and carbon reduction. 
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INTRODUCTION 

 

In India and other developing regions, coastal and hilly 

communities face serious post-harvest losses due to 

lack of access to consistent electricity and cold storage 

facilities. For small businesses like farmers, 

fishermen, shopkeepers, and rural clinics, food and 

medicine spoilage significantly affects their income, 

health outcomes, and quality of service. Studies 

estimate that over 30% of perishable produce is wasted 

in rural India due to inadequate cold storage. 

Traditional cold chains are either grid-powered, 

expensive, or stationary, making them unsuitable for 

remote and mobile use. Diesel-powered cold storage 

units are costly to run and contribute to greenhouse gas 

emissions. Ice-based methods provide short-term 

preservation but lack temperature control. To bridge 

this gap, EcoFridge proposes a renewable energy-

based, smart cold storage system that is portable, off-

grid, and affordable—specifically for MSMEs in rural 

and coastal environments. 

 

Problem Statement 

The key issues identified in the current landscape are: 

• Unreliable or unavailable electricity in rural and 

hilly areas 

• High cost and immobility of conventional cold 

storage systems 

• Dependence on diesel-based solutions that 

increase the carbon footprint 

• Lack of real-time monitoring, leading to 

unnoticed spoilage 

• Limited shelf-life and loss of quality in perishable 

goods 

These gaps severely impact small-scale vendors 

dealing with perishables such as milk, vegetables, fish, 

or medicines. A solution that is both accessible and 

affordable, while reducing food loss and emissions, is 

urgently needed. 

 

Related Work and Limitations 

Existing solar cold rooms such as those from Ecozen 

and Promethean Power address community-scale 

needs but are: 

• Expensive (INR 1–5 lakhs) 

• Not portable or suitable for individual users 

• Not equipped with IoT-based real-time alert 

systems 

Some government-supported solutions and NGOs 

have deployed refrigerated vehicles or centralized cold 

rooms, but their high cost, maintenance challenges, 

and limited reach make them unsuitable for micro-

entrepreneurs. Similarly, basic iceboxes offer limited 

insulation and no monitoring capability, leading to risk 

of spoilage. 

Therefore, there is a clear gap in the market for a 

compact, intelligent, low-cost cold storage device that 
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can be powered sustainably and used independently by 

MSMEs. 

 

Technology Stack and System Architecture 

Components Specification 

Solar Panel 100W Monocrystalline PV Panel 

Battery 12V, 40Ah–65Ah Lead-acid or Li-

ion Battery 

Charge 

Controller 

PWM-based 12V Solar Charge 

Controller 

Cooling System Peltier (TEC1-12706) or DC 

Compressor Module 

Microcontroller ESP32 / Raspberry Pi Pico with Wi-

Fi/GSM 

Sensors DHT22 (Temp & Humidity), 

DS18B20 (for accuracy) 

Alert Module SIM800L GSM or ESP8266 Wi-Fi 

module 

Software Arduino IDE, MQTT/Blynk for app 

communication 

 

Estimated Deployment Cost 

• Basic unit: INR 16,000 

• Advanced model with app and LCD display: INR 

22,000–25,000 

 

Working Process 

1. Solar panels charge the battery during sunlight 

hours. 

2. Battery powers the cooling unit and sensors. 

3. Sensor data is processed by the ESP32, 

maintaining safe internal conditions. 

4. If temperature exceeds a preset threshold, the 

GSM module sends a mobile alert. 

5. The user is notified instantly, reducing risk of 

spoilage. 

 

Block diagram 

 
 

Implementation and Deployment Strategy 

EcoFridge is designed to be user-friendly and robust. 

The system can be deployed as: 

• A standalone 40-70L portable box for individual 

MSMEs 

• A larger unit for shared use among small 

cooperatives or self-help groups (SHGs) 

• Mounted on push carts or small vehicles for 

mobile vendors 

Field trials can be initiated in rural markets and coastal 

fishing villages with local MSMEs. Awareness 

campaigns and training programs will assist in 

adoption. 

 

Component Cost (INR) 

Solar Panel (100W) ₹4,500 –₹6,000 

Battery (12V, 40Ah–

65Ah) 

₹4,000 – ₹6,500 

Charge Controller ₹500 – ₹1,000 

Cooling System ₹3,000 – ₹5,000 

Sensors ₹150 – ₹300 

ESP32 Microcontroller ₹400 – ₹800 

GSM/Wi-Fi Module ₹300 – ₹600 

Insulated Box ₹2,000 – ₹3,500 

Miscellaneous ₹800 – ₹1,000 

Total ₹16,000– ₹25,000 
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Benefits and Outcomes 

Feature Impact 

100% solar-powered 
Off-grid functionality, zero 

electricity bill 

IoT-based monitoring 
Real-time safety, spoilage 

prevention 

Portable and modular 

design 

Ideal for mobile vendors and 

remote clinics 

Low-cost setup Affordable for individual MSMEs 

Reduced carbon 

footprint 

Eco-friendly, diesel-free cold 

storage 

Local economi c 

upliftment 

Higher income from reduced 

spoilage 

Health and safety 
Ensures storage of vaccines and 

medicines 

 

Potential Use Cases 

• Agricultural Produce Storage: Extends freshness 

of vegetables, dairy, and fruits at village mandis 

• Fishermen Storage: Preserves catch during transit 

or on the dock 

• Mobile Vendors: Used on carts to sell chilled 

items like juices, curd, or fish 

• Rural Healthcare: For storing vaccines and 

sensitive medicines at PHCs 

• Women-led SHGs: To store processed foods and 

homemade dairy products 

 

Future Scope 

• AI-Driven Energy Optimization: Smart 

adjustment of cooling cycles based on weather 

and load 

• Cloud Dashboard Integration: Central monitoring 

for large-scale deployments 

• GPS-Based Mobility Tracking: Ideal for mobile 

vendor operations and route optimization 

• Battery Efficiency Enhancements: Adoption of 

lithium-ion or graphene batteries for longer life 

• Subsidy Support Integration: Link with 

government schemes like PMEGP, Solar Subsidy 

Schemes, and MSME startup support 

 

Need for Community-Based Cold Storage 

Agricultural and fisheries-based MSMEs in coastal 

and hilly regions form a critical part of local 

economies. Farmers, fishermen, and small-scale 

entrepreneurs rely heavily on perishable produce such 

as vegetables, fruits, dairy products, and fish. 

Unfortunately, one of the biggest challenges faced by 

these communities is the rapid spoilage of harvested 

goods due to inadequate cold chain infrastructure. 

Studies by the Food and Agriculture Organization 

(FAO) and India’s Ministry of Agriculture estimate 

that 30–40% of perishable produce is wasted annually 

in rural areas, leading to a significant loss of income 

and reduced food availability for local populations. 

In coastal regions, fishermen struggle to keep their 

catch fresh during transit from the shore to nearby 

towns or markets. While ice boxes are sometimes 

used, they lack proper temperature regulation, leading 

to microbial growth and loss of quality within hours. 

Similarly, in hilly regions, the absence of grid 

electricity and unreliable transportation systems 

further worsen storage and distribution. Vegetables, 

dairy products, and medicinal supplies often spoil 

before reaching consumers, directly impacting both 

food security and livelihoods. 

For MSMEs, such losses are not just about wasted 

produce but also represent lost business opportunities, 

increased operational costs, and reduced 

competitiveness in markets. A farmer who loses 30% 

of his vegetable yield due to spoilage has to recover 

the cost from the remaining produce, which drives up 

prices and reduces affordability for consumers. Over 

time, this discourages small entrepreneurs from 

scaling their businesses. Thus, the problem of post-

harvest losses is both an economic challenge and a 

barrier to rural development. 

 

CONCLUSION 

 

EcoFridge offers a sustainable, smart cold storage 

solution for underserved MSMEs in coastal and hilly 

regions. It leverages renewable energy and smart IoT 

technology to solve the challenges of perishables 

spoilage and power dependency. The innovation 

supports both economic empowerment and climate 

action, making it highly relevant for national MSME 

development goals and global sustainability efforts. 
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