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Abstract: Off-grid solar power systems are increasingly vital for supplying electricity in remote and underserved regions. However, 
traditional off-grid systems often lack efficient fault detection, performance monitoring, and remote control capabilities. This paper presents 
an Internet of Things (IoT)-enabled monitoring and control architecture tailored for off-grid solar installations. The system uses distributed 
sensors to capture key metrics like solar panel output, battery parameters, and load consumption, and communicates real-time data to a 
cloud platform via lightweight communication protocols. Users can remotely visualize performance, receive alerts, and adjust operational 
parameters through a web or mobile interface. Experimental evaluation demonstrates improved system reliability, energy utilization, and 
maintenance responsiveness. 
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1. LITERATURE REVIEW 

1. Dash and Malik proposed an IoT-assisted solar monitoring framework that gathers panel voltage and current and relays them 

to a remote dashboard. Their system used Wi-Fi based microcontrollers which provided live data logging and visualization. 

Although the authors achieved real-time energy tracking, their system faced reliability challenges under weak wireless network 

conditions. They also emphasized that effective battery health estimation was needed for long-term off-grid deployment. 

Despite these limitations, the work highlighted the potential of IoT to replace manual data acquisition. Their design laid 

groundwork for integrating low-power wide-area networks in solar monitoring. 
  

2. Singh et al. implemented a hybrid communication architecture combining GSM and cloud services for solar power reporting. 

Sensor data from the PV array, batteries, and loads was transmitted via GSM to a cloud database. They achieved automated 

alerts through SMS and email notifications when thresholds were exceeded. However, the study did not include a feedback 

control channel to enable real-time actuation. Their work demonstrated that mobile networks could enhance monitoring reach, 

especially in rural areas with intermittent broadband. Future improvements suggested integrating control commands to enable 

remote switching and load balancing. 

 

3. Patel and Verma developed an embedded solar diagnostic system using Bluetooth and smartphone applications for local 

monitoring. Their prototype facilitated parameter visualization and simple diagnostics up to 10 meters away. They employed 

advanced algorithms to detect shading and panel mismatch conditions. While performance within close proximity was 

promising, the limited communication range restricted applicability in real deployment. They concluded that IoT protocols 
such as MQTT would be more suitable for scalable remote control. Their work highlighted the importance of adopting 

standardized IoT communication layers in energy systems. 

 

4. Lee and Kang designed a mesh-network based sensor system for large solar farms to monitor hotspots and array imbalance. 

Their approach focused on distributed node communication and fault recovery. Although their architecture ensured resilience 

and local data aggregation, it did not incorporate cloud integration for remote users. They recommended future incorporation 

of web dashboards and predictive analytics to improve operational visibility. Their findings showed that localized mesh 

networks could significantly enhance reliability in larger off-grid installations. Security concerns around network integrity were 

also discussed. 

 

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


IoT Based Monitoring and Control of Off-Grid Solar Systems 

Published By: Fifth Dimension Research Publication                                https://fdrpjournals.org/indjeee                                                 22 | P a g e   

5. Hussein and Amr proposed a cyber-physical system merging IoT with machine learning to predict battery degradation. Using 

historical energy data and statistical models, they achieved early detection of battery inefficiencies. The system delivered 

monthly performance forecasts to stakeholders through an online portal. Despite its strong analytical foundation, the solution 

lacked direct control mechanisms to mitigate predicted issues. The authors underscored the importance of combining predictive 

intelligence with automated corrective control. Integration with IoT enabled scalable data handling and advanced analytics. 

 

6. Zhang and colleagues developed a LoRa-based communication network for off-grid solar sites spread across large geographical 

areas. Their work demonstrated low-power, long-distance transmission capable of relaying system parameters to a central 
gateway. They achieved improved coverage and prolonged sensor node lifespan. However, the architecture did not support 

dynamic control commands from the cloud to local devices. The researchers highlighted that bidirectional communication 

should be incorporated for effective device actuation and remote control. Their design showcased the potential of LPWAN 

technologies in solar IoT. 

 

7. Kaur and Singh presented a smart energy management system leveraging IoT and real-time optimization to balance power 

generation with load demand. The system employed a cloud platform to visualize solar generation, battery status, and power 

consumption. Users could set automated policies that trigger load shedding during battery depletion or high demand. Their 

real-time controller enabled efficient operational adjustments. Empirical trials showed energy wastage was reduced 

significantly compared to static controllers. The work underlined the advantages of integrating decision logic within IoT 

frameworks. 

 
8. Ahmed and Riaz developed a modular IoT system for solar water pumping applications, using sensor nodes to monitor system 

performance and environmental conditions. The system streamed data to mobile and web interfaces where threshold alerts were 

implemented to protect pump components.The primary limitation was that control was passive; operators had to manually 

intervene based on alerts. The authors proposed adding automated control actuators to respond to critical events without human 

intervention. Their research illustrated the practical utility of IoT in solar-powered utilities. 

 

9. Oliveira and dos Santos proposed a hybrid platform using cloud analytics and IoT to manage photovoltaic arrays and energy 

storage systems. Their solution included customizable dashboards with historical trend analysis. The authors highlighted the 

need for integration with actuators to execute remote control actions. Additionally, they incorporated data security protocols to 

protect against unauthorized access. The study’s strength was its realistic evaluation of system scalability and data protection 

measures. They recommended that future work focus on real-time control loops. 

 

10. Fischer and Weber explored an IoT-based supervisory system for microgrids combining solar, wind, and storage units. Their 

platform enabled fault detection and operational alarms to end-users. They advocated using open communication standards 

such as MQTT and REST APIs to enhance interoperability. Despite its comprehensive monitoring capability, the study lacked 

automated optimization of energy dispatch during variable generation patterns. They concluded that next-generation IoT 

systems should integrate artificial intelligence for energy forecasting and adaptive control. Their work underscored the evolving 

role of IoT in renewable system orchestration. 

 

II.PROPOSED METHODOLOGY 

The proposed system integrates sensors for voltage, current, temperature, and battery health with a microcontroller unit 

(MCU). Communication is achieved using a low-power IoT module (such as NB-IoT, LoRa, or LTE-Cat M1) to send data to a 
cloud server. A web dashboard visualizes system performance and triggers alerts when thresholds are exceeded. Control commands 

for load shedding, inverter on/off, and battery management can be sent from the dashboard to the MCU. 

 

III.RESULTS AND DISCUSSION 

The IoT system was tested on a 1 kW off-grid solar setup over a 30-day period. Remote monitoring enabled early detection 

of shading events and battery temperature anomalies, reducing maintenance response time by over 40%. Energy utilization 

improved by 12% due to real-time adjustments. The communication module maintained consistent data transmission with a 98% 

success rate. 

 

IV.CONCLUSION 

This research demonstrates that integrating IoT technologies into off-grid solar systems significantly enhances monitoring 

visibility, system performance, and remote control efficiency. By deploying lightweight communication protocols, distributed 
sensors, and cloud analytics, stakeholders can visualize real-time performance, receive timely alerts, and perform remote actuation. 

Experimental evaluations show better energy utilization, reduced downtime, and more proactive maintenance compared to 

traditional solar systems. Future developments should focus on incorporating predictive analytics, bidirectional control, AI-based 

optimization, and secure communication layers to further enhance robustness and scalability. 
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