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	Abstract 
Renewable energy and energy efficiencies are the primary foundations of sustainability and environmental compatibility. This paper provides a monitoring system for an overview of environmentally friendly and energy-efficient cellular base stations (BSs), which use the most energy in cellular networks. Reduced network operating costs and continued profitability are crucial concerns for cellular network operators. Monitoring cellular base stations in off-grid locations is the topic of this research. Because of this, this study creates and puts into use a modern system for monitoring solar systems, which will make use of GSM technologies to transport data spanning great distances for the least expensive possible cost. To monitor PV systems that are situated in remote locations, this research article displays a resilient, authoritative, and secure control strategy that makes use of sensor networks and IoT technologies. Defining and archiving defects, collecting generation, and performing data for the study are made easier with this technology. In this paper, by using the PZEM-00T multimeter and Arduino UNO, the voltage and current coming out of the solar inverter are monitored, and data is transmitted through the GSM network using the SIM900 module to the ThingSpeak Cloud so that the data is monitored from long distances.
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1. Introduction
At many telecommunication cell sites, the management of AC power and battery levels continues to be problematic. The management of mobile base station cell sites by Nigeria's telecom companies is incompetent, and the owners of the telecom networks continue to lose money [1]. At each cell location, no amount of one-person activities will yield the desired results. Site operators are fallible and should not be encouraged to work in situations where they might make mistakes. They were involved in the majority of site failures in the records as a result of slow response times, inadequate diesel tank fueling, a failure to detect tank leaks, etc.
The world's mobile phone towers now have solar panels installed on top of them, enabling the nation to transition to using fewer fossil fuels without incurring significant costs. Solar energy technology is developing. However, the best time for solar energy to create is during the day. To assure the availability of services, this requires energy storage in the form of batteries. By connecting to the internet and other services, telecom towers enable people to conduct business remotely [2, 3]. To be employed for a variety of tasks, the towers' power source must be dependable. The towers' solar panels will keep them powered even if the national grid fails, which will be an issue if it does so frequently [4]. 
The potential for sudden voltage dips and subsequent cutoffs, which happen without the end-user being aware of it, is a major issue for telecom tower operators. As a result, the output is reduced and essential electrical equipment, such as tower services, becomes inoperable. It is critical to understand that battery hydrogen gas is hazardous to the environment and human health [5, 6]. Therefore, features that can endanger public health and safety, such as variations in AC and DC voltage, must be watched for and eliminated. Two of the main causes of voltage variations that have been discovered are insufficient battery data visualization and the large number of devices that rely on batteries. Since they are unaware of the anticipated battery low voltage, they are unable to act quickly. Data access from a distance is now possible for many companies and people thanks to the Internet of Things (IoT). IoT is essential for remotely acquiring, monitoring, and analyzing information and responding appropriately [7].
To deliver data to the cloud over vast distances to obtain the lowest cost and the longest battery life, our efforts focus on the design and implementation of a state-of-the-art energy activity monitoring system for the PV systems of telecom towers.

2. Requirements for System Design
Figure 1 depicts the suggested layout for the GSM and Thingspeak cloud-based solar monitoring system. Figure 1 demonstrates how to obtain the necessary measurements from sensors (Voltage and Current) and transfer them to the cloud over the GSM network for remote monitoring. The primary hardware component types that will be employed in the final proposed system are presented in this section.
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Figure 1. Proposed monitoring system based on IoT and GSM network.

2.1. Required hardware  
An Arduino Uno R3 is a board of circuits that are built around the detachable, DIP (dual-inline-package), ATmega328 AVR microprocessor. Total 20 digital input and output pins (6 of which can be used as PWM outputs and 6 can be applied as analog inputs). The simple-to-use Arduino computer program can be used to load programs onto it. It's incredibly simple to start working with embedded electronics thanks to Arduino's large support community. The Arduino Uno's third and most recent model is known as the R3 (Figure 2a) [8].
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Figure 2. Main Hardware Componnents: a) Arduino UNO R3 [8], b) PZEM-004T [9] , c) SIM900 Module [10], d) 20*04 LCD [11].
2.2. Required Software 
The tool used to write code is called the Arduino IDE (Integrated Development Environment), and it may be downloaded as a file from the Arduino website (Figure 3a) [12].
ThingSpeak is an IoT analytics stage service that enables the collection, visualization, and analysis of live data streams in the cloud. ThingSpeak (Figure 3b) instantly visualizes data sent by smart devices to ThingSpeak [13].
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Figure 3. Main Software Required: a) Arduino IDE [12], b) ThingSpeek Cloud [13].

3. Results and Discussion
The metering and transmission circuit is located in this part, as mentioned in the items in the previous part. In Figure 4, the final circuit is depicted. The hardware architecture is shown in Figure 5 for the final circuit connected to the GSM network and the measurement of the block diagram. Software called Fritzing was used to draw the electronic circuit [14]. With the use of CAD software developed as part of the open-source Fritzing software, electronic gear hobbyists and amateur designers will be able to build more reliable circuits from prototypes. 
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Figure 4. Main circuit block diagram.
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Figure 5. The hardware architecture board.
.
A flowchart for the final hardware board is shown in Figure 6. The flowchart shows how the Arduino UNO collects data from sensors (AC voltage and current), displays it on the 20*04LCD, and then determines whether the GSM network is available to begin transferring data to the ThingSpeak Cloud.
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Figure 6. The flowchart of the final measuring circuit.
The data stored in the ThingSpeak cloud will be displayed. Collect, visualize and examine data streams in real-time using the cloud-based IoT analytics platform ThingSpeak. ThingSpeak displays real-time data transmitted by devices to ThingSpeak. The ability to execute MATLAB® code in ThingSpeak allows you to analyze and manage the data as it is being collected in real-time. For proof-of-concept for an IoT system and prototyping that requires analytics, ThingSpeak is widely used. Figure 7 displays the results for some time to assess the state of the photovoltaic system.
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Figure 7. The main page of ThingSpead with results (AC voltage and AC current).




4. Conclusion
In this work, a brand-new monitoring system built on GSM technology has been developed and implemented. Data transfer over vast distances and with little power usage is made possible by GSM communication technology. The expansion of solar PV monitoring systems makes it possible for businesses and researchers working on solar PV to conduct further research based on IoT and ThingSpeak for PV-based applications that rely heavily on monitoring systems. Creating a monitoring-focused mobile application is suggested for future works.
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