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Abstract: The modern power grid faces rapid 

growth in load demand due to industrialization, 

leading to an unregulated environment and 

increasing adoption of renewable energy sources, 

which presents technical challenges, particularly 

in terms of stability. Hydrogen conversion 

technology revolutionizes clean electricity storage 

with renewable energy, and solar hydrogen is now 

available in autonomous solar systems. The 

efficiency of solar photovoltaic systems is closely 

related to using digital electronic maximum peak 

power tracking (MPPT) technology. The Internet 

of Things (IoT) is crucial for performance 

monitoring and real-time control of PV systems, 

enhancing the understanding of real-time 

operating parameters. IoT and wireless sensor 

networks for distributed solar energy devices and 

joint building design are essential for developing 

the photovoltaic construction industry. In this 

paper, the monitoring system that has been 

proposed offers a potentially effective solution for 

the intelligent remote and real-time monitoring of 

solar photovoltaic (PV) systems. It demonstrated 

a high level of accuracy, reaching 98.49%, and can 

transmit graphical representations to a 

smartphone application within a time frame of 

52.34 seconds. Consequently, the battery's 

longevity was extended, energy consumption was 

diminished, and the quality of service (QoS) for 

real-time applications inside the Internet of 

Things (IoT) was enhanced. 
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الكهروضوئية المستقرة باستخدام إنترنت  تحسين أنظمة الطاقة 
 ( IoTالأشياء ) 

 4ياسمين كامل ،2تقي الدين الصمادي ،3خالد الصمادي ، 1ياسر محمد
 .الأردن - عجلون / جامعة عجلون الوطنية  / كلية علوم الحاسوب وتكنولوجيا المعلومات 1
 .الأردن - جرش  /  جامعة جرش /  كلية الهندسة 2
 .الأردن - إربد  /  جامعة جدارا / علوم الحاسوب 3
 . العراق - الانبار / جامعة الانبار / قسم الهندسة الكهربائية 4

 الخلاصة 
تواجه شبكة الطاقة الحديثة نموًا سريعاً في الطلب على الأحمال بسبب التصنيع، مما يؤدي إلى بيئة غير منظمة وزيادة اعتماد مصادر 

تحديات فنية، لا سيما فيما يتعلق بالاستقرار. تحُدث تكنولوجيا تحويل الهيدروجين ثورة في تخزين الكهرباء  الطاقة المتجددة، مما يمثل  

المتجددة، والهيدروجين الشمسي متوفر الآن في أنظمة الطاقة الشمسية المستقلة. ترتبط كفاءة أنظمة الطاقة   باستخدام الطاقة  النظيفة 

وثيقً  ارتباطًا  الكهروضوئية  )الشمسية  الإلكترونية  الرقمية  الطاقة  لذروة  القصوى  الطاقة  تتبع  تقنية  باستخدام  إنترنت MPPTا  يعد   .)

( أمرًا بالغ الأهمية لمراقبة الأداء والتحكم في الوقت الفعلي للأنظمة الكهروضوئية، مما يعزز فهم معلمات التشغيل في  IoTالأشياء )

ات الاستشعار اللاسلكية لأجهزة الطاقة الشمسية الموزعة وتصميم المباني المشتركة الوقت الفعلي. تعد شبكات إنترنت الأشياء وشبك

ت  ضرورية لتطوير صناعة البناء الكهروضوئية. في هذه الورقة، يقدم نظام المراقبة المقترح حلاً فعالاً للمراقبة الذكية عن بعد وفي الوق 

أظهرت وقد  الكهروضوئية.  الشمسية  الطاقة  إلى    الحقيقي لأنظمة  الدقة، وصلت  التمثيلات %98.49مستوى عالٍ من  نقل  ويمكنها   ،

ثانية. ونتيجة لذلك، تم تمديد عمر البطارية، وتقليل استهلاك الطاقة،    52.34الرسومية إلى تطبيق الهاتف الذكي خلال إطار زمني قدره  

 (. IoT)  ( للتطبيقات في الوقت الحقيقي داخل إنترنت الأشياءQoSوتحسين جودة الخدمة ) 

إنترنت    ،نظام تخزين الطاقة  ، إدارة الطاقة  ،تتبع أقصى نقطة للطاقة  ، نظام الضوئية  ، موارد الطاقة المتجددة  ،تحسينكلمات الدالة:  ال
 . ( IoTالأشياء ) 

 

1.INTRODUCTION
Renewable energy PV systems have led to a 
global transition to 100% renewable electricity 
generation, necessitating automatic 
monitoring, analysis, and control of power 
plants, distribution, and network 
infrastructure. Information and 
communication technology devices are needed 
to address reliability problems and optimize 
grid loading. Renewable energy sources are 
highly intermittent, and converters and non-
synchronous machines are vital in supporting 
voltage stability. Many studies have analyzed 
the impact of non-synchronous devices on 
voltage stability in traditional grids. The 
authors in [1-4] proposed a controller to 
mitigate voltage stability when integrated with 
large-scale photovoltaic plants, reducing 
transmission expansion costs. In Al-Agha and 
Alsmadi [5] the voltage stability assessment 
with bulk wind energy penetration was studied, 
while the importance of combining wind energy 
and FACTS devices at strategic locations was 
highlighted. The Internet of Things (IoT) is a 
complex digital and physical infrastructure for 
intelligent control, power supply systems, and 
distributed energy consumption [6]. Recent 
development scenarios aim for 100% renewable 
energy by 2070, combining distributed 
renewable energy generation systems with 
energy storage devices. Photovoltaic power 
generation has reached parity with fossil 
energy; however, affordability hinders the 
transition to 100% renewable energy sources 
[7,8]. Hydrogen conversion technology has 
revolutionized clean electricity storage with 
renewable energy, and the efficiency of solar 
photovoltaic systems is closely related to using 

a power optimizer, such as MPPT. IoT aims to 
create a vast network for intelligent object 
management and supervision, utilizing 
electronic sources to learn about specific topics 
[9]. The ZigBee Alliance significantly influences 
IoT applications in smart homes, healthcare, 
and industrial monitoring [10-12]. Distributed 
solar energy systems will be used online in the 
future, enabling intelligent gathering, 
transmission, and monitoring of operating 
parameters for distributed solar structures. It is 
known that changes in solar radiation are 
linked to solar installations. The apparent sky 
factor, occlusion index, and spatial coefficient 
are some indicators that show how the solar 
output is distributed with time and space. 
Transportation, industry, and construction are 
the three industries with the highest energy 
consumption, reflecting economic development 
and improving people's quality of life through 
more efficient energy generation and increased 
building energy consumption [13]. 
2. LITERATURE REVIEW 
Solar energy has the potential to serve as a 
compelling alternative for energy generation, as 
a primary and secondary source. Solar energy 
harvesting feasibility in Palembang has been 
the subject of a study by [14, 15]. The research 
findings indicated that Palembang's 
geographical location enabled attaining 
optimum power output. However, it is worth 
noting that utilizing solar energy is more 
advantageous in remote and highland regions, 
as demonstrated by [16]. Optimized the output 
and efficiency of photovoltaic (PV) systems 
implemented in Palembang; however, despite 
the possibility of overheated panels in certain 

https://tj-es.com/
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regions of South Sumatra, the disadvantage is 
negligible compared to the advantages gained 
from this application. According to Shatnan et 
al. [17], environmental conditions can influence 
the performance and efficiency of solar panels; 
therefore, adjusting the panel to those 
conditions, such as by implementing MPPT, 
can help surmount these obstacles [18, 19]. 
Given the references, the viability of integrating 
solar energy systems into hospital settings in 
Palembang is exceptionally high [20]. Discuss 
the viability of implementing a PV system 
utilizing the RSM and ANFIS methodologies; 
notwithstanding the extensive implementation 
of Internet of Things (IoT) systems within 
intelligent greenhouses, the method by which 
this technology can optimize greenhouse 
environments, particularly in tropical regions 
prone to extreme temperature fluctuations, 
remains inadequately understood. Developed 
nations have been the primary locations for 
research and development due to their direct 
access to IoT resources and systems. 

Furthermore, the current knowledge regarding 
implementing IoT systems in intelligent 
greenhouses in tropical regions is inadequate 
[21]. 
2.1.The Sustainable Energy IoT 
Adopting sustainable technology is crucial for 
global energy access, as it improves the 
operation and performance of current power 
systems. Technology-based applications can 
create reliable, affordable energy access, 
satisfying the community's energy needs. IoT 
technology effectively provides cheap energy 
and connects supply chains and components of 
sustainable energy systems [22, 23]. This 
paradigm combines human resources and 
cutting-edge technologies to meet future energy 
needs and barriers. The IoT's capability to 
develop future energy systems links innovative 
technologies and solutions globally. In the long 
run, IoT for energy has the potential to achieve 
the sustainability and resilience of current 
energy infrastructure while also lowering future 
energy consumption, as shown in Fig. 1. 

 

Fig. 1 Overview of the Sustainable Energy IoT.

IoT in sustainable energy systems offers access 
to global energy via clean, renewable energy. 
This technology facilitates safe, cost-effective, 
and environmentally friendly energy systems, 
increasing resource usage and lowering energy 
conservation costs. In Wali and Muhammed 
[24], Hilme and Abdulkafi [25], four 
possibilities for decreasing cloud based IoT 
network traffic power were presented using the 
MILP optimization model. Developed a multi-
objective particle swarm optimization 
(MOPSO) mechanism for optimizing energy 
utilization, increasing ROI, and decreasing 
response time. Leon-Garcia created a heuristic 
strategy for addressing QoS in cloud-based 
architectures in IoT service selection. In Ref. 
[26], combinatorial optimization, non-linear 
programming, and linear programming are 

utilized to tackle diverse optimization 
problems, while the approximation approaches 
used in optimization tactics include heuristics 
and meta-heuristics. There are two types of 
optimization techniques: exact and 
approximation methods (heuristics and meta-
heuristics methods) [27]. Fig. 1 depicts the 
optimization approaches classification. 
Therefore, the fundamental objective of this 
work is to present a realistic approach that 
includes increased battery lifetime for IoT 
nodes, reduced energy consumption, and 
improved QoS requirements for real-time 
applications in the IoT. 

3.METHODS AND DATA ACQUISITION 
This work view describes a system measuring a 
solar PV panel's voltage, current, temperature, 

https://tj-es.com/
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and exposure to sunlight. A wireless 
transceiver, NodeMCU ESP8266, uploaded 
data online, while Arduino ATMega2560 
recorded it. Think Speak, an open-source IoT 
cloud platform, stores sensor data and displays 
it in a graphical format. The system can be 
monitored using the Think Speak website and a 
smartphone application [28]. The MPPT solar 
charge controller was connected to a 
monocrystalline solar photovoltaic panel with a 
maximum power output of 100 W, voltage of 18 
V, and current of 5.56 A. A 12 V, 7 Ah Valve 
Regulated Lead Acid battery was used for 
storage. A voltage divider circuit in Eq. (1) 
senses the solar PV voltage shown in Fig. 2, 
where Vin = 18.30 V, R1 = 1 kΩ, and R2 = 10 kΩ 

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛 𝑋
𝑅2

𝑅1+𝑅2
  (1) 

 

Fig. 2 Flow Chart of PV Monitoring System 
Using (IoT). 

4.RELATED WORK 
Think Speak was employed to store sensor data 
and present it in a graphical format, enabling 
users to access the data remotely, provided an 
internet connection is established. The 
monitoring process can utilize the Think Speak 
website and mobile applications developed 
using MIT. Attaining maximum power transfer 
(MPT) can be accomplished through the fine 
adjustment of the wind by a slight deviation in 
current, resulting in a corresponding change in 
the voltage value by the slope. Inverters have 
effectively optimized the power output of 
individual modules by combining the benefits 
of single and micro-inverters, which has led to 
a significant decrease in power losses and a 
notable improvement in the energy efficiency of 
photovoltaic (PV) modules, with potential gains 
of up to 50%. Subsequently, this strategy has 
been extensively employed [29, 30]. The 
organization of this paper is as follows: in the 

next section, a photovoltaic (PV) energy system 
is presented. The third section forecasts 
optimizing energy usage (IoT) and capacity. 
The fourth section presents the Maximum 
Power Point Tracking (MPPT) Technique 
Description. Results and Discussion, followed 
by the final remarks in the fifth and sixth 
sections. 
4.1.Optimization of Energy Usage (IoT) 
and Capacity 
Think Speak is employed to store sensor data 
and present it. The application of IoT 
technology in the energy industry is rapidly 
growing. It now includes intelligent grid 
management, electric vehicle control, grid 
operations, network management, microgrid 
control, district heating and cooling, demand-
side management, demand response, metering 
infrastructure, smart buildings, battery 
operations, energy storage, and wind farm 
operations. Power companies should optimize 
technology nodes, flash access, energy 
harvesting, and flexible front ends, integrate 
important features into digital chips, offer 
adaptable power mechanisms and energy-
saving solutions, and use power-optimized 
devices to improve network quality to exploit 
IoTs fully. Only a few electricity firms are now 
driving these IoT developments [31-33]. The 
rapid recent progress on the IoT in the energy 
sector can be observed in smart grid 
management, electric vehicle control, grid 
operations, network management, microgrid 
control, district heating and cooling, demand-
side management, demand response, metering 
infrastructure, smart buildings, battery 
operations, energy storage, and wind farm 
operations. To take full advantage of IoTs, 
power companies should enhance network 
quality by optimizing technology nodes, 
optimizing flash access, energy harvesting, 
flexible front ends, integrating key features into 
digital chips, offering adaptable power 
mechanisms, energy-saving solutions, and 
using power-optimized devices [34]. 
Optimization of energy usage is a technique 
that utilizes IoT technology to enhance the 
efficiency of power systems. (IoT)-enabled 
sensors collect real-time data on energy 
consumption patterns, allowing operators to 
identify high-energy usage areas and develop 
strategies to reduce consumption. This 
optimization improves overall efficiency, 
reduces costs, and minimizes environmental 
impact [35]. A typical solar vehicle power 
system consists of a matrix with series-
connected photovoltaic cells, a battery pack, 
and a DC/DC converter. The controller 
continuously adjusts the converter to maintain 
the operating voltage of the solar panel 
according to its Point Tracking System 
architecture. The maximum power for a solar 
electric vehicle is shown in Fig. 3. 
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Fig. 3 OTMM Component Architecture for Solar Electric Vehicle with Fuzzy Controller. 

5.MAXIMUM POWER POINT 
TRACKING (MPPT) TECHNIQUE 
DESCRIPTION 
Several techniques track the maximum power 
point (MPP), such as the incremental 
conductance technique, fractional OCV 
technique, fractional SCC technique, neural 
network technique, and fuzzy logic control [14]. 
In this study, a fuzzy logic controller (FLC) 
considered the MPPT technique. The FLC 
technique maintained the control of the PV 
system based on a data knowledge process. The 
stages of the FLC are shown in Fig. 4. 

 

Fig. 4 The Block Diagram for the FLC 
Technique [14]. 

The FLC inputs Er and FLC output CEr are 
given as follows.  

{
𝐸𝑟 =

𝑃𝑝𝑣(𝐾) − 𝑃𝑝𝑣(𝐾 − 1)

𝑉𝑝𝑣(𝐾) − 𝑉𝑝𝑣(𝐾 − 1)

𝐶𝐸𝑟 = 𝐸(𝐾) − 𝐸(𝐾 − 1)

 [14] 

where K denotes sample time. The MFs of FLC 
inputs Er, FLC output CEr, and duty cycle (D) 
are illustrated in Fig. 5. Each MF involved five 
fuzzy sets: NN, PN, ZR, NP, and PP (where N 
and P represent low and high, respectively). 
Table 1 shows the table of rules [14]. 

 

Fig. 5 Input and Output MFs. Legends: (a): 
μCEr, (b): μEr and (c): μD [14]. 

The membership (MF) characterizes the 
fuzziness of the fuzzy sets. The triangular MFs 
are widely used due to their simplicity and 
linearity. They perform well and better than 
other types of MFs. Different shapes can be 
obtained from triangle transformations 
induced by linguistic modifiers, truth-
functional modifiers, compositions, 
projections, and other operations [14]. The 
power demanded from P photovoltaic batteries 
depends on operating voltage, load value, 
temperature, and radiation intensity. The 
Maximum Power Point (MPP) is the desired 
working point for optimal efficiency. MPPT can 
increase solar power output by adjusting 
parameters, ensuring the working voltage (V) 
remains equal to optimal VTM. MPP is crucial 
in solar-powered electric vehicles, as it ensures 
high electricity availability without increasing 
solar panel size and reducing vehicle weight and 
performance [36]. The classification of 
optimization techniques is shown in Fig. 6. 

 

 

Fig. 6 Classification of Optimization 
Techniques [6]. 
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MPPT comprises hardware and software 
components, including a DC converter, sensors, 
and control unit. Researchers have developed 
various TMM tracking algorithms, with the 
incremental conductivity (IC) algorithm being 
the most effective in various weather 
conditions. The IC algorithm provides the 
highest efficiency in real environments. A 
microgrid based on PV uses a modified P&O 
algorithm to eliminate fluctuations and initial 
panel parameters, while the adaptive P&O 
algorithm improves dynamic response and 
stability [37].  

 

Fig. 7 Use of Power Optimizers for Solar Cells 
[7]. 

Replacing inverters on the power curve is 
determined using the iterative current I balance 
(IB) method, which yields a positive or negative 
slope for output power. This method aids in 
maximizing the power of each module while 
decreasing energy efficiency in PV modules by 
up to 50–60%. Since 2006, inverters have 
combined the benefits of single and micro-
inverters, increasing energy production, 
boosting security, and providing continuous 
information from each panel. This method also 
enables replacing outdated or defective 
modules with new, more potent ones, 
increasing a PV system's efficiency by 25% 
annually. Optimizers calculate the location of 
solar PV modules on the power curve by 
changing current by a slight I deviation, 
resulting in a positive or negative slope of 
output power, allowing for the iterative wind I 
balance to approach the MPPT. These 
optimizers improve energy efficiency by 
reducing power losses and ensuring safety in 
photovoltaic systems [8]. In the renewable 
energy scenario of tomorrow, the volatile 
demand for energy in many countries is 
currently met by combining points produced 
from sun, wind, and water (renewable energy 
sources, RES) plus that from fossil energy 
sources (FES, Eq. (2)), will be met by renewable 
energy only (Eq. (3)) [38,39]. 

Demand = Production from RES+ 
Production from FES 

(2) 

  (Volatile)            (Volatile)          (Plannable) 

Demand = Production from RES (3) 
  (Volatile)                     (Volatile) 

Recent progress in weather forecasting, mainly 
through neural network algorithms, has 

enabled accurate predictions of renewable 
energy production from the sun and wind. This 
technology increased efficiency in PV modules 
[40-42] and renewable energy capacity with 
maximum output and fast connection to the 
electrical network. Whereas machine learning 
algorithms predict the dynamic volatility of 
electric C-type stems where distributed 
generation exceeds 50%. The increasing 
number of renewable sources can generate up 
to 25–30% of electricity, developing microgrids 
and greater decentralization of energy sources. 
The Internet of Things role will also increase 
[43]. The North Star ACE project aimed to 
increase efficiency through built-in sensors and 
controllers in each battery and optimize the 
overall operation of solar panels and electric 
energy storage devices, achieving maximum 
generation and optimal electricity 
accumulation [44]. North Star ACE sensors and 
controllers allow : 

• Measure voltage and temperature. 

• Eliminate the need for external 
monitoring devices. 

• Save the charge of storage devices during 
data transmission. 

• Store critical parameters that affect 
battery performance throughout battery 
life. 

• Collect information for future 
optimization. 

• Keep a log automatically without any 
active consumer intervention. 

• Create an intelligent power grid when 
many homes are connected. Fig. 8 shows 
how North Star ACE works. 

 

Fig. 8 Principle of North Star ACE Work. 

The IoT is an innovative electronic optimizer 
technology for lithium-ion cells, measuring the 
charge of solar panels and rechargeable 
modules relative to each other. The bi-
directional cell control and balancing system in 
a 48 kW ×h battery can detect and correct these 
differences continuously, ensuring a balanced 
charge state with minimal energy loss [45]. The 
examples can be presented as a scheme of the 
Internet of Things and solar power plants for 
small networks (Fig. 9). 

https://tj-es.com/
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Fig. 9 Working on Solar Plant.

6.THE PERFORMANCE OF THE PV 
MONITORING APPLICATION 
Using power optimizers for solar cells, a 
smartphone application was developed to 
simplify data user access, displaying up to 6 
sensors' data. Created using MIT App Inventor, 
the program provides a better visual 
representation of the data, as shown in Fig. 10. 

Table 1 Data Calibration of Each Sensor 
Utilized in Data Acquisition. 
Sensor Type  Number of data  Percentage of 

difference from 
the standard 
measuring 
instrument (μ ± 
1σ %)  

Voltage  30 × 10a  3.05 ± 3.25  
Current  30 × 6b  1.85 ± 1.57  
Temperature  30  0.22 ± 1.38  
Light intensity  30  0.92 ± 3.03  

The voltage and current sensors were calibrated 
using a power supply voltage range of 1-10 V. 

The sensors' mean and standard deviation 
values were 3.05-3.25, 1.85-1.57, 0.22-1.38, and 
0.92-3.03%, respectively. The overall mean 
accuracy was 98.49%, indicating good working 
order and accurate data acquisition. The 
performance of the PV system was examined 
from 06:00-18.00, and the power was 
calculated using the formula P = V I in Watt. 
Access to the PV panel monitoring system is 
possible through the website and the PV 
Monitor application described in this study. 
The data shown is produced by both techniques 
in the same way. The only difference was that 
the data were shown simultaneously on the 
Internet, as seen in Fig. 8. The PV Monitor 
program, in contrast, enables users to choose 
which data should be presented while 
concealing the others. The display for the PV 
Monitor is shown in Figs. 8 and 9.  

 

Fig. 10 Performance of the PV monitoring. 

 

Fig. 11 The PV Monitor AC Output Power Display. 

https://tj-es.com/
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Fig. 12 The PV Monitor DC Input Channel Current. 

 

Fig. 13 The PV Monitor Generated Energy of 23.40 kWh. 

 

Fig. 14 The PV Monitor AC output Current Display. 

 

Fig. 15 PV Performance System Result of Power Versus Monitoring System. 
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7. CONCLUSIONS 
IoT systems and databases facilitate producing 
hydroelectricity, encourage using solar power, 
and manage water resources, as evidenced by 
the Framework for Planning a Climate-
Resilient Economy, Geothermal Prospector, US 
Energy Information Administration energy 
mapping system, and Bioenergy Knowledge 
Discovery Framework, and the solar road map. 
For various energy applications, digital control 
technology and energy storage in Li-ion 
batteries and solar hydrogen enable producing 
pure, dependable, and cost-effective solar 
electricity. In large cities, where 30% of annual 
demand is met through self-generation of 
electricity via building-integrated PV, solutions 
could be scaled up. Nonetheless, the liberalized 
electricity market requires structural 
adjustments, including renewable energy 
sources and governance models. To direct 
organizations toward energy self-sufficiency, 
energy managers must articulate and 
implement a tangible energy transition 
strategy. Solar PV system monitoring requires 
data acquisition, a data gateway, and the 
display of a smartphone application. The data 
acquisition process was executed with an 
accuracy rate of 98.49%. Graphical 
representations were transmitted to the 
smartphone application via the data gateway in 
an average of 52.34 seconds using a PV system; 
one can significantly outweigh the 
disadvantages of relying on a costly and 
transient UPS battery. Further research will 
concentrate on implementing active cooling 
devices and MPPT algorithms to enhance the 
output and efficiency of photovoltaic (PV) 
systems. 

NOMENCLATURE 
FES Fossil Energy Sources 
IoT The Internet of Things 
MMPT Maximum Peak Power Tracking 
MOPSO Multi-Objective Particle Swarm 

Optimization 
MPPT Maximum Power Point Tracking 
PPAs Direct Power Purchase 

Agreements 
PV Photovoltaic 
RES Renewable Energy Sources 
RSM Response Surface Methodology 
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