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Abstract: There is a lot of research that proposed PV monitoring systems based on the low-cost 

IoT technology. However, there is a lack of implementations in the On-grid PV systems. This 
research aims to fill this gap, by proposing a novel design of On-grid PV system power monitoring. 
The design utilizes a CT sensor, NodeMCU, MQTT, Node-RED, and Raspberry Pi. The hardware 
cost is affordable. SQLite is introduced to reduce the database complexity. A trial has been 
accomplished through a case study of 3.6 kWp On-grid PV system. The designed dashboard consists 
of two pages. The first page displays summary information, and the second page serves access to the 
historical data. Based on the test, the current readings accuracy is acceptable. The proposed design 
is applicable to residential On-grid PV systems in urban areas. This research may become a potential 
support for the public awareness of renewable energy, especially in the developing country, where 
financing becomes a key challenge.      
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1.  Introduction  

IoT (Internet of Things) refers to a system of 
interrelated things (computer, machine, people, etc.) that 
can transfer data over a network automatically1). The 
utilization of internet has become an integral part of 
modern life. A study from Imansyah2) predicts that internet 
penetration in Indonesia, as a developing country, is 
increasing exponentially. Many business activities are 
now going online. These include the field of renewable 
energy, especially PV (photovoltaic) system. PV system 
refers to a technology that able to convert sunlight to 
electricity. Due to the proximity to the equator, Indonesia 
has a profound potential solar energy. The solar intensity 
in Indonesia is very constant over the year.  

In a PV system, IoT can be implemented primarily as a 
monitoring application. According to study by Kumar et 
al3), implementation of IoT in the PV system delivers 
several benefits. IoT reduces the tedious job of visiting the 
plant site frequently. IoT enables the monitoring 
application to perform continuous record of performance 
and failure data for analytics, forecasting, predicting the 
future power, income generation, and even managing the 
controllable loads in the house autonomously and 
remotely4). Users can also easily identify the faults and 
reasons for low performance in effective manner without 
putting many efforts.  

There are many IoT-based PV systems monitoring, 

which are commercially offered and sold in the market. 
Some of these are included in the purchasing package. 
Some are separately sold as add on accessories. All of 
these commercial technologies are coming with a full 
range of services. However, the costs associated with their 
installation, licensing, and maintenance have to be 
carefully considered5). There are PV users who decide not 
to procure these commercial technologies due to budget 
consideration. Fortunately, thanks to the open-source 
platform, plenty of research have attempted to provide 
low-cost solutions for implementing IoT in PV systems. 
Table 1 shows the list of some related research papers. 

To perform monitoring, sensors are required to sense 
and measure the physical quantities, and then convert the 
data they receive into electrical signals. In a PV system, 
the major physical quantities required to sense are voltage 
and current. For the DC (Direct Current) voltage sensing, 
purchasing a simple and low-cost voltage divider-based 
sensor would be a reasonable option, as done by most of 
the papers on the list6,7,8). For the current sensing, the 
invasive type of current sensor, for example ACS712 6,7) 
and INA2199,10,11), is mostly used in the list. Once the 
voltage and the current data is acquired, the power 
quantity can be calculated. Beside the voltage and current, 
other sensors, such as temperature and humidity, can also 
be added12).  
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Table 1. Related papers 

Reference 
Current 
sensor 

Data 
acquisition  

Server & 
Database 

Dashboard
PV 

system

Adhya et al17) Invasive 
PIC18F46K22, 

GSM-GPRS 
Desktop PC Local web 

Off-
grid 

Kekre & 
Gawre6) 

Invasive 
Arduino, 

GSM-GPRS 
Desktop PC Local web 

Off-
grid 

Gupta et al13) Invasive 
MCP3008-

Rasp Pi, Serial 
Desktop PC LabView 

Off-
grid 

Othman et 
al7) 

Invasive 
MCP3008, 

Serial 
Rasp Pi Node-RED

Off-
grid 

Deshmukh & 
Bhuyar8) 

Invasive 
MCP3008, 

Serial 
Rasp Pi, 
Cloud 

Ubidots 
Off-
grid 

Choi et al18) Invasive Arduino, LoRa 
Rasp Pi, 

MongoDB 
Local web 

Off-
grid 

Hamied et 
al19) 

Invasive 
Arduino-ESP, 
WiFi (HTTP) 

Desktop PC Local web 
Off-
grid 

Priharti et 
al23) 

Invasive 
Arduino-ESP, 
WiFi (HTTP) 

Cloud Thinkspeak
Off-
grid 

Aghenta & 
Iqbal15) 

Invasive 
Arduino, 

Serial 
Rasp Pi EmonCMS

Off-
grid 

Fadel et al16) Invasive 
Arduino, 

Serial 
Rasp Pi 

Cloud 
Node-RED

Off-
grid 

Oukennou et 
al9) 

Invasive ESP, MQTT Desktop PC Node-RED
Off-
grid 

Rouibah et 
al25) 

Invasive 
Arduino-ESP, 
WiFi (TCP/IP) 

Desktop PC, 
MySQL 

Local web 
Off-
grid 

Ali & 
Paracha12) 

Invasive 
Arduino-ESP, 
WiFi (HTTP) 

Cloud Adafruit 
Off-
grid 

Cheddadi et 
al10) 

Invasive 
ESP,  

WiFi (HTTP) 
Desktop PC, 

InfluxDB 
Grafana 

Off-
grid 

This research 
Non-

invasive 
ESP,  

WiFi (MQTT) 
Rasp Pi, 
SQLite 

Node-RED On-grid

 
The data generated by sensors is transmitted to a server. 

This requires data acquisition process. This process has 
two steps. The first step is to convert the analog signal 
from sensors to digital signal. The second step is to 
transmit the data. Some papers7,8,13) propose a 
combination of Rasp Pi (Raspberry Pi) with MCP3008-
ADC (Analog to Digital Converter). Rasp Pi is a low-cost, 
small, and portable size of computer board14). This 
combination seems to be bulky inasmuch as the utilization 
of Rasp Pi would be extravagant. The other papers15,16) 
suggest the use of Arduino, since it is smaller than Rasp 
Pi, and already equipped with ADC. Either Rasp Pi or 
Arduino requires wired serial communication to transmit 
the data to a server. The wired communication certainly 
limits the distance between the sensors and the server. To 
deal with this limitation, some works recommend to 
combine Arduino with wireless modules, such as SIM900 
GPRS module6,17), LoRa modem18), and NodeMCU19,20). 
According to Pereira et al21), the coverage area of GPRS 
modules and LoRa modems are much better than 
NodeMCU, while the price, conversely, are more costly.   

NodeMCU, such as ESP8266 and ESP32, is a 
microcontroller with a wireless (WiFi and Bluetooth) 
module inside. It can communicate with other devices 
wirelessly, and even be programmed remotely. Owing to 
the fact that its performance is improved considerably, a 
single NodeMCU connected to a WiFi is sufficient to 

perform data acquisition process with a coverage of 100 
meters21). The protocol for data transmission can be 
performed using HTTP (Hyper Text Transfer Protocol)10) 
or MQTT (Message Queuing Telemetry Transport)9,22).            

A server subsequently processes the transmitted data, so 
that the pertinent information can be delivered to users. 
The server shall be capable of handling and processing a 
large number of data. The server can be a desktop 
computer, Rasp Pi, or cloud service. Using a desktop 
computer as server can be a plausible option, since it has 
a high computation power6,13,17,19). However, the physical 
size, the cost, and the ability to deal with power outage 
should be considered. The other option for the server is a 
cloud service11,23). It completely does not require any 
space and has plenty of features to offer. A reliable internet 
connection is crucial to ensure the data transmission keeps 
running. Some premium features in a cloud service are 
often limited, and hence a paid subscription is required. 
Rasp Pi can be considered as an notable option to save 
computing space and costs7,8). 

One primary functionality of a server is to visualize the 
information on a dashboard. The information can be 
presented in the forms of text, number, gauge, or chart. A 
tool is required to design this dashboard. A conventional 
website locally installed on a computer can be used as the 
dashboard19). Its extensibility and customization are 
excellent, yet it requires a proficient web programming 
skill. Employing the cloud-IoT platform, such as Ubidots8), 
Thingspeak11,23), and Adafruit12), is commonly considered 
as the simplest way to design the dashboard. However, the 
number of data and the displayed information are usually 
limited, except for the paid subscriptions. An emerging 
programming tool to create the dashboard is Node-RED7). 
Node-RED is an open-source flow-based programming 
tool. It is developed based on a run time implemented in 
JavaScript using the Node.js framework24). To extend the 
functionality of the dashboard, a database utilization can 
be employed. The options for the database vary from the 
traditional type, such as MySQL25), to the more modern 
ones, such as MongoDB18) and InfluxDB10).  

There are at least three research gaps in Table 1. The 
first gap is none of the listed papers implemented their IoT 
design in On-grid PV systems. It is hard to find any 
research that implemented the low-cost IoT design in On-
grid PV systems. According to study by Mendu et al26), 
based on the techno-economic comparative analysis, On-
grid PV systems is preferable than Off-grid PV systems. 
On-grid PV systems are able to generate electricity that 
can be connected safely to the electric grid. The system 
generally consists of solar panels, an On-grid inverter, and 
electrical safety components. These systems do not 
require any battery, which is still considered as the most 
costly component in the photovoltaic systems. These 
systems are commonly installed in urban areas and have 
primary purpose to save electricity cost. The second gap 
is none of the listed papers considered to display a cost-
saving information. The cost-saving information plays 
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important role in ensuring the income generation from PV 
systems. On top of that, it allows a user to carry out 
economic analysis of a PV investment, for example, a 
payback period analysis27). The third gap is none of the 
papers recommends the use of non-invasive electric 
current sensor28). Most of them utilized ACS712 current 
sensor. It has open screws connectors for the mains input-
output, which are not covered, and requires pin connectors 
for the signal and DC supply. For high voltage application, 
its installation is tricky, and absolutely requires high 
caution due to safety reasons. 

The motivation of this research is to fill the mentioned 
gaps. This research aims to propose a low-cost IoT design 
implemented in On-grid PV system. The proposed design 
presents cost-saving information and utilizes a non-
invasive current sensor to improve safety and simplicity.  
The low-cost design is manifested in the use of open 
platform hardware, namely NodeMCU and Rasp Pi. For 
the software, this research utilizes free and lightweight 
applications, namely MQTT and Node-RED. In addition, 
this research introduces the use of SQLite29) for the 
database. It features ample simplicity but is rarely used in 
IoT design. This research contributes to help the On-grid 
PV system users to build their own low-cost IoT power 
monitoring. This research follows the typical IoT waterfall 
methodology30) that involves three steps, namely the 
design of the system; the system development; and the 
implementation. A case study is provided to show how the 
proposed design in this research is implemented. 

    
2. Design of the system 

The case study for this research is a 3.6 kWp (kilowatt 
peak) On-grid PV system. It is located at the front yard 
campus of Politeknik ATMI Surakarta. The PV system has 
been running since 2007. It has no wireless monitoring 
application. As shown in Fig.1, the PV system has 3 arrays 
of solar panel. Each array generates up to 1.2 kWp of DC 
power. The power from the solar panels is connected to a 
Sunny Boy 3800 On-grid inverter, which can produce up 
to 3.8 kW of AC power. The nominal AC voltage is 220V. 
To aptly measure the current, the appropriate capacity of 
the current sensor should be determined by dividing 3.6 
kWp by 220V, which results in 16 A. Because of the PV 
efficiency factor, the current capacity can be reduced up 
to 80%, which is 13 A. 

 

Fig. 1: The PV panel arrays in the case study. 

An interview with the campus building manager, which 
is the main customer for this research, was performed to 
identify the requirements. From this initial work, a set of 
dashboard requirements were identified. The dashboard 
should be displayed in a kiosk and contain the information 
of: 
 power; 
 highest power record; 
 how long the system has been running; 
 total of energy-saving; 
 total of cost-saving in Indonesian Rupiah (Rp); 
 average cost-saving; 
 hourly energy records. 
Fig. 2 shows the diagram of the proposed design. Solar 

panels generate DC power. The On-grid inverter converts 
this DC power into AC power, and then synchronizes the 
output waveform and frequency with the grid standard. A 
non-invasive current sensor measures the electric current, 
which flows from the inverter to the grid. The NodeMCU 
converts the sensor readings into digital data. The 
NodeMCU wirelessly transmits the data to the local server, 
which is Rasp Pi, by MQTT protocol. The use of MQTT 
protocol for data transmission is recommended, because it 
is remarkably accurate and reliable31,32). The database 
stores the data periodically. The Node-RED, which is 
installed in the Rasp Pi, process the data and then displays 
the required information on the dashboard. The 
combination of MQTT and Node-RED is selected, 
because its performance is already acceptable for 
industrial purposes33). The users can see the dashboard 
directly on a kiosk or access it wirelessly by their 
computers. To access the dashboard wirelessly, 
connecting to the local server’s IP address through the 
Node-RED standard port (1880), is required.        

 
 

Fig. 2: The proposed design. 

 
 

3. System development 

The non-invasive current sensor used in this research is 
YHDC SCT-013-01534). It is a split core CT (Current 
Transformer) sensor. It has a capacity of current readings 
up to 15 A. This sensor costs around $ 5. Fig. 3 shows how 
the CT sensor is installed. ESP32 is selected as the 
NodeMCU due to its flexibility35). This NodeMCU costs 
only $ 10. The output from the CT sensor is AC signal, yet 
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the NodeMCU can only accept DC input signal. Therefore, 
a simple DC bias/offset circuit is required34). A $ 42 Rasp 
Pi 3B+ is selected as the local server, thus the total cost 
for the hardware is about $ 57. 

  

 

Fig. 1: Installation of CT sensor. 

 
There is no software-cost in this research. This research 

uses MQTT broker application from Eclipse Mosquitto36). 
The Node-RED is commonly pre-installed in the Rasp Pi 
purchases. SQLite is selected for the database because of 
its simplicity. It works well in the devices that must 
operate without expert human support. SQLite is a good 
fit for use in the IoT37).        

 
3.1 NodeMCU algorithm 

 The NodeMCU functions to read, process, and send 
the data to the local server. The data consist of power, 
energy, and the highest power record. The power data is 
transmitted every second, whereas the others are 
transmitted every five minutes. The program algorithm 
can be seen in Fig. 4.  

At the beginning of the program, all the required 
libraries and variables are initialized. The WiFi 
connection, MQTT server, and ADC pin are subsequently 
set up. The “millis ()” function is used to trigger the 
current sensor reading every second. Once the current data 
is acquired, Eq.1 is used to calculate the power in W. The 
voltage value is determined to be a constant value of 220V. 
This value is the standard for AC grid voltage in Indonesia. 
Through an MQTT topic entitled “pvsystem/realtime”, the 
power data in JSON (JavaScript Object Notation) format, 
is transmitted.  

𝑝𝑜𝑤𝑒𝑟 ൌ 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 ∗ 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 (1) 

If power is higher than powerMax, its recent value will 
be assigned to the powerMax. The variable powerMax 
functions to record the highest value of power. As shown 
in Eq.2, a discrete approximation is employed to compute 
energy. Energy is the summation of power (P) in a range 
of time (t).  

𝑒𝑛𝑒𝑟𝑔𝑦 ൌ ෍ 𝑃௜

௧

௜ୀଵ

 (2) 

 

Fig. 2: NodeMCU algorithm flowchart. 

 
In the algorithm, an increment operator can facilitate 

the computation. Every second, the power value is added 
to energy. In this research, the range of time is set for 300 
seconds (5 minutes). Thus, the data of energy and 
powerMax is transmitted to the local server, through an 
MQTT topic entitled “pvsystem/log” every five minutes. 
There is no standard for how long the range of time should 
be set. Any range of time can be opted. However, two 
factors, which are the data storage utilization and the 
possibility of data loss, should be considered. If the range 
is too short, it will potentially burden the data storage with 
insignificant copious data. Conversely, if the range is too 
long, any occurrence of the data loss during transmission 
may affect the accuracy of information. Based on those 
considerations, a five-minute intermittent record is 
arguably reasonable.       

 
3.2 Node-RED flow algorithm 

A program in Node-RED is merely connections of a 
predefined code block, known as “node”. A group of 
connected nodes is called a “flow”. It is commonly a 
combination of input, processing, and output nodes. Based 
on the functions, the Node-RED algorithm in this research 
is divided into six parts.    
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The first part is the algorithm to display power. The 

power is presented into two formats, a numeric metric and 
a line chart. The input data comes from the MQTT topic 
“pvsystem/realtime”. The data is then forwarded to two 
function nodes. A function node allows a customized 
JavaScript code to be added to the flow. The first function 
node process the data, and then sends it to a numeric 
dashboard node. The second function node generates an 
array data structure. The array is required to display the 
power data in a line chart. The algorithm can be seen in 
Fig. 5.          
 

Fig. 3: Algorithm to display the power data. 

 
An SQLite database, named “PV System DB”, was 

created. It consist of two tables, the “datalog” and the 
“data_hourly”. Fig. 6 shows the second part of the 
algorithm, which functions to store the data into table 
“datalog”. This table contains three data elements, namely 
highest power record, energy, and timestamp. The input 
data comes from the MQTT topic “pvsystem/log”.  A 
function node containing SQL (Structured Query 
Language) codes is required to store the data.  

 
Fig. 4: Algorithm to update the table “datalog”. 

 

 

Fig. 5: Algorithm to update the table “data_hourly”. 

 
The third part is the algorithm to generate data for table 

“data_hourly”. The table contains the hourly-highest 
power record and energy data. The first function node 
performs a query from the table “datalog”. The second 
node forwards the query result to the table “data_hourly”. 

This algorithm is triggered every hour by an inject node. 
The algorithm can be seen in Fig.7.  

The fourth algorithm principally functions to display the 
numeric metrics. As shown in Fig. 8, all of the output nodes 
are the dashboard nodes. The input data comes from the 
“data_hourly” query result. Eq.3 is used to compute the 
Total Energy in kWh. It is the summation of energy (E) 
from the first row to the last row k in the table 
“data_hourly”. This can be performed using “SUM()” 
function. Subsequently, as shown in Eq.4, the Total Cost 
Saving in Indonesian Rupiah (Rp), can be calculated by 
multiplying the Total Energy by the electricity price 
(Rates). Lastly, the the Daily Cost Saving is calculated 
using Eq.5.        

𝑇𝑜𝑡𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 ൌ ෍ 𝐸௝

௞

௝ୀଵ

 (3) 

𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡 𝑆𝑎𝑣𝑖𝑛𝑔 ൌ 𝑇𝑜𝑡𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 ∗ 𝑅𝑎𝑡𝑒𝑠 (4) 

𝐷𝑎𝑖𝑙𝑦 𝐶𝑜𝑠𝑡 𝑆𝑎𝑣𝑖𝑛𝑔

ൌ
𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡 𝑆𝑎𝑣𝑖𝑛𝑔

𝐸𝑙𝑎𝑝𝑠𝑒𝑑 𝑇𝑖𝑚𝑒 ሺ𝑖𝑛 𝑑𝑎𝑦ሻ

(5) 

To format the numeric metrics, a function node precedes 
every dashboard node. This node makes the displayed 
metrics more readable. For example, adding a thousand 
and a million separator to the displayed number will 
prevent the user from misreading. 

 

Fig. 8: Algorithm to process the numeric displays. 

 
Fig.9 shows the fifth part of algorithm, whose purpose 

to display the hourly energy records in a bar chart. The 
input data comes from the table “data_hourly” query result. 
A function node process the query result to generate an 
array data structure, which is required by the dashboard 
node. This algorithm is triggered every hour by an inject 
node.  

Fig. 9: Algorithm to display the hourly energy records. 
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The last part of the algorithm allows user to access the 

historical data. As shown in Fig.10, when the user inputs a 
specific date, it will trigger a database query. Before being 
forwarded to the output nodes, the data from the query 
result will be processed and formatted by several function 
nodes. There are three outputs for this algorithm, namely 
energy saving, cost saving, and hourly energy records on 
that specific date. The energy record is displayed in a bar 
chart, while the others are displayed in numeric metrics. 

  

Fig. 10: Algorithm to access the historical data. 

 
4. Implementation 

The proposed power monitoring in this research has 
been running for 290 days. The stored data number in 
table “datalog” and “data_hourly” are around 79,000 and 
7,000 entries, respectively. It has been consuming around 
4 MB (Mega Bytes) of data storage. Based on the 
proposed power monitoring, the On-grid PV system has 
been saving 2,720 kWh of electricity with an average cost-
saving around IDR 14,000 per day. 

 

Fig. 10: The main page. 

 
4.1 Dashboard 

To fulfil the kiosk display requirement from the 
customer, a screen connected to the Rasp Pi is installed on 
a public space, in the campus building. Anyone can see the 
dashboard on this kiosk. The dashboard can be seen 
remotely on a desktop computer as well, by accessing the 
Rasp Pi IP (Internet Protocol) address. The computer 
should connect to the same WiFi as the Rasp Pi. The 
dashboard consists of two pages, the main page and the 
search page. As shown in Fig. 10, the display will 

automatically go to the main page, once a connection is 
established. The upper part of the main page displays the 
numeric metrics, namely power, highest power record, 
total energy saving, total cost saving, elapsed time, and 
daily cost saving. The power is updated every second and 
the others are updated every 5 minutes. The lower part 
displays two charts. The first chart shows the average and 
the highest power data, while the second chart shows the 
hourly energy data. Both are capable of visualizing the last 
24 hours of data records.  

 

Fig. 11: The search page. 

 
The search page, as shown in Fig.11, serves the user to 

access the historical data. On this page, a date-picker 
allows the selection of a specific date and year. It displays 
a date input field by default. A dropdown calendar will 
appear when the user taps on the input field. Once a date 
is selected, two numeric metrics (energy and cost-saving) 
and an hourly energy bar chart for that selected date, are 
displayed. 

 

 

Fig. 12: The dashboard displayed on a smartphone. 

   
As shown in Fig. 12, accessing the dashboard from a 

smartphone is possible. However, it would be less user-
friendly, since the dashboard design is not mobile 
responsive38). The official Node-RED dashboard nodes 
have not yet supported the responsive design. To improve 
this limitation, an alternative dashboard node can be 
employed39). Using this alternative node requires adequate 
HTML (Hypertext Markup Language) and Bootstrap 
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programming skill40).             

 
4.2 Accuracy of the current readings 

To check the current measurement validity, this 
research performed an accuracy test. Accuracy refers to 
the closeness of the current sensor reading to the actual 
value. The sensor reading was performed by a serial 
monitor, and at the same time, compared to the actual 
reading. As shown in Fig.13, the actual current reading 
was performed using a Kyoritsu 2033 digital clamp meter.  

  

   
Fig. 13: Current reading using a clamp meter. 

 

Fig. 14: Sensor vs clamp meter readings. 

 
There are 60 samples taken from the test. Fig.14 shows 

the data plot from the samples. It can be seen that the two 
curves are approximately coincident. The accuracy was 
determined using percent error formula, as shown in Eq.6. 
Notation s and c are the sensor and the clamp meter 
readings, respectively, while n is the number of samples. 
The greater the error, the lower the accuracy. 

    

𝑝𝑒𝑟𝑐𝑒𝑛𝑡 𝑒𝑟𝑟𝑜𝑟 ൌ  ෍
|𝑠 െ 𝑐|

𝑐
∗ 100%

௡

௠ୀଵ

 (6) 

 
Table 2 shows the result of the accuracy test. There are 

three levels of current range. The level starts from 2A and 
has an interval range of 3A. The number of samples was 
distributed equally. This division into levels was intended 
to observe the relation between accuracy and the value of 
current. The error for the first, second, and third level are 
2.48%, 2.25%, and 1.49%, respectively. It can be seen that 
error tends to be smaller when current gets higher. It 
presumably occurred because the absolute error was 
approximately constant, which is around 0.13A, among 

the levels of current. This finding indicates that the higher 
the current, the better the accuracy. 
 

Table 2. Accuracy test result 

Level Range 
Number 

of 
Samples 

Mean of 
Absolute 

error 

Percent 
Error 

I 2 A – 5 A 20 0.09 A 2.48 % 
II 5 A – 8 A 20 0.15 A 2.25 % 
III 8 A – 11 A 20 0.14 A 1.49 % 

Overall  0.13 A 2.07 % 

  
The overall error is 2.07 %. It is slightly higher than the 

standard error of a CT sensor34), which is 2.00 %. The 
overall error may be primarily influenced by the CT 
sensor accuracy. According to Alexe28), the accuracy of 
the CT sensor is sufficient for the residential scale of 
power monitoring. Study from Sutisna et al41) states that a 
microcontroller-based of power measuring device, with an 
average error below 5%, is reasonable. Thus, by 
considering the test result, the CT sensor accuracy, and the 
justification from other research, it can be said that the 
accuracy of the current readings in this research is 
acceptable.  

 
5.  Conclusion 

There is a lot of research that proposed the PV 
monitoring systems based on the low-cost IoT technology. 
Most of them utilized the invasive current sensor, which is 
less safe for high power PV systems. In urban areas, On-
grid PV system is preferable for its feasibility. However, 
there is a lack of research number in the On-grid PV system 
implementations. Availability of a simple cost-saving 
monitor would be an additional advantage for the PV 
system user. There is hardly any research works which 
considered to display the cost-saving information.  

This research aims to fill those gaps, by proposing a 
novel design of On-grid PV system monitoring, based on 
the low-cost IoT platform. The hardware cost is plausibly 
affordable. Using Node-RED, for creating the dashboard 
with various forms of display, is uncomplicated42). SQLite, 
which is rarely used in the previous research, is introduced 
to reduce the database complexity. For residential purposes, 
the accuracy is satisfactory. This research may become a 
potential support for the public awareness of renewable 
energy, especially in the developing country, where 
financing becomes a key challenge43).  

There are some potential improvements for the future 
works. The dashboard can be remade to be mobile friendly. 
For those who prefer to promote the environmental 
influence, rather than the economic result, adding a carbon 
emission reduction display would be more meaningful44). 
The structure of the database can be expanded by adding a 
daily data record. This will allow the user to trace the data 
record with a wider range of time, for example in weeks or 
months.  
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