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ABSTRAK

RANCANG BANGUN SISTEM PENDINGIN PANEL SURYA
MENGGUNAKAN KENDALI AIR OTOMATIS UNTUK MENURUNKAN
RUGI RUGI DAY A BERBASIS ARDUINO VIA ANDROID

OLEH:

MUCHAMMAD NIZAR MAULIDIN
30118014

Salah satu energi alternatif yang paling banyak digunakan adalah Sel Surya.
Namun daya Sel surya yang dihasilkan belum optimal dikarenakan karakterististik
optimal sel surya diperoleh jika beroperasi pada suhu 25°C. Hal ini menjadi kendala
untuk daerah seperti Kab.Pasuruan karena rata-rata suhu harian mencapai 32°C.
Tujuan Penelitian ini adalah membuat sistem pendingin pada sel surya untuk
menghasilkan daya optimal yang dapat diperoleh dengan penambahan sistem
pendingin. Sistem pendingin yang digunakan menggunakan air untuk membasahi
panel surya. Penelitian ini akan membandingkan kinerja panel surya dengan sistem
pendingin dan tidak menggunakan sistem pendingin . Dan sistem pendingin akan
bekerja jika suhu pada permukaan panel surya mencapai lebih 31°C dan akan
berhenti jika suhu pada permukaan panel surya mencapai kurang dari 28°C.
Pengamatan terhadap suhu lingkungan, suhu permukaan, tegangan, arus dan daya
sel surya dapat dimonitoring via android. Hasil penelitian panel surya menggunakan
sistem pendingin dan tanpa sistem pendingin menunjukkan bahwa terjadi perbedaan
nilai daya, arus, dan tegangan dengan nilai selisih rata rata sebesar 0,51 watt,
18,75mA dan 0,49volt. Dari hasil tersebut menunjukan bahwa sistem pendingin
otomatis sangat berpengaruh terhadap panel surya. Hasil penelitian efisiensi kinerja
panel surya dengan menggunakan sistem pendingin mendapatkan nilai efisiensi
sebesar + 4,49 % dan ketika tidak menggunakan sistem pendingin mendapatkan
nilai efisiensi sebesar * 4,03 %.

Kata kunci: Panel surya, sistem pendingin, suhu, daya optimum, android, Arduino,
Wi-fi



ABSTRACT

SOLAR PANEL COOLING SYSTEM DESIGN USING AUTOMATIC WATER
CONTROL TO REDUCE POWER LOSS BASED ON ARDUINO VIA ANDROID

By :

MUCHAMMAD NIZAR MAULIDIN
30118014

One of the most widely used alternative energy is solar cells. However, the solar
cell power produced is not optimal because the optimal characteristics of the
solar cell are obtained when operating at a temperature of 250C. This is an
obstacle for areas such as Pasuruan Regency because the average daily
temperature reaches 320C. The purpose of this research is to make a cooling
system on solar cells to produce optimal power that can be obtained by adding
a cooling system. The cooling system used uses water to wet the solar panels.
This research will compare the performance of solar panels with a cooling
system and not using a cooling system. And the cooling system will work if the
temperature on the surface of the solar panel reaches more than 310C and will
stop if the temperature on the surface of the solar panel reaches less than 280C.
Observations of environmental temperature, surface temperature, voltage,
current and solar cell power can be monitored via android to determine the
efficiency value generated. The results showed that there were differences in the
values of power, current, and voltage with an average difference of 0.51 watts,
18.75mA and 0.49volts. From these results indicate that the automatic cooling
system is very influential on solar panels to get a comparison of efficiency values
of + 4.49% and when not using a cooling system get an efficiency value of +
4.03%.

Keywords: Solar panels, cooling system, temperature, optimum power, android,
Arduino, Wi-fi
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LAMPIRAN



Lampiran 1, SOP Alat

RANCANG BANGUN SISTEM PENDINGIN OTOMATIS PANEL SURYA
DENGAN MENGGUNAKAN KENDALI AIR OTOMATIS UNTUK
MENURUNKAN RUGI RUGI DAYA BERBASIS ARDUINO VIA ANDROID

Oleh :
MUCHAMMAD NIZAR MAULIDIN
NIT.30118014
Standar Operasinal Prosedur (SOP) merupakan pedoman atau panduan

bagaimana melakukan suatu pekerjaan atau menggambarkan serangkaian instruksi yang
harus di lakukan.

Berikut ini merupakan prosedur untuk menggunakan alat “Rancang Bangun
Sistem Pendingin Otomatis Pada Panel Surya Dengan Menggunakan Kendali Air
Otomatis Untuk Menurunkan Rugi Rugi Daya Berbasis Arduino Via Android.

1. SOP (Standar Operasional Prosedur)

. Compile dan Upload koding untuk penggunaan pompa dan juga untuk mengatur
koneksi internet melalui Wemos D1 Mini.

Nizar-WemosWebsocketClient | Arduino IDE 2.0.0-beta.7 -8 n
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« Sambungkan wifi ke telepon genggam sesuai dengan ssid dan juga password
yang telah di atur di dalam Wemos D1 Mini.

» Pastikan koneksi internet dalam kondisi stabil agar tidak terjadi delay saat
menjalankan prototipe pompa pintar tersebut.

+ Setelah internet benar benar terkoneksi dengan benar, buka aplikasi pada telepon
genggam untuk mengaktifkan pompa pintar kemudian Log in dengan user name
dan password yang sudah di atur sebelumnya.

Pendingin Panel Surya

Username
Password

| -
Login & Connect =»

. Sambungkan daya untuk pompa sebagai sistem pendingin
. Sambungkan daya untuk Arduino UNO

. Pilih mode auto atau juga manual

Mode — AUTO

Status Pompa — AKTIF

64



Tombol hijau untuk pilihan mode bisa jika ditekan menjadi manual atau auto
Jika mode manual maka pompa akan bekerja ketika mode manual dipilih
Jika mode auto maka pompa otomatis akan bekerja ketika suhu permukaan panel

surya diatas 31° C dan ketika suhu dibawah 28° C maka pompa akan otomatis
berhenti bekerja.
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Lampiran 2 Data Sheet Pompa DC

Model DP-537
Max pressure 0.68MPa
Max Flow 4.0L/min

Volt 12vDC
Max Power (60-65)W
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Pin
Category

Power

Reset

Analog Pins

Input/Output
Pins

Serial

External
Interrupts

PWM

SPI

Inbuilt LED

TWI

Lampiran 3 Data Sheet Arduino Uno

Pin Name

Vin, 3.3V, 5V, GND

Reset

A0 - A5

Digital Pins 0 - 13

0(Rx), 1(Tx)

2,3

3,56,911

10 (SS), 11 (MOSI),
12 (MISO) and 13
(SCK)

13

A4 (SDA), A5 (SCA)

67

Details

Vin: Input voltage to Arduino when using an external
power source.

5V: Regulated power supply wused to power
microcontroller and other components on the board.

3.3V: 3.3V supply generated by on-board voltage
regulator. Maximum current draw is 50mA.

GND: ground pins.

Resets the microcontroller.

Used to provide analog input in the range of 0-5V

Can be used as input or output pins.

Used to receive and transmit TTL serial data.

To trigger an interrupt.

Provides 8-bit PWM output.

Used for SPI communication.

To turn on the inbuilt LED.

Used for TWI communication.



Lampiran 4 Data Sheet ML X90614
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Lampiran 5 Data Sheet Wemos D1 Mini
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B rower M Physical Pin S PWM/I2C/1-Wire
A D Port Pin Serial Pin
Control Pin function [ Analog Pin
" NodeMcU MW Arduino
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Lampiran 6 Data Sheet Pin Wemos D1 Mini

Pin

TX

A0

DO

D1

D2

D3

D4

D5

D6

D7

D8

5V

Function

TXD

RXD

Analog input, max 3.3V
input

10

10, SCL

10, SDA

10,10k Pull-up

10, 10k pull-up,
BUILTIN_LED

10, SCK

10, MISO

10, MOSI

10,10k pull-down, SS

Ground

5V
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ESP-8266 Pin

TXD

RXD

A0

GPIO16

GPIOS

GPIO4

GPIOO

GPI102

GPIO14

GPI012

GPIO13

GPIO15

GND



3V3 3.3V 3.3V
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Lampiran 7 Koding Arduino

#include <Wire.h>

#include <Adafruit_INA219.h>
#include <Adafruit_MLX90614.h>
#include <AltSoftSerial.h>

I #include <SoftwareSerial.h>

Adafruit_MLX90614 mix = Adafruit_MLX90614();
Adafruit_INA219 ina219;

AltSoftSerial softSerial; // RX =9, TX =8
Il SoftwareSerial softSerial(2, 3); // RX, TX

#define RELAY_ON LOW
#define RELAY_OFF HIGH
#define RELAY1 7

int mode = 0;
int relayl = 0;

void turnOnRelay() {
digitalWrite(RELAY1, RELAY_ON);
relayl = 1;

¥

void turnOffRelay() {
digitalWrite(RELAY1, RELAY_OFF);
relayl = 0;

}

void setup() {
pinMode(RELAY1, OUTPUT);
turnOffRelay();

Serial.begin(9600);

/I Initialize the INA219.
/I By default the initialization will use the largest range (32V, 2A).
if (1 ina219.begin()) {
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Serial.printin("Failed to find INA219 chip");

while (1) { delay(10); }

¥

Il To use a slightly lower 32V, 1A range (higher precision on amps):
ina219.setCalibration_32V_1A();

I/ Or to use a lower 16V, 400mA range (higher precision on volts and
amps):

/' ina219.setCalibration_16V_400mA();

mlx.begin();

softSerial.begin(4800);
Serial.printIn("Initialization completed!");

}

unsigned long latestUpdateTime = 0;
#define UPDATE_TIME 1000

float latestVoltage = 0;
float latestCurrent = 0;

#define TEMP_THRESHOLD 30.0
float latestObjectTemperature = 0;

String incomingSerialData = """

void loop() {

// Monitor for incomingSerialData
while (softSerial.available()) {
char ¢ = softSerial.read();
Serial.write(c);

incomingSerialData += c;

if c=="\n"){

Serial.print("> incomingSerialData: ");
Serial.printin(incomingSerialData);

int newMode = incomingSerialData.charAt(0) - '0';
Serial.print("> newMode: "); Serial.printin(newMode);
if (newMode ==0) {

mode = 0;

} else if (newMode ==1) {
mode = 1;

}
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if (mode ==0) {

int newRelay = incomingSerialData.substring(2).toInt();
Serial.print("> newRelay: "); Serial.printin(newRelay);
if (newRelay == 0) {

turnOffRelay();

} else if (newRelay == 1) {

turnOnRelay();

}

by

incomingSerialData = ",

¥
¥

it (millis() - latestUpdateTime > UPDATE_TIME) {
latestUpdate Time = millis();

if (mode ==1) {

if (latestObjectTemperature > TEMP_THRESHOLD) {
turnOnRelay();

}else {

turnOffRelay();

¥

}

float ambientTemperature = mix.readAmbientTempC();

float objectTemperature = mix.readObjectTempC();
latestObjectTemperature = objectTemperature;

/I Serial.print("Ambient = *); Serial.print(ambientTemperature);

/I Serial.print("*C\tObject = "); Serial.print(objectTemperature);
Serial.printin("*C");

/I Serial.printIn();

float shuntvoltage = ina219.getShuntVoltage_mV();
float busvoltage = ina219.getBusVoltage V();
latestVoltage = busvoltage * 0.6 + latestVVoltage * 0.4;

float current_mA = ina219.getCurrent_mA();

if (current mA<0) {

current. mA =0;

}

latestCurrent = current. mA * 0.6 + latestCurrent * 0.4;
if (current_mA <=0) {
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current_mA = latestCurrent;

}

// float power_mW = ina219.getPower_mW();

I1'if (power_mW <=0) {

/I power_mW = busvoltage * current_mA,;

I}

float power_mW = latestVVoltage * latestCurrent;

float loadvoltage = busvoltage + (shuntvoltage / 1000);

/I Serial.print("Shunt  Voltage: "); Serial.print(shuntvoltage);
Serial.printin(" mVv");
/I Serial.print("Load Voltage: ");  Serial.print(loadvoltage);
Serial.printin(" V*);

/I Serial.print("Bus Voltage: ");  Serial.print(latestVoltage);
Serial.printin(" V");

/I Serial.print("Current: "); Serial.print(latestCurrent);
Serial.printin(" mA™);

/I Serial.print("Power: "); Serial.print(power_mW); Serial.printIn("
mw");

/I Serial.printin("™);

softSerial.print(mode); softSerial.print(",");
softSerial.print(relayl); softSerial.print(",");
softSerial.print(ambientTemperature); softSerial.print(",");
softSerial.print(objectTemperature); softSerial.print(",");
softSerial.print(latest\VVoltage); softSerial.print(",");
softSerial.print(latestCurrent); softSerial.printin("");

¥
¥
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Lampiran 8 Koding Wemos D1 Mini

#include <ArduinoWebsockets.h>
#include <ESP8266WiFi.h>
#include <SoftwareSerial.h>

SoftwareSerial softSerial(D2, D1); // RX, TX

I const char* ssid = "NALLE";

/I const char* password = "RanggalLord_01";
const char* ssid = "osmob";

const char* password = "1ndonesia™;

const char* websockets_server_host = "nizar-iot.tapoltekbangsby.com™;
const uint16_t websockets server_port = 7811;

using namespace websockets;
WebsocketsClient client;

void onMessageCallback(WebsocketsMessage message) {
/I Serial.print("--> Got Message: ");
/I Serial.printIn(message.data());

String command = message.data();

if (command.startsWith("")) {
Serial.print("--> Got Message: ");
Serial.printin(command);

}else {
Serial.print("--> Forwarding: ");
Serial.printin(command);
softSerial.printin(command);

}

}

void onEventsCallback(WebsocketsEvent event, String data) {

if(event == WebsocketsEvent::ConnectionOpened) {
Serial.printin(" ! Connnection Opened™);

} else if(event == WebsocketsEvent::ConnectionClosed) {
Serial.printin(" ! Connnection Closed");

} else if(event == WebsocketsEvent::GotPing) {
Serial.printin(" ! Got a Ping!");

} else if(event == WebsocketsEvent::GotPong) {
Serial.printin(" ! Got a Pong!");
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¥

void setup() {
pinMode(14, OUTPUT);
digitalWrite(14, LOW);

pinMode(LED_BUILTIN, OUTPUT);
digitalWrite(LED_BUILTIN, LOW);

Serial.begin(9600);

/I Connect to wifi
WiFi.begin(ssid, password);

/I Wait some time to connect to wifi
for(inti=0; 1< 15 && WiFi.status() '= WL_CONNECTED; i++) {
Serial.print(".");
digitalWrite(LED_BUILTIN, !digitalRead(LED_BUILTIN));
delay(1000);
}
while (WiFi.waitForConnectResult() I= WL_CONNECTED) {
Serial.printin();
Serial.printIn("Fail connecting!™);
scanNetworks();
blink(); blink(); blink(); blink(); blink();
ESP.restart();
}

Serial.printin("™);

Serial.printIn("WiFi connected");

Serial.printIn("IP address: "); Serial.printin(WiFi.locallP());
Serial.print("Signal Strength (RSSI): ");
Serial.print(dBmtoPercentage(WiFi.RSSI())); Serial.printin(" %");

Serial.printin();
softSerial.begin(4800);

/I Connecting to server...

digitalWrite(LED_BUILTIN, HIGH);

Serial.printIn("--> Connecting...");

bool connected = client.connect(websockets_server_host,
websockets_server_port, "/*);

if(connected) {
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Serial.printin(" ! Connected!");
I run callback when messages are received
client.onMessage(onMessageCallback);
I run callback when events are occuring
client.onEvent(onEventsCallback);
digitalWrite(LED_BUILTIN, LOW);

}else {
Serial.printin(" ! Not Connected!");

}

}

unsigned long latestUpdateTime = 0;
#define UPDATE_TIME 1000

String incomingSerialData = ",
String availableSerialData = """,

void loop() {
/I Monitor for incomingSerialData
while (softSerial.available()) {
char ¢ = softSerial.read();
Serial.write(c);

incomingSerialData += c;

if c=="\n"){
Serial.print(*"> incomingSerialData: ");

Serial.println(incomingSerialData);

availableSerialData = incomingSerialData;
incomingSerialData =",

}

}

/I Monitor and forwarding availableSerialData
if (millis() - latestUpdateTime > UPDATE_TIME) {
latestUpdate Time = millis();

if (availableSerialData.length() > 0 && client.available()) {
Serial.printIn("> Sending availableSerialData...");
Serial.printin(availableSerialData);
client.send(availableSerialData);
availableSerialData = ";

/I dummy!
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/ availableSerialData = "0" + String(dummyState == 1 ? *,219.8,0.12,1"
:",0,0,0");
/I client.send(availableSerial Data);
}else {
/I Serial.printin(" no available serial data.");
}
}

/I Monitor client and start accepting connection if possible
if(client.available()) {
client.poll();
}else {
/[ Connecting to server...
digitalWrite(LED_BUILTIN, HIGH);
Serial.printIn("--> Connecting...");
bool connected = client.connect(websockets_server_host,
websockets_server_port, "/");
if(connected) {
Serial.printin(" ! Connected!");
I run callback when messages are received
client.onMessage(onMessageCallback);
I run callback when events are occuring
client.onEvent(onEventsCallback);
digitalWrite(LED_BUILTIN, LOW);
}else {
Serial.printin(" ! Not Connected!");
}
}
}
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