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o ABSTRACT

The work in this research focuses on the design and implementation of a real-time
electrical energy management system for a Residential house with the aim of reducing
waste in electrical energy consumption and reducing the amount of consumption during
peak hours, which is the period in which the demand for electrical energy increases and the
loads rise to the upper limit, by relying on the priority system in the operation of loads
(Priority system), and the displacement of electrical loads of high capacities (air
conditioner - water heater) outside peak times.

Based on the Internet of Things (IoT), the system will be connected to the Internet
using the Node MCU controller that supports the Internet of Things, and by designing a
mobile application, we will be able to monitor and control the designed system.

The research reviews a description of the equipment used in the designed system and
the selection of the appropriate controller, in addition to clarifying the mechanism of work
of the system and the software that was used.

Experiments were conducted to test the performance of the designed energy
management system and verify its capabilities, where the results of practical tests proved
the correctness of the system's work and efficiency in reducing electrical energy
consumption during peak hours, in addition to the possibility of monitoring and controlling
the state of electrical loads remotely using the designed application.

Key words: Energy management system - Priority system - Internet of thing (IoT) - Node
MCU
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#define REMOTEXY_MODE__ESP8266WIFI_LIB
#include <ESP8266WiFi.h>

#include <NTPClient.h>

#include <WiFiUdp.h>

#include <RemoteXY.h>

/I RemoteXY connection settings

#define REMOTEXY_WIFI_SSID "Reham"

#define REMOTEXY_WIFI_PASSWORD "123456789"
#define REMOTEXY_SERVER_PORT 6377

/I RemoteXY configurate
#pragma pack(push, 1)
uint8_t RemoteXY_CONF[] = // 945 bytes
{255,91,0,12,0,170,3,10,25,4,7,4,31,35,7,4,1,2,26,2,
11,7,4,31,42,7,4,1,2,26,2,11,7,4,42,35,7,4,1,2,
26,2,11,7,4,42,42,7,4,1,2,26,2,11,7,4,79,35,7,4,
1,2,26,2,11,7,4,79,42,7,4,1,2,26,2,11,7,4,90,35,
7,4,1,2,26,2,11,7,4,90,42,7,4,1,2,26,2,11,129,0,
0,18,47,5,1,3,216,178,217,133,217,134,32,216,167,217,132,216,176,216,
177,217,136,216,169,32,217,132,217,132,216,180,216,168,217,131,216,169,32,216,
167,217,132,217,131,217,135,216,177,216,168,216,167,216,166,217,138,216,169,0,
129,0,61,18,42,5,1,3,216,178,217,133,217,134,32,216,167,217,132,216,
185,217,133,217,132,32,216,167,217,132,216,183,216,168,217,138,216,185,217,138,
32,217,132,217,132,216,180,216,168,217,131,216,169,0,129,0,31,29,7 4,
1,3,216,179,216,167,216,185,216,169,0,129,0,43,29,7,4,1,3,216,
175,217,130,217,138,217,130,216,169,0,129,0,79,29,7,4,1,3,216,179,
216,167,216,185,216,169,0,129,0,90,29,7,4,1,3,216,175,217,130,217,
138,217,130,216,169,0,129,0,13,35,15,4,1,3,216,178,217,133,217,134,
32,216,167,217,132,217,136,216,181,217,132,0,129,0,13,42,15,4,1,3,
216,178,217,133,217,134,32,216,167,217,132,217,129,216,181,217,132,0,129,0,
60,35,15,4,1,3,216,178,217,133,217,134,32,216,167,217,132,217,136,216,
181,217,132,0,129,0,61,42,15,4,1,3,216,178,217,133,217,134,32,216,
167,217,132,217,129,216,181,217,132,0,130,1,234,26,179,1,1,2,129,0,
39,34,2,6,1,79,58,0,129,0,39,41,2,6,1,79,58,0,129,0,
87,34,2,6,1,79,58,0,129,0,87,41,2,6,1,79,58,0,131,1,
88,55,22,6,1,2,31,216,170,216,173,216,175,217,138,216,175,32,216,167,
217,132,216,178,217,133,217,134,0,131,0,60,55,27,6,2,2,31,216,167,
217,132,216,170,216,173,217,131,217,133,32,216,168,216,167,217,132,216,163,216,
172,217,135,216,178,216,169,0,2,0,54,18,13,6,2,2,26,31,31,79,
78,0,79,70,70,0,2,0,54,30,13,6,2,2,26,31,31,79,78,0,
79,70,70,0,2,0,54,42,13,6,2,2,26,31,31,79,78,0,79,70,
70,0,129,0,31,18,14,6,2,3,216,167,217,132,216,179,216,174,216,167,
217,134,0,129,0,32,30,13,6,2,3,216,167,217,132,217,133,217,131,217,
138,217,129,0,129,0,32,42,12,6,2,3,216,167,217,132,216,163,217,134,
216,167,216,177,216,169,0,130,1,239,49,179,1,0,2,130,1,237,14,179,
1,0,2,129,0,43,59,7,3,0,3,216,167,217,132,216,179,216,174,216,
167,217,134,0,129,0,24,59,7,3,0,3,216,167,217,132,217,133,217,131,
217,138,217,129,0,129,0,7,59,6,3,0,3,216,167,217,132,216,163,217,
134,216,167,216,177,216,169,0,129,0,241,0,112,8,0,2,217,131,217,132,
217,138,216,169,32,216,167,217,132,217,135,217,134,216,175,216,179,216,169,32,
216,167,217,132,216,170,217,130,217,134,217,138,216,169,45,217,130,216,179,217,
133,32,216,167,217,132,216,163,216,170,217,133,216,170,216,169,32,216,167,217,
132,216,181,217,134,216,167,216,185,217,138,216,169,0,129,0,244,8,107,6,
0,2,216,165,216,185,216,175,216,167,216,175,32,58,32,217,133,32,46,32,
216,177,217,135,216,167,217,133,32,216,175,216,168,216,167,216,180,217,138,45,
216,165,216,180,216,177,216,167,217,129,32,58,32,216,175,32,46,32,216,171,
216,167,216,166,216,177,32,216,163,216,173,217,133,216,175,32,216,167,216,168,
216,177,216,167,217,135,217,138,217,133,0,130,1,57,50,1,13,0,2,130,
1,18,50,1,14,0,2,130,1,37,50,1,14,0,2,67,5,44,52,6,
5,0,2,26,4,67,5,24,52,6,5,0,2,26,4,67,5,7,52,6,
5,0,2,26,4 };

/I this structure defines all the variables and events of your control interface
struct {

I input variables
char T1[11]; // string UTF8 end zero
char T3[11]; // string UTF8 end zero
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char T2[11]; // string UTF8 end zero

char T4[11]; // string UTF8 end zero

char T5[11]; // string UTF8 end zero

char T7[11]; // string UTF8 end zero

char T6[11]; // string UTF8 end zero

char T8[11]; // string UTF8 end zero

uint8_t switch_1; // =1 if switch ON and =0 if OFF
uint8_t switch_2; // =1 if switch ON and =0 if OFF
uint8_t switch_3; // =1 if switch ON and =0 if OFF
/I output variables

char text_1[4]; // string UTF8 end zero

char text_2[4]; // string UTF8 end zero

char text_3[4]; // string UTF8 end zero

/I other variable
uint8_t connect_flag; // =1 if wire connected, else =0

} RemoteXY;
#pragma pack(pop)

M
I END RemoteXY include I
T

#define PIN_SWITCH_1 DO
#define PIN_SWITCH_2 D1
#define PIN_SWITCH_3 D2

const char *ssid = "Reham";
const char *password = "123456789";

/I Define NTP Client to get time
WIiFiUDP ntpUDP;
NTPClient timeClient(ntpUDP, "pool.ntp.org");

//Week Days

String weekDays[7]={"Sunday", "Monday", "Tuesday", "Wednesday", "Thursday", "Friday", "Saturday"};

//Month names

String months[12]={"January", "February", "March", "April", "May", "June",

"July", "August", "September", "October", "November", "December"};
void setup()

{
digitalWrite(DO,HIGH);
digitalWrite(D1,HIGH);
digitalWrite(D2,HIGH);
digitalWrite(D3,HIGH);
digitalWrite(D4,HIGH);

RemoteXY_Init ();

pinMode (PIN_SWITCH_1, OUTPUT);
pinMode (PIN_SWITCH_2, OUTPUT);
pinMode (PIN_SWITCH_3, OUTPUT);
pinMode (D3, OUTPUT);
pinMode (D4, OUTPUT);

// TODO you setup code

/I Initialize Serial Monitor
Serial.begin(115200);

/I Connect to Wi-Fi
Serial.print("Connecting to ");
Serial.printIn(ssid);
WiFi.begin(ssid, password);
while (WiFi.status() != WL_CONNECTED) {
delay(500);

Serial.print(".");

}

/I Initialize a NTPClient to get time
timeClient.begin();
/I Set offset time in seconds to adjust for your timezone, for example:
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timeClient.setTimeOffset(10800); // GMT +1 = 3600 ,GMT +8 = 28800 ,GMT -1 = -3600 ,GMT 0 =0
void loop()

{

RemoteXY_Handler ();

digitalWrite(PIN_SWITCH_1, (RemoteXY .switch_1==1)?LOW:HIGH);
digitalWrite(PIN_SWITCH_2, (RemoteXY .switch_2==1)?LOW:HIGH);
digitalWrite(PIN_SWITCH_3, (RemoteXY .switch_3==1)?LOW:HIGH);
int val = atoi (RemoteXY.T1);
int val2 = atoi (RemoteXY.T2);
int val3 = atoi (RemoteXY.T3);
int val4 = atoi (RemoteXY.T4);
int val5 = atoi (RemoteXY.T5);
int val6 = atoi (RemoteXY.T6);
int val7 = atoi (RemoteXY.T7);
int val8 = atoi (RemoteXY.T8);
if (digitalRead(D5)==LOW) strcpy (RemoteXY .text_1, "on");
else strcpy (RemoteXY .text_1, "off");
if (digitalRead(D6)==LOW) strcpy (RemoteXY.text_2, “on");
else strcpy (RemoteXY .text_2, "off");
if (digitalRead(D7)==LOW) strcpy (RemoteXY .text_3, "on");
else strcpy (RemoteXY .text_3, "off");
timeClient.update();
unsigned long epochTime = timeClient.getEpochTime();
Serial.print("Epoch Time: ");
Serial.printin(epochTime);
String formattedTime = timeClient.getFormatted Time();
Serial.print("Formatted Time: ");
Serial.printIn(formattedTime);
int currentHour = timeClient.getHours();
Serial.print("Hour: ");
Serial.printIn(currentHour);
int currentMinute = timeClient.getMinutes();
Serial.print("Minutes: ");
Serial.printIn(currentMinute);
int currentSecond = timeClient.getSeconds();
Serial.print("Seconds: ");
Serial.printin(currentSecond);
String weekDay = weekDays[timeClient.getDay()];
Serial.print("Week Day: ");
Serial.printin(weekDay);
/IGet a time structure
struct tm *ptm = gmtime ((time_t *)&epochTime);
int monthDay = ptm->tm_mday;
Serial.print("Month day: ");
Serial.printin(monthDay);
int currentMonth = ptm->tm_mon-+1,
Serial.print("Month: ");
Serial.printin(currentMonth);
String currentMonthName = months[currentMonth-1];
Serial.print("Month name: ");
Serial.printIn(currentMonthName);
int currentYear = ptm->tm_year+1900;
Serial.print("Year: ");
Serial.printin(currentYear);
/IPrint complete date:
String currentDate = String(currentYear) + "-" + String(currentMonth) + "-" + String(monthDay);
Serial.print("Current date: ");
Serial.printin(currentDate);
Serial.printin("");
delay(1000);
if (currentHour==val&&currentMinute==val2)
{digitalWrite(D3,LOW);}
else if (currentHour==val3&&currentMinute==val4)
{digitalWrite(D3,HIGH);}
if (currentHour==val5&&currentMinute==val6)
{digitalWrite(D4,LOW);}
else if (currentHour==val7&&currentMinute==val8)
{digitalWrite(D4,HIGH);}
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