
 

 

IOT-BASED EXTENSION SOCKET FOR POWER 

OUTAGE MANAGEMENT 

 

ABSTRACT  

Electrical installations found in buildings include wall outlets and extension sockets, which 

serve as hubs for directly connecting electrical appliances safely. This paper presents the 

design of an IoT (Internet of Things)-Based Extension Socket for the management of power 

outages through the provision of a real-time or near real-time update to an electricity 

consumer about the status (outage or restoration) of electric power in the house where the 

power outage management system is installed. The system presented in this paper makes use 

of a NodeMCU ESP8266 development board, a 13 Ampere two-gang socket, a Lithium-Ion 

(Li-ion) battery, relays, the Arduino Integrated Development Environment (IDE), and the 

Blynk Android application. The system monitors power status and notifies its user (electricity 

consumer) of both power outages and restoration. Its 13 Ampere two-gang socket serve as 

extension sockets to enable the electricity consumer to maximize the usage of electricity after 

restoration through virtual switching of electrical appliances connected to these sockets. This 

control (switching) and monitoring is done wirelessly over-the-internet through Blynk, 

installed on the Android phone of the electricity consumer, irrespective of time and location. 
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1.0 INTRODUCTION  

Wall outlets are installed in buildings for the connection of electrical plugs of electrical 

appliances. They serve the function of easing access to electrical connections as well as 

protecting against electrical injury during the course of connecting appliances. In the case of 

needing multiple and/or movable outlets for electrical plugs, wall outlets have extension 

sockets connected to them, also easing access to wall outlets that are difficult to access due to 

location. Globally, there is a rise in demand for extension sockets [1] which, means that they 

will continue to be part of our daily routine as electricity consumers. In recent times, electrical 

appliances in homes are attracting IoT for home automation, technically easing their 

monitoring and/or control over the internet. These electrical appliances are powered from wall 

outlets or extension sockets, as the nearest possible points of connection. However, power 

outages and restorations in a building determine the availability of power in wall outlets and 

in extension sockets connected to them. 

Disconnection from power sources is one of the protective measures employed by electricity 

consumers for electrical appliances during a power outage [2]. Correspondingly, damage to 

electrical appliances was reported to be one of the effects of power outages by the author in 

[3]. The impact of power outages on households in developing countries is high, with effects 

on education, well-being, health, economic growth, and security [4]. The frequency of power 

outages in some places in Nigeria, which is also a developing country, is high. This can be 

viewed from the data about power outages in a study conducted by the authors in [5] based on 

Customer Oriented Indices, from January to December 2021, which showed the feeder having 

the least total frequency of power outages in a metropolis under study to be 1403, amounting 

to 3257.22 hours. Considering this, electricity consumers in this metropolis and others alike 

experiencing frequent power outages need to be watchful of power during its restoration in 

order to maximize its utilization before the next outage. 

To manage the different unfavorable situations posed to electricity consumers in homes by 

power outages, this paper brings IoT implementation into extension sockets, through the use 

of hardware mainly consisting of NodeMCU ESP8266 and an Android phone. The objective 

of this design is to provide a low-cost power outage and restoration notification to an 

electricity consumer’s Android phone. This was achieved by means of monitoring electric 

power in wall outlets for real-time or near real-time status (outage or restoration), using the 

NodeMCU ESP8266. This serves as a solution to calling or texting someone at home for the 



 

 

status of electricity when the electricity consumer is in a faraway location. To further take 

advantage of electricity during its restoration by the electricity consumer, the system was 

designed along with smart socket functionality for two extension sockets coupled with it, 

permitting the connection of two electrical appliances. The control of these two sockets, 

alongside the monitoring, is all done on Blynk (an Android application), connected to the 

NodeMCU wirelessly over the internet. 

 

1.1 LITERATURE REVIEW 

IoT has found its way into things we use daily, with its use in our daily lives increasing. 

Problem solving, convenience, time-saving are all part of the benefits of IoT [6]. In this 

section, the examination of home sockets with IoT implemented in them was first looked into, 

followed by the review of systems which work on power outage detection and reports. 

A research project done in [7] designed and constructed a Smart Switch Control System 

(SSCS) with the implementation of IoT using an ESP8266-01 Wi-Fi module. The system is 

designed to switch on/off any device connected to its socket through the web server. It also 

has manual control for the socket through the use of a capacitive touch sensor module 

(TTP223) embedded in it. Similarly, the prototype of the authors in [8] is a Smart Power 

Extender which has TTP223 for physical control, with the entire prototype controlled by a 

NodeMCU ESP8266 development board. It features four sockets, real-time tracking of 

equipment utilization, e-mail automation, Wi-Fi based control through the internet using a 

developed application, and current sensors for calculation of current used by each socket. A 

current sensor was also used in the proposed development of an energy-efficient smart socket 

in [9] to address electrical appliances' standby energy waste and the economic losses 

associated with it. A host-slave mechanism was used in this proposed system to control the 

standby energy saving. It also measures voltage to avoid overvoltage. A current sensor as well 

as a voltage sensor were used by the authors in [10] along with an Arduino Uno, an XBee 

module, a relay box, and an Ethernet shield for the design of a Smart Socket. The XBee 

module and Ethernet shield used in this work are for communication. However, NodeMCU, 

which is based on ESP8266, also communicates through Wi-Fi as it is a Wi-Fi System on 

Chip (SoC). The work of the authors in [11] is an IoT-based socket control system developed 

for the control of electrical appliances using NodeMCU and a smartphone. An IoT-Enabled 

Electric Socket Test Bed presented and discussed by the authors in [12] also has NodeMCU 



 

 

as part of what comprises its architecture based on its IoT nature. An Outage Management 

System (OMS) is used primarily by supervisors of power grids and distributed systems to 

identify power outages and also provide instant alerts to their operators [13]. However, power 

outage alerts are also useful for electricity consumers, as the proposed IoT Based Energy 

Meter in the paper presented by the authors in [14] provides power outage notification for 

electricity consumers and technicians. Meanwhile, it also provides data on power 

consumption and can predict power outages. Similar to a technician, is an ICT personnel (on 

duty), whose phone is force vibrated by the ezzzyNclient application (installed on the ICT 

personnel's phone) when a power outage or restoration is detected, and a Short Message 

Service (SMS) is sent from the ezzzyNotifier server as developed by the authors in 

[15]. Another method of notification, using a Mail Responsive Web Application, was utilized 

to receive alerts of scheduled power outages by end users as proposed in the Outage 

Management System by the authors in [16]. The Internet is required for web applications, just 

as it is for the IoT-Based Smart Power Outage Communication System described in [17], 

which primarily employs an Arduino Uno and a GSM module (SIM900A). The GSM module 

is to forward the power status change (outage to restoration and vice-versa) to the "Power 

Communicator" android application software designed for the system, which was developed 

in the Windows OS environment. Correspondingly, in [18], a design was described which is 

based on SigFox IoT Network-a remote monitoring and control system. The system was 

designed for remote condition monitoring of modern scientific laboratories, and has power 

outages monitored as one of the important situations needed to be monitored in scientific 

laboratories. The system was designed to communicate with its user through an Android 

application. Differently, the system presented in [19] is the design of a Power Failure 

Monitoring Data-Logger System which monitors, records, alerts, and displays all power 

failure activities. However, this system lacks wireless communication and has recommended 

it.  

The reviewed literature, however, proved the generality of wireless communications (internet 

communication in particular) in numerous systems. The sockets reviewed switch on or off 

appliances for the convenience of their users, but limit their functionality as they cannot report 

power status to their users. Also, the systems reviewed for power outage detection and their 

reports are adequate to notify based on power status but prevent their users from the 

utilization of power after restoration through virtual means. These gaps also mean 



 

 

underutilization of microcontrollers or microcontroller development boards used in these 

systems. 

 

2.0 METHODOLOGY 

The aforementioned descriptions of the system presented in this work are implemented using 

simple and less expensive concepts. This section describes the process required for the 

system's design and operation. 

2.1 SYSTEM DESCRIPTION 

The entire system is mainly based on NodeMCU and Blynk application installed on the 

electricity consumer's android phone. The NodeMCU has the ESP8266 microchip, which is 

the center for the control and monitoring tasks of the system. This is shown in the block 

diagram in Figure 2.1. The block diagram shown has NodeMCU being interconnected with 

the power supply unit, the internet, and ULN2003. NodeMCU receives the power to be 

detected and its power from the power supply unit. It is connected to the Wi-Fi internet for it 

to send power status to Blynk on an Android phone and receive control commands for the 

sockets from Blynk. NodeMCU is also connected to ULN2003 for the control of the relays. 

220V AC is connected to the power supply unit and the relays. It serves as a power supply to 

the power supply unit while its connection to the relays is for the sockets to have 220V AC. 

The power supply unit of the system mainly houses the power for the entire system; the 

circuit designed for the power to be detected by NodeMCU; the battery and its charging 

circuitry. 
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Figure 2.1: Hardware block diagram of the system 

 

 2.2 MODE OF OPERATION 

The system process starts with the ESP8266 establishing a Wi-Fi internet connection and then 

establishing a Blynk connection. If the Wi-Fi internet connection fails, it retries until it is 

successful; the same is true for its connection with Blynk. Each successful connection in the 

system is indicated by an LED assigned to it for physical identification on the system. After a 

successful connection between ESP8266 and Blynk, pin D0 (assigned as a power detector 

pin) on NodeMCU ESP8266 is continuously monitored, which is to detect its logic level. The 

logic level is communicated to Blynk for the user to identify the state of power. Logic level 

HIGH shows power restoration, while logic level LOW is for power outages. This logic level 

on the power detector pin determines the Blynk control of the two sockets on the system. 

Logic level HIGH enables the sockets to be virtually switched on or off through the relay 

associated with each socket, while logic level LOW automatically switches off these two 

socket relays virtually. The virtual switching state of each socket can also be identified 

physically, through the LED associated with each socket. This entire process is illustrated in 

the flowchart in Figure 2.2. 



 

 

 

 

Figure 2.2: Flowchart of the process of the system 

2.3 THE HARDWARE DESIGN  

The hardware design consists of: 

1. Power supply unit 

2. Power detection and automation unit 

Below is a list of the hardware used in the design of the system: 

 12V Alternating Current (AC) step down transformer 

 13 Ampere two-gang socket 

 3 X 2.5mm
2
 flexible cable 

 Electrical junction box 

 13 Ampere plug 

 SPST (Single-Pole Single-Throw) rocker switch 

 Normally Open (NO) SPST push button 

 1N4007 diodes 



 

 

 BC547 (NPN Transistors) 

 Electrolytic capacitors 

 Ceramic capacitors 

 Resistors 

 Light Emitting Diodes (LEDs) 

 LM7805 voltage regulator 

 2000mAh 4.2V Lithium-Ion (Li-ion) battery 

 IP5306 Integrated Circuit (IC) 

 Ferrite power inductor 

 NodeMCU ESP8266 development board 

 ULN2003 IC 

 5V Direct Current (DC) relays 

 An android phone for monitoring and controlling 

 

2.3.1 POWER SUPPLY UNIT 

The power supply unit uses a 220V AC supply available in wall outlets in Nigeria. The 220V 

AC was supplied to the 12V AC step down transformer through the rocker switch and 

converted to DC using the bridge rectifier, filtered, and glowed a red LED for physical power 

status indicator, and produced regulated 5V DC through the LM7805 voltage regulator. The 

5V from LM7805, called peripheral 5V, was used to power the relays and ULN2003 IC. A 

voltage divider was designed from the peripheral 5V with two 10KΩ resistors, useful for the 

power detection pin of the NodeMCU ESP8266. The peripheral 5V was also used for the 

IP5306 IC, each socket indicator (LEDs) and their transistors. The entire power supply unit 

can be switched on and off through the rocker switch, while the microcontroller 5V can be 

separately switched on and off through a push button. Figure 2.3 shows the circuit diagram for 

the power supply unit. 

The IP5306 IC was used as a Battery Management System (BMS) and boost converter in the 

power supply unit as designed in [20]. It was used to ensure safe charging of the 4.2V Li-ion 

battery and its discharge, as well as boost the battery from 4.2V to 5V for use by NodeMCU. 

It also provides the indicator (blue LED) for charging, full charge, discharging, and low 

battery level for the Li-ion battery used in the power supply unit. The battery indicator blinks 



 

 

when the battery is charging and also when the battery level is low, while it remains on at full 

charge and during discharge. Using the battery in the system is necessary to keep NodeMCU 

in an active state for power supply status detection and to prevent it from shutting down 

during a power outage. 

 

Figure 2.3: Circuit diagram for the Power Supply Unit 

 

2.3.2 OVERVIEW OF POWER DETECTION AND AUTOMATION UNIT 

The power detection and automation unit is a combined unit found on the NodeMCU 

ESP8266. The circuit diagram for this unit is shown in Figure 2.4. The power detection pin 

(D0) on the NodeMCU ESP8266 receives 2.5V DC (logic level HIGH) from the power 

supply unit whenever there is power restoration in the wall outlet, while a power outage 

makes the pin receive 0V (logic level LOW). This voltage division is necessary because the 

ESP8266 has a maximum voltage of 3.6V and a typical voltage for logic level HIGH of 3.3V. 

The automation aspect of this unit was done from ESP8266 to ULN20003 IC for switching on 

and off the two sockets, each separately connected to the 220V AC supply through the relays. 

The LEDs for the physical identification of the sockets also have their own circuit in this unit. 

Figure 2.5 shows the picture of a NodeMCU ESP8266. 

 

Figure 2.4: Circuit diagram for the power detection and automation unit. 



 

 

 

 

 

 

 

 

Figure 2.5: A picture showing a NodeMCU ESP8266 [21] 

2.4 SOFTWARE IMPLEMENTATION 

The software implementation is an overview of the software used in the implementation of the 

IoT Extension Socket. An Arduino Integrated Development Environment (IDE) and Blynk 

were the software implemented. The Arduino IDE is an open-source software that can be used 

for programming the NodeMCU ESP8266 used in this design. It was installed on the 

Windows Operating System (OS). Blynk is in charge of monitoring and controlling tasks. 

Blynk is an Android and iOS application that allows the monitoring and control of hardware 

over the internet with widgets provided in the app. Hence, Blynk requires an internet 

connection on the Android phone for its operation. Blynk is an already designed app which 

does not require coding for its use. The widgets used in it are Graphic User Interface (GUI) 

which have been pre-designed [22]. 

 

3.0 RESULTS AND DISCUSSION 

In this section, the performance of the system is evaluated under two different scenarios. An 

unconnected case is described in the first case, while the second case examines the operation 

of the system when connected. 

3.1 UNCONNECTED CASE 

The "Unconnected case" refers to the situation when the ESP8266 is unable to establish a 

network connection to the Wi-Fi internet and is automatically not connected to Blynk. In this 

case, the ESP8266 cannot monitor or control. Also, all relays are off based on the firmware. 

In the situation of an unsuccessful Wi-Fi internet and Blynk connection, this can be identified 



 

 

on the system hardware through the state (on or off) of associated LEDs. Figure 3.1 shows the 

system hardware indicating a power outage scenario with a successful Wi-Fi internet 

connection but a failed connection with Blynk. Meanwhile, Blynk will always assume the 

whole system is unconnected until its connection with the ESP8266 is successfully 

established. Figure 3.2 shows the landing page of the Blynk application while there was 

power restoration before Blynk lost connection with ESP8266, indicated by "Offline".  

 

 

 

 

 

 

 

 

Figure 3.1: The hardware system shows a power outage and a successful Wi-Fi internet 

connection. 

 

 

 

 

 

 

 

 

Figure 3.2: The Blynk landing page when the ESP8266 is not connected, as indicated by 

"Offline." 



 

 

3.2 CONNECTED CASE 

This case describes the performance of the system after the two connections for the system 

have been successfully established. In this case, the monitoring and control task of NodeMCU 

occurs. 

When the entire system is switched on, connection to both Wi-Fi internet and Blynk can occur 

in less than a minute. Blynk immediately receives a power status update and is ready for its 

control task. Depending on the user's current activity on the Android phone, the power status 

notification appears instantly via push notification or in-app notification. The power status 

notification can appear for both an outage and restoration. Figure 3.3 shows the Blynk landing 

page when the two connections have been successfully established while there is a power 

outage, while Figure 3.4 shows the power status report on the notification bar of the Android 

phone for power restoration. 

For the combined task of monitoring and controlling on Blynk, this is done in the monitor and 

control page as in Figure 3.5, which shows the power detector widget at the top, followed by 

the two widgets for control of the two sockets. Figure 3.6 shows there is power restoration 

with both sockets switched on virtually. Figure 3.6 is the hardware equivalent of the Blynk 

application shown in Figure 3.5. 

 

 

 

 

 

 

 

 

Figure 3.3: Blynk landing page for successful connection with ESP8266 established while 

there is a power outage. 

 



 

 

 

 

Figure 3.4: Power status notification on the notification bar of the Android phone for power 

restoration. 

 

 

 

 

Figure 3.5: Blynk monitor and control page showing power restoration with both sockets 

switched on virtually. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

Figure 3.6: Hardware equivalent of Figure 3.5 

 

3.3 PERFORMANCE EVALUATION 

The system was evaluated based on its performance during its testing process. The following 

were discovered during this process: 

a) The system uses the last state (switch on or off) of both sockets of electrical 

appliances to continue its operation in the event of successful restoration of 

connection to Wi-Fi internet or Blynk. 

b) Internet connection: Poor internet connection on either the smartphone or Wi-Fi 

internet can cause the system to monitor and control slowly. The response time of the 

system is determined by the speed of the internet connection. In cases of good internet 

connectivity during the testing process, the responses occurred in less than two 

seconds. 

c) Power outage: During a power outage, the hardware system will not switch on any 

socket based on the firmware on the ESP8266 (even if Blynk has any or both of the 

sockets on). This serves as protection for electrical appliances due to power surges 

during restoration or thunderstorms. The system returns the virtual state of each 

socket to its previous state before the occurrence of the outage whenever power is 

restored. 



 

 

 

3.4 LIMITATION OF THE SYSTEM 

a) The system control using the manual switches of each socket can interfere with their 

virtual switching. When the manual switch on each socket is turned off, interference 

occurs. This will prevent virtual switching from having an effect on each socket. 

b) Multiple power status changes (outage to restoration or vice versa) within one minute 

of the last status change will not be notified through either Blynk push notification or 

in-app notification. However, the change will be seen on the Blynk landing page and 

the monitor and control page. 

4.0 CONCLUSION 

During the research, it was observed that the IoT-Based Extension Socket can be used by 

electricity consumers in homes to manage power outages from the national grid, by allowing 

them to have real-time or near real-time information about electricity status on their android 

phone through the internet, based on the wall outlet where it has been installed, anywhere they 

are. In order for electricity consumers to fully utilize electricity after restoration, it provides 

simple home automation by also allowing the switching on and off of two different electrical 

appliances connected to its sockets. This switching is done through the internet as well, and it 

is irrespective of whether the electricity consumer is around their home or not, since it is 

internet controlled. The use of this presented IoT-Extension Socket makes it easier for 

electricity consumers to be proactive during electricity restoration as it helps them to be on 

standby. This helps them to reduce calling or texting someone in the area of their homes to 

know the power status. It is found to be highly useful for people who are not usually around 

their houses and need to use electricity for some electrical appliances in their houses. 

A recommendation for future design is to utilize a Switch Mode Power Supply (SMPS) as a 

replacement for the step-down transformer. This will give it a smaller size, less weight, and 

better power supply unit efficiency; generally making it a system that can be easily 

reproduced. Also, the design of an overvoltage detection circuit is recommended. It will 

protect the electrical appliances connected to the sockets from switching on whenever there is 

overvoltage. 
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