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 In the proposed system, a strategy for the control of energy consumption by 
home appliances is provided. The statistics of previous energy production 
and consumption of a case study city are used in providing the strategy. In 
the design of the proposed system, home appliances are categorized into 
three levels of priority, even though it can be more than three. In this article 
the control of energy consumption is achieved using a real time energy 
consumption manager (ECM) based on stored data without the need for real 
time communication. The system which is proposed here is affordable and 
simple. Also, it does not require grid upgrade or power line communication 
through the grid. 
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1. INTRODUCTION 

In order to measure the adequacy of generating energy, margins of installed capacity over peak-load 
is usually used. A decrease in these margins has been recorded in many IEA countries, but are still highly 
present in some areas [1]. In majority of third world countries, the power production for supply of houses and 
other facilities within a given period of time is insufficient. This is because some of these countries try to 
reduce the cost of power production or emission of Co2 through different strategies which include less power 
production.  Others countries or cities that try to rely on only renewable energy encounter some challenges 
that are associated with abrupt weather changes and other conditions.  

Global efforts have been directed towards promoting the use of clean energy for the protection of 
the environment, and these efforts have also involved the scheduling of energy consumption pattern so as to 
meet the increasing demand for power [2, 3]. One of the challenges confronting business and households is 
the inadequate supply of power. One of the strategies used in addressing the issue of insufficient power 
within cities is power supply scheduling. With this scheduling, the public overuses their time slot when the 
power is supplied to them. This in turn has made the extension of the time of power supply difficult [4]. 

Against this backdrop, a solution which can be used in individual households is offered in this 
research. This solution permits smart control and monitoring of temporary load-shedding of the individual 
house unit’s power consumption anytime the given limit of power consumption is exceeded [5, 6]. The 
specified power limit can be made flexible, such that it can be reduced or increased depending on the 
availability of the total power allocated to a given area at particular times of the day or year.  
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Unlike the smart grid, the designed system is capable of regulating energy consumption without 
requiring a power line communication. More so, the system possesses numerous features like low cost, 
simplicity, easy development and installation because it is based on programmable microcontroller, and it is 
possible to update saved data by overwriting the external RAM or by sending an SMS if the GSM optional 
modem connected [7, 8]. 

This paper concentrates on the electric energy engineering and the power industry departments, the 
electricity corporation and power grid enterprises that are the subjects of social power saving in addition to 
scientific and rational power consumption, and demand-side management (DSM) implementation. They play 
important roles in sponsoring the enhancement of overall efficiency for the social power consumption and the 
development of DSM work. 

 
 

2. LITERATURE SURVEY  
In a system that whereby the enterprise of power production is separated from that of distribution, 

the distribution enterprise becomes totally responsible for the implementation of Demand-Side Management 
(DSM) because large scale electric consumers are directly involved [9, 10]. In the proposed system, it is 
assumed that the energy which is produced is insufficient, and there is need for the demand side to reduce the 
load for a given period of time during the year [11]. In some studies, the researchers proposed a strategy for 
energy control that is pricing-based; their proposed strategies are aimed at eliminating the peak load for smart 
grid. Based on the price, energy consumers are able to regulate the energy which they consume so as to make 
a tradeoff between the reduction of load and electricity cost [12]. 

Other researchers have recommended that demand side management in smart grid can be 
implemented by the scheduling of techniques used for home appliance [13, 14]. The power system has been 
immensely affected by consumers’ growing demand, thereby posing some challenges to the power generation 
system in terms of quantity and quality of power supply [15]. This problem in smart grid can be solved 
through efficient consumption and economical generation because it is combined with information 
communication technologies. Smart grid provides the opportunities for the use of various pricing schemes 
that are capable of increasing efficiency of scheduling techniques [16, 17].  

In spite of the issues and challenges discussed in [18], a more suitable solution could be smart grid. 
In [19], a number of the issues and challenges associated with smart grid were presented alongside their 
solutions. Several researchers have suggested that the use of a load management application system that is 
based on smart grid privacy policy for energy management service, be employed within an environment of 
energy management service [20]. In order to enable robustness and load balancing, the authors during study 
[21] proposed the use of cloud computing and data centers.   

 
 

3. CASE STUDY  
The case study used in this study is a city with an annual load curve that is presented in Figure 1, 

and a day load curve in Figure 2 [22]. The annual curve is a representation of an inadequate power generation 
from the month of May to September; here, the reduction of the power demand below the values in the curve 
is required. Some countries increase the cost of KW-H unit with the aim of reducing the load [16]. For 
instance, in countries like Iraq, the load is decreased by shutting down the supply in some cities, but this 
strategy has an adverse effect on the quality of life [23]. A Similar procedure is used through the day load 
peak. However, in the proposed system, a novel strategy is presented as seen in the flowchart contained in 
Figure 3, in which, the house appliances are divided into three different levels according to priorities [24, 25]. 

 
 

 
 

Figure 1. Annual load curve 

 
 

Figure 2. A day load curve 
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Figure 3. Flowchart for the proposed software 
 
 

4. SYSTEM HARDWARE CIRCUITRY   
The ATmega32 microcontroller is the major part of the proposed design, and it is responsible for the 

management of every peripheral by means of the different kinds of communication protocols. Figure 4, 
shows that communication takes place between the microcontroller and GSM modem through RS232 (TX 
and RX) @9600 bps. This occurs while the microcontroller is in communication with a real time controller 
(RTC) and the external RAM through Inner-integrated protocol (I2C). It is also managed by a 4x4 matrix 
keypad through 8 pins, and drives the LCD display in 4 bits mode. An 8-ADC is possessed by the 
microcontroller, thereby being able to measure the real time AC current so as to read the Current Transformer 
(CT) conditioning signal. 
 
4.1. ATmega32 Microcontroller 

The microcontroller (ATmega32) which is used in this study, possesses all the peripheral attributes 
which are needed by design. Some of the attributes include compare mode, one 16-bit Timer/Counter with 
separate prescaler, real time counter having a separate oscillator, capture mode, 8-channel, four PWM 
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channels, 10-bit ADC, programmable serial USART, byte-oriented two-wire serial interface, master/slave 
SPI serial interface and a watchdog timer that is programmable and having a separate on-chip oscillator. The 
connection between the peripherals and the microcontroller is presented in Figure 5 while the configurations 
of the signal line are shown in Table 1. 

 
 

Table 1. Signal Line Configurations 
Used Labels Pin No. Descriptions 
RST 9 Connected to push button to reset the system. 
X1-X2 13-12 Crystal (20MHz)
CT 40 Current Transformer Conditioner signal 
1-4 
A-D 

33-36 
18-21 

4x4 Keypad 

D4-D7, RS,MOSI 1-6 LCD Screen, MOSI as EN signal 
SCL 
SDA 

22 
23 

I2C serial clock 
I2C serial data 
For external RAM & RTC 

High 
Medium 
Low 

24 
25 
26 

High priority relay enables 
Medium priority relay enables 
Low priority relay enables 

RX 
TX 

14 
15 

RS232 received data 
RS232 transmitted data 
For GSM Modem 

MOSI, MISO, SCK 6,7,8 For programming purposes ICSP1  
 
 

4.2. Load manager 
Through three layers, the facility is supplied with the main power. The load is controlled by three 

relays depending on the various levels of priorities. 
 

4.3. Real time controller (RTC) 
It is the responsibility to manage the time over the day and date over the year. The RTC, which was 

used is the RTC (DS1307) that possesses a serial real-time clock (RTC) with low power, full binary-coded 
decimal (BCD) clock/calendar plus 56 bytes of NV SRAM. With this, the transfer of data is done serially 
through an I2C bidirectional bus.  

 
 

 
 

Figure 4. System Block Diagram 

 
 
Figure 5. Microcontroller Pins Connections 

 
 

The kind of information provided by the clock/calendar includes information on hours, second, 
minutes, day, date, month and year, provides seconds, minutes, hours, day, date, month, and year 
information. In the case of months with less than 31 days, an automatic adjustment is made to the end of the 
month date, including corrections for leap year. The format used by the clock is either, the 24-hour or 12-
hour format. The DS1307 is capable of detecting power failure and automatically switching to backup supply 
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through its built-in power-sense circuit. The operation of time-keeping remains while the part operates from 
the backup supply.  

 
 

4.4. External RAM 
 Based on the design, the load is a matter of time Load (nT), where n denotes the number of the 

sample per annum and T represents the time interval between samples. The design of the system allows it to 
save as sample hourly throughout the year, therefore making n=365x 24 = 8760 and T= 1 hour “it could be 
more or less as a matter of accuracy”. The format in which all the samples will be saved is “XX. XX” A. This 
format saved in two bytes which make the RAM > 17520 Bytes or equal to 32KB.  

The use of 24FC512 was employed by the system because it has good characteristics such as  low 
power CMOS technology, a single supply with operation down to 1.7v, 2-Wire Serial Interface, I2C™ 
compatible, allows flow for up to eight devices, 100 kHz and 400 kHz Clock Compatibility, and Schmitt 
trigger inputs  suppress noise.  

 
4.5. Display 

To display the allowed load and instant load, an LCD display (2x16) characters were used. The LCD 
connection as well as the two rows of displaying data is shown inFigure 6. In the first row the load demand in 
ampere (ID) is displayed, while the second row is a display of the maximum allowed current at this moment. 

 
 

 
 

Figure 6. LCD Screen (2x16 characters) 
 
 

4.6. Transformer less Power Supply 
The power supply which adopted by the design is that requires no transformer that makes use of a 

parallel RC for the reduction of the voltage through 1A fuse. Subsequent to this stage is the process of 
rectification using bridge, and afterwards regulated at 5vdc. 

 
4.7. Current transformer and conditioning 

As seen in Fig (7, the alternating electric currents are measured using the current transformer (CT). 
Current transformers, together with voltage (or potential) transformers (VT or PT), are known as instrument 
transformers. In an instance whereby the circuit current is extremely high for direct application on the 
instruments of measurement, a reduced current which is accurately equal to the circuit current is produced by 
the current transformer; this can be suitably connected to the measuring and recording instruments. In a 
current transformer, the instruments of measurement are separated from what may tagged as extremely high 
voltage in the monitored circuit. The use of current transformers is employed in protective relays and 
metering in the electrical power industry. 

 
 

 
 

Figure 7. Current Transformer 
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In the proposed system, a CT with transfer ratio of (100-1) was utilized, so the maximum output 
current Iout will be 1A if the input current Iin equal 100A based on the (1). 

 
𝐼௜௡ ∗  𝑁௣ ൌ 𝐼௢௨௧ ∗  𝑁௦ (1) 
 
In order to change the current to voltage and scale up the value of the current, the CT is terminated 

using a 3.3Ω/1W resistor. At this point, it is safe and the ratio of conversion value is 3.3V to each 100A. The 
resistor is being paralleled by a Zener diode 5.1V for the purpose of over voltage protection. 

 
4.8. Load Table of Priorities 

In an event whereby the produced power is inadequate, the load can be managed if the different 
levels of priority are considered by the system. Here, the demand load of the system is checked periodically 
to know if the allowed load has been exceeded, and then the appliances of low priority are shut down. The 
system checks again and if the load still exceeds, the appliances of medium priority will be shut down. More 
so, if the produced power is incapable of covering the high priority load, an alarm is raised by the system or 
an SMS is sent to the house owner to manually reduce the load, if not, the system will shut down in the entire 
house for three minutes, and afterwards, turn on the high priority so as to check again and this procedure will 
be repeated thrice and then stop until the produced power is able to cover the demand load. In the proposed 
system, the demand of the house owner is memorized by the system, and then it turns on other devices when 
power is available. Even though, the levels of priority can be determined by the user, the Table 2 shows the 
different levels of priority.  

 
 

Table 2. List of Load Priorities 
Priority Level Appliances 
High Level Security System, Smoke alarm 

Emergency light and all the other important 
appliances 

Medium Level Air conditioning system Refrigerators 
Water heater, etc. 

Low level It could be any appliance that not affected by losing 
power. 

 
 

5. RESULT AND DISCUSSION 
The use of Protues software was used in the system simulation; all the components that were used 

were simulated including the microcontroller. The simulated circuit was divided into various areas as seen in 
Figure 18. Keypad which is optional was only plugged in during the phase of initialization. In Figure 9 the 
two-layer system printed circuit board (PCB) is presented. The proposed system is cost effective.  

The amount spent on all the components of the system is given in Table 3. The cost of the prototype 
is ≈ 52 USD, which can be lesser when purchased in large quantity for mass production. The cost for the 
PCB and installation of components is ≈38 USD. Therefore, the total cost is ≈90 USD. Although, the use of 
the keypad and GSM modem is optional, they cost ≈35 USD. Lastly, the plotting of the PCB is done in 3D 
mode as presented in Figure 10, which is dependent on minimum size. In summary, the proposed system 
requires no smart grid communication, it is portable, cost efficient, easy to install, lightweight and easy 
development because it is based on an integrated circuit that is programmable (MCU), GSM based and 
dynamic data about power availability. 
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Figure 1. System hardware circuitry 
 

 
Table 3. Bill of Materials 

QTY References Value 
7 C1-C2,C3, C4, C5,C6, C7 22p,10uF,0.1uF 

1uF,2u2,470u 
17 R2,R10-R11, R4 R6, R7-R9,R12, R13-R16 

R17, R18, R19 
4.7k,470R, 100k,330R, 470k, 100R, 

3R3 
1 U1 DS1307 
1 U2 24FC512 
1 U4 ATMEGA32 
1 U5 TI TLV1117-50 
3 Q1-Q3 BC547 
4 D1-D3, D4 1N4148, 1N4733A 
1 BAT1 3V 
1 BR1 2W04G 
1 FUSE 1A 
3 High, low,medium G2R-14-AC120 Relay 
1 ICSP CONN-SIL6 
2 J1, J2 TBLOCK-I3,I2 
1 LCD1 LM016L 
1 RST Micro switch 
2 X1, X2 20 MHz, 32.768KHz 

 
 

 
Figure 9. System PCB circuit 

 
Figure 10. System 3D circuit 
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