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Abstract 
The prime objective of this research work is to improve the conservation of 

energy in residential buildings. To achieve this objective in real time, we 

need to devise a new protocol for control and monitoring of  electrical 

appliances operations and their energy consumptions. Data logger is to be 

provided for every home to measure the energy consumed by the individual 

electrical appliances of the home and it stores the history of day wise, month 

wise data of all appliances. Apart from data logger various sensors are to be 

fitted in the home to measure various parameters like, number of people 

inside the individual room, room temperature, luminance required for the 

room, movement of the people etc., More over preset the monthly energy to 

be consumed by the house hold customer makes the consumer more 

conscious about energy consumption. Efficient utilization of energy not only 

needs efficient home appliances, it needs a good 
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customer attitude and practices in the operation of appliances. “Resource is 

never equivalent to money” and “One unit of energy saving is equivalent to 

production of two unit of energy”.This paper focusing the different aspects of 

energy saving in various appliances used in buildings. OMRON PLC is used 

in this implementation is very simple to program and more user friendly. 

 

Key words: Energy management, Programmable logic controller, Home 

automation, data logger, smart home, Residential building. 

 

 

1 Introduction 
   

  Different appliances in the buildings to be operated  based on various 

constraints. The constraints should be clear and unique to every appliance for 

the proper switching ON/OFF. For example Outdoor lights are to be turned 

ON during the evening and night time only. Hence “weekly timer” menu can 

be used to program to control the outdoor lights. Sometime the dark cloud 

season may happen in the day time also. Hence time based controlling will 

not help to proper switching of the outdoor lights. So that  LDR also can be 

logical OR with the timer contact to turn ON the outdoor lights during the 

rainy and cloudy season. To operate the pump motor amount of water level 

present in the tank can be sensed using a float switch or a specific type of 

ultrasonic sensor. If the water is reduced to below some desired  level  the 

motor can be turned ON and in the same manner it can be switched OFF if 

the water is reached beyond the desired level. Appliances inside the room to 

be operated based on the availability of person in the room. Presence of 

people and movement of people can be recognized using PIRO sensor. 

 

2 Related Works 
 

  Irmak.E, Kabalci. E and Kose.A et al. [1] noted the major appliances of 

the home in which inefficient energy consumptions taking place and they are 

estimated the percentage of energy wasted. Energy wastage of Refrigerator, 

Pump motors, air coolers, washing machine, water heaters are mainly 

focused in this research paper. 

       Mateos.F, Gonzalez.V.M,Poo.R, Garcia.M, and Olaiz.Ret al.[2] modeled 

a small scale house and various electrical equipments consist of poor power 

factor. Reactive power consumed equipments present in the house and its 

compensation techniques are discussed in this research paper. Power factor 

computation and its dependent parameters, efficient design of the electrical 

appliances are discussed in this research paper. 
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  Sharma. R, Kumar. K and Vig. S et al. [3] designed a remote control for 

controlling the home appliance using DTMF. Dual tone multi frequency 

technique of detecting the individual appliances and addressing them using a 

specified frequency of signal are mainly concentrated in this research paper. 

  Controlling and monitoring of individual appliances of the house from 

anywhere is possible with this remote. Implementation of DTMF is focussed 

in this research paper. 

  L. James and A. Novoselac et al. [4] noted the various opportunities of 

reducing the energy consumption of air conditional systems. Individual 

component of the airconditioner and their performances are analysed in this 

research paper. Possibilities of improvising its functions, inverter and non-

inverter based air-conditioning systems are compared in this research paper. 

  A. Veronica, B. Sorin, K. Keunmo, K. Anthony, L. Francesco, L. 

Pengfei, L. Teems, S. Soumik and V. Sergey et al. [5]   modeled a Predictive 

Control and Fault Detection of a heating and air conditioning system. In this 

paper the author discussed the way to self declaration of faults of the heating 

and air conditioning by the system itself.A fault diagnostic procedure also 

discussed in his work. 

  N. Yamtraipat, J. Khedari, J. Hirunlabh and J. Kunchornrat et al. [6] 

analysed the energy set point impact on  energy consumption and 

environment. The author analysed prepaid system for energy billing and its 

impact on utilisation and conservation of electrical energy. Smart metering 

using SIM (subscriber identity module) card for the individual customers and 

its wi-fi communication networks implementation. 

  X. Sheng, J. Shang, J. Zhang, Z. Wu and P. Song et al. [7] designed an 

energy-saving based predictive control strategy on central air-conditioning 

system. The author discussed implementation possibilities of central air-

conditioning system in Clustered houses and multistorage buildings or 

apartments. 

  T. Shou-lin, D. Cheng-bo, W. Jian and X. Jin et al. [8] analysed various 

obstructions of achieving  an  energy-efficient central air-conditioning 

system 

  S. Shahnawaz, Ahmed Md, Shah Majid, H. Novia and H. Abd Rahman et 

al. [9]    designed a Fuzzy logic based energy saving technique for a central 

air conditioning system. Trade off between cost and performance of central 

air conditioning system using digital logic and fuzzy logic are analysed in his 

work. 

  R. Parameshwaran, R. Karunakaran, C. Vinu Raja Kumar and S. Iniyan 

et al. [10]   anaylsed various Energy conservative techniques of building air 

conditioning system. 

  T. Leephakpreeda, R. Thitipatanapong, T. Grittiyachot and V. 

Yungchareon et al.  [11]worked on   Occupancy-Based Control of Indoor Air 

Ventilation. 
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  K. Katabira, H. Zhao, Y. Nakagawa and R. Shibasaki et al. [12]   

analysed Real-Time People movement in house and its temperture 

distribution.  

  L. James and A. Novoselac et al. [13] worked on occupancy control of 

air conditioning system in an open office. 

  N. Jitraphon and N. Prasit et al. [14] observed various energy saving 

techniques in Split-type Air-Conditioning system. 

 

3 Research Highlights 
 

  Various opportunities of improving the energy saving of home 

appliances control and monitoring of evergy gadgets of the home which is 

connected on the power grid.More concentration as given to high power 

consumption gadgets such as air conditioning system, refrigeration systems, 

pumping system, water heaters.  

 

4 Material Used 
 

4 .1 Omron PLC (Zen Model) 
 
            The table 1 represents the specification of the ZEN model PLC for 

selection of energy monitoring and control application. 

 
Table 1 specification of the ZEN model PLC 

 
 

4.2 Proximity Infrared Sensor 
 

Size: 50 x 20 x 10 mm (L x B x H)  

Hole size: φ2.5mm 

  This sensor is used to detect the movement of the people living in a 

room. It detects the infrared rays radiating from the human body and it sends 

the signal to the Programmable logic controller as the input to process the 

data according to the program written. 
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  This sensor radiating infra-red signals from the overhead of the room in 

the entire 3600 to be monitor the people movement. Whenever the 

interaction taking place between the human emitted infra-red ray and sensor 

emitted infra-red ray then detection occurs. 

 

4.3 Relays and Magnetic Contactor 
 
  • Exciting Voltage of coil - 24 VDC, 120 or 250 VAC 

  • Electromagnetic Relay - 12 V or 9V DC coil 

 

5 Proposed Approach  
 

  Various studies have been conducted on the appliances used in the 

residential buildings, office buildings, industrial buildings, commercial 

buildings, warehouse buildings. The conditions at which the appliances 

operated in these buildings have been chosen properly. All these conditions 

are combined together and programmed the PLC using ladder diagram to 

control the appliances. Various sensors, actuators, transducers are used to 

meet out the conditions at which the loads to be operated. The outputs of the 

sensors are to be signal conditioned. The purpose of signal conditioning is to 

match the output of the sensors and transducers to match the input signal 

requirement of the PLC. The status of the all the sensor are scanned and 

stored in the input memory as an image file. The PLC CPU reads the signal 

status of the all the sensors and it is fed in to the programs stored inside the 

PLC. Based on the data available in the input image file it operates the 

appliances suitably. 

 

6 Block diagram 
 

  The block diagram shown in figure1 represents all the elements required 

and their integration for the implementation data logger for monitoring and 

control of energy consumption in residential buildings. It consists of five 

elements and integration arrow marks explicitly shows the function and co-

ordination together with other elements in the block. Function each element 

is described below. 
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Figure1: Block diagram for implementation 

 

6.1 Power Supply Unit with Filters 
 

  To operate the PLC, it needs 24 volts DC power supply with proper 

voltage regulation circuitry and filter circuitry.  This element consists of 

rectifier, switched mode power supply circuit and filtering unit. Rectifier 

used to convert the mains AC power supply into DC power supply using four 

diodes bridge type configuration. Switched mode power supply circuit step 

down the voltage such that it is suitable to the operating voltage specification 

of the PLC. Also it consists of closed loop mode to acts as a voltage 

regulator. Hence any fluctuation in the mains power supply will not affect the 

PLC operation. The purpose of filters used in this element is to suppress the 

noises and electromagnetic interferences.  

 

6.2 Programmable Logic Controller with Internal Memory 
 

  PLC is simply a central processing unit of the system and it acts as brain 

to process the data according to the pre-written program in the internal 

memory. The internal memory stores the currently executable files and some 

running data required for the internal operation of PLC. It consists of input 

image, output image, ladder programs. Input image is a portion of internal 

memory in which the status of sensor and its collected data are collected and 

stored in it. Similarly, the output image also a portion of internal memory it 

stores activation signal status of output devices connect to the PLC. 

 

6.3 Sensors, HMI, Signal Conditioners 
 

  Proximity infra-red sensor used to detect the movement of the people 

inside the room.Intruder detection sensor consisting of laser ray or beam 

transmitter and receiver at the entrance of every room to detect the number of 

person inside the room. The person entering into the room is taken as  
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 incremented a count and person leaving the room is taken as decrement a 

count. Hence it computes the number of persons inside the room. Human 

machine interface (HMI) is used as input device at this situation to give the 

input data such as floor number, door number etc.,.The purpose of  signal 

conditioner is fix the operating voltage range of input data signal suitable to 

the specifications PLC.  

 

6.4 External Memory 
 

  It is used to store different application programs for the operation of the 

PLC.A large volume of previous records for the future reference also stored 

in the external memory only. The situation at which the internal memory of 

PLC overflows then the external memory comes into action and it collects 

the all the overflow data of the internal memory. It helps for the further 

modification or improvement of the entire system. External memory in this 

system is mainly in the form of hard disk, thumb-drive or memory card. 

 

6.5 Actuators, Relays, Indicators, Display Screen 
 

  Motors, solenoid valve are known as actuators. PLC gives actuating 

signal to actuators and by means of it the desire action is taking place. Linear 

and rotary type actuators are used in this system. The main function of the 

actuator is to convert the electrical signal in to rotary or linear mechanical 

movement. Relay is an isolator between PLC and output devices. 

Electromagnetic type and solid state relay both are used here. Indicator 

communicates the user status of activation or deactivation of the output 

devices of the system. Display screen is used to monitor the total operation 

the system. 

 

7 Simulation of Ladder Program 
 

  Zen software tool gives a suitable platform and consist of various menu’s 

to implementing the OMRON PLC based concepts. It is open source 

software available in the OMRON PLC official website. The software 

version used to simulate this idea is ZEN-SOFT01-V4. After installation this 

software we can open a new to file to create a new program. While opening a 

new file we should choose typical PLC module number. If any extension I/O 

module is needed that has to be mentioned in beginning of opening the new 

project. The number of I/O terminals needed, number of timers, any analog 

input signal to be handled are to be predetermined before starting a new 

program. Based on this we need to choose the PLC version and typical 

number of the module.Figure 2 shows a ladder diagram, the first three 

columns in that are only input devices like switches, sensors, transducers, 

timer contacts. 
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  While simulating the user can choose the switch may be a normally ON 

push button switch (PUSH TO OFF), normally OFF (PUSH TO ON) push 

button switch, or normally closed SPST, normally opened SPST. Each input 

device can be named with suitable and purpose of functioning it. This will 

help us to understand the program flow very clearly. The last column in the 

program writing screen page is always the output devices to be operated. It 

may be a relay, contactor, buzzer, LED, bulb etc.   

  The PLC consist of input terminals in which the output  of the sensors 

are to be connected to intimate the occurrence of the events for example the 

system temperature has reached the  desired level or not and similarly the 

liquid level  reached to expected level or not etc. and the corresponding 

suitable output lines to be activated.PLC can be viewed as a small computer. 

It can able to perform the any decision making actions, arithmetic and logical 

operations, data processing, controlling the scheduling of actions, 

sequencing, routing, simple ON / OFF or OPEN / CLOSE a valve etc. 

 PLC can be programmed in various methods such as 

i) Ladder Diagram method  

ii) Instruction List method,  

iii) Structure Test method  

iv) Statement List  

v) Functional Block Diagram method  

vi) Sequential Function Chart method. Among these methods ladder 

diagram method is very popular and easy to perform by less skilled person 

also. Since the PLC being used in this project is OMRON company model, 

the programming software used in it is ZEN Soft, which uses ladder  

vii) Diagram as the programming language. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2: Typical Workspace of ZEN software 
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8   Developed Ladder Program 
 

  PLCs consist of many types of special functional modules. Some 

of the modules are inbuilt with PLC and some of other modules are can be 

added external to PLC as a optional one. Some of the blocks are timers, 

arithmetic operations and comparison operation, look –up tables, text 

processing modules, PID controller, and filtering, attenuation and signal 

conditioning functions. Networking of PLCs done by using controller area 

network (CAN) and it can work on a group to achieve the desired task.  

 In the developed ladder diagram figure 3 the input sensors are 

represented as I0, I1, I2, I3, I4, I5, I6 etc. Internal relay contacts are 

represented as M0, M1, M2 …etc. Internal relay coils are represented as 

same as that of M0, M1, M2 …etc. within the parenthesis. Output relay coils 

are represented as Q0, Q1, Q2 …etc.  Extended output relay coils are 

represented as Y0, Y1, Y2 …etc. Extended input terminals and sensors are 

represented as X0, X1, X2 …etc. Timer trigger coils are denoted as TT0, 

TT1, TT2 etc., Timer contacts are denoted as T0, T1,T2…etc., 

 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure3: The Program Developed for Building Automation 
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8.1 Working Model 
 

  Smart Homes are built such that efficient utilization of electrical energy 

and automatic control and monitoring of all the appliances. Working model 

is constructed as shown in the Figure 4. People movements are  monitored 

using PIR sensors. Atmospheric illumination also observed using 

photosensitive sensors and based upon that the street lights are controlled. 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Working Model 

 

9 Future Prospects 
 
     For the home automation PLC programming can be altered and it is 

interfaced with the various components like sensors, hence the following 

ideas can be achieved.  

  a) Varying the setting point of the thermostat while we present in the in 

the bed using remote or from a cell phone on your way home from work. 
 b) The user no need to walk around the house turning off lights before left 

out from the home or going to sleep, turning off all lights  of the home with the touch of a 

single button. 

  c) Programming the PLC as per the daily schedule, controlling the 

temperature of the room by using thermostat transducer, as well as coffee 

making and switching ON any electronic gadgets.  

 d) Programming the safety and security system to alert you through e-mail 

or phone when the system detects activity in the home while you are away. 

  e) Managing and coordinating the various actions performed such 

as air conditioner system, home theatre system and illumination control 

system with one touch window. 

  f) Through the CCTV camera the user can monitor the people 

present anywhere in the surrounding location.  
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10 Conclusion 
 
  The prototype modelled using this research work improves the 

conservation of energy in residential building and it works properly in real 

time situation. Without sacrificing the consumer convenience this objective 

was achieved. Simulation as well as hardware output reveals a positive 

thought that using this approach definitely considerable amount of energy 

can be saved in the residential buildings. This prototype hardware model is 

implemented using PLC, instead of using conventional microcontrollers 

approach. Any further modification of the implemented system does not take 

much time and complexity. Smart metering combined with SCADA 

improvises the system much more and it will be the future scope of this 

research work. 
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