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ABSTRACT: This paper has studied the role of air conditioning and lighting system in consumption of electricity of
the faculty room (25° x 30”) belongs to Electrical Engineering Department, Kalyani Government Engineering College
and suggests the reduction of energy consumption. The reduction of energy consumption is a challenging job without
curtailing the facilities. It is an endeavour to optimise the consumption utilising the modern electronic system
developed using microcontroller. Here the energy audit is conducted, the area identified, some energy efficient
appliances recommended and an efficient Pic-microcontroller based system designed to reduce the consumption and
saving in cost.
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I. INTRODUCTION

The economic development of a modern society is strongly dependent on energy. Production & supply of goods and
energy consumption has strong effect on the environment at local and global level. It demands a good balance between
the use of energy for development of social welfare and the preservation of environment, as overuse may lead to
negative environmental impacts. So management of energy is essential at this point of time, since the conventional
resource will surely be exhausted within a few years. It’s an endeavour to manage the use of electrical energy through
the design of advanced system with a view to reduce the consumption of energy and subsequently to reduce the bill of
electricity. At the same time the saving of conventional fuel will lead to extension of use of energy for longer period
and hence the conservation of energy.

The paper [1] deals with energy audit and comparison with the Energy Efficiency Measure. Bhowarkar and Kamdi [2]
speak of energy audit and its importance. Muhammad et al [3] show the design of energy efficient lighting for building.
Hua et al [4] show the energy saving of public building and specially air conditioning system. The papers [5] & [6]
show the application of data mining model and smart metering for energy audit respectively.

This paper deals with the energy audit, recommendation of energy efficient appliances available in market and design
of a system based on pic-microcontroller to reduce the energy consumption.

Il. PROPOSED WORK

This paper presents a very simple idea on energy conservation. In order to verify the idea described in this paper, a
room of size (25°x30") belong to the faculty members of Electrical Engineering accommodating four faculty members
has been considered as a case study. Inside the room there are four ceiling fan, four fluorescent lamp, one air
conditioner of 2 ton capacity, two desktop computer and one laptop. The table I shows the gadgets and appliances in
the room and their power consumption. The power rating of each gadget, the installed capacity and the actual power
consumption is also given.

TABLE | POWER COMSUMPTION OF GADGETS AND APPLIANCES

Item | Electrical gadgetsand | Qty. Power rating of Installed capacity Actual power consumption
appliances each gadget (watts) (watts) (watts)
1 Ceiling Fan 4 60 240 320
2 Fluorescent Lamp 4 40 160 200
3 Air Conditioner (2 ton) 1 2000 2000 2500
4 Desktop 2 200 400 500
5 Laptop 1 100 100 150
Total 3670
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Out of these five items mentioned in Table I, Desktop and Laptop computers are energy efficient. It means that if these
remain idle, it automatically switch to sleep mode, making these energy efficient. Rest three items aggregating 3020w
need to be managed efficiently. It means these appliances will be automatically powered on, when required.

The following assumptions shown in table Il are made to evaluate the consumption of energy per month or year.

TABLE Il
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For a 30 days month the colleges are open for 22 days. The working hour in each day is 7 hours (10:30 am to 5:30 pm).
From table I1, the manageable energy consumption is 465.08 kWh per month and considering 11 months working days
per year the consumption is 5115.88 kWh per year. It is also assumed that the gadgets and appliances will run during
the working hours in each day without interruption. The cost per year has been evaluated as Rs.30695.28 at the rate of
Rs.6 /unit of electricity.

In order to reduce the energy consumption and the electricity bill, two following steps followed.

e  Recommendation of energy efficient appliances available in the market replacing the existing ones.
. Installation of modern electronic system developed using Pic-Micro controller to switch on/off when required.

A. Recommendation of Energy Efficient Appliances

The star rating label of Bureau of Energy Efficiency (BEE) signifies the product’s energy performance in the form of
energy use, efficiency & cost and rate the product on a comparative scale. The energy-efficient appliance saves money
in the long run, considering the longevity of major appliances /equipment between 10 and 20 years. A more efficient
appliance pays the additional cost back soon. The concerned appliances are ceiling fan, fluorescent lamp and air
conditioner.

1) Ceiling Fan: The ceiling fans have two important technical quantitative factors: power consumption and air
delivery. BEE came up with a concept of service value that is a ratio of air delivery to power consumption. Table Il
shows the service value of ceiling fan against star.

TABLE I11 TABLE IV
STAR RATING OF CEILING FAN STAR RATING OF FLUORESCENT LAMP
Star Rating Star Rating Index Calculation for Fluorescent
Star Rating Index Calculation for Index . Lamps
- Calculation
Ceiling Fans -
for Ceiling
Fans
Service Value for Star Rating Efficacy level for Fluorescent Lamps
Star Rating - (lumen per 100 hours of | 2000 hours of | 3500 hours of
Ceiling Fans
watt) use use use
1 Star >3.2t0<3.4 1 Star <61 <52 <49
2 Star >3.4t0 <3.6 2 Star >61 and <67 >52 and <57 >49 and <54
3 Star >3.6t0 <3.8 3 Star >67 and <86 >57 and <77 >54 and <73
4 Star >3.8t0 <4.0 4 Star >86 and <92 >77 and <83 >73 and <78
5 Star >4.0 5 Star >92 >83 >78

It is evident that higher the star rating, higher the service value meaning the higher efficiency. It is recommended to
install the 5 star rating ceiling fans replacing the existing fans.
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2) Fluorescent Lamp: The fluorescent lamp has two important technical quantitative factors: Power Consumption and
Luminance. BEE came up with a concept of efficacy that is a ratio of lumens to power consumption. Table IV shows
the efficacy level of fluorescent lamp against star rating for 100 hours of use, 2000 hours of use and 3500 hours of use.

It is evident from the table that higher the star rating, higher the efficacy level meaning the higher efficiency. It is
recommended to install the 5 star rating fluorescent lamps replacing the existing fluorescent lamps.

3) Air Conditioner: The air conditioner has two important technical quantitative factors: Power Consumption and
Cooling capacity. BEE came up with a concept of Energy Efficient Ratio (EER) value that is a ratio of cooling
capacity to power consumption. The table V shows the EER value against the star rating. The higher the star rating,
higher the EER value and higher is the efficiency for air conditioner.

TABLE V
STAR RATING OF AIR CONDITIONER AT ITS EER VALUE

Star Rating Index Calculation for Air Conditioners
(Star Rating Band valid from 01 January 2012 to 31
December 2013)

Star Rating EER Value for Air Conditioners
1 Star 2.5-2.69

2 Star 2.7-2.89

3 Star 2.9-3.09

4 Star 3.1-3.29

5 Star 3.3

Table VI shows the saving in power if all the existing conventional appliances are replaced by the 5-star rating
appliances being 578 watt. Table VII shows the energy consumption with 5 star appliances per month being 376.07
kWh and cost per month being Rs. 2,256.42 and per year being Rs. 24820.62.

TABLE VI
SAVING OF POWER COMSUMPTION WITH 5 STAR APPLIANCES
Electrical appliances Qty. | Power rating Power Power consumption with Saving in Power
(watts) consumption existing appliances Consumption
(watts) (watts) (watts
5 Star Ceiling Fan 4 50 200 320 120
5 Star Fluorescent Lamp 4 28 112 200 88
5 Star Air Conditioner 1 2130 2130 2500 370
(2 ton)
Total 2442 3020 578
TABLE VII
ENERGY CONSUMPTION WITH 5 STAR APPLIANCES PER YEAR
Working Working hr. /day Manageable Energy Cost /month Cost /year
day/month (10.30am- 5.30pm) Power (kW) consumption (Rs.) (Rs.)
(kwh)/month
22 7 2.442 376.07 2,256.42 24820.62
TABLE VI1II
SAVING IN ENERGY AND COST PER YEAR
Energy spent with existing appliances Energy spent with 5 star appliances Energy saving per | Saving in cost
Per month (kWh) | Per year (kWh) Per month (kWh) | Per year (kWh) year (kWh) per year (Rs.)
465.08 5115.88 376.07 4136.77 979.11 5,874.66

Table VIII shows the saving in energy per year being 979.11 kWh and saving in cost per year being Rs. 5874.66. The
fig 1 shows the bar chart comparing energy consumption between existing conventional and 5 Star rating appliances.
The energy spent with 5 star appliances is 80.86% of the existing system. It shows the saving of 19.14% of existing
energy spent.
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Fig. 1 Bar chart comparing energy consumption between existing conventional and 5 Star rating appliances.
B. Installation of Designed Modern Electronic System

The motivation of developing this micro-controller based system is to switch on/off the light, fan and air conditioner
during the required period. That means the light and fan would be operational as and when any faculty member is
present in his table, else these would be off.

1) Ceiling Fan and Fluorescent Lamp: Each table and chair is fitted with a ceiling fan and a fluorescent light which
will be powered on when the Faculty member is in table. When one will be away from the table the appliances will be
switched off automatically. This will prevent the energy waste and conserve the energy.

The principle of designing the microcontroller is depicted bellow considering the light and fan.

e« As and when a faculty member will occupy the chair, his presence will be detected by the sensor and
communicated to the microcontroller.

« When he will be out of picture his absence will be again detected by the controller and switch off the corresponding
light & fan.

To implement the interfacing circuit the following schematic diagram is shown in figure 2.
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Fig. 2 Block diagram of the micro-controller based Fan and light switching system
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The figure 2 shows that an 8 bit port of a microcontroller is used for the purpose. 4bits(b, to bs) are used for operating
the relays, configured as output bits and remaining 4 bits are configured as input bit to sense the presence of faculty
member through sensor. Bit by is connected to a driver transistor 2N2222 (collector current, IC= 800mA) to which
relay coil connected as shown. The single bit by has used to operate the fan and florescent lamp assigned to a faculty
member. Similarly bits by, b,, bz are used for other faculty members with same kind of circuit. Bit by is used for sensing
the presence / absence for the same faculty member.

Bit pairs [(bo, bs), (b1, bs), (b,, bg) & (b3, b;)] are used for faculty members 1 to 4 respectively.

In order to implement the system a program has been written with following algorithm, given below.

1. Configure the ports for the system: by-bs as output port and b,-b; as input port.
1. Collect the data from b, to b; and checked any bit is logic 1 or not.
. If any bit is logic 1, corresponding output bit is set to logic 1 to activate the relay coil through the driver circuit
else keep all these circuit at logic 0
Iv. If any faculty member already entered leaves the faculty room the sensor will sense his absence and send the
information as logic 0 through the corresponding input bit. CPU will turn off the corresponding output bit,
deactivating the relay coil .These will switch the light and fan off.
V. Gotostep (I1).
It is found that an individual turn on switch when he/she need light and/or fan, but generally forgets to switch it off
when leaves. The automatic switching on off fan and light has not been done to give added option to the faculty to
choose the actual need of light and/or fan. Thus it’ll minimise superfluous power on of the appliances and minimize
energy consumption.
It is assumed that a faculty member has 16 hours of class assignment per week and he attended the assignment ideally.
If these appliances are automatically off during these 16 hours through the micro controller based system, the waste of
energy would be prevented and the bill be lowered. In ideal condition the faculty room will not be empty, so the air
conditioner will be running from morning to evening with hot and cold wind throughout the year excluding one month
vacation. Table IX & X shows the consumption of power. It is assumed that a month is considered as 4.5 week. To
calculate the power consumption, the assigned duty hours are excluded as shown in the equation (1) below.

TABLE IX
POWER COMSUMPTION FOR MICRO-CONTROLLER BASED SYSTEM MANAGED CEILING FAN AND FLUORESCENT .LAMP
Electrical appliances Qty. Power rating Working Assignment load / Power
(watts) duration (hrs.) month outside the Consumption/month
P) Q) room (hrs.) (R) (kwh) ('S)
5 Star Ceiling Fan 4 50 22x7 16 x 4.5 16.4
5 Star Fluorescent Lamp 4 28 22x7 16 x 4.5 9.18
Total 25.58
Power consumption/month/4nos of 5star ceiling fan(S) =P x (Q-R)/1000 kwh ... (D)

The table 1X shows the power consumption for conventional system (465kWh), after applying 5 Star rating appliances
(376 kwh) and microcontroller managed 5 Star rating appliances (354 kWh) and saving in energy per year being
1225.4 kWh and saving in cost per year being Rs. 7352.4/-. The fig 3 shows the bar chart comparing energy
consumption among existing conventional system, 5 Star rating appliances and microcontroller managed 5 Star rating
appliances . It shows the saving of 24% of existing energy spent. Cost of implementing the system will be paid back
Vvery soon.
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TABLE X
POWER COMSUMPTION SAVING PER YEAR AFTER THE INSTALLATION OF MICRO-CONTROLLER BASED SYSTEM
Electrical Power Power Power Saving Saving per Saving in
Appliances consumptio | consumptio | consumption per Year (kWh) cost per
n with nwith 5 with Month year( Rs)
existing star microcontroll (kwh)
appliances | appliances er based
(kwh) per | (kwWh) per system
month month (kwh) per
month
Ceiling Fan 49.2 30.8 16.4 328 360.8 2164.8
Fluorescent
Lamp 30.8 17.24 9.18 21.62 237.82 1426.92
Alr Conditioner 385 328.02 328.02 56.98 626.78 3760.68
(2 ton)
Total 465 376.06 354 1114 1225.4 7352.4
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Fig. 3 Bar chart comparing energy consumption between conventional, 5 Star rating and micro-controller managed 5 Star rating appliances.

I1l. CONCLUSION

The paper has studied the energy reduction in two ways-

« Recommendation of Energy Efficient appliances

« Implementation of microcontroller based system to reduce energy consumption.

In its first step, energy of 89.01 kwWh per month has been reduced.

Applying the developed microcontroller based system, energy of 111.4 kWh has been saved per month. This shows that
about 24 % energy is saved per month after applying these two recommended systems. Had these microcontroller based
system been included the control of air conditioner, the percentage saving in energy could have shown better result.
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