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ABSTRACT 
In this study, optimization of energy consumption in a smart class room with mechanical ventilation systems is performed 
with grey relation technique. Mechanical ventilation systems include air conditioning unit and ceiling fans. Optimization of 
energy consumption is made without sacrificing the indoor thermal comfort. Hence, energy consumption and indoor thermal 
comfort are identified as output responses and the control factors are air conditioning system tonnage, set point temperature, 
number of ceiling fans and fan speed. Taguchi’s L9 orthogonal array is employed to design the set of experiments and the 
output responses are predicted through energy meter and numerical simulation respectively. Best parameters offer energy 
consumption as 1.564kW and indoor thermal comfort index, Predicted Percentage dissatisfaction as 5.2%.  
INDEX TERMS— Energy consumption, Predicted percentage dissatisfaction, Smart class room, Optimization. 

I. INTRODUCTION 
A country’s economy and development depend on 
many factors among which energy is a crucial one [1]. 
Worldwide energy crisis and power demand clearly 
state the importance of conservation and management 
of energy for future generations in various sectors. 
Building sectors contribute to a major energy 
consumption (40% in US; 47% in UK; 22% in India) 
and global gas emission 6% in India in the past and 
present decades [2]. With reference to ‘National 
Building Code of India’, buildings are classified in to 
residential, educational, assembly, business, 
mercantile, industrial, storage and hazardous [3]. 
School buildings under Group B (educational), 
consumes more energy for operating space 
heating/cooling systems, lights and computers on a 
year round basis. Most of the existing school 
buildings were built without any energy saving 
concerns and continue to operate all years which 
really fuels the global energy crisis [4]. Renovating or 
rebuilding such schools with energy saving concern 
will have positive reflections in learning environment 
and also suggest the best design for building new 
schools in future [5]. Proper site survey for school 
location, use of daylight in classrooms, more windows 
for air ventilation, use of renewable energy systems 
for power generations and electrical monitoring 
systems are the major factors to be considered for 
building schools [13].  Energy efficiency in school 
buildings is achievable by using some proper channels 
that include awareness campaign on energy 
consumption with end-users, energy audit on regular 
schedule, integrated optimization in building design 
and energy systems, energy control and monitoring 
systems and proposing energy saving policies for new 
buildings [6-8].  Energy modeling and optimization is 
an effective tool for achieving energy efficient school 
buildings for modern era. Incorporation of such 
building energy optimization tools (BEOTs) in 
construction is the new trend in practice now. 
Building energy optimization is merely a process for 
identifying an optimal building design which ensures 
the requirements of energy performance. Some of the 
available and most commonly used building 
optimization tools include MOBO, an optimization 
GenOpt, MATLAB, mode FRONTIER, Topgui, 
BEopt, and Opt-E-Plus [9-11]. Data completeness, 
interoperability, optimization parameters, and post 
processing capability were the proposed criteria for 

tool selection. BEOTs development with more 
capability is of interest now [12].  In 2007, New 
Orleans Public Schools have successfully 
implemented building energy optimization and 
achieved 31.5% energy savings through the technical 
assistance provided by National Renewable Energy 
Laboratory (NREL), Department of Energy (DOE), 
US [13]. Maurizio Carlini et al. carried out an energy 
simulation using ‘MC11300’ for the School of the 
State Forestry Corp which underwent renovations 
with the existing building which clearly stated the 
opportunity for energy saving of 222.950 kWh and 
carbon reduction of 55.737 kg [5]. A thermal study 
towards zero energy building was performed by Elena 
Perlova et al. to design a building with energy 
consumption close to zero for the Polytechnic 
University territory. The study suggested optimal 
building direction facing towards sunlight with 
sufficient ventilation during winter for thermal 
balance and eliminating irregular projection on walls 
[14]. Karin Buvik et al. carried out an energy 
upgrading of a historical school building in cold 
climate, project funded by EU. Brandengen Primary 
School in Drammen in Norway benefited in 
retrofitting existing building to achieve low energy 
consumption and good indoor conditions. The 
calculated net energy for building operation is 68 
kWh/ m2 after retrofitting which was around 208 
kWh/ m2 before retrofitting [15]. However, such an 
energy audit study in Indian school buildings are 
limited and Chandel et al. [16] reviewed some energy 

efficient initiatives for residential buildings in India. 

The summary of past work clearly shows that the 
importance of optimization on energy conservation in 
school building, however, consideration of thermal 
comfort is very limited. Hence this study is focused to 
optimize the energy conservation along with the 
indoor thermal comfort in a smart room of school 
building with mechanical systems. 
II. SMART CLASS ROOM OF SCHOOL BUILD 
A smart class room of size 7m x 5m x 3m from an 
existing school building is considered in this study.  
This room is provided with 2 numbers of 1.5 ton air 
conditioning system and running at a set point 
temperature of 15C continuously for one hour. The 
energy consumption for this room only with air 
conditioning system is measured as 3.1 kWH for one 
hour between 1PM and 2 PM. For this smart class 
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room, optimization of energy consumption is made 
without sacrificing the indoor thermal comfort. 
Hence, this room is additionally provided with ceiling 
fan that facilitates good indoor air circulation. The 
factors that considered for the optimization are air 
conditioning system tonnage capacity and air 
conditioning system set point temperature, number of 
ceiling fan and fan speed.  The identified factors are 
shown in table 1 along with their three levels of 
values. These four parameters and their three levels of 
values are fit in the L9 orthogonal array developed by 
Taguchi and is shown in table 2. The energy 
consumption for 9 experiments are determined by 
energy meter and indoor thermal comfort index, PPD 
is predicted through numerical simulations.  

 
TABLE 1. EXPERIMENTAL FACTORS AND 

FACTOR LEVELS 
Exp. 
levels 

Experimental control factors 
AC 

tonna
ge 

AC set point 
temperature 

°C 

Fan speed No. of 
ceiling 

fan 
1 1 15 Low (L) 1 

2 1.5 20 Medium (M) 2 

3 2 25 High (H) 3 

 
TABLE 2. L9 ORTHOGONAL ARRAY 

Exp. 
no 

Capacity 
of AC 
unit 

(tons) 

AC unit set 
point 

temperature 
(K) 

Fan 
speed 
level 

Number 
of fans 

1 1 288 L 1 
2 1 293 M 2 
3 1 298 H 3 
4 1.5 288 M 3 
5 1.5 293 H 1 
6 1.5 298 L 2 
7 2 288 H 2 
8 2 293 L 3 
9 2 298 M 1 

 
III. NUMERICAL SIMULATION OF INDOOR 

THERMAL COMFORT 
Numerical simulation method is used to predict the 
indoor thermal comfort index, PPD for the above 9 
experiments. The geometry for the smart class room 
with air conditioning unit and ceiling fan is modelled 
as 3 dimensional with the Gambit software and is 
shown in figure1 

 
Figure 1. Schematic model of smart class room 

The created model is meshed with tetrahedral hybrid 
T grid type with the size of 0.2 and the mesh size is 
checked for grid independence. The created model is 
exported to the Fluent software for solving the flow. 

 The boundary conditions specified are as follows: 
Solar radiation data for the month of May at Chennai 
(13° 04' N -latitude and 80° 17' E-longitude) are 
specified at the roof top.  
The supply air temperature and velocity of the air 
conditioned unit is specified according to the 
experimental runs in L9 orthogonal array.  
The heat generation from the human beings are 
assumed and specified as 100w/m2.  
Pressure drop is specified across the fan.  
K- turbulence model is employed to define the 
turbulence nature of flow. The room domain is 
analyzed under steady state with double precision 
segregated solver up to the convergence level of   10-6. 
The above numerical simulation is validated with the 
experimental predictions made by various researchers 
(Pasupathy and Velraj 2008). In this validation, the 
same roof  is modeled in GAMBIT software and the 
same boundary conditions are applied. The FEA 
predicted temperature at the bottom of the roof 
surface are compared with the experimental 
predictions (Pasupathy and Velraj 2008) and is shown 
in figure 2. The temperature distribution and velocity 
plot for the experimental case number 1 at the plane 
of height 1.5 m from the ground surface is shown in 
figure3.  

. 
Figure 2. Validation of CFD simulated temperature with 

Experimental value. 

 
Figure 3. Velocity and Temperature distribution in the 

smart class room 
Similar numerical simulation method is employed for 
all the nine experimental runs in L9 orthogonal array 
and the average temperature and velocity are 
predicted at the heights of 0.5, 1.5 and 2.5 m from the 
floor. Later the predicted mean vote value for the nine 
cases are determined from the Fangers equation and 
the predicted percentage dissatisfaction (PPD) is 
calculated. The predicted PPD and energy 
consumption for the nine experimental cases are given 
in table 3. 
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TABLE 3. OUTCOME OF L9 EXPERIMENTS 
Ex
p. 
No 

Capac
ity of 
AC 
unit 
(tons) 

AC unit 
set point 
temperat
ure (K) 

Fan 
speed 
level 

Num
ber of 
fan 

PP
D 
% 

Energy 
consum
ption 
(kWH) 

1 1 288 L 1 12.3 1.229 

2 1 293 M 2 43.2 1.016 

3 1 298 H 3 78.6 0.795 

4 1.5 288 M 3 5 1.335 

5 1.5 293 H 1 15.9 0.815 

6 1.5 298 L 2 60 1.63 

7 2 288 H 2 6.8 1.016 

8 2 293 L 3 16.2 1.957 

9 2 298 M 1 44.7 1.375 

 
IV. GREY RELATION METHOD 
Grey relational analysis was proposed by Deng in 
1989 widely used for measuring the degree of 
relationship between sequences by grey relational 
grade. Grey relational analysis is applied by several 
researchers to optimize control parameters having 
multi-responses through grey relational grade [17]. 
This analysis can be used to represent the grade of 
correlation between two sequences so that the distance 
of two factors can be measured discretely [18]. Grey 
relational analysis is an effective means of analyzing 
the relationship between sequences with less data and 
can analyze many factors that can overcome the 
disadvantages of statistical method [19, 20]. In this 
GRA technique, the various responses are normalized 
and grey relational coefficients are determined. Based 
on the grey relational coefficients, grey relational 
grades are predicted and ranked. These grey relational 
grades are used to identify the optimal values of 
control parameters [21]. 
In grey relational analysis, the data pre-processing is 
the first step performed to normalize the random grey 
data with different measurement units to transform 
them to dimensionless parameters. Normalizing the 
output response is based on its quality objectives like 
maximization, minimization and definite target. The 
mathematical equations used to normalize the 
responses are given from equation. 2 to 4. 
For the maximization of quality objective: Larger the 
better 

                             (2) 

For the minimization of quality objective: smaller the 
better 

                              (3) 

For the definite target objective: smaller the better 

                                                        (4) 

Where xi
0 is the value after the grey relational 

generation,  is the largest value of  

,   is the smallest value of   
and x0 is the desired value. The subscript i  =1,2,….,m 
and k= 1,2,….,n, where m is the number of 
experiments and n is the total number of observations 
of data. 
In this study, both the output responses, PPD and 
energy consumption to be minimized, and hence “the 
–smaller-the-better” is selected. Table 3 shows the 
normalized data for the output responses, PPD and 
Econ.  
From the normalized values, the deviation sequence, 
0i(k) from the reference sequence of pre-processed 
data xi

*(k) and the comparability sequence xi
*(k) are 

calculated. Later, the grey relational coefficient is 
calculated from the deviation sequence using the 
equation 5 to express the relationship between the 
ideal and actual normalized experimental results.  

                                   (5) 

Where,  is the deviation sequence of the 
reference sequence x0

*(k) , xi
* is the comparability 

sequence and  is the distinguishing or identification 
coefficient. The deviation sequences are calculated 
through the equations 6 to 8. 

                                    
(6) 

                     

(7) 

       (8) 

From the grey relational coefficients, grey relational 
grade is calculated from the equation 9. 

                                           (9) 

The grey relational grades are used to show the 
relationship among the sequences and are given in 
table 4. 
The response table of Taguchi method was employed 
here to calculate the average grey relational grade for 
each factor level. The procedure was to group the 
relational grades firstly by factor level for each 
column in the orthogonal array, and then to average 
them. The response table for this study in given in 
table 5. 

TABLE 4. CALCULATED GREY RELATIONAL COEFFICIENT AND GREY RELATIONAL 
GRADE 

  
Exp No 

Normalized data Evaluation of deviation Grey Relation Coefficient Overall Grey 
Relation 

Coefficient 
PPD  Energy PPD Energy PPD  Energy 

1 0.900 0.626 0.099 0.373 0.834 0.572 0.703 
2 0.480 0.809 0.519 0.190 0.490 0.724 0.607 
3 0 1 1 0 0.333 1 0.666 
4 1 0.535 0 0.464 1 0.518 0.759 
5 0.851 0.982 0.148 0.017 1 0.966 0.983 
6 0.252 0.281 0.747 0.718 0.400 0.410 0.405 
7 0.975 0.809 0.024 0.190 0.953 0.724 0.838 
8 0.847 0 0.152 1 0.766 0.333 0.55 
9 0.460 0.50 0.539 0.499 0.481 0.500 0.490 
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TABLE 5. RESPONSE TABLE FOR GREY RELATIONAL GRADE 

S. No 
Capacity of AC 

unit (tons) 
AC unit set point 
temperature (K) 

Fan speed level Number of fan 

1 0.65922 0.767162 0.553011 0.725847 
2 0.716032 0.713638 0.619145 0.617349 
3 0.626547 0.520999 0.829644 0.658603 

From the table 5, the maximum value for each factor 
is identified as the best level of value and is 
represented as bold letter. Also the mean effects plots 
are shown in figure 4. 
The best values for the control parameters are 
identified as AC unit tonnage-1.5ton, AC unit set 
point temperature- 15C, Fan speed- high, Number of 
fan units- 1. From this study it is clearly observed that 
with the support of ceiling fan indoor air circulation is 
better and leads to good indoor thermal comfort. For 
this parametric values the indoor thermal comfort 
index PPD is numerically predicted as 5.2 % and 
energy consumption as 1.564 kWH.  
V. CONCLUSION 
In this study, optimization of energy consumption in a 
smart class room with AC unit and ceiling fan is 
carried out. Grey relation analysis is used for 
optimization and L9 orthogonal array is employed. 
Energy consumption and indoor thermal comfort 
index, PPD are determined through energy meter and 
numerical simulation method. The numerical 
simulation is performed in the commercial 
computational fluid dynamics software and validated 
with experimental results. The best value for the 
control parameters are identified and this setting 
consumes 1.564 kWH of energy and makes as indoor 
thermal comfort with a PPD index of 5.2%. For the 
smart class room with only air conditioning system, 
the energy consumption and indoor thermal comfort 
are predicted as 1.48kWH and PPD is 8.8%. 
However, from this study, the energy saved in 
comparison with the existing room operating with 3 
ton of air conditioning unit is 1.536kWH for one hour.  
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