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Abstract

Energy demand in buildings can be reduced by improving energy efficiency. MS1525 has recommended that energy efficiency for Non-
Residential Buildings in Malaysia to be not more than 135kWh/m?year. A school building is a non-residential building and has major social
responsibilities. Based on the theory of building energy-efficiency, energy efficiency can be achieved through three main factors: a) design of
buildings; b) design of services; and c) user behavior. This study aims to investigate the user perceptions in High-Performance Schools. The
questionnaire viewed three main perceptions of users: perception of user behavior, the perception of building design and perception of services
design.
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1. Introduction

Level rise of sea level due to global warming, climate change and impact of greenhouse-gas emissions has resulted in the
depletion of the ozone layer and thus the destruction and loss of bio diversity natural habitat (Filippin, 2000). Increased energy
consumption is a major factor affecting global warming. Energy use in buildings has been identified to account for 40% of the
world’s energy consumption, 25% of water consumption and 40% of the world's resources (United Nations Environment
Program, 2015). Building use also rank third in world greenhouse gas emissions resulting from its use. However, buildings also
potentially reduce energy consumption between 30% and 80% (Salleh, Kandar, & Md Sakip, 2015). Today the usage always
increased in line with development and modernization, especially in developing countries like Malaysia. By 2020, energy demand
in Malaysia is expected to continue to rise with the construction sector being identified as a major consumer of electricity at a rate
of 48% (Hassan, Zin, Majid, Balubaid, & Hainin, 2014). Energy consumption in Malaysia is lagging behind this increase, reaching
a 3-fold increase in 49 years from 1965 to 2014 (Figure 1). It is considered a normal situation experienced by developing
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countries in meeting the needs throughout the country due to improving living standards. Economic relations and energy
consumption are directly proportional to each other in many developing countries, including Malaysia. Earth Trends projected
that the Malaysian Gross Domestic Product (GDP) is due to increase from 1975 to 2000 in tandem with an increase in energy
consumption (H. Byrd, 2008).
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Fig. 1. Primary Energy Consumption 1965 - 2014 (Malaysia). Source: (BP, 2015)

Concurrently, increased energy also improves the amount of greenhouse-gas emissions (greenhouse gas or GHG) (Schipper
& Saidur, 2009). Malaysia recorded a 31.2% increase in electricity consumption from 2000 to 2010 and thus needs to intensify
energy-efficiency initiatives. It is a string of final energy demand of a projected increase of nearly 80% in 2030 (Government of
Malaysia, 2010). The effect of this increase that is a major contributor to climate change should be addressed which requires
identifying and understanding the factors contributing to building energy consumption.

1.1. Energy efficiency

Energy efficiency in buildings is influenced by three (3) factors namely: a) design of the buildings; b) operation and
maintenance; and c) user behavior (Al-Mofleh, Taib, Mujeebu, & Salah, 2009). Behavioral factors strongly influence the energy
efficiency of buildings. It is caused by users who have direct relationships to the treatment in an area and carrying out their
activities (Hoes, Hensen, Loomans, De Vries, & Bourgeois, 2009). It shows the user's behavioral patterns substantially affect the
energy consumption in buildings. Normally, the user behavioral studies diagram is based upon the assumption of no
implementation of measurement or observation prediction model. These assumptions lead to limitations on the simulation results
and produce poor results. Hence, differences in results for energy efficiency based on expected, rather than real performance
will happen.

This was evident when the study produced results without taking into consideration the users in the simulation analysis in the
case of energy wastage in buildings when they are not occupied (Masoso & Grobler, 2010). Building energy consumption
behavior was starting to get the attention of researchers as early as the 1970s, after the energy crisis (Bin, 2012). Most research
involving user behavior is focused upon the behavior of energy consumption in residential buildings although this concentration
has since shifted to commercial buildings. The study on user behavior and energy consumption in institutional buildings are rare
such as that produced by Ron Widman (Widman, Kaplan, & Young, 1984).

The importance of the study on energy consumption behavior in buildings has been stated by the PowerSave School
Program in which a reduction of 5% to 15% is based upon changes in consumer behavior in schools (The Alliance to Save
Energy, 2012). This proves that consumer behavior towards energy efficiency is the real issue greatly affecting the issue of
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energy consumption in buildings. This argument can be seen through Lee Shipper's insinuation: "... those of us, who call
ourselves energy analysts have made a mistake. We have analyzed energy. We should have analyzed human behavior"
(Lutzenhiser, 1993).

There are various methods used to assess the energy performance of buildings. Among the methods is assessment after the
occupation "Post Occupancy Evaluation" (POE) as a guide to check the physical design of the building in addition to involving
the users to get the real perception through the use of energy efficiency, apart from exploring the knowledge at the level of
greenhouse-gas emissions (Wheeler, Boughlagem, & Malekzadeh, 2011).

Therefore, this study aims to investigate the attitudes and behaviors of the users in High-Performance Schools (HPS). The
study involved 140 respondents in two schools from the Northern Zone HPS. The questionnaire investigates three main
perception of users: Perception of User Behavior (PUB), Perception of Building Design (PBD) and Perception of Services Design
(PSD).

The research questions formed are: Have the school achieved the index proposed standards? If it has, what is the perception
of consumers towards energy efficiency in the school building? This study aims to investigate and identify the BEI in the schools.
The limitation of the study is taking all buildings within a school border as a School. The researchers have collected monthly
energy consumption data for the years 2012, 2013 and 2014. Taking into account the gross floor area of buildings, the BEI
calculation using Excel and trend analysis of energy has been used to build the index.

The results obtained fulfilled the Malaysian Standard MS 1525 study of user perceptions and their relationships to the energy
efficiency of buildings and the benchmark performance. This paper aims to discuss appropriate methods to benchmark energy
efficiency in school buildings using building energy-efficiency theory. The discussions will determine appropriate methods to
support the decisions in energy efficiency benchmarking in school buildings.

1.2. School building

Malaysia has also established a code of practice for guidance on the effective use of energy, which includes the application of
renewable energy in new and existing non-residential buildings. Based on MS1525, the recommended Building Energy Index
(BEI) for Non-Residential Buildings in Malaysia is not more than 135kWh/m?/year (SIRIM Berhad, 2007).

A school building is a non-residential building and has major social responsibilities; hence building energy performance in
schools is crucial. BEI for school buildings is not relevant to the proposed index levels recommended for non-residential
buildings. The BEI of all school buildings is below the proposed index.

Unfortunately, the significance and control of energy consumption in schools are not monitored by specific energy efficiency
programs. Results from the All Malaysia Secondary School Energy and Renewable Energy (KT & DT) Efficiency Project Contest
in 2003 recorded findings of school building energy Indices (BEI) averaging 19kWh/ m?year to 10kWh/ m?/year (Salleh, 2008).

In the construction of new school buildings, energy saving through the cover and initial designs can be dealt with during the
pre-design phase of the building. An optimal design of the building envelope can be considered during the preparation process
and the reduction of provisions that are more useful. In Malaysia, the hot and humid climate may adversely affect the comfort
levels of building occupants.

According to ASHRAE Standard 55-1996, thermal environmental conditions in classrooms indicate the needs for human
occupancy comfort in terms of temperatures between 24-28 °C, relative humidity of 20-70% and average air movement of at
least 0.8 m/s (ASHRAE, 1996). Referring to Bayer et al. (2000), schools in the United States suffer from serious problems of
microbial and inferior Indoor Air Quality when the relative humidity is high at an average of 70%. Students at the schools reported
experiencing discomfort and inability to pay full attention to their studies. Meanwhile in Saudi Arabia, high temperatures during
the day and low temperatures at night may adversely affect the comfort of building occupants. Although residents and officials
can customize their clothing and activities significantly in response to any heat stresses in their environment, the freedom of
residents to do the same thing in schools is, to a certain extent, limited (Al-Rubaih, 2008). Thus, thermal comfort in classrooms
should be considered carefully, especially because of the effects a high density of occupants in the classroom, as well as the
negative impact of unfavorable thermal environment, can have on learning and achievement.

Researchers have studied temperature ranges associated with better learning for decades. The temperature range
appropriate to the learning of mathematics is 68-74°F, and the ability to study this subject is affected by temperatures above
74°F. When temperatures and humidity levels rise, respondents reported more discomfort, their achievement will decline, and
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their level of concentration decreases (King J & RW, 1979). Lackney (1999) showed that teachers believe thermal comfort
affects both the quality of teaching and the student’s achievement.

2. Building Energy Index

Building Energy Index (BEI) is defined as the total energy consumption namely total electrical energy (or electricity
equivalent) consumed by the building in kWh per annum. This includes all energy consumed by the Gross Floor Area (occupied
and unoccupied) in buildings including energy for ICT but excluding energy produced by Renewable Energy (Building
Consumption Input & System, 2013).

Building Energy Index (BEI) [kWh/m?/year]

= Total Energy Consumption a year [kWh/year]

Total Occupied or Net Floor Area [m?]

Energy consumption for 2012, 2013 and 2014 for the two schools in the study was obtained from the school database. This
study aims to get the total average annual energy consumption. Direct data has helped to identify trends in the use of energy for
school buildings based on their total area.

Table 1 shows the electricity consumption per unit area of 3.47 kWh/m?/year for SM Sains Raja Tun Azlan Shah (SERATAS)
(top) while the SBP Integrasi Gopeng (below) was at 3.26 kWh/m?/year. The BEI difference was calculated to be 0.21
kWh/m?/year.

Table 1. BEI Table for SERATAS and SBP Integrasi Gopeng in 2012, 2013 and 2014

Electricity consumption  Electricity expenses Building Energy Index (BEI)

Name (KWh) (RM) Building Area (m?) (KWhim?lyear)
SM Sains Raja Tun Azian 30,715.11 14.018.99 8847.79 347

Shah

SBP Integrasi Gopeng 34,767.42 16,113.28 10660.4 3.26

3. Methodology

This study involved two High Performance Schools (HPS) in the Northern Zone of Malaysia in the Science Secondary School
Boarding School category namely SM Sains Raja Tun Azlan Shah (SERATAS) and SBP Integrasi Gopeng (SBPI). 140
respondents participated in this study: 70 respondents in SERATAS and 70 respondents in SBPI. The respondents involved in
this study were teachers, staff and Form Five students who form the highest level in secondary schools. The selection of
students is important because it is based on the age factor of students where a 17-year-old is considered matured enough to
have a good understanding of his/her needs and responsibility towards the school.

The questions on the questionnaire are intended to measure the attitude as well as the sense of responsibility of respondents
towards the school, especially in terms of electricity used and comfort level about space. An in-person interview approach was
used for the purpose of this study to ensure that the respondents fully understand the questions that were forwarded to them. To
avoid any confusion or misunderstanding, the researchers introduced themselves as well as explained the purpose the study
was undertaken.

4. Findings

The questionnaire contains four parts: Part A — demographic background, Part B — perception of user behavior (PUB), Part C
— perception of building design (PBD) and Part D — perception of services design (PSD). All variables were measured using a 5-

109



Mohd Salleh, M.N., et al. / 6t AicE-Bs2015Barcelona, Spain, 30 Aug.- 04 Sep. 2015/ E-BPJ, Maiden Issue, 1(1) June 2016 (pp.106-113)

point Likert Scale of 1 — strongly disagree, 2 — disagree, 3 — agree, 4 — highly agree and 5 — strongly agree. This questionnaire
has undergone a pilot survey to identify any circumstances reflecting unreliable questions. Based on the output from the pilot
survey, the questions (Salleh et al., 2015) were restructured for this study. The validation and confirmation of all constructs were
done using Exploratory Factor Analysis (EFA). EFA is used to gather information about the interrelationship between a set of
variables (Pallant, 2005). The result in reliability level was found by calculating the Cronbach’s Alpha. The result indicated that
the PUB variable has a good reliability value as the Cronbach’s Alpha values were (a) PUB; a = 0.74, PBD; a = 0.81 and PSD; a
=0.83. However, two items in PBD were eliminated because the corrected item-total correlation value is below 0.3. All variables

have a Cronbach’s Alpha value exceeding 0.60 (Nunnally, J.C. & Bernstein, 1994) as shown in Table 1.

Table 2. Cronbach’s Alpha value for all variables

Variables Items Description of ltems Corrected item-  Reliability
total correlation (Cronbach’s
Alpha)
The Item 1 A Light switch is always off after a classroom/ space is not used. 0.68
perception .Of ltem 2 A fan switch is always off after a classroom/ space is not used. 0.69
user behavior
(PUB) Item 3 An air conditioner switch is always off after a classroom/ space is not 0.55
used.
ltem 4 | am aware the use of electricity with prudently is to avoid the wastage 0.40 0.74
of electricity. )
ltem 5 | am always to make sure the electric switch is always turned off when 0.45
the classroom/ space in my school is not used.
ltem 6 The switch of lights, fans and air conditioners that still on without anyone  0.30
on the room/space will be turned off by school staff.
The ltem 1 The classroom/ space in this school will feel hot especially in the 0.64
perception of morning (7 am — 12 noon)
building
design Item 2 The classroom/ space in this school will feel hot especially in the 0.57
(PBD) afternoon (12 noon — 2 pm)
Item 3 The classroom/ space in this school will feel hot especially in the 0.51
evening (2 pm -7 pm)
ltem 4 The classroom/ space in this school will have glare in the morning (7 am  0.52
- 12 noon)
ltem 5 The classroom/ space in this school will have glare in the afternoon (12~ 0.55
noon - 2 pm)
ltem 6 The classroom/ space in this school will have glare in the evening (2 pm  0.53 0.81
~7pm) '
ltem 7 There is a glare of sunlight in the classroom/space in this school 0.59
Item 8 There is a glare of lighting in this classroom/space in this school 0.35
ltem 9 The lights are needed for this classroom/space in this school because 0.30
depending on sunlight for the classroom/space is not enough.
Item 10 The fans are needed for this classroom/space in this school because 0.40
the natural ventilation in space still not provide comfortable
ltem 11 The air condition is needed for this classroom/space in this school 0.36
because depending on the natural ventilation still not provide
comfortable
ltem 12 The use of curtains or blinds is necessary to prevent heating from 0.26

sunlight.
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Item 13 The temperature in the classrooms in the school is cold all year round
ltem 14 The temperature in the classrooms in the school is always comfortable
all year round
Item 15 The temperature in the classrooms in the school is always hot all year 0.31
round
The Item 1 There is noise from outside classrooms/space that in used causing the 0.53
perception of machine or electrical equipment such as air conditioner components
322?0:3 Item 2 There is noise from inside classrooms/space that in used causing the 0.58
g machine or electrical equipment such as air conditioner components
(PSD) ltem 3 Throughout the year, | am not comfortable because there is no natural 0.65
ventilation in a room that in used
ltem 4 Throughout the year, | am not comfortable because there are no fansin ~ 0.66
the room that in used
Item 5 Throughout the year, | am not comfortable because there is no air-conditioningin ~ 0.48
a room that in used
Item 6 Most of the time the lighting system is not in good condition as far | use thisroom  0.74 0.83
in this school ’
Item 7 Most of the time the fans is not in good condition as far | use this room in this 0.76
school
Item 8 Most of the time the air-conditioning is not in good condition as far | use this room ~ 0.73
in this school
Item 9 There is the use of the air conditioning system in a room/space with windows that ~ 0.35

are not airtight and open

Item 10 Lighting systems will not off automatically because of the system application that ~ 0.44
have been set in this school

Item 11 | do not feel comfortable in school for throughout the year because of thereisno ~ 0.67
ventilation or breeze in a classroom/space

Note: (-) = Items eliminated because the corrected item-total correlation were below 0.3

The respondents involved in this study are 39.1% male and 60.9% female (n=140). This includes 85.4% students; 11.7%
teachers; and 2.9% staff. The age ranges were between 16 to 20 years old (85.4%); with 2.9% between 26 to 30 years old;
5.1% between 31 to 35 years old; 0.7% between 36 to 40 years old; 1.5% between 41 to 45 years old and between 46 to 50
years old; and 2.9% between 51 to 55 years old. A total of 89.8% respondents have served and studied in the school for 1 to 5
years; 2.2% have served and studied for 5 to 10 years; and only 8% served in the school for more than 11 years.

After conducting a t-test analysis on types of school with perception of user behavior (PUB), perception of building design
(PBD) and perception of services design (PSD) in two different schools, the result found that types of school have significant
differences in scores for SERATAS (M=39.77, SD=7.59) and SBPI [(M=42.75, SD=6.96); {(131)=- -2.35, p=0.02] with PBD.
There are also significant differences between types of school with PSD for SERATAS (M=23.19, SD=5.85) and SBPI [(M=29.01,
SD=7.15); ); #(130)=- -5.11, p=0.00].

One of the objectives of this paper is to examine differences in PUB, PBD and PSD for SERATAS and SBPI. The result from
t-test analysis on respondent status in PUB, PBD and PSD for SERATAS shows significant differences between respondent
status and PUB [Teacher (M=22.81, SD=2.69), student (M=20.70, SD= 2.90); {(68)=2.27, p=0.02], but no significant differences
with PBD and PSD. The result was also similar at SBPI for respondent status with PUB [Teacher (M=22.81, SD=2.69), student
(M=20.70, SD=2.90); (68)=2.27, p=0.02], but not significant with PBD and PSD. T-test analysis between gender and PUB, PBD
and PSD found no significant differences between SERATAS and SBPI.

One-way between groups’ analyzes of variance (ANOVA) was conducted to explore the impact of age and years of service &
study on PUB, PBD, and PSD. Age groups were divided into four: (Group 1: 16 to 25 years old; Group 2: 26 to 35 years old;
Group 3: 36 to 45 years old; and Group 4: 46 to 55 years old). There was a statistically significant difference at the p<0.05 level
in PUB (SERATAS: F(3, 66)=3.7, p=0.01; SBPI: F(3, 66)= 3.7, p=0.01). However, there were no statistically significant
differences for PBD and PSD in both schools. The effect, calculated using eta squared was 0.01 and considered as a small
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effect. For the number of years of service and study at the school , they were divided into three groups: (Group 1: 1 to 5 years;
Group 2: 6 to 10 years; and Group 3: 11 years and above).The results from ANOVA analysis for both schools in terms of PUB,
PBD and PSD found that there was a statistically significant difference between the number of years service and study at the
school group in terms of PUB (SERATAS: F(2, 67)=6.08, p=0.00; SBPI : F(2, 67)= 6.08, p=0.00). However, there was no
statistically significant difference in terms of PBD and PSD in both schools. The effect, calculated using eta squared at 0.15 is
considered as a large effect (Cohen, 1988). The correlations between perception of user behavior (as measured by the PUB)
with the perception of design building (as measured by the PBD) and the perception of services design (as measured by the
PSD) were investigated using Pearson product-moment correlation coefficient. The results are as shown in Table 2. The output
shows that there was a medium, positive correlation between the two variables [r=0.387, n=125, p=0.00), with the perception of
building design and the perception of services design. However, there are no significant correlations between the other variables.

Table 3. Pearson product-moment correlation between the perception of user behavior with the perception of building design and the
perception of services design

The perception of The perception of The perception of
user behavior (PUB)  building design (PBD) Services design (PSD)
. Pearson Correlation 1
The perception of . i
) Sig. (2-Tailed)
user behavior (PUB)
N 138
. Pearson Correlation A27 1
The perception of . i
- . Sig. (2-Tailed) 148
building design (PBD)
N 131 133
Pearson Correlation -138 .387" 1
The perception of services design . = o 1.
(PSD) Sig. (2-Tailed) 118 .000
N 130 125 132

**_ Correlation Is Significant At The 0.01 Level (2-Tailed)
5. Conclusion

The main objective of this paper is to investigate user perceptions in high-performance schools in reference to factors
associated with energy efficiency in buildings through perception of user behavior (PUB), perception of building design (PBD)
and perception of services design (PSD). This study found that items adopted to measure both constructs achieved good
reliability values as the Cronbach’s Alpha (a) of PUB; a = 0.74, PBD; a = 0.81 and PSD; a = 0.83. The study also found that
there were significant and positive relationships between the two variables of perception of building design (PBD) and perception
of services design (PSD) [r=0.387, n=125, p=0.00). The cost for electricity expenses was RM 1.54 per meter? per annum. The
BEI for both schools was calculated at 3.365 kWh/m?year. This study may aid during the design and management stages as
guidelines in energy efficiency school design requirements.
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