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ABSTRACT

Green buildings are not entirely successful in achieving energy saving targets. One
way of improving energy targets is to encourage occupants to adopt energy saving
behaviour. To date, energy saving behaviour has been given less focus in improving
green building performance than other energy saving initiatives, such as retrofit-
ting buildings for green features. This study uses comparison case studies between
green buildings and conventional buildings in New Zealand to better understand
the energy saving behaviour of occupants. Questionnaires were distributed to occu-
pants in green and conventional buildings to evaluate the extent of energy saving
behaviour practiced and to identify potential strategies to encourage energy saving
behaviour. The objective of this paper is to investigate the level of energy saving
behaviour between green and conventional office buildings to see if people in green
buildings perform better energy saving behaviour than people in conventional
buildings in computer usage. The findings do show better energy saving behaviour
from occupants in green buildings than occupants in conventional buildings. The
paper shows why this is the case. The recommended strategies to encourage energy
saving behaviour used by different buildings are also discussed. Strategies include
raising education awareness on energy efliciency among the building occupants,
energy saving commitments, and to have an active building manager assigned for
energy related matters.
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1.0 INTRODUCTION

Green buildings often fail to achieve optimum energy efficiency performance. When calcu-
lated, the actual energy consumption is different from that predicted at the design stage. In
some cases, more energy is consumed in green buildings in comparison to conventional build-
ings of the same size and function (Ashuri, 2010; Cohen et al., 2007; Howe and Gerrad,
2010; Sawyer et al., 2008; Scofield, 2009). Hes (2005), and Kato et al., (2010) reported that
many 4 star certified buildings do not perform at a 2 star level. According to The National
Australian Built Environment Rating System (NABERS), the 2 star rating is considered a
below average performance, while a 4 star rating demonstrates a good performance.

Previous studies have shown that poor performance was primarily due to the differences
between assumed and actual patterns of occupants, the use of controls, and building opera-
tion management (Bordass et al., 2001; Kubba, 2010; Reiss, 2005). Another study showed
that buildings may fail to perform as planned because operators do not operate the buildings
as intended and the occupants sometimes behave differently than expected (Andrews et al.
2010). Research showing poor performance of green buildings impedes the rate of implemen-
tation of green buildings (British Columbia Construction Association, 2011; D’Arelli, 2008;
Gabe, 2011; Scofield, 2009; Turner and Frankel, 2008).

Commercial buildings in New Zealand account for 21% of the electricity use (EECA,
2014). The New Zealand government has expressed interest in greater implementation of
green buildings (MoE, 2006). Successful performance of green buildings can be achieved by
further reducing energy consumption through changes in human behaviour. Studies by Cole
and Steigner (1999) and Steinberg et al., (2009) have shown that integration of energy saving
behaviours has not been given sufficient focus in green buildings. The Energy Efficiency Con-
servation Authority (EECA, 2012) in New Zealand, as well as other organisations in developed
countries, such as CarbonTrust, United Kingdom (2010), Energy Star, United States (2011),
and international guidelines such as International Standard Organisation (ISO, 2011) encour-
ages energy saving behaviour as a way to reduce energy consumption in office buildings.

A wide range of behaviour to save energy has been investigated, such as reducing waste,
recycling, taking shorter showers, turning off lights, and keeping heating low (Black et al.,
2009; Clevenger et al., 2013; Goldblatt, 2005). However, there are limited studies that inves-
tigate the level of practice in computer energy saving behaviours (Tajabadi, 2010; Kato et al.,
2010; Steinberg et al., 2010). Computer usage is chosen as the focus in this study since it is
one of the most common daily activities by occupants in office buildings and provides a good
opportunity to save energy. A range of six computer energy saving behaviours were identified,
such as shut down computer desktops, turn off computer monitor, put screen to sleep instead
of using a screen saver, reduce screen brightness on computer monitor, work on a laptop
instead of a desktop, and use one computer monitor instead of two (DoE, 2013; Porter et al.,
2006; Webber et al., 20006).

Earlier studies showed that there is inconclusive evidence to show whether green build-
ing occupants practice better energy saving behaviour in computer use than occupants in con-
ventional buildings (Tajabadi, 2010: Kato et al., 2010; Steinberg et al., 2010). The current
study covers the six identified energy saving behaviours and compares the practice between
green and conventional building occupants in New Zealand. This paper answers the question
of whether the occupants in green buildings practice more computer energy saving behaviours
as compared to occupants in conventional buildings. This information will contribute toward
the improvement of developing an effective intervention strategy to increase energy saving
behaviour.
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2.0 ENERGY SAVING BEHAVIOUR AND COMPUTER USAGE

An energy saving behaviour is defined as a specific action to reduce energy consumption
(Browne and Frame, 1999; Cole and Steigner, 1999; Monroe, 2003). The following are typical
recommended energy saving behaviours for occupants using computers in buildings; reduce
multiple computer monitors to one; work on laptops instead of standalone computers, turn
down computer screen brightness; put screens to sleep instead of using screen savers; shut
down computer desktops and turn off computer monitors. These energy saving behaviours are
common as they encourage occupants in buildings to help save energy via the management of
their computer power consumption. Computers and monitors account for approximately 90%
of office equipment energy costs (Sustainable Solutions Pty Ltd, 2001) and, in New Zealand,
account for approximately 15% of an office building’s energy consumption (EECA, 2011).

EECA (2010) recommends that occupants shut down computers if not used for an hour.
Whereas other studies (DoE, 2013; Porter et al., 2006; Webber et al., 2006), advise occupants
to switch computers off if a longer period of use is not needed, such as overnight, to avoid the
time taken to restart computers during the working hour period. Switching computers on and
off may be difhicult if computers are being used throughout the day (Ulrich, 2008), although
more energy is saved if computers are turned off. In terms of costs, computer desktops use up
to 250 W per hour (DoE, 2013; Ulrich, 2008; Hinders; 2014), and so energy cost savings
in New Zealand can be worked out as over $2,000 USD per year if computer desktops are
turned off for an hour when not in use (calculated as USD0.23kWh for 100 computers).

Due to the time taken to restart computers during working hours, researchers have
advised users to switch computer monitors off by using the sleep or energy-saver mode (DoE,
2013; Ulrich, 2008). Undertaking this action also saves money. Monitors use up to 60 W -
75 W per hour, for 100 computers a savings of USD599.66 extra per year could be made if
computer monitors are switched off or turned to energy saving mode. The figures are based
on a realistic estimate of consumption using Energy Efficiency Conservation Authority data
(EECA, 2011).

Laptops consume less energy compared to a typical computer desktop and are approxi-
mately 50-80% more efficient (EECA, 2011). Adopting large-scale laptop use could save sig-
nificant energy use. However, such a transition from desktops to laptops may adversely impact
work productivity due to the smaller size of the screen and lower speed (Webber et al., 20006).

Other energy saving advice on computer management is to turn down the brightness
setting on the computer monitor and reduce multiple computer monitors (Morris et al.,
2013; Ryu, 2010; Steinberg et al., 2010). Both these activities reduce energy consumption.

Although recommended computer energy saving advice is available, the level of practice
by occupants in buildings, including if there is a difference between people working in a green
or conventional building, is not known. With the increasing demand for green buildings,
energy saving behaviour represents a significant untapped potential for the increase of end-use
energy efficiency in buildings (Lopes et al., 2012).

3.0 COMPARISON STUDIES ON ENERGY SAVING BEHAVIOUR BETWEEN
GREEN AND CONVENTIONAL BUILDINGS

A study by Tajabadi (2010) surveyed occupants’ energy saving behaviour between a green
and conventional building, and showed that turning computer desktops off was practiced
significantly more in a green building compared to a conventional building. However, turning
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off the computer monitor and putting a screen to sleep, instead of using a screen saver, was
not significantly different between the two building types, and only 10% of the respondents
performed monitor and screen sleep actions. The rest of the energy saving behaviours, such as
reducing computer screen brightness, preference to work on a laptop instead of a computer
desktop, and willingness to reduce multiple computer monitors to one was not assessed in the
study. Furthermore, the study was a small case study where only two buildings were used and
did not investigate the underlying reasons for such behaviour, such as whether working in a
green building influenced occupants’ behaviour.

Steinberg et al., (2009) surveyed occupants who were planning to work in a green build-
ing and discovered that none of the respondents shut down computers or turned off computer
monitors when they were not in use for more than an hour. Also, none of the respondents
claimed to turn down the computer screen brightness or use a laptop instead of a computer.

However, the majority of the respondents (80%) claimed to put the screen to sleep
instead of using a screen saver. Steinberg et al., (2010) also compared occupants’ willingness
to change behaviour between occupants who were planning to work in a green building and
occupants who were working in a conventional building; occupants planning to work in a
green building claimed that they were more willing to change behaviour to support their
new workplace, were encouraged by the green building certification and wanted to ensure
the building performance success. Although occupants appear to be willing to change their
behaviour, this is not necessarily the case in practice. For example, several studies in certified
green buildings reported that occupants left computer desktops turned on when not in use
(Andrews et al., 2010; Bordass et al., 2001; Browne and Frame, 1999; Heerwagen, 2010;
Tajabadi, 2010) but these studies gave no underlying reasons for the behaviour.

There are also conflicting views in the research. For instance, Deuble and Dear (2012)
reported that occupants in green buildings were more environmentally concerned compared
to occupants in conventional building, but Lynam (2007) reported that occupants in con-
ventional buildings were more environmentally concerned compared to occupants in green
buildings. Deuble and Dear (2012) predicted that occupants in green buildings practice more
energy saving behaviour; however, Lynam (2007) showed that occupants practice more energy
saving behaviour in conventional buildings. The difference in the relative dates between the
studies might account for some of the contradiction. More awareness of green buildings in the
later study may account for the change.

Focusing on green buildings, Kato et al., (2010) studied occupants’ behaviour in 10 cer-
tified green buildings and showed that more than half of the respondents turned off computer
desktops and monitors at the end of the day. The study found that the image of working in
a green building had a positive impact on employees where almost half of the respondents
agreed that they felt loyal to their organisation because of its sustainability practices and poli-
cies. Kato et al.,(2010) did not investigate the influence of green certification on other energy
saving behaviours (i.e putting computer monitor screens to sleep, turning down computer
screen brightness, working on a laptop instead of a computer desktop and reducing multiple
computer monitors to one), nor assess the different occupant practices between green and
conventional buildings.

In summary, the earlier studies showed that occupants felt encouraged to reduce com-
puter energy usage when they worked in green certified buildings (Steinberg et al., 2010; Kato
etal., 2010). However, these studies did not cover all six identified behaviours that can poten-
tially reduce computer energy use. Tajabadi (2010) showed that occupants in a green building
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practiced better energy saving behaviour in computer usage than occupants in conventional
buildings. However, the study did not cover the range of computer usage behaviours, nor did
it provide reasons. As a result, it is difficult to draw conclusions that green building occupants’
practice better energy saving behaviour in computer usage than those in other buildings and
to understand the range of computer energy saving behaviour. Kato et al., (2010) also did not
compare the green building occupants practice with the conventional building occupants. A
comparison is required to investigate whether or not working in green buildings affects how
occupants behave.

4.0 CASE STUDY DESCRIPTIONS

Four case study buildings were selected to compare energy efficiency practices among occu-
pants in green and conventional buildings with respect to their use of computers. New Zealand
is known for its green image and awareness of green issues that is highly valued among the
general population (Brown and Stone, 2007; Smith, 2008). The New Zealand Ministry for
the Environment acknowledged that energy efficiency is an important aspect of sustainability
that needs to be addressed.

Four educational buildings on The University of Auckland campus (located in central
Auckland, NZ) were chosen as they represent high occupancy buildings with modern facilities
and have occupants with high computer usage. Two of each category of buildings was chosen
to understand the influence of building design with occupants’ behaviour in saving energy.

The conventional buildings were selected from the conventional buildings on the uni-
versity campus. The Faculty of Engineering (FoE) and Old Choral Hall (OCH) buildings
were selected as conventional buildings because they lack a specific energy efficient design.
As for the selection for the green buildings, three green buildings with the design intent to be
energy efficient were identified. The buildings are the Population Health Complex (PHC),
the Thomas Building (TB) and the Owen G Glenn Building (OGGB). Only two of the
green buildings (TB and OGGB) were used in the study since the response rates for the green
(PHC) building were extremely low. Occupants in the buildings were all university academic
staff and university administrative staff. Given these staff types, knowledge of green buildings
and environmental behaviour was expected to be moderate to high (Anne et al., 2015; Frick,
et al., 2004; Lynam, 2007).

The energy management strategies applied to encourage energy saving behaviour in
green buildings include using e-mails to remind staff to power down personal computers and
manually turn off monitors when leaving at night. No similar reminder e-mails were sent
to the staff in conventional buildings. Energy-efficiency information is circulated in green
and conventional buildings through the general university website. A list of energy saving
behaviours to help save energy is uploaded on the website where it is accessible to all staff and
students. The energy saving behaviours related to computer management include turn off
computer screen when not in use and at the end of the day. However, computer desktops are
sometimes advised to be left on at the end of the day for I'T managers to arrange back up data
and updates. Other energy saving behaviours related to computer management such as reduc-
ing multiple screens to one, work on laptop instead of a desktop, turn down computer screen
brightness and put screen to sleep are not mentioned. Another energy management strategy is
to assign a building manager to encourage reduced energy consumption. In both green build-
ings, there are building managers assigned. Whereas in the conventional buildings, only FoE
has a building manager, while OCH has no building manager for energy usage matters.
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4.1 Case Study Building Design

4.1.1 Thomas Building — Green Building (TB)

The Thomas Building, a 4 storey building, was built in 2011 with the design intention to be
green building certified by GreenStar New Zealand. The area of the building is 4,958m? with
an estimated population of 160 occupants. The design was intended to produce a NZGreen-
Star rating between 4 star to 5 star. Energy efficient features in the building incorporated
double glazed tinted low E windows with double skin fagade. The outer glazing with fritted
dot pattern provides 30 % shading. Natural ventilation is provided through inoperable
window louvers. Most areas in the building have occupancy sensors. The building also adopts
the variable air volume (VAV) system, which is energy eflicient compared to a typical air-
conditioning system.

4.1.2 Owen Glenn Building — Green Building (OGGB)

The Owen G. Glenn Building, a 7 storey building, was completed in 2007. The area of the
building is 74,000m* with an estimated population of 400 occupants. The main energy efhi-
cient features incorporated in the building were highly glazed windows to optimise daylight,
with layered facades to provide solar shading. Occupancy sensors and automatic building
control systems are connected to an energy management system.

4.1.3 Old Choral Hall- Conventional Building (OCH)

The Old Choral Hall building is a 4 storey building completed in 1872. The total estimated
population in the building is 100 occupants. This building was identified as an historic build-
ing in New Zealand (Jones, 2001). No energy efficient design was incorporated at the time
it was built. As the building is protected under the Historic Places Act 1993, there is limited
ability to incorporate significant changes to the building (McClean, 2012; MfE, 2004).

4.1.4 Faculty of Engineering- Conventional Building (FoE)

The Faculty of Engineering building is a 12 storey building with an estimated 300 occupants.
The building was reported to have no energy efficient features. It was built in 1969 (UoA,
2013). In 2003, the building was refurbished where an atrium was built with a large space
common room area including a cafeteria on the lower floor. The building provides a 250-seat
lecture theatre. At the end of the building, a long glass-enclosed colonnade was designed to
create a transparent effect as well as to gain natural daylight.

4.2 Research Method

Invitations to participate in this study were sent through an e-mail and a follow up call to
the building managers. The building managers in each of the three case study buildings (TB,
OGGB, FoE) then distributed an online survey uploaded onto the building website to the
occupants in the buildings. As for the OCH building, there is no on site building manager.
The OCH building is occupied by the International Relations office. Therefore, the Head of
the International Relation Office was contacted to invite the subordinate staffs to participate
in this study.

The researcher conducted a follow up e-mail requesting the building manager to cir-
culate the website link to the occupants in the building after two weeks. Hardcopies were
also provided to the building manager for occupants who wished to fill in the questionnaire
manually. In order to increase the response rate, the researcher was given permission to invite

Journal of Green Building 183

SS900E 93l} BIA §Z-80-G20Z e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



participants in the research to face-to-face meetings in the common room areas. Hardcopies as
well as the website link were given to interested participants.

The purpose of the questionnaire was to evaluate the extent of energy saving behaviour
practice, and to identify potential strategies to encourage energy saving behaviour. A total of
6 energy saving behaviours related to computer management were identified as having the
potential to reduce the energy usage of occupants. These energy saving behaviours are:

* reduce multiple computer monitors to one,

* work on a laptop instead of a computer,

* turn down computer screen brightness,

* put screen to sleep instead of using screen saver,

* shut down computer

* turn off computer monitor.

The questionnaire required respondents to rate their actions using a Likert scale (Likert,
1932) of 5 — Always to 1- Never. For energy saving behaviour actions that were not relevant
to the respondents, they were given the option to select “N/A”. Analysis using SPSS Statis-
tic 22 software was used to run the statistical relevance of the research. The Mann-Whitney
U test was used to identify which of the energy saving behaviours is significantly different
between the two building types. Energy saving behaviours identified as significantly differ-
ent via Mann-Whitney U test were further analysed using frequency description and crosstab
analysis to ascertain which building types have the most energy saving behaviour practice.
The questionnaire also asked respondents to report when they usually implement the energy
saving behaviour using a categorical scale of three which are ‘Az the end of the day”, “If away
Sfor an hour or more” and “If away for 10 minutes or more”. Frequency and crosstab analysis was
used to see the difference in occupants’ behaviour between the building types.

5.0 RESULTS AND DISCUSSION

The building managers estimated that there were 1,100 people in the four buildings. A total
of 270 responses were received. It is difficult to definitely know the response rate, as some of
the occupants may never have received the information about the survey, or known of the
study. However, if the actual numbers are taken as correct, and the assumption made that
everyone received the information this would mean a response rate of 25%. Table 1 shows the
response rate broken down by building.

TABLE 1. Response Rate.

Type Total Total Response Name of Population | Respondents | Response

Population | Respondents rate Building received rate
Received

Conventional 400 113 28% FoE 300 80 27%

Buildings OCH 100 33 33%

Green 700 157 22% TB 300 68 23%

Buildings OGGB | 400 89 22%

TOTAL 1100 270 25% TOTAL 1100 270 25%
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5.1 Comparison between Green and Conventional Buildings
Table 2 shows that the percentage of occupants working as administration, lecturers and PhD
students/tutors are almost similar between the green and conventional buildings.

TABLE 2. Occupants job position.

Conventional Buildings Green buildings

(OCH and FoE) (TB and OGGB)
Administration 28% 28%
Lecturers 18% 17%
PhD Students/ tutors 54% 55%

Figure 1 shows the difference in computer usage between occupants in green (TB and
OGGB) buildings and conventional (OCH and FoE) buildings. Statistical analysis using the
Mann-Whitney U test shows that there are four energy saving behaviours that are significantly
different between the green (TB and OGGB) and conventional buildings (OCH and FoE).
Energy saving behaviours identified as significantly different were reducing multiple computer
screens to one, working on a laptop instead of a computer, turning down computer screen
brightness, and putting the screen to sleep instead of using a screen saver.

FIGURE 1: Energy Saving Behaviour Practice (Green vs. Conventional Buildings)
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There are significantly more occupants in the conventional buildings who do not reduce
multiple screens to one, work on a laptop instead of a desktop and turn down computer screen
brightness than the green building occupants. This is seen from the results in Figure 1 where
83% of the occupants in the conventional (OCH and FoE) buildings and 55% of the green
(TB and OGGB) buildings do not reduce multiple screens (p = 0.001). 70% of the occupants
in the conventional (OCH and FoE) buildings and 53% of the green (TB and OGGB) build-
ing occupants do not work on a laptop instead of a desktop (p = 0.005). 66% of the conven-
tional (OCH and FoE) building occupants and 53% of the green (TB and OGGB) building
occupants do not reduce the computer screen brightness (p =0.000).

Although occupants in neither the green (TB and OGGB) nor conventional (OCH
and FoE) buildings practiced these energy saving behaviours regularly, there were compara-
tively fewer occupants doing them in the conventional buildings vs green buildings. There-
fore, occupants in the green buildings practiced better energy saving behaviour compared to
conventional buildings. However, there is room for improvement in both building types. It
is difficult to compare previous studies to this study as previous studies came from different
countries and are likely to be influenced by different population types. However, comparisons
may be of interest although they can only be an indication of difference. These results are dif-
ferent from Steinberg et al., (2009) where none of the green building occupants turn down
the computer screen brightness or use a laptop instead of a computer desktop. The study in
this paper shows that these practices are used.

Reduce multiple screens to one, work on a laptop instead of a desktop and turning down
computer screen brightness were least practiced as compared to putting the computer screen
to sleep. There are significantly more occupants in the green buildings who put their screen to
sleep than occupants in the conventional buildings (p value = 0.016). This is seen from Figure
1 where 52% of the occupants in the green buildings and 39% of the conventional build-
ings put their screen to sleep. The result reinforces findings by Steinberg et al., (2010) where
putting screens to sleep are seen more in the green building than in the conventional building,
but contradicts the findings by Tajabadi (2010) where no significant differences in the practice
between occupants in the two building types were found.

In summary, there are more occupants in the green buildings than in the conven-
tional buildings who reduce multiple computer screens to one, work on laprops, and turn down
computer screen brightness. Nevertheless, these behaviours are neither regularly practiced in
the green nor conventional buildings. Putting screens to sleep is the only energy saving
behaviour that is regularly practiced by the green building occupants. The findings reveal
that putting screens to sleep is already practiced regularly and that there is a lack of practice
in reducing multiple screens to one, work on laptops, and turning down computer screen
brightness. Therefore, this shows that there is room for improvement to further reduce
energy usage in buildings.

Earlier studies by Tajabadi (2010) and Steinberg et al., (2010) showed that green build-
ing occupants practiced only one computer energy saving behaviour more than occupants in
conventional buildings, while the current study showed four computer energy saving behav-
iours. Given that there is more variety of energy saving behaviours practiced in the green
buildings, the results in this study reinforces the findings from earlier studies that conclude
that green building occupants do practice more energy saving behaviour than conventional
building occupants.
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Shutting down desktop computers and turning off computer monitors are the only
energy saving behaviours that are not significantly different between the two building types
with p values of 0.294 and 0.479, respectively. This result differs from Tajabadi (2010) where
turning off computer desktops was found to be practiced significantly more in green build-
ings. However, for the action of turning off computer monitors, the findings are similar to
Tajabadi (2010) where no significant difference was found. The findings in the current study
confirms the findings by Kato et al., (2010) which showed that shutting down computer
desktops and turning off computer monitors are regularly practiced by building occupants.
Given that these are the most frequently practiced behaviours by the building occupants from
both building types, this suggests that current energy management strategies applied in both
green and conventional buildings in this study appear to be effective.

For shutting down desktop computers and turning off computer monitors, the current
energy management strategies applied in both green and conventional buildings in this study
appear to be effective (see Table 3). Kato et al., (2010) also commented on an energy manage-
ment strategy applied in green buildings which included incentives for their staff to engage in
various energy saving behaviours. Both the results in this paper and the results by Kato et al.,
(2010) show that energy management strategies are effective in encouraging occupants to shut
down computer desktops and turn off computer monitors.

In order to gain better understanding of the energy saving behaviours, occupants were
required to select when they perform the energy saving behaviours according to the following
three options: “at the end of the day”, “if away for an hour or more” and “if away for 10 minutes
of more”. Results in Figure 2 showed that occupants from both of the building types mostly
turn off computer desktops at the end of the day (78% and 80% conventional and green

FIGURE 2: Computer Desktop and Computer Monitor turned off at different time events.
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building, respectively). Computer monitors are also turned off at the end of the day (53% and
59% conventional and green building, respectively). The results are similar with the study by
Kato et al., (2010) in 10 certified green buildings where half of the occupants turned off com-
puter desktops and monitors at the end of the day.

The percentage of occupants turning off computer desktops and monitors increases with
the length of time. Figure 2 shows less than 30% occupants turn off computer desktops and
monitors if away for an hour or more. Figure 2 shows the least percentage below 20% turn off
computer desktops and monitors if away for 10 minutes or more. These results confirm the
study by Steinberg et al., (2009) where none of the occupants turn computers off if away for
an hour or 10 minutes. Steinberg et al., (2009) and these results demonstrate that there is an
opportunity to improve on the level of frequency in practicing these energy saving behaviours
in both green and conventional buildings.

In summary, there are more occupants in the green buildings than in conventional build-
ings who reduce multiple computer screens to one, work on laptops, and turn down computer
screen brightness, Nevertheless, these behaviours are neither regularly practiced in the green
nor conventional buildings. Only the action of putting screens to sleep was seen practiced more
regularly in the green buildings.

5.2 Building Management Strategies Used

Table 3 tabulates the strategies implemented in the green (TB and OGGB) and conventional
(OCH and FOE) buildings. The green (TB and OGGB) buildings have slightly more strate-
gies applied than in the conventional (OCH and FOE) buildings. The additional strategy
implemented in the green (TB and OGGB) building is that e-mails are sent out occasion-
ally by the building managers to remind staff to save energy. The effectiveness of the strate-
gies implemented in the green (TB and OGGB) buildings may cause the occupants to be
more aware of energy efficiency and could explain why there are more occupants in the green
buildings than in conventional buildings who turn down computer screen brightness and put
computer screens to sleep when not in use. Earlier studies showed that occupants have the
perception that when they work in a green building, they felt encouraged to save energy (Stein-
berg et al., 2010; Kato et al., 2010). The findings in the current study extend these studies by
providing a more in-depth explanation. Occupants in the green buildings are encouraged to
save energy more than occupants in the conventional building because of the differences in
how the buildings are managed. The findings in this study provide no evidence to show that
occupants’ behaviour is influenced by the green buildings per se.

Additional strategies used in the buildings include provide guidelines through an acces-
sible website to all occupants; a clear statement on the organization’s commitment to saving
energy; an active building manager informing occupants to work together with the facility
management team; and participation in third party energy scheme such as Energy Efficiency
Conservation Authority Energy Award.

In discussing strategies with building managers, the building managers in the green
(TB and OGGB) buildings mentioned that they discourage occupants from having addi-
tional appliances in the buildings, such as multiple computer screens. Occupants working on
laptops are claimed to be more in the green (TB and OGGB) buildings than in the conven-
tional (OCH and FOE) buildings. It is difficult to know why this is the case, as neither the
green or conventional buildings have a policy to encourage more usage of laptops instead of
computer desktops. Since laptops are more portable than computer desktops, it is suspected
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TABLE 3. Implemented strategies to encourage energy saving behaviour.

No | Implemented strategies to encourage energy Conventional Green Buildings
saving behaviour Buildings
OCH FOE TB OGGB
1 Guidelines on how to reduce energy usage / / / /
2 Posters on energy efficiency features of the - - - -
building
3 Pamphlets on energy efficiency - - - -
4 Email to staff from time to time - - / /

5 Attending training and seminars on energy - - - -
efficiency Key performance indicators for staff
6 Briefing on the objectives and goals of the
organisations commitment to energy efficiency are / / / /
given to new employed staff
7 Updating occupants on energy consumption of the - - - -
building
8 Encourages staff to work together with the facility / / / /
management team to identify opportunities for
further improvement

9 Reminder sticker labels on computers - - - -
10 | Participate in third party energy schemes / / / /
11 | Building manager assigned on each floor to - - - -
remind staff to save energy
12 | Provide laptops - - - -

13 | Building managers assigned for energy - / / /
management
Total 4/13 5/13 6/13 6/13

Note : / denotes as YES, - denotes as NO

that the reason could be due to the nature of the occupants’ work where occupants in green
(TB and OGGB) buildings are more flexible in their working condition than occupants in the
conventional (OCH and FOE) building.

The strategies implemented in both green and conventional buildings have shown
success for shutting down computers and computer monitors. These behaviours are the most
commonly practiced in both building types and no significant difference in the level of prac-
tice was shown between the building types. The only additional strategy implemented in the
green buildings that was not implemented in the conventional buildings was that the building
manager sends out e-mails occasionally to remind occupants to save energy. However, this
strategy provided no difference for energy saving behaviours that required more effort (i.e.,
shut down computer desktops and computer monitors). This strategy was shown to be suc-
cessful for energy saving behaviours that are relatively easy to practice (i.e., turn down com-
puter screen brightness, putting screens to sleep). Occupants probably became more aware of
energy efficiency due to the active role played by the building manager.

6.0 CONCLUSION

This paper provides an understanding of whether occupants in green buildings prac-
tice more energy saving behaviours compared to occupants in conventional buildings in New
Zealand. New Zealand is committed to improving its green image and a focus on building
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occupants energy saving behaviour shows how differences occur in different building types.
The strategies adopted by the different buildings and the relative differences were recorded in
this paper. The findings showed that reducing multiple screens to one, working on a laptop
instead of a desktop, turning down of computer screen brightness, and putting screens to
sleep are practiced significantly more in green buildings compared to conventional buildings.
The findings further showed how building managers could increase occupants’ energy saving
behaviour practice.

Nevertheless, the current strategies implemented in both green and conventional build-
ings are successful for increasing occupants practice to shut down computer desktops and
computer monitors. Given that overall computer energy saving behaviour is better in the
green buildings, and green buildings had slightly more energy saving focus from the build-
ing manager, it would be sensible for the conventional buildings to use the same strategies for
energy reduction. However, for both building types there is still room to improve the energy
saving behaviour of their occupants. A limitation of this study is that it did not examine the
sociological aspects of the building occupants. Further investigation on the sociological aspect
will be examined in future research to learn more about the types of individuals in each of the
buildings. For example, there are likely large differences in the relative proportions of which
types of disciplines or faculty/staff ratios that could explain the differences. Alternatively, there
may be differences in finances, which could impact the ability of building occupants to replace
computers with laptops.

7.0 ACKNOWLEDGMENT

We thank the University of Auckland, Ministry of Education Malaysia, and University Science
Malaysia for funding this research. We also express our gratitude to the building managers in
the case study buildings for their cooperation, and assistance throughout this study. Lastly,
we highly appreciate all the responses received from the building occupants in the case study

buildings.

8.0 REFERENCES

Andrews, C., Krogmann, U., Senick, J., Wener, R., Rodenburg, L., Haus, M., et al. (2010). Investigating Oppor-
tunites for Improving Building Performance through Simulation of Occupant and Operator Behavior. United
States: United States Green Building Council

Anne K. Lieflinder , Franz X. Bogner , Alexandra Kibbe , Florian G. Kaiser. (2015). Evaluating environmental
knowledge dimension convergence to assess educational programme effectiveness. International Journal of
Science Education, 37(4), 684 —702.

Armitage, L. (2010). Performance & Perceptions of Green Buildings. Green Building Council Australia: Insti-
tute of Sustainable Development and Architecture, Bond University.

Ashuri, B. (2010). An Overview of the Benefits and Risk Factors of Going Green in Existing Buildings. /nterna-
tional Journal of Facility Management, 1(1), 1-15.

Barr, S., Gilg, A. W., & Ford, N. (2005). The household energy gap: Examining the divide between habitual-
and purchase-related conservation behaviours. Energy Policy, 33(11), 1425-1444.

Black, R., Davidson, P, & Retra, K. (2009). Facilitating Energy Saving Behaviours among University Student
Residents. Australian Journal of Environmental Education, 26, 85-99.

Bond, S. (2011). Barriers and drivers to green buildings in Australia and New Zealand. journal of Property Invest-
ment and Finance, 29(4), 494-509.

Bordass, B. (2001). Flying Blind? Everything you wanted to know about energy in commercial buildings but
were afraid to ask. Retrieved 20 July 2011, from www.ukace.org

190 Volume 10, Number 4

SS900E 93l} BIA §Z-80-G20Z e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



Bordass, B., Cohen, R., Standeven, M., & Leaman, A. (2001). Assessing building performance in use 3: Energy
performance of the Probe buildings. Building Research and Information, 29(2), 114-128.

Brown, G., & Stone, L. (2007). Cleaner production in New Zealand: taking stock. Journal of Cleaner Production,
15, 716-728.

Browne, S., & Frame, 1. (1999). Green buildings need green occupants. Eco-Management and Auditing, 6(2),
80-85.

CarbonTrust. (2010). Energy Management: A comprehensive guide to controlling energy use.

Cidell, J. (2009). A political ecology of the built environment: LEED certification for green buildings. Local
Environment, 14 (7), 621-633.

Clevenger, C., Haymaker, J., & Jalili, M. (2014). Demonstrating the Impact of the Occupant on Building Per-
formance. Journal of Computing in Civil Engineering, 28(1), 99-102.

Cohen, R., Bordass, W., & Leaman, A. (2007). Evaluations and comparisons of the achieved energy and environ-
mental performance of two library buildings in England and Sweden. ASHRAE Transactions, 113(2), 14-26.

Cole, R., & Steigner, M. (1999). Green Building - Grey Occupants? Paper presented at the AIA-USGBC Confer-
ence on Mainstreaming Green.

Deuble, M., & Dear, R. d. (2010). Green Occupants for Green Buildings: The Missing Link ? Paper presented at the
Proceedings of Conference: Adapting to Change: New Thinking on Comfort

Cumberland Lodge, Windsor, UK, 9-11 April 2010. London: Network for Comfort

and Energy Use in Buildings, London, United Kingdom.

Deuble, M. P, & de Dear, R. J. (2012). Green occupants for green buildings: The missing link? Building and
Environment, 56(0), 21-27.

DoE. (2013a). Energy Efficient Computer Use Department of Energy United States Retrieved 4 July, 2013, from
http://energy.gov/energysaver/articles/energy-efficient-computer-use

DoE. (2013b). Energy Efficient Computer Use Department of Energy United States. Retrieved 4 July, 2013,
from http://energy.gov/energysaver/articles/energy-efficient-computer-use

Dunlap, R. E., Liere, K. D. V., Mertig, A. D., & Jones, R. E. (2000). Measuring endoresment of the New Eco-
logical Paradigm: a revised NEP scale. Journal of Social Issues, 56(3), 425-442.

EECA. (2010). Action sheet 4- Saving energy in business: equipment and appliances. from http://www.eecabusi-
ness.govt.nz/node/8543

EECA. (2011). Saving Energy in business: equipment and appliances_Action Sheet 4. Retrieved December
2011, from http://www.eecabusiness.govt.nz/node/13978

EECA. (2012). Managing energy - getting started (Energy Management Guideline). Energy Efficiency Conserva-
tion Authority Retrieved 28 November, 2013, from http://www.eecabusiness.govt.nz/managing-energy

Energy Star. (2011). Energy Star: Guidelines for Energy Management Building Upgrade Manual. from hetp://
www.energystar.gov/index.cfm?c=business.bus_upgrade_manual

Frick, J., Kaiser, F. G., & Wilson, M. (2004). Environmental knowledge and conservation behavior: Exploring
prevalence and structure in a representative sample. Personality and Individual Differences, 37(8), 1597-1613.

Gabe, J. (2008, 9-12 December ). Design versus Performance: Lessons from Monitoring an Energy-Efficient Com-
mercial Building in Operation. Paper presented at the 9-12 December 3rd International Conference for Sus-
tainability Engineering and Science, Auckland, New Zealand.

Goldblatt, D. L. (2005). Sustainable energy consumption and society [electronic resource] : personal, techno-
logical, or social change? / by David L. Goldblatt. Dordrecht, The Netherlands: Dordrecht, The Netherlands
: Springer ¢2005.

Heerwagen, J. (2010). Office Design Meets (or Not) the Energy Challenges. Paper presented at the Behaviour,
Energy and Climate Change Conference (BECC). Retrieved from http://www.stanford.edu/group/peec/
cgi-bin/docs/events/2010/becc/presentations/1B_JudithHeerwagen.pdf

Hes, D. (2005). Facilitating Sustainable Building: turning observation into practice. PhD Thesis, RMIT University,
Sydney.

Hinders, D. (2014). How much electricity does a computer use? Retrieved 5 April, 2014, from http://www.wise-
geek.org/how-much-electricity-does-a-computer-use.htm

Howe, J. C., & Gerrad, M. (2010). 7he Law of Green Buildings: Regulatory and Legal Issues in Design, Construc-
tion, Operations, and Financing. United States of America: American Bar Association and Environmental Law
Institute.

Journal of Green Building 191

SS900E 93l} BIA §Z-80-G20Z e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



ISO. (2011). International Standard Organisation- Win the energy challenge with ISO 50001:2011 - Energy
Management System. Retrieved 12 June, 2014, from http://www.iso.org/iso/iso_50001_energy.pdf

Jones, M. (2001). Old Choral Hall, University of Auckland. Historic Places Trust New Zealand Retrieved 8 June,
2013, from htep://www.historic.org.nz/TheRegister/RegisterSearch/RegisterResults.aspx?RID=4474

Kato, H., Murugan, A., & Armitage, L. (2010). Performance & Perceptions of Green Buildings. Green Building
Council Australia: Institute of Sustainable Development and Architecture, Bond University.

Kubba, S. (2010). “Green” and “Sustainability” Defined Green Construction Project Management and Cost Over-
sight (pp. 1-27). Boston: Architectural Press.

Likert, R. (1932). A Technique for the Measurement of Attitudes. Archives of Psychology, 140, 1-55.

Lopes, M. A. R., Antunes, C. H., & Martins, N. (2012). Energy behaviours as promoters of energy efficiency: A
21st century review. Rencwable and Sustainable Energy Reviews, 16(6), 4095-4104.

Lynam, S. (2007). Academic architecture: Buildings to communicate a pro-environmental message. Thesis, Royal
Roads University (Canada), Canada.

McClean, R. (2012). Planning for Heritage Sustainability in New Zealand- A Safe Heritage Credit Scheme.
New Zealand Historic Places Trust Retrieved 4 July 2013, from htep://www.conferenz.co.nz/whitepapers/
planning-heritage-sustainability-new-zealand-safe-heritage-credit-scheme

MIE. (2004). Heritage Management Guidelines for Resource Management Practicioners Retrieved from htep:/fwww.
historic.org.nz/publications/heritagemgtguidelines.aspx.

Ministry for the Environment. (2006). Value Case for Sustainable Building in New Zealand. Wellington, New
Zealand.

Ministry of Environment. (2005). Sustainable Buildings in the Auckland Region- Foundations for a better future
(Vol. ISBN 0-473-10699). Waitakere Waitakere City Council.

Mokhtar, Z., & Abidin, N. (2012). Main Elements of Soft Cost in Green Buildings. World Academy of Science,
Engineering and Technology, 72, 992-997.

Mokhtar, S., Wilkinson, S., & Fassman, E. (2013). Management practice to achieve energy-efficient perfor-
mance of green buildings in New Zealand. Architectural Engineering and Design Management, 10(1-2), 25-39.

Monroe, M. (2003). Two Avenues for Encouraging Conservation Behaviours. Human Ecology Review, 10(2).

Morris, E., Jones, J., Belle, W., & Wei, Y. (2013). Laptop energy-saving opportunities based on user behaviors.
Journal of Energy Efficiency, 6, 425-431.

NABERS, (2014). The National Australian Built Environment Rating System (NABERS) rating scale. Retrieved,
28 Aug 2014, from http://www.nabers.gov.au/public/ WebPages/ContentStandard.aspx?module=10&templat
e=3&include=6starrating.htm&side=factsheets.htm#The NABERS rating scale:

Porter, S. E, Moorefield, L., & May-Ostendorp, P. (2006). Final Field Research Report on Residential Energy
Consumption in California, United States- ECOS Consulting. Retrieved 12 June, 2014, from http://efh-
cientproducts.org/documents/Plug_Loads_CA_Field_Research_Report_Ecos_2006.pdf

Reiss, R. (2005). Improving the Energy Performance of Green Buildings. An exclusive report for E source
members: E Sources Customer Direct: United States. Retrieved 12 June, 2014, from http://www.touch-
stoneenergy.com/efliciency/bea/Documents/ImprovingtheEnergyPerformanceofGreenBuildings.pd

Ryu, S. J. (2010). Guidelines to make Victoria University School of Architecture and Design carbon neutral through
minimising its reliance on carbon offsets. Victoria University of Wellington, Wellington, New Zealand.

Sawyer, L., De Wilde, P, & Turpin-Brooks, S. (2008). Energy performance and occupancy satisfaction: A com-
parison of two closely related buildings. Journal of Facilities, 26(13-14), 542-551.

Scofield, J. H. (2009). Do LEED-certified buildings save energy? Not really. Energy and Buildings, 41(12),
1386-1390.

Smith, J. (2008). Implementation of a Building Sustainability Rating Tool: A survey of the New Zealand Building
Industry. Victoria University of Wellington.

Steinberg, D., Patchan, M., Schunn, C., & Landis, A. (2009). Developing a Focus for Green Building Occupant
Training Materials journal of Green Building, 4(2), 175-184.

Steinberg, D., Patchan, M., Schunn, C., & Landis, A. (2010). Determining Adequate Information for Green
Building Occupant Training Materials. Journal of Green Building, 4(3), 8.

Stern, P. C., Dietz, T., & Guagnano, G. A. (1995). The new environmental paradigm in social-psychological
context. Environment and Behaviour, 27, (6,), 723-743.

Stern, P. C. (2000). New environmental theories: Toward a coherent theory of environmentally significant

behavior. Journal of Social Issues, 56(3), 407-424.

192 Volume 10, Number 4

SS900E 93l} BIA §Z-80-G20Z e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



Sustainable Solutions Pty Ltd. (2001). Green Office Guide, A guide to help you buy and use environmentally
friendly office equipment Available from http://www.livingthing.net.au/rc/extpartners/engStar_greenoffice-
guide.pdf

Tajabadi, M. G. (2010). The Awareness Towards Green Office Facilities. University Technology Malaysia, Johor,
Malaysia.

Thegersen, J., & Olander, F. (2006). To what degree are environmentally beneficial choices reflective of a general
conservation stance? Environment and Behavior, 38(4), 550-569.

Ulrich, J. (2008, 4 Friday 2008). How you can save energy. BBC news. Retrieved from http://news.bbc.co.uk/2/
hi/uk_news/6076658.stm

UoA. (2013). University of Auckland, Faculty of Engineering, Faculty History. 2013, from http://www.engi-
neering.auckland.ac.nz/uoa/home/about/ourfaculty/facultyhistory

Webber, C. A., Roberson, J. A., McWhinney, M. C., Brown, R. E., Pinckard, M. J., & Bush, J. E (2006). After
hours power status of office equipment in the USA. Journal of Energy, 31(14), 2823-2838.

Whitmarsh, L., & O’Neill, S. (2010). Green identity, green living? The role of pro-environmental self-identity
in determining consistency across diverse pro-environmental behaviours. jJournal of Environmental Psychology,
30(3), 305-314.

Widegren, O. (1998). The new environmental paradigm and personal norms. Environment and Behavior (30),
75-10.

Yudelson, J. (2009). Sustainable retail development : new success strategies / Jerry Yudelson: Dordrecht ; New York :
Springer ; New York : International Council of Shopping Centers, ¢2009.

Journal of Green Building 193

SS900E 93l} BIA §Z-80-G20Z e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



