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Abstract

Current office buildings in temperate climate zones may suffer from inefficient energy
utilization that does not match the workers' demands. This research was inclined to detect the
primary environmental need and determine energy-related metrics that help to sustain those
environmental conditions. The study contained both qualitative and quantitative methods
presented from other case studies due to the limitations we had. One of quantitative methods
included surveys that helped us to comprehend the favorable environmental need to address
from office occupants: indoor air quality. Another quantitative method involved analyzing energy
records that served as a tool to define energy-efficiency metrics. Contrary, qualitative methods
like interviews from experts were beneficial for understanding the specific problem with air
quality systems, particularly regarding HVAC. To address the needs of refining air quality, we
particularly found energy-efficient performance parameters-correlating metrics - containing
such as HVAC consumption, outdoor temperature, and occupancy - and control systems
strategies for air quality testing: BMS, VAV, and VFD. Altogether, this research found and
promoted energy efficiency with occupants' needs in temperate climate office buildings, focusing
on air quality improvement through refined control systems and performance metrics. Further
research can potentially be conducted in office buildings located in more harsh climate zones.
Moreover, due to research constraints, we were unable to conduct on-site visits to office
buildings. Therefore, our future actions will focus on conducting in-person interviews during site
visits to gain deeper insights into environmental requirements. We will also make efforts to

obtain energy consumption records from the building administrations.
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I.  Introduction

Climate change is a globally recognized
problem and is known for its existence for a long
period of time. Extensive efforts were and are
being exerted to find effective solutions to this
problem. One of the most contributing sides to
this problem is energy consumption, as to cover
the massive energy demands the world relies on
non-renewable energy resources, which produce
large amounts of greenhouse gases like Carbon
Dioxide, methane, and nitrous oxide. Therefore,
constructing sustainable and energy-efficient
buildings has become essential to meet the large
energy demands of today’s world. These
buildings are known as green buildings, they are
known for their sustainability and energy
independence, as they use renewable resources

to cover a large percentage of energy needs or

BREEAM - Building Research Establishment

Environmental Assessment Method

HVAC - Heating, Ventilation, and Air

Conditioning
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EER - Energy Efficiency Ratio
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even their whole demand. The purpose of this
study is to dive deeper into the evaluation of
green building projects, which are known as
energy efficiency benchmarks, specifically for
office buildings located in temperature climate
zones, as these types of buildings consume
tremendous amounts of energy and are located
broadly over the globe. Among commercial
buildings, office buildings have the largest
number and have the highest total energy
consumption (about 14% of the energy consumed
by all commercial buildings) [1]. In a study about
the energy consumption of green buildings, it was
found that heating consumption in -certified
buildings, from building certification programs
(e.g., LEED, BREEAM), was 26% lower than the
consumption in uncertified buildings [2]. With

that being said, it's concluded that constructing




energy-efficient green buildings would contribute
greatly to energy consumption quantities. This
study provides an extensive comprehensive
review of the most efficient energy metricizes and
benchmarking methods to contribute to the
success of green buildings, and meeting the
demands of occupants. The aim of this study is to
gather information and data related to this topic
and analyze them in a critical scientific way to
make the study of this topic easy and accessible
by engineers to assess the success of green
buildings. The purpose of this study will be
fulfilled by gathering data from scholarly sources
and analyzing them due to the lack of access to the

experimental field.

1. Literature review

This literature review aims to explore the
extensive field of benchmarks and measures
related to energy efficiency. The primary focus is
on how these benchmarks and metrics are
applied to evaluate the effectiveness of green
building initiatives in office buildings located in
tropical climates. By analyzing diverse scholarly
sources, this review aims to provide a
comprehensive understanding of viewpoints,
approaches, and terminology related to energy
efficiency assessment. Certain researchers have
made significant contributions in this area by

proposing blueprints for the construction of

sustainable, energy-efficient structures [3],
whereas others have innovatively improved
energy efficiency in office buildings [4]. However,
there exists a research void when it comes to
assessing the energy efficiency of operational
buildings (office buildings that run) with a focus

on sustainability objectives.

Firstly, within this research domain,

numerous academics concentrated on
sustainable strategies applicable to office
structures, establishing criteria to define a
building as 'sustainable'. Previous studies
extended their exploration beyond conventional
LEED criteria and investigated additional crucial
factors that contribute to the well-being of
occupants in green buildings, such as natural
illumination, climate regulation, and indoor air
quality [4]. Secondly, certain researchers
examined the allocation of energy within office
buildings situated in tropical climate zones,
devising personalized approaches to enhance the
efficiency of energy systems. In their scrutiny of
energy distribution, a consensus emerged among
most scholars that a significant portion of energy
is consumed by HVAC systems (approximately
68%) [5], which serves as a primary impediment
to achieving energy-efficient operations. To
address this challenge, numerous academics
opted to integrate new technologies, particularly

wireless sensor networks, to optimize cooling

systems and achieve high scores on the COP




metric [6]. Additionally, other scholars extended
their investigation beyond HVAC systems,
proposing strategies to minimize lighting
consumption in office buildings, particularly in
regions where environmental conditions permit

such measures [7].

In summary, the current body of research
offers valuable perspectives on recognizing
beneficial attributes of green buildings and
improving energy distribution. Nevertheless,
there is a distinct lack of thorough exploration
concerning the integration of energy optimization
with the environmental inclinations of occupants
in office buildings. This study seeks to bridge this
gap by developing energy-efficient metrics that
resonate with the eco-friendly inclinations of
individuals working in office buildings located in

tropical climate zones.

I1l. Methods

The results reported in this research paper
were conducted using both qualitative and
quantitative methods for a stronger and more
integral approach to the required results with a
net persuasive conclusion for the entire
procedure, so this research is basically mixed-

method research.

i.  Quantitative methods

The quantitative methods were conducted
mainly using two techniques: Surveys and energy

records.

The surveys were used to configure the
most impactful environmental aspect for the
occupants that they wish to be more eco-friendly
and energy-efficient, this aspect also contributed
to occupants' comfort inside the building. The
type of surveys used in our study is called post-
occupancy evaluation (POE) surveys which
basically obtain feedback on a building's
performance based on surveys, spanning the
amount of approximately 300 participants. These
surveys (no access to background data or any
other methodological data) were conducted by
previous scholars in two office buildings in
Australia, specifically in Sydney, which is a
country known for its temperate temperature.
Implementing surveys was a crucial step in our
study because identifying the workers’
environmental preferences and improving them
will result in green and energy-efficient institutes
in addition to increasing the workers’ comfort
level inside their working space, which will result
in a more productive community. The energy
records used in this research were made by
scholars from Texas through observing the
energy consumption of office buildings during a
period of 24 hours; the observation records were

analyzed using machine learning and algorithms




techniques and used to build up graphs on three
attributes: HVAC consumption, occupancy of the
building, and outside temperature. These graphs
shed light on some issues that can be potentially
fixed for better energy performance metrics of

these buildings.
ii.  Qualitative methods

The qualitative methods used in this
research are only in the form of interviews done
with experts due to the ecological consequences
of inefficient energy consumption regarding over-
specification in cooling systems, which clarified
the causes of these issues. The information
collected from experts in these interviews helped

eventually in the success of green buildings.

V. Results

In Malaysia, a country characterized by a
tropical climate, previous scholars conducted a
case study. They employed a qualitative analysis
through interviews (conducted by Razlin Mansor,
Low Sheau-Ting) to ascertain occupants'
preferences for well-being within office buildings
[8]. Among the various findings, one discovery
that resonates with our research question
pertaining to energy-related matters involves
occupants' preferences concerning their health
and comfort. This aspect strongly influences the

ecological considerations within office buildings,

specifically addressing factors like thermal
comfort, indoor air quality, and indoor lighting

(Figure 1).
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Figure 1. A Conceptual Model of Occupant Well-being for
Malaysian Office Buildings.

Certainly, aspects such as how occupants adapt to
their workspace, ensuring flexibility and privacy,
as well as safety measures like emergency
readiness and injury prevention, are vital for
overall well-being. However, it is important to
highlight the significance of ecological concerns
because they impact not only individuals but also
the broader natural environment. Moreover, it is
worth noting that ecological preferences that
occupants need for their well-being are zial
reflections of their environmental beliefs, which

are determined in a quantitative approach.

In Australia, in 2 office buildings in Sydney,
researchers utilized post-occupancy evaluation
(POE) surveys to conduct quantitative analysis in
two academic office buildings. Generally, POE is
the process of obtaining feedback on a building's
performance based on surveys (conducted by
Richard de Dear, Max Deuble), spanning the
amount of approximately 300 participants. In our

case, the outcomes revealed a noteworthy




correlation between occupant satisfaction levels
in POE and their environmental beliefs [9]. Given
that addressing indoor air quality consumes a
significant portion of total energy usage (about
61.2%) and accounts for an estimated 27% of the
total greenhouse gas (GHG) emissions, occupants
exhibited greater leniency toward their buildings,
particularly favoring those incorporating green
design elements like operable windows for
natural ventilation [9]. On top of the great amount
of energy usage, some scholars from the tropical
zone of China noted health issues that might occur
because of the components of indoor air quality
[15]. Specifically, questionnaires (conducted by
Zhu Cheng, Nuoa Lei and other scholars) were
utilized to study how people perceive indoor air
quality and its connection to sick building
syndrome. Additionally, cancer risk assessments
for these office buildings were conducted using
on-site air quality data of Chinese office buildings.
The results highlighted a significant correlation
between indoor and outdoor pollutant
concentrations, with fluctuations throughout the
day. Having said that, indoor conditions were
found to be less favorable during the morning and
afternoon. While the risk assessment indicated
that health problems could exist even though the
pollutant concentration levels in the indoor

environment were within the standard limits.

Moving on to energy consumption again,

in Malaysia, other scholars noted the ecological

consequences from inefficient energy
consumption regarding over-specification in
cooling systems [10]. They employed experts’
interviews (conducted by Nurul Zahirah, Nazirah
Zainul and other scholars) to clarify the causes of

over-specification issues (Figure 2).
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Figure 2. Causes of over-specification in experts’ opinion

It can reasonably be inferred that those
issues can be classified into 2 categories of
drawbacks: imprudence during building (non-
calculated resistance, searching for quick
solutions, size-dependent mentality) and careless
maintenance (stingy fee structures, inaccurate
testing). Therefore, the research later will
propose a specific metric that is responsible for
building and controlling new systems in office

buildings.

In general, scholars attributed to green
buildings’ success by acknowledging efficient
HVAC systems and eliminating harmful causes to

those systems.

Among outdoor causes, radon,

formaldehyde, asbestos, dust, and lead paint can




enter through poorly located air intake vents and
other openings [11]. Apart from over-
specification, some scholars pointed out specific
technical causes through inspections of office
buildings: placement of refrigerators in front of a
thermostat, broken dampers, leaking valves, etc

[12].

There is much research done on devising
effective HVAC systems to satisfy occupants'
needs. Beyond basic EER metrics (a way of
evaluating an air-conditioning unit's efficiency),
academics established new metrics by analyzing
energy consumption records for office buildings

and implementing machine learning algorithms.

For instance, scholars from Texas were able to
track the energy performance of buildings

through various scaling methods [13] (Table 1).

Mathematical Formula

Table 1. Data Scaling methods.

Over a 24-hour time interval, the
performance metric was established by
integrating values of HVAC Consumption (in
Kilowatts per Hour), Outdoor Temperature, and

Number of Users in the building (Figure 3).

The objective of performance metrics is to

detect elevated average power usage during

(a) (b)

() (d)

Figure 3. Effect of data scaling: (a) original data, (b) min-max
scaler, (c) standard scaler, (d) robust scaler.

periods of low outdoor temperatures and

reduced occupancy (Table 2).

Min Max Scaler Standard Scaler Robust Scaler

Glusters Content |\ VAC HAC
Outdoor Temperature (F) N_Users Outdoor Temparature (F) N_Users

Wh Wh Outdoor Temperature (F) N_Users.

Custer 0 2.92041 79321325 079497 198926 79.047934 0625089 13.87707 83121481 1552785
Chuster 1 7.96495 74409836 204754 898954 76.07663 18.82016 1774806 70.057293 0.747588

Cluster 2 235077 55230648 08503 238227 54.342084 1750850 5714216 66734021 1744433

Table 2. Clustering the values of performance metrics

This signal prompts building managers to
adjust these conditions to a more energy-efficient
state, such as decreasing the thermostat's
setpoint [13]. In general, researchers mentioned
the lack of control systems within office buildings,
stating that the HVAC system needs to respond to
the building's dynamic load or dry and wet bulb
temperatures, leading to inefficiencies. To solve
the issue, packaging air conditioning with metrics
like variable air volume (VAV) and variable
frequency drives (VFD) along with control and
building management systems (BMS) could
respond to the changes in the building's internal

loads and ambient variations [14].




V. Discussion

The primary goal for this research paper
was to find the essential environmental needs and
determine the energy-related metrics that are
most efficient for the environment, these goals
were described in detail earlier in the abstract
and introduction, The objectives of this research
were fulfilled using both qualitative (Experts’
interviews) and quantitative (Surveys and energy
records) approaches. These data focused on the
needs of the building occupants when it comes to
their environment and their environmental
beliefs (POE Surveys), the energy consumption of
the building based on three attributes: HVAC
consumption, occupancy, and the outdoor
temperature (Energy records), and how to fix
problems related to the cooling system of the
building (Expert’s Interviews). After gathering
these data and analyzing them, it was found that
the most important environmental factor to the
workers is the indoor air quality Also the energy
records showed the lack of controlling systems
within office buildings. These findings showed
solutions to the objectives of our study like
improving the indoor air quality using natural
ventilation systems, using efficient control
systems for the HVAC consumption so that the
building could respond to the extensive load on
specific day periods and solutions to the
problems related to the cooling systems. The

quantitative data used in this paper (Surveys and

energy records) were analyzed using descriptive
statistics, which is a way of describing a dataset
statistically. The findings of this research will
contribute significantly to the development of
green buildings as the data was collected from
different sources and analyzed to come up with
efficient solutions that will shorten the way for
engineers to build a green office building that is
totally green and totally self-dependent in energy
consumption. During the process of conducting
this research, we weren’t able to access the
experimental field, so we had to rely on datasets
collected by other scholars, this obviously was a
significant limitation to our work as it might have
affected the accuracy of our results with a small
percentage, it's also unlikely for any future
obstacles to face our study as green buildings is
increasing wildly and similar topics related to
green buildings is currently being researched by
many other scholars. For efforts willing to
continue the work done in this study we would
recommend having a larger set of data for better
precision in the results, in addition, having access
to experimental fields and on-site location would

contribute greatly to the accuracy of the results.

V1. Conclusion

Throughout the work, the research played

an integral part in identifying energy




consumption metrics with two purposes:
performance-measuring, managing. It
determined specific performance metrics, such
as linking HVAC consumption, outdoor
temperature, and building occupancy, as well as
effective control system strategies like VAV,
VFD, and BMS. These were utilized to optimize
energy utilization in office buildings, aligning
with occupants' primary environmental needs.
Throughout the study, energy records taken
into consideration by other scholars were
handy in defining those metrics. Although the
initial anticipation was to formulate highly
specific HVAC usage metrics, the study revealed
that external factors facilitate a vast role in
shaping the ultimate metrics. Having said that,
as we align with occupants’ ecological
preferences, it became essential to establish
metrics for indoor air quality, considering that
many occupants prioritize it as a primary
concern. This step had not met any previous
expectations prior to the onset of this research.
All in all, the findings from this research were
successful to bridge the gap between pointing
out momentous energy-related metrics that
primarily address the occupants’ needs
regarding indoor air quality in temperate office
buildings located in temperate climate zones
(like Malaysia, Australia, and Southern United
States). The further research can potentially

investigate other environmental needs of

occupants: for example, both eco-friendly and
energy-efficient lighting. On top of that, there is
potential for further research in more
challenging climate conditions, such as extreme

cold or high humidity environments.
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Figure 3. Effect of data scaling: (a) original data,
(b) min-max scaler, (c) standard scaler, (d)
robust scaler.

Scaling Method Dascription Mathematical Formula

Used 1o normalize dat in the range of 0.1
Min-Max Scaber dvided e ot 0.1

For each vakue in the feature, the minimum value (ginal maximum and original minimum (42]

Standard Scalar Used to rascale the distribution of the data by subiracting the mean and then dividing by the standard doviation [43] L=

Primary used to remove ihe efect
scaling of this scaler are

‘centering and

Rotust Scaior
s [44]

Table 1. Data Scaling methods

Min Max Scaler Standard Scaler Robust Scaler

S Eonient wune Outdoor Temparature (F) N_Users 'V°C  Oudoor Temperaturs (F) N_Users  'C  Outdoor Temporature (F)  N_Users:
KW KWh KWh

Cluster 0 2.82041 79321325 079407 198926 79.047934 0625089 13.87707 83121481 1552785

Custer 1 7.96495 74409836 204754 898954 76.07863 1882016 1774806 70.057293 0.747508

Guster 2 2.5077 55230648 08503 238227 54.342054 1750850 5714216 66734021 17.44433

Table 2. Clustering the values of performance
metrics

IX. References

[1] Z. Dong, K. Zhao, Y. Hua, Y. Xue, & J. Ge, "Impact of
occupants’ behaviour on energy consumption and
corresponding strategies in office buildings,” in IOP
Conference Series: Earth and Environmental Science,
vol. 294, no. 1, pp. 012-076, Jul 2019. doi:
10.1088/1755-1315/294/1/012076.

[2] Skanska, Cushman & Wakefield, GO4Energy,
"Energy Consumption in Office Buildings: a

Comparative Study,"” Report 2016, Nov 2016. doi: N/A.

[3] A. Alwisy, S. BuHamdan, & M. Giil, "Criteria-based
ranking of green building design factors according to
leading rating systems," Energy and Buildings, vol.
178, pp. 347-359, 2018. doi:
10.1016/j.enbuild.2018.08.04 3.

[4] R. Ruparathna, K. Hewage, & R. Sadiq, "Improving
the energy efficiency of the existing building stock: A

critical review of commercial and institutional




buildings,” Renewable and Sustainable Energy
Reviews, vol. 53, pp. 1032-1045, 2016. doi:
10.1016/j.rser.2015.09.084.

[5] R.Jing, M. Wang, R. Zhang, N. Li, & Y. Zhao, "A study
on energy performance of 30 commercial office
buildings in Hong Kong," Energy and Buildings, vol.
144, pp. 117-128, 2017. doi:
10.1016/j.enbuild.2017.03.042.

[6] C. Li, Z. Li, M. Li, F. Meggers, A. Schlueter, & H. B.
Lim, "Energy efficient HVAC system with distributed
sensing and control," in 2014 [EEE 34th International
Conference on Distributed Computing Systems, pp.
429-438, Jun 2014. doi:
10.1016/j.enbuild.2017.03.042.

[7] U.S. Department of Energy, "Achieving 50% Energy
Savings in Office Buildings,” Summary 2014, Sept
2014. doi: N/A.

[8] R. Mansor & L. Sheau-Ting, "Criteria for occupant
well-being: A qualitative study of Malaysian office
buildings," Building and Environment, vol. 186, pp.
107-364,2020. doi: 10.1016/j.buildenv.2020.107364.

[9] M. P. Deuble & R. ]. de Dear, "Green occupants for
green buildings: the missing link?," Building and
Environment, vol. 56, pp. 21-27, 2012. doi:
10.1016/j.buildenv.2012.02.029.

[10] N. Z. M. Azizi, N. Z. Abidin, N. S. M. Azizi, & N. M.
Nasir, "Overcooling of office buildings in Malaysia,"

Journal of Advances in Humanities and Social Sciences,

vol. 3, no. 3, pp. 182-192, 2017. doi: 10.20474 /jahss-
3.3.5.

[11] S. M. Joshi, "The sick building syndrome," Indian
Journal of Occupational and Environmental Medicine,
vol. 12, no. 2, pp. 61, 2008. doi: 10.4103/0019-
5278.43262.

[12] H. Teraoka, B. Balaji, R. Zhang, A. Nwokafor, B.
Narayanaswamy, & Y. Agarwal, "Buildingsherlock:
Fault management framework for hvac systems in
commercial buildings," pp. 202-203, 2014. doi:
10.1145/2674061.2675034.

[13] H. Talei, D. Benhaddou, C. Gamarra, H. Benbrahim,
& M. Essaaidi, "Smart building energy inefficiencies
detection through time series analysis and
unsupervised machine learning,” Energies, vol. 14, no.

19, pp. 60-42, 2021. doi: 10.3390/en14196042.

[14] A. Alazazmeh & M. Asif, "Commercial building
retrofitting: Assessment of improvements in energy
performance and indoor air quality," Case Studies in
Thermal Engineering, vol. 26, pp. 100-946, 2021. doi:
10.1016/j.csite.2021.100946.

[15] Z. Cheng, N. Li, Z. Bu, H. Sun, B. Li, & B. Lin,
"Investigations of indoor air quality for office
buildings in different climate zones of China by
subjective survey and field measurement," Building
and Environment, vol. 214, pp. 108-899, 2022. doi:
10.1016/j.buildenv.2022.108899.




