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Definition: Green buildings refer to buildings that decrease adverse environmental effects and main-
tain natural resources. They can diminish energy consumption, greenhouse gas emissions, the usage
of non-renewable materials, water consumption, and waste generation while improving occupants’
health and well-being. As such, several rating tools and benchmarks have been developed worldwide
to assess green building performance (GBP), including the Building Research Establishment Envi-
ronmental Assessment Method (BREEAM) in the United Kingdom, German Sustainable Building
Council (DGNB), Leadership in Energy and Environmental Design (LEED) in the United States and
Canada, Comprehensive Assessment System for Built Environment Efficiency (CASBEE) in Japan,
Green Star in Australia, Green Mark in Singapore, and Green Building Index in Malaysia. Energy
management (EM) during building operation could also improve GBP. One of the best approaches to
evaluating the impact of EM on GBP is by using structural equation modelling (SEM). SEM is a com-
manding statistical method to model testing. One of the most used SEM variance-based approaches
is partial least squares (PLS), which can be implemented in the SmartPLS application. PLS-SEM
uses path coefficients to determine the strength and significance of the hypothesised relationships
between the latent constructs.

Keywords: energy management; green building performance; office building; SEM-PLS

1. Introduction

The building sector is one of the most energy-intensive sectors, irrespective of its
geographical location [1]. It is estimated that buildings’ energy consumption accounts for
approximately 32% of global energy use, and buildings are responsible for about 40% of
the total energy-related carbon dioxide emissions [2]. This is due to the rapid depletion
and inefficient use of natural resources and energy and increasing waste production in
the building sector. However, buildings can conserve energy by appropriate resource
management (RM) practices at the design, construction, and operation stages (see Figure 1).

Research suggests that implementing energy-efficiency strategies at the design stage
can significantly influence building performance and reduce energy usage [3–5]. As such,
there has been an increasing amount of literature on zero energy building construction and
renewable energy sources [6]. These studies have investigated, proposed, and improved
different parameters, indices, and approaches to improving building performance [7–9].
They primarily focus on enhancing building systems and integrating renewable energy
at the design phase using various building performance simulation (BPS) tools. The most
commonly used approach to applying BPS tools during the design phase is based on
evaluating the simulation outcomes, and if not satisfactory, the design is altered until
the desired results are achieved. One of the limitations of this approach is that it uses
direct modelling and simulation workflow in which the impacts of modifying the values
of parameters on energy performance are examined one at a time, without considering
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the combined impacts of parameters [10]. An accurate and simplified prediction method
of users’ comfort in buildings is another major challenge of using BPS tools. Several
parameters, such as human behaviour in buildings, their interventions in design conditions,
resource usage, and management, can significantly negatively impact the predicted energy
saving. In practice, it is a challenge for building designers to assess the possibility of
achieving predicted energy usage at the design stage. There is also little published data on
user interventions and RM during the operation phase of the buildings and their impact
on energy usage. Figure 1 gives a brief description of RM.
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2. Resource Management

RM means attaining more with less. It is the management of natural usage resources
by humans to provide the greatest advantage to current generations while retaining the
capacity to meet future generations’ requirements [11]. The current study declares chal-
lenges encountered in RM to improve building performance. According to Graham [12],
significant amounts of natural resources are used by the building industry, and therefore
many of the initiatives pursued to create ecology-sustaining buildings are concentrated on
boosting the efficiency of resource consumption.

While there are several existing tools to optimise resource usage and management dur-
ing the design and construction stages, the building occupants’ experience and behaviour
have received minimal attention. Studies have shown that harmful user interventions in
green building design conditions resulting from experiencing discomfort could destroy
predicted energy savings up to 75% [13,14]. Appropriate RM during building operation
could improve building performance and user experience, reducing operating costs and
enhancing end-users’ health and well-being. The following sections explain RM’s different
factors, including water management, waste management, and energy management during
building operation.

2.1. Water Management

Water management is one of the main elements of sustainable development. The
world is facing water scarcity, and water shortages have become an issue worldwide.
Additionally, water availability and quality are crucial throughout the building life cycle,
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and it is one of the most common natural resources used in buildings [15]. Building
industries contribute to about 16% of freshwater consumption; hence greater emphasis
was given to water efficiency and conservation in almost all the sustainable building rating
schemes worldwide. Water management is one of the world’s most significant challenges
due to competition for limited resources, increasing global water need, regional disparities
in water supply and affluence, aquifer depletion, pollution, and climate change-induced
water stress. Accordingly, integrated sustainable water resource management requires
innovation, progress, and international cooperation in the coming decades [16]. While
water management in buildings, including water treatment, is so expensive, it is the best
solution to conserve and protect future generations’ water resources [17].

2.2. Waste Management

Waste is a pressing environmental, social, and economic issue, and it is one of the
biggest challenges faced by every urban area in the world [18]. The waste is categorised
into different types based on its:

• physical state (e.g., solid waste, liquid waste, gaseous waste),
• source (e.g., household/domestic waste, industrial waste, agricultural waste, commer-

cial waste, demolition and construction waste, mining waste), and
• environmental impact (hazardous waste and non-hazardous waste) [19].

A large amount of construction waste is generated every year. Construction waste
refers to damaged and surplus materials as the result of building activities, such as demoli-
tion, new construction, and renovations. While the construction industry has a significant
impact on economic development, rising construction waste has become a serious global
issue [20]. Therefore, due to the increase in construction waste production, there is a need
to implement waste management in order to ensure the protection of the environment and
natural resources for future generations.

Waste management has been widely recognised as a technical problem strongly
influenced by various political, legal, socio-cultural, environmental, and economic factors
and by the resources available to tackle it. The primary purpose of waste management is to
practice optimisation with a broader resource conservation goal [18]. Construction waste
management helps redirect reusable materials to appropriate sites and redirect recyclable
resources back to the manufacturing process. Project waste should be recognised as an
integral part of overall materials management [21].

During the operation phase of a building, a considerable amount of waste is pro-
duced by the occupants. According to Illankoon and Lu [22], waste generated during the
operational phase of buildings consists of:

1. Food waste.
2. Cardboard and paper.
3. Plastics (including bottles and other containers).
4. Glass (including green, brown, and clear).
5. Metals (including aluminium cans and tin cans).

Waste management plans in the operation phase of buildings is generally divided into
the following stages [23]:

1. Occupier source segregation.
2. Occupier deposit and storage.
3. Bulk storage and on-site management.
4. On-site treatment and off-site removal.
5. End destination of wastes.

Briefly, organised and accurate waste management implementation decreases nega-
tive environmental impacts (e.g., litter and, to a lesser extent, contamination of soil and
water, etc.) [23].



Encyclopedia 2021, 1 475

2.3. Energy Management

Energy Management’s (EM) principal objectives are the preservation of resources,
preventing climate change, and cutting costs, as well as guaranteeing simple and ingrained
access for all to the energy spectrum [24]. According to Danish [25], building EM is a
complex and multifaceted function that depends on various factors based on the type of
building. It is the constant process of managing devices that consume energy to improve
building energy performance while minimising energy usage. Building EM is feasible
through desirable building design and management. It is a branch of building services
engineering [26]. Besides the economic costs of EM, energy requires further expenses,
mostly environmental and societal, associated with its resource and waste depletion and
contribution to climate change.

EM programs consist of three processes: energy auditing, energy targeting, and energy
planning. Energy auditing is the process of profiling energy usage and identifying the
energy-saving opportunities critical in a systematic approach for decision-making in EM. A
process that can be used to determine the percentage of energy efficiency and save energy,
energy targeting, is possible from energy audit results. Energy planning is the process of
making decisions regarding energy saving in the preliminary stage, including support for
energy policies, organisational structure, and implementation [27].

Buildings consume much energy during the operation phase [28]. Green building tools
evaluate environmental designs and buildings’ performance during the design phase to
predict energy savings during building operation and achieve sustainable development [29].
However, poor EM and/or harmful human interventions in design conditions during the
operation phase could significantly reduce predicted energy savings in green buildings [13].
Appropriate EM could help diminish building users’ harmful interventions and achieve
green building objectives. Therefore, it has persisted as a significant and contemplative
issue for scholars to reduce increasing energy usage in recent decades [30].

This study focuses on the influence of EM on Green Building Performance (GBP)
during the operation phase. It also uses and analyses data collected in previous studies in
Malaysia by authors. The SmartPLS approach is used to illustrate the impact of EM on the
performance of green office buildings. The current study develops a building performance
framework based on these previous investigations. Additionally, various measurement
items include benchmarking tools for specific building sectors. Table 1 shows EM items
in the current study, which are adopted from the Canada Green Building rating [31]. The
following section explains different factors of GBP.

Table 1. Energy management measurement.

No Measurement Item Description

1 EM vision the organisation develops a vision statement that has the unambiguous target of
reducing energy usage through specific activities and conveys them to all staff.

2 EM Current the organisation evaluates the existing state of EM, set objectives, and defines
specific and measurable actions for continuous enhancement.

3 EM Appointed the organisation has appointed an energy manager.
4 EM Audit the organisation conducts an energy audit exercise.
5 EM Advantage the organisation takes advantage of utility and government incentive programs

concerning energy.
6 EM Track the organisation tracks project-level resource savings according to the International

Performance Measurement and Verification Protocol (IPMVP) framework.
7 EM Performance the organisation reports energy performance data to the management committee.
8 EM Provide the organisation offers training and/or develops customised training programs to

address capacity gaps in energy management.
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3. Green Building Performance (GBP)

In British Standard (BS) 5240, building performance is described as a behaviour that
can be used to illustrate a building’s physical performance characteristics and its parts.
Therefore, it is related to a building’s capability of contributing to fulfilling the functions of
its envisioned utilisation. Building performance can play a crucial role in understanding
how the building behaves [32]. Regarding building performance, numerous scenarios exist,
with higher complexity than ever. Modern society is increasingly demanding efficient, func-
tional, environmentally friendly, robust, adaptable, durable, beautiful, comfortable, and
healthy buildings. The environment is degrading at a worrying rate that puts continuous
pressure on facility managers, engineers, builders, and architects to design and construct
buildings capable of performing their best in every given condition [33]. As a result,
obtaining and sharing knowledge concerning building performance is of high significance.

Green building is one of the measures that can relieve buildings’ effects on the environ-
ment, society, and the economy [34]. Green building refers to the design and construction
of buildings that positively impact the environment [18]. Green buildings primarily aim
to enhance the residents’ comfort and satisfaction while reducing environmental impacts
and costs. GBP evaluates the green buildings’ performance at different baselines such as
transportation, energy, water, operations and maintenance, occupant satisfaction, waste
generation, and recycling [35]. According to Foliente and Becker [36] and Hitchcock [37],
there are several assessments of GBPs to achieve sustainable development. A review of
the most frequently used items available now is presented and compares the items related
to GBP in the Malaysian context. The current study develops a framework that includes
safety, health and hygiene, comfort, durability, and sustainability (see Table 2).

Table 2. Building performance dimensions.

Measurement Items Description References

Safety

Buildings must enjoy safety. This issue is of high importance for
architects, engineers, facilities, and building managers. To appraise the
building performance regarding the building’s safety, we must determine
those directly affected by safety conditions.

[36–38]

Health and Hygiene

The term “healthy building” implies the influence that the building can
impose on the occupants. The sick building syndrome (SBS) issue
resulted in an increasing demand for healthier buildings for occupants.
Different researchers have recognised the significance of health in
destroying the performance of a building.

[36,37,39]

Comfort

Indoor comfort is a crucial parameter for enhancing building
performance. A building must arrange for an internal environment with
an acceptable comfortability level, particularly in thermal, visual, and
acoustics comfort areas.

[36,37,40]

Durability This covers the building materials’ durability, which is a significant
aspect of the building performance. [36,37,40]

Sustainability Sustainability leads to diminishing energy usage and CO2 emissions. [36,37]

4. Impact of EM on GBP

This study uses data collected by Aghili [41] and interpreted them differently. The data
was gathered from Malaysia green buildings to understand EM and building performance.
Since data were gathered from a particular source, it is essential to check the standard
method variance. As such, we conducted Harman’s single factor test by entering all the
primary constructs in a component factor assessment.

The present study used sampling information due to easy access, geographical prox-
imity, and availability at a specific time, and willingness to participate in the study. The
respondents were Malaysian green building experts, managers, and facilitators certified
by the green building index. A total of 89 certified green building managers, experts, and
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facilitators participated in this study. A structured survey questionnaire was developed to
collect data.

Structural equation modeling (SEM) is a commanding statistical approach to model
testing [42]. SEM is valuable since it helps the researcher test a number of hypothesised
relationships simultaneously, makes available an indication of fit between the hypothesised
model and actual data, and evaluates the alternative models [43]. SEM combines two
approaches to model testing, i.e., factor analysis and multiple regression analysis. The
regression analysis deals with the relationship between a criterion variable and predictor
variables, while the factor analysis attempts to find a set of latent variables (i.e., factors). It
explains the common variance that exists amongst a set of observed variables. The factor
analysis is most commonly applied to determining the factor structure that underlies the
scores in a set of questionnaire items [42,44]. Researchers consider two methods when SEM
is applied: variance-based partial least squares and covariance-based techniques [45,46].
One of the most commonly used SEM variance-based approaches is Partial Least Squares
(PLS) [46]. AMOS and LISREL applications could be used to exemplify covariance-based
SEM analysis. PLS Graph and Smart-PLS could be used to implement SEM-PLS analysis.
Accordingly, Smart-PLS software has been employed to achieve the research goal based
on the research objective to investigate the relationship between variables and predict key
target constructs. Furthermore, in this research, the sample size (N = 89) is small, and the
research data is secondary as well. Therefore, SEM-PLS is well suited to this study. In this
way, the current research examined the measurement model (validity and reliability) and
the structural model (testing the relationship among variables).

4.1. Measurement Model

We analysed convergent validity and discriminant validity to evaluate the measure-
ment model. The measurement model includes the unidirectional predictive relationships
between each latent construct and its associated observed indicators.

4.1.1. Convergent Validity

Convergent validity refers to the degree that multiple items use in the research to
measure the same concepts that are in agreement [44,47]. For reflective scale measurements,
convergent validity is assessed through factor loadings of the items, average variance
extracted (AVE), and composite reliability (CR) [48]. The results show that the factor
loading of all the items is 0.5 or above, the AVEs of all the variables are greater than 0.5, and
CR is above 0.7. Therefore, the convergent validity for scale analysis is achieved (Table 3).
That way, it is feasible to determine the estimated model fit.

Table 3. The results of convert validity.

Variable Items Factor Loadings CR AVE Cronbach’s Alpha

EM

EM Audit 0.500 0.890 0.618 0.845
EM Advantage 0.617
EM Appointed 0.806

EM Current 0.723
EM Performance 0.794

EM Provide 0.715
EM Track 0.750
EM Vision 0.566

GBP

Comfort 0.819 0.857 0.552 0.791
Durability 0.870
Health and

Hygiene 0.762

Safety 0.530
Sustainability 0.690
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4.1.2. Discriminant Validity

Discriminant validity is the degree to which items distinguish between constructs.
Two criteria are used to test discriminant validity in the current study, including Fornell–
Larcker and cross-loadings [36,41,42]. Using the Fornell–Larcker criterion, results indicate
that the square root of the average variance extraction is greater than the inter-construct
correlations. Regarding the cross-loadings criterion, the factor loadings of each item or
indicator must be greater than the rest of its cross-loadings to ensure the discriminant
validity of the construct [44,49]. Table 4 illustrates the results of the discriminant validity
measurements. The value on the diagonals was greater than the inter-construct correlation
in its respective row. Thus, there is no issue of discriminant validity in the measurement
model. Additionally, the results indicate that the item is producing the highest loading on
its respective constructs. Thus, discriminant validity has been established.

Table 4. The results of discriminant validity analysis.

EM GBP

EM 0.786
GPB 0.549 0.743

Note: Square root of average variance extraction.

4.2. Structural Model

To assess the structural model (path relationship), the R2 value, standard beta, t-values
through a bootstrapping process with a resample of 5000, the predictive applicability
(Q2), and the effect sizes (f2) were considered [50]. As SEM-PLS’s goal is to explain the
endogenous latent variance, the key target is to have a higher R2. The R2 value is the
exogenous variable that can explain the variance in the percentage representatives of the
research model’s predictive power and its values ranging between 0 and 1. The greater
the value, the better the explanatory power of the model [51]. Cohen [52] argued that the
values of R2 ranging between 0.02 and 0.12 could be considered weak, values ranging
between 0.13 and 0.25 could be considered moderate, and values equal to or greater than
0.26 could be considered substantial as a rule of thumb. According to Hair and Ringle [46],
R2 appropriateness depends on the research context. The results obtained in the present
restudy show that the R2 value was 0.358. This indicates that 35% of the variation in green
building performance is caused by EM.

SEM-PLS uses path coefficients to define the strength and importance of the hypoth-
esised relationships between the latent construct. These path coefficients could also be
considered standardised beta coefficients [49]. Typically, in PLS-SEM, the bootstrapping
technique is used to analyse the t-value for the path coefficients to assess the importance
of hypothesised connections [46,53,54]. The standardised range of the path coefficient
values is between −1 and +1. The standard estimate path coefficients near to +1 signify
a strong positive linear association and vice versa for negative values [44]. In theory, the
p-value is a constant measure of evidence, but it is usually dichotomised approximately
into highly important, marginally important, and not statistically important at conventional
levels, with cut-offs at p ≤ 0.01, p ≤ 0.05, and p > 0.10 [55]. Table 5 shows a significant
relationship between EM and GBP (path coefficient between energy management and GBP
was 0.623; t-value was 7.851; p ≤ 0.01). Cohen’s f2 is used to recognise an appraisal of
local effect size. Effect size evaluates the strength, size, or magnitude of the relationship
between the latent variables. Based on the f2 value, the omitted construct’s effect size for
an endogenous construct could be defined such that 0.02, 0.15, and 0.35 illustrate small,
medium, and significant effects, respectively [56]. The results illustrate that the effective
size is 0.557, demonstrating a significant correlation between EM and GBP. This means that
the hypothesis was supported.
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Table 5. The results of the structural model.

Hypothesis Relationship Standard Beta Standard Deviation t-Value f2 R2

H1 EM↔ GBP 0.623 0.076 7.851 0.557 0.358

5. Conclusions and Prospects

The current study developed a building performance framework that included safety,
health and hygiene, comfort, durability, and sustainability based on previous investigations.
It has examined the direct influence of EM on the office building’s overall performance. The
findings have revealed that EM plays a significant role in improving GBP. The study high-
lights the importance of EM in achieving sustainable development in developing countries.
It encourages green building managers, experts, and facilitators to apply EM to improve
GBP. That way, EM improves the performance of the green office building in conserving and
protecting energy resources and cuts down on bills to achieve sustainable development.

Further research can discern other management practices and evaluate each param-
eter of GBP’s effects using comprehensive questionnaires that include closed and open
questions. Furthermore, future researchers can use interviewing as a tool to gather the
required data. The research recommendation is to employ empirical studies to further
investigate the relevance between a variety of dimensions of green building management
key practice and green building performance.
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