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Abstract

Ongoing discussion about sustainable building construction problems
such as high initial cost caused by “green cost premium” supported by
long-term and uncertain of return on investment (ROI) as well as long-
term and low profitability, lead to passive involvement of construction
practitioners to construct sustainable building even many benefits are
well documented. Previous research finding revealed that, most of the
construction practitioners are not willing to spend more just to
implement sustainability in their project and some of them has no long-
term interest in operating or leasing the buildings. Hence, the question
arises on “how can this issue be resolved?”. Therefore, this study
presents a conceptual model aiming at reducing the initial cost of
sustainable building construction project with the hope that this will
encourage construction practitioners to invest in sustainable building
construction project. Based on the analysis of existing literature (e.g.:
conference paper, journal article) there are 19 cost reduction methods,
that classified into six elements:technical approach, motivation, design
management, project team characteristic, practical approach and
management innovation. As there are limited studies conducted on
methods to reduce sustainable building construction cost, the authors
decided to gather an information on methods to reduce initial project
cost not limited to sustainable building construction and in various
industries. The components of this conceptual model were constructed
based on theories and empirical evidence relating to cost reduction at
which, the authors combine and conceptualized them into input-
process-output (IPO) model to produce the proposed conceptual model
of this study. At the end of this stage, the authors found 9constructs
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1. Introduction environments (Li, Liu,& Tang, 2011). Additionally,
issues such as reduction of natural resources,

Sustainable building construction yields a number of . . . ; ;
environmental pollution: noise, air, water and solid waste

benefits, both tangible and intangible. For instance,

sustainable building construction may increase land,
material and water efficiency (Zhu, 2012), ensure the
quality, safety and minimize the negative impacts on the

Published by: The Mattingley Publishing Co., Inc.

that may cause hazard and accident at site, project delay
and project failures can be mitigated through sustainable
construction (Sousa, Almeida, & Dias, 2015; Windapo &

3977



TES'T

Engineering & Management

Goulding, 2015).Sustainable construction is the process
applied during construction to achieve sustainable
development (Kamar & Hamid, 2011), and it involves the
integration of three principles: (i) economic
sustainability, which is a commitment to a financial
mechanism to increase profitability; (ii) environmental
sustainability, which is a commitment to carefully use
natural resources; and (iii) social sustainability, which is a
commitment toward people’s needs (Hussin, Rahman, &
Memon, 2013).

However, the application of sustainable construction
within building construction received inadequate support
at which, sustainable building construction commonly
mentioned to be more expensive than traditional building
construction due to additional cost which is termed as
‘green cost premium’ (Jin, 2019; Russ, Hanid, & Kho,
2018;Latiffi& Ng, 2017; Hwang, Zhu, Wang, & Cheong,
2017; Zaini, 2016; CREAM, 2016; Mao, Xie, Hou,
Wu,Wang, & Wang, 2016; Hwang & Ng, 2013; Jaafar &
Radzi, 2013; Oladinrin, Olatunji, & Hamza,2013; Ling &
Ali, 2012; Nurul Zahirah & Abidin, 2012).This is parallel
with the study conducted by Russ, Hanid, & Kho (2018),
where it has been proved that, green cost premium are the
problems allied with sustainable building construction
implementation worldwide. There are eight elements of
green cost premium been identified that contributed to
higher initial cost of sustainable building construction
which are sustainable materials, sustainable equipment,
sustainable technology, sustainable design, tendering,
contractor’s experience, and insurance (Russ, Hanid, &
Kho, 2018). Endless discussion about higher initial cost
of sustainable building construction, lead to demands for
cost reduction, value improvement, and better quality
(Aapaoja & Haapasalo, 2014).

Besides, the existing models: Green Construction
Assessment (Tam & Tsui, 2004), Green Construction
Implementation (Shi, Zuo, Huang, Huang, & Pullen,
2013), Green Construction Framework (Qi, Shen, Zeng,
& Jorge,2010), The path of Achieving Sustainable
Construction (Abidin, 2010), and Green Construction
Model (Zaini, 2016) relating to sustainable construction
are mainly focused on the elements of awareness,
readiness, design and environment at which, there is an
absence of economic  sustainability  principle.
Furthermore, it is known that, the concept of economic
sustainability as applied to the construction industry is
planned to apply the utmost cost efficiency and reduce
financial cost (Akadiri, Chinyio, & Olomolaiye, 2012)
along with commitment to financial mechanism to
increase profitability (Hussin, Rahman, & Memon,
2013).As construction companies are profit driven
organization, therefore this study presents the conceptual
model, aiming at reducing the initial cost of sustainable
building construction project with the hope that this will
encourage construction practitioners to invest in
sustainable building construction project.
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2. Methodology

This study reviews the literature in the area of cost
reduction methods purposely for a conceptual model
development. Therefore, a systematic literature review is
conducted and identified 127 studies related to cost
reduction methods. This review procedure involved
journal articles and conference papers identified from
EBSCOhost, Science Direct, and Scopus database
searches within the context of Asia, Europe, the United
States, Africa, and the Oceania continents between 1999
to 2019. The authors decided to include studies in year
1999 as studies conducted in sustainable building
construction cost reduction are scarce (Sarhan, Pasquire,
Elnokaly, & Pretlove, 2019; Arif, Jaapar, Bari, &
Zawawi, 2013). As for this study, method is referred to
specific strategies, tools and techniques, or procedure
aimed at reducing sustainable building construction cost.
Therefore, out of 127 studies, 77 studies highlighted on
tools and techniques, and 50 studies highlighted on
strategies. This study included only literature that
highlighted on the effectiveness of cost reduction
methods in reducing the desired cost, as this study
focuses on examining the association between methods
and cost reduction areas to develop the conceptual model,
and there were 19 studies had been selected.

The conceptual model of this study was design based
on Input-Process-Output (IPO) model and the
components of this model was established based on
theories and empirical evidences relating to cost
reduction in various industries. IPO model consist of 3
dimensions: input, process, and output as depicted in Fig.
1. Input is defined as all factors that are independent, can
be manipulated and directly impact the output through
process (McCuspie, Hyman, Yakymyshy, Srinivasan,
Dhau, & Drake, 2014; Cohen & Bailey, 1997). As for this
study, input dimension is represented by the element of
green cost issues at which, issues contributing to green
cost premium can be manipulated and controlled by the
authors in order to see what effects they have. Process is
defined as a series of activities that influence by different
input and affect the output (Herre, 2010; Cohen & Bailey,
1997). As for this study, process dimension is represented
by the element of green cost reduction methods where the
usage of cost reduction methods is influenced by different
elements of green cost issues (input). While, output is
defined as the result produced by the process (McCuspie,
Hyman, Yakymyshy, Srinivasan, Dhau, & Drake, 2014).
In addition, Cohen and Bailey (1997) highlighted that,
there are 3 measures of output which are (i) measure of
effectiveness (e.g. response time, productivity, efficiency,
quality, customer satisfaction, innovation), (ii) measure of
member  attitude  (e.g. employee  satisfaction,
commitment, and trust and (iii) measure of behavioural
(absenteeism, turnover, and safety). As for this study, the
output dimension is represented by the element of green
cost reduction success at which, measure by the
effectiveness of cost reduction.
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Figure 1: IPO model

3. Literature Review

This section presents the discussion of the existing
literature in the area of cost reduction methods in various
industries due to limitation of cost reduction studies
conducted within sustainable building construction
context. It starts by justifying the need of cost reduction
within sustainable building construction followed by
theoretical review and empirical review of cost reduction
and ended with discussion. The result of this review will
help in developing the components of the conceptual
model of this study where the placement of each
component is based on IPO model.

1.1  Cost
construction

reduction and sustainable building

Previous studies (Hwang, Zhu, Wang, & Cheong,
2017;Dodge Data & Analytics, 2016; Mao, Xie, Hou,
Wu,Wang, & Wang, 2016; Dwaikat & Ali, 2016; Whang
& Kim, 2015; Shang & Pheng, 2014; Ahn, Pearce, Wang,
& Wang, 2013; Qian & Foong, 2013; Hwang & Ng,
2013; Robidchaud & Anantatmula, 2011) claim that high
initial cost caused by green cost premium is the crucial
barrier prior to sustainable building construction
implementation. However, those cost can be recuperated
by high turnovers and profit in a long run as a result of
low maintenance cost and low operational cost of
sustainable building (Whang & Kim, 2015; World GBC,
2013; Akadiri, Chinyio, & Olomolaiye, 2012;
Robidchaud & Anantatmula, 2011).

Despite the prevailing circumstances, construction
practitioners’ primary goals are to make benefits and
quick return on investment (Lee, Lee, Kim, & Kim,
2013). It is believed that, investment in sustainable
building construction project can be full returned during
operational stage where it will take about 7-8 years (IEA,
2006). Parallel to this, Orry (2019) highlighted that, there
is still lack of hard evidence to link between capital cost
expenditure in sustainable building construction and
positive return on investment (ROI) and it may vary
according to building type which have different
operational requirement. Therefore, many construction
practitioners relatively passive to invest in sustainable
building construction as they prefer a short-term payback
period (Lee, Lee, Kim, & Kim, 2013; USGBC, 2006).
Additionally, Akadiri, Chinyio, & Olomolaiye(2012)
highlighted that, construction practitioners are under
pressure since client are demanding for project cost
minimization, at the same time relatively ambitious. For
this reason, it is important to look for, find and remove
the unwarranted cost during the initial stage of the
project.
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The term cost reduction, cost control and cost saving
are always use interchangeably, despite these term holds
different meaning (Akeem, 2017; Barbole, Nalwade, &
Parakh, 2013; Yadav, Jain, Kapoor, & Nateriya, 2013).
Cost control is a process of maintaining the actual cost of
each element with respect to agreed budget (Akeem,
2017). Cost saving is a process of reducing the production
cost by all means, without compromising the quality or
value for instances, use poor quality of raw materials, or
improper logistic management (Yadav, Jain, Kapoor, &
Nateriya, 2013). While, cost reduction is a process of
achieving profit maximization by removing all types of
waste and inessential expense at the same time
maintaining the function and quality of the products and
assure value for the customer at the lowest life-cycle cost
(Barbole, Nalwade, & Parakh, 2013; Yadav, Jain,
Kapoor, & Nateriya, 2013).Therefore, this study refers
cost reduction as a process of removing the green cost
premium of sustainable building construction project
during initial stage, to achieve profit maximization, at the
same time maintaining the quality of the product in
meeting client requirement.

a. 3.2Theoretical review of cost reduction

Theory is a logical tool use to understand, explain and
make prediction about subject of interest (Dokata, 2017).
As for this research, two theories: Neo-classical growth
theory, and social cognitive theory are well discussed in
the following paragraph.

3.2.1

The neo-classical growth theory is a theory used in
economics, identified and explained the factors that
contributes to the growth of economy (Egbide, Adegbola,
Bamidele, Sunday, Olufemi, & Ruth, 2019). Otekunrin,
Nwanji, Olowookere, Egbide, Fakile, Lawal, Ajayi,
Falaye, & Eluyela(2018) stated that, a stable growth of
economy can be achieved with the proper amounts of
three powerful economic factors: labour, capital: physical
capital (eg; factories, equipment, infrastructure), human
capital (eg; skills, knowledge, experience) and
technology. Due to this, a study conducted by Egbide,
Adegbola, Bamidele, Sunday, Olufemi, & Ruth (2019) on
cost reduction strategies in manufacturing industry found
that there are three major factors that affects its capacity
to grow which are labour cost, material cost and overhead
expense at which, manufacturing organizations will
experience growth if these costs are well allocated,
controlled and reduced. Therefore, this paper theorizes
that, in construction industry, particularly sustainable
building construction, an organization may experience
growth if initial costs: preliminary, design (human
capital), and construction cost (physical capital,
technology) are rightly allocated, controlled and reduced
and this will encourage more construction practitioners to
invest in sustainable building construction project.

Neo-classical growth theory
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3.2.2

Social cognitive theory is a theory used in psychological
field that describes the motivations, expectations,
forethought, and predictions that influence individual’s
action (Joachim, Kamarudin, Aliagha, Mohammed, &
Ali, 2017). A study conducted by Afandi & Abidin
(2013) highlighted that, social cognitive theory is used to
explain the decisions to invest in sustainable building
construction where it closely depending on the intention
and implication identified through forethought. As regard
to this, social cognitive theory theorizes that, tax relief,
low interest loan, subsidies, and incentives can motivate
contractors to invest in sustainable building construction
at which, one of the strategies to reduce the cost of
sustainable building construction offered by the

Social cognitive theory
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government (Joachim, Kamarudin, Aliagha, Mohammed,
& Ali, 2017).

b. 3.3 Empirical review of cost reduction

As stated earlier, many construction practitioners
relatively passive to invest in sustainable construction as
sustainable building represents a long-lasting investment
in financial terms (Akadiri, Chinyio, & Olomolaiye,
2012) as well as long-term of ROI and long-term profit
(Lee, Lee, Kim, & Kim, 2013). Thus, the construction
practitioners are under pressure to reduce project cost and
consider how much a building will cost (Akadiri,
Chinyio, & Olomolaiye, 2012). The following Table 1,
summarize the studies of cost reduction methods

application across industries.

Table 1: The application of cost reduction methods in various industries.

Author(s) Country Industry

Empirical finding(s)

Zhiran & Mengxiao (2012) China Just-in-time, Standardization.

Athalye et al. (2013) India Automotive Kaizen costing. just-in-time. value engineering, total quality management

Gilotra & Kandoi (2015) India Value engineering

Eghide et al. (2019) Nigena Kaizen costing. value engineening.

Sharma (2017) Nepal Total guality management, supply chain management, kaizen costing, standardization.

Barbole et al. (2013) India Manufacturing Value engineering, total quality management, just-in-time, kaizen costing.

Yadavetal (2013) India Supply chain management. reuse practice, tax relief. and subsidies.

Nowotarski et al (2016) Poland Just-in-time, 58

Heralova (2016) Czech Republic Value engineering

Damnjanovic ef al. (2009) Texas Value engineering. standardization, bundle/split project, price escalation clause, performance-
Construction based contracting, reuse practice.

Mahadik (2015) India Value eﬂgineermg

Ganja et al. (2005) Brazil Kaizen costing. value engineenng.

Hwang et al (2017) Tax relief, availability of skilled design team and contractor, subsidies. and incentives.

Singapore
World GBC (2013) -
Akadirni ef al. (2012) UK
Bae & Kim (2007) Korea

Robidchaud & Anantatmula (2011) Us S ble construction
Lehman & Reiser (2000) us
Buil Green Inc (1999) uUs

Hiring skilled and experienced project team. integrated design process.

Locally-sourced materials, reuse practice, standardization.

Integrated project team. performance-based confracting, inteprated design process. set-based
design. just-in-time, target costing. kaizen costing, 5S.

Integrated project team. integrated design process.

Just-in-time. value engineering. standardization. integrated project team.

Value engineering, integrated design process. reuse practice.

c. 3.4 Discussion

Based on the above review, the proposed conceptual
model of this study was developed aiming at reducing
high initial cost of sustainable building construction
projectcaused by green cost premium, to improve
sustainable building construction implementation. Belout
& Gauvreau (2004) stated that, most of the models were
developed based on theories rather than empirical
evidence. Considering this, the components of the
proposed modelling were developed based on adoption
and combination of theories and empirical evidence at
which, the authors embedded them into Input-Process-
Output (IPO) model.

As stated above, there are 2 theories adopted in this
study which are neo-classical growth theory and social
cognitive theory. Yadav, Jain, Kapoor, & Nateriya (2013)
stated that, businessperson requires growth of the firms
and at the same time demand to reduce cost. Therefore, as
responds to the growth of a firm and cost reduction, neo-
classical growth theory is chosen.  Besides, it is
highlighted earlier that the commitment and effort among
the construction practitioners toward sustainable building
construction are relatively low due to higher initial cost
which on top of that, uncertain return on investment
(ROI). As responds to this, social cognitive theory is

Published by: The Mattingley Publishing Co., Inc.

chosen as it explains on the factors that will influence
individual’s action.

Additionally, these 2 theories are combined with
another 19 studies highlighted in this study, that
represented the empirical evidence of the effectiveness of
cost reduction methods applied in various industries:
automotive, manufacturing, construction, and sustainable
construction industry to reduce the desired cost. There are
19 cost reduction methods being identified which are just-
in-time (JIT), value engineering (VE), kaizen costing,
standardization, integrated design process, reuse practice,
integrated project team, total quality management (TQM),
tax relief, 5S, performance-based contracting, supply
chain management (SCM), availability of skilled and
experienced project team, subsidies, set-based design,
locally-sourced material, green financing scheme, price
escalation clause, and bundle/split project at which,
positively prove can reduced the desired cost.

However, few studies have been conducted on
methods to reduce green cost premium, therefore, it is
important to fill in this gap through the establishing of
conceptual model of this study, which includes (i)
INPUT- elements of green cost issues: sustainable
materials, sustainable equipment, sustainable technology,
sustainable design, tendering, contractor’s experience,
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and insurance (ii) PROCESS- elements of green cost
reduction methods: technical approach, motivation,
design management, project team characteristic, practical
approach, and management innovation, (iii) OUTPUT-
green cost reduction success: effectiveness of cost
reduction process.

4. Result and Analysis

This section presents the discussion of conceptual model
and hypothesis development of this study. Based on the
analysis results of identified theories and emmpirical
evidence of previous studies, the authors combine and
conceptualized them into IPO model to produce the
proposed conceptual model of this study. At the end of
this stage, the authors found 9 constructs with 2
associations. The following Fig.2 shows a proposed
conceptual model of this study.

4.1 Conceptual model development

The different elements of the conceptual model of this
study are defined and described below, where the
placement of each element is based on IPO model.

May-June 2020
ISSN: 0193-4120 Page No. 3977-3990

4.1.1  Element of green cost issues (Input)

Sharma (2017) and Himme (2012) stated that, it is
necessary to identify the areas on which, a company is
suffering from cost related issues where cost reduction is
needed, lead to company growth. Parallel to this,
according to the neo-classical growth theory as
previously mentioned, it is theorizing that sustainable
building construction will experience growth if initial
cost: design, and construction cost are rightly allocated,
controlled and reduced. However, most of the existing
review have identified only the cost issues that influence
cost premium but failed to classified them according to
building life-cycle cost (Russ, Hanid & Kho, 2018).
Additionally, Russ, Hanid & Kho (2018) found that it is
critical to classify these cost issues according to building
life-cycle cost so that the additional cost incurred during
the initial stage are identifiable. Therefore, table 2
summarize the cost premium, at which, proved to be
problems in sustainable building construction with
respect to initial cost.

Table 2: Identified green cost issues in sustainable building construction with respect to initial cost.

Authors

Green cost issues

Area selected for cost reduction

Elements Tnitial cost
Mao et al. (2016); Nurul Zahirah & Abidin (2012) High consulting cost Sustainahle
Hwang & Ng (2013) Fraquent occumence of alteration and variation, lead to drawing reproduction design (E4) Design cost
Ammugam et al (2015); Mao et al. (2016) High cost of tender bidding
Jaafar & Radzi (2013); Ling & Ali (2012); Oladirin et al.  Type of confract use Tendering (E5)
(2013)
Hwang et al. (2017); Malin (2000) Lack of proficiency with sustainable technology and equipment Contractor’s
Ashiby etal. (2004) Difficultis in matching the equipment with the sustainable design experience (EG)
Hwangetal. (2017); Zaini (2016); Damnjanovic et al. (2009)  Less competition among contractors (dominated by grade 7 contractor)
Hwnagetal (2017) High production cost Sustainahle Comstruct
Zaini (2016). The excessive usage of imparted materials materials (E1) OmsTucion cost
Numl Zahirah & Atudin (2012) Exira fime allocated for equipment msfallation Sustainahle
Hwang et al. (2017); Malin (2000) High cost of research and development equipment (E2)
Jin (2019); Hwang et al. (2017); Lanffi & Ng (2017);  High cost of BIM miplementation Sustainahle

CREAM (2016)

technology (E3)

Latiffi & Ng (2017); CREAM (2016) Uncertainfy of ROl recovery of BIM

Zubziri (2016); Mao etal (2016) High cost of BS implementation

Numl Zahirah & Atidin (2012) Additional values of coverage provision

Insurance (E7)

(Source: Russ, Hanid, & Kho, 2018)

412 Element of green cost reduction methods
(Process)

There are 19 cost reduction methods identified from the
review and analysis of previous literature and these 19
methods had been classified into six elements: technical
approach, motivation, design management, project team
characteristic, practical approach, and management
innovation based on their characteristic. Table 3 depicted

Published by: The Mattingley Publishing Co., Inc.

the cost reduction methods with respect to initial cost. To
note, certain methods can be applied to a specific phase
of initial cost only, while certain methods can be applied
to more than one phase of initial cost. Thus, for the
purpose of conceptual model development of this study,
the identified methods will be placed to a phase at which,
impact would be the most.
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Table 3: Identified elements of cost reduction methods with respect to initial cost.

Author(s) Cost reduction Description Identified Identified phase of initial
methods elements cost
Arivarhagan et al. (2017); Heralova (2016); Berawi 1. An effective technique used to reduce project cost with quality and function
etal (2011) consideration
Heralova (2016); Mahadik (2015); Berawi et al 2. A well-known technique during design stage, however, several organisation
(2011) and institufion started to apply VE up to construction stage
- . Value engt : i : Technical Design and construction
Emmanuel et al (2015): Heralova (2016) ?&]J'Eg?mg 3. Design stage -eliminate unnecessary design approach en s
Heralova (2016) 4. Construction stage- encourage contractors to come out with proposal that might
improve project performance, value improvement. lower construction cost of
shorten the delivery of time
Miazi (2014); Athalye et al. (2013) 1.Is a lean tool that invented by manufacturing industry.
Miazi (2014); Bae and Kim (2007) 2. Aiming for cost improvement by eliminating non value-added activities, Technical
Kaizen costing improving production processes and productivify. approach Construction cost
Vidhate and Salunkhe (2018) Hanid (2014); 1.1z a lean rool originated from manufacturing industry.
Koskela (1092)
Banton (2019); Athalye et al. (2013); Barbole etal.  Just-In-Time (JIT) 2. Designed to reduce production process variability by optimizing inventories Technical
(2013); Salem et al (2006); Lehman and Reiser of materials and equipment according to the construction site real needs or request approach Construction cost
{2000) only.
Nowotarski et al. (2016). Bae and Kim (2007) 1.Is a lean management invented from manufacturing industry.
Nowotarski et al (2016) 55 2 Infroduced af the stage of production . M Construction cost
Nowotarski et al. (2016); Demirci (2012). Bae and 3. To reduce waste and at the same time create added value for the end client innovation
Kim (2007) through creating and maintaining a clean. orderly, and standardize work place.
Jaochim et al. (2017). Afandi and Nurul Zahirah 1. Tax relief. financing scheme (low inferest loan). subsidies, and incentives can
(2013): motivate contractors to invest in sustainable building construction.
Hwang et al. (2017) . 2. Tax relief is the most powerful and feasible solution to reduce green cost
Tz}x_rel.leﬁ remium . .
Hwang et al. (2017) Subsidies. green T3 Tqy ides for: rescarch and development of sustamable materials and | Metivarion Construction cost
financing scheme technology and educational courses to flatten the learning curve may help in green
cost reduction.
MGTC (2019); Fan et al. (2018) 4. Green financing scheme is made available to reimburse for additional cost
result in. disabling the economic barriers among investors through green bond.
green investment fund. green loan, and climate risk insurance.
Isaeal (2014); Aziz and Hafez (2013) 1. Design methodology that focuses on the integration of project team where
communication and information sharing are the key to generate new idea at early
design stage.
Aziz and Hafez (2013); Larsson (2000); Bae and  Infegrated Design 2 The early integration of various discipline help in: rework and re-design Design Design cost
Kim (2007) Process reduction, ghly efficient with nuinimal and sometimes zero incremental capital ~ IAnagement
costs, along with reduced long-term operating and maintenance costs
Isaetal. (2014); Bae and Kim (2007): Lehman and 1. A method use to integrates different disciplines of project team members at
Reiser (2000) carly design stage to encourage communication among project team members
result in, minimization of miscommunication or conflict of inferest.
RIBA (2015); Robidehaud and Anantatamla Q011) | Leerated Project = g ot assembly, roles and responsibilities nonmally are decided during | L eoiuieal Design cost
Team preparation and brief stage which guarantee virtuous teamwork. approach
Gorgolewski and Morettin (2009) 1. There are four types of components available for reuse practice during design
Reuse practice process. Practical Design cost
Yadav et al. (2013); Shah and Pitroda (2011); 2. Significantly seduce material cost, haul cost, and overall project cost, reduce | “PProach
Dammjanovic et al. (2009) energy and effort in new matenal production as well as offer environmental
benefits.
Yasin and Rjoub (2017); Aapacja and Haapasalo 1. Referring to the principle of implementing technical standard to the system:
(2014) process and procedure as well as compenents during design and construction
stage
Aapaoja and Haapasalo (2014); Ahuja (2012) Standardization 2 Industrialize building system (IBS) 1s an example of standardization of process
during construction stage and is mainly implemented through prefabrication. Practical Design and construction
Akadiri et al. (2012); Lehman and Reiser (2000) 3. Modular design is an example of standardization in design that may be achieved approach cost
through concept of uniformity in designing the components in terms of size and
shape that are easily replace or interchange.
Anwar et al (2016) 1. Is a technique which defines all aspects of project procurement system and
required performance of facilities. not the construction process.
Anwar et al. (2016); Public Procurement Practice 2. Help in obtaining overall befter value. better performance and lower costs as
(2012); Natalya et al. (2005) it allows freedom in decision making on design, construction methods, Technical Construction cost
Performance- technology and management approach
Bae and Kim (2007); Natalya et al. (2005) based contracting 3" Atlow the integration of specialty contractor and supplier at early stage lead to
early information of special techniques and materials that required to construct
sustamable building, variation order reduction as well as minimum control of the
owner once the project is executed.
Mohd Anf et al. (2019); Shoshan and Celik (2018); 1. Management approach fo achieve qualified product and services as per
Kakkad and Ahuja (2014) customer’'s need and expectation through the participation of all construction
Total quality players throughout the construction process. Management Construction cost
Mohd Arif et al. (2019); Barbole et al. (2013) ToM) . 2. Help in reducing construction waste such as defects. over-processing. delay. innovation
minmizing mspection cost and rejection cost
Serpell and Heredia (2014); Vryhoef and Koskela 1. SCM 1s an approach that has invented in the manufacturing industry. described
(1999) on how organization should manage their network to achieve project goal.
Vrijhoef and Koskela (1999) Supply chain 2. SCM in construction is applied in the area of logistic, inventory, site ~ Management Construction cost
management activities, and transferring activities from site to upstream stages purposely innovation
(SCM) for reduction of cost and duration
Emmanue] et al. (2015); Akadini et al. (2012) Locally-sourced 1. The design should prioritize the usage of locally-available material as locally Practical Design cost
materials manufactured products are cheaper due to cheaper transportation cost as approach
compared to imported materials.
1. Is one of the methods to reduce the high cost of bidding the tender that 1s
highly associated with long-term project duration. Technical
Numul Zahirah and Zamul Abidin  (2012); Prceescalation ™5 Price escalation clause ‘may mifigate the price variation jssues for mstances, approach Construction cost
Dammjanovic et al. (2009) clause guarantee fixed price especially raw material price.
Hwang et al. (2017); World GBC (2013) Availability of 1. By hiring skilled and experienced project team. right green design features  Project team Design and construction
skilled and and materials can be appropriately adopted, avoid rework and changes throughout ~ characteristic cost
experienced design and construction process.
project team
Do (2019) 1. A modern design methodology in archifecture, engineering and construction
(ARG industry ) ‘
Singer etal. (2017) Set-based design ™3 Afjows design effort fo proceed concumently and defers detailed specifications Design Design cost
until a compromise are aggregable management
Do (2019} Bae and Kim (2007) 3. Avoid rework and waste
Dammjanovic et al. (2009) Bundle/split 1. Is listed among the top ten most efficient methods to reduce construction cost Technical Construction cost
project as project size affect the construction cost.

2. Bundling small project or splifting large project into medium-size project.

Published by: The Mattingley Publishing Co., Inc.
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The effectiveness of cost reduction measures, designates
the success of project cost reduction. From the review and
analysis of previous literature on the cost reduction
methods in various industries: automotive, manufacturing
and construction

Element of green cost reduction success

industry,

highway construction, the application of the selected cost
reduction methods have been found effective in reducing
the desired cost. Table 4 depicted the summary of studies
on the application of cost reduction methods on desired
cost across various industries, that lead to project cost
reduction success.

traditional

building and

Table 4: Summary on cost reduction success across industries.

Author(s) Country Industry Study background Findings
Zhiran & This paper highlighted on cost reduction in automotive industry in the field  1.The application of cost reduction methods showed positive impact
Mengxiao China of Chinese market towards the reduction of logistic management cost and production cost
(2012) 2. Methods: Just-in-time (JIT). Standardization
Athalye et al. India This paper is based on application and analysis of various cost reduction 1. The sampled of aufomotive stamping part supplier can save cost of
(2013) methods particularly in reduction of unwanted cost through elimination of Rs 1.89.115 per annum afier cost reduction activities implemented
Automotive  non-value-added activities during production phase
2. Methed: Kaizen costing, just-in-time (JIT), value engineering (VE),
total qualify management (TQM).
Gilotra & India This paper presents the cost reduction method of on-road and off-road 1. The organization has been able to offer 8% - 19% reduction in cost
Kandoi (2015) vehicles per product to the client.
2. Method: Value engineering (VE)
Egbide et al Nigeria This paper discussed on the impact of cost reduction strategies in relation 1. Cost reduction methods indicate positive relationship in reducing the
(2019) to growth of manufacturing organization material cost and labor cost. lead to growth in manufacturing companies
2 Methods: Kaizen costing, value analysis
Sharma (2017) Nepal This paper aims to evaluate the effectiveness of cost reduction method in 1. All sampled manufacturing organization highlighted that the major
Manufacturing  Nepalese manufacturing organization cost area that need attention 15 purchasing of raw matenal. production
planning and control
2. Methods: Total quality management (TQM). supply chain
management (SCM), kaizen costing
Barbole et al. India This paper study on the impacts of various cost reduction method on 1. Cost reduction activities are significant in manufacturing industry
(2013) manufacturing industry for manufacturing companies to remain in business, grow and prosper.
2. Methods: Value engineering (VE). fotal quality management (TQM
Yadavetal India This paper presents various methods to reduce cost in the field of food 1. The reduction of cost lead to increase in production which makes out
(2013) manufacturing. profit maximization.
2. Methods: Supply chain management, reuse practice. fax relief. and
subsidies.
Heralova Czech Republic This paper discussed on the likelihood of using cost reduction method in 1. Using right cost reduction methods at the right time, results in project
(2016) constrction project as project delivery 1s not within cost and fime results  cost reduction and project performance improvement.
in, not m line with budget limits 2. Method: Value engmeering
Nowotarski et Poland This paper discussed on the idea of how lean methodologies can influence 1. Cost reduction methods showed positive impact (medium to high
al. (2016) Construction the total cost of selected construction process. impact) towards three selected construction process: colummn
concreting, storage area management, and scaffolding ordering
2. Method: Just-in-time (JIT); 5§
Damnjanovic Texas This paper objectively to identify the factors contributing to the increasein 1. Cost reduction methods applied on project and program level has a
etal (2009) construction cost and methods to reduce them. significant relationship in reducing project cost.
2. Methods: Value engineering (VE). Standardization, Bundle/Split
project, price escalation clause, performance-based contracting, reuse
practice.
Mahadik India This paper highlighted on the role of value engineenng as cost reduction 1. Research findings revealed that, the application of cost reduction
(2015) techmques relating to sustanable construction. techniques in sustainable construction project by multidisciplinary team
Construction lead to value and economic improvement.
(Cont’d) 2. Method: Value engineering
Granja et al. Brazil This paper examines the application of kaizen costing in the construction 1. The application of kaizen costing when the first unit start to be built,
(2005) of Brand Retail Unit (BRU) lead to continuous reduction of estimated cost of the BRU construction.
2. Method: Kaizen costing
Hwang et al. Singapore This paper investigates the cost premium and cost performance of green 1. Research findings revealed that several solutions are found effective
2017y building projects as well as propose solution on how to address them. for reducing green cost premium and improving cost performance.
2. Methods: Tax relief, availability of skilled design team and
contractor, and subsidies/incentives.
World GBC This arficle review on the green building cost and benefits for the 1. Research findings revealed that building green does not need fo cost
(2013) - developers, investors, and accupants. more if the correct strategies are apply right from the beginning.
2. Methods: Hiring skilled and experienced project team, infegrated
design process (IDP)
Akadiri et al. UK This paper aims at implementing sustainability principles in the building 1. Economic sustainability -to promote upmost cost efficiency and to
(2012) industry. reduce financial cost.
2. Methods: Locally-sourced materials. reuse practice, standardization
Robidchaud & Sustainable  “Thi paper preseats a suggestion on specific modifications fo traditional 1. Greening project management practices showed positive {mpacts i
Anantatmula us constmuction building practices to optimize the delivery of cost-efficient green building  improving the ability of sustainable construction projects to be
(2011) projects delivered within acceptable cost constrain
2. Methods: Integrated project team. infegrated design process.
Bae & Kim Korea This paper investigates the impacts of lean construction methods on social, 1. All methods showed positive impacts toward economic sustainability
2007y economic, and environmental sustainability. for sustainability facilities.
2. Methods: Infegrated project feam. performance-based contracting.
integrated design process, set-based design. just-in-time (JIT). target
costing. kaizen costing, 5S.
Lehman & ‘This paper examined on the factors that confribute to cost reductionand at 1. Methods: Just-in-time (JIT), value engineering, target costing,
Reiser (2000) us the same time improve value for the customers. standardization, integrated project team.
Building ‘This article discussed on the economic benefits of sustainable construction 1. This document revealed that, the first cost not higher than the original
Green Inc us projects and strategies to reduce initial cost. budgeted amount due to the methods applied to reduce them.
(1999) 2. Methods: Value engineering (VE), integrated design process. reuse

practice.
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4.2 Hypotheses development

To articulate the association of green cost issues (input),
green cost reduction methods (process), and green cost
reduction success (output), several propositions can be
highlighted through the development of directional
hypotheses as stated below. The directional hypotheses
are formulated for this study due to identified 19 past
studies that shows consistent direction. To articulate the
association of green cost issues and green cost reduction
methods, empirical evidence is used as depicted in Table
5. To articulate the association of green cost reduction
methods and green cost reduction success, qualitative
measure based on meta-analysis studies is used as
depicted in Table 6. Even all 19 past studies show
positive association, the authors decided to test the

Table 5: Justification of the association.

May-June 2020
ISSN: 0193-4120 Page No. 3977-3990

hypotheses within sustainable building construction
context, since the application of identified cost reduction
methods are derived from various industries. Therefore,
the null hypotheses are developed. The following
description highlight the research hypotheses to be tested.
H1: There is a positive association between green cost
issues and green cost reduction methods.

H1,: There is no association between green cost issues
and green cost reduction methods.

H2: There is a positive association between green cost
reduction methods and green cost reduction success.

H2,: There is no association between green cost reduction
methods and green cost reduction success.

Author(s) Industry Positive association
Athalye et al (2013); Zhiran & Mengxiao Production cost > Just-m-time
(2012)
Zhiran & Mengxiao (2012) Automotive Production cost > Standardization
Athalve etal (2013) Production cost > Kaizen costing
Gilotra & Kandoi (2015); Athalye et al. (2013) Production cost » Value engineering
Athalve et al. (2013) Production cost = Total quality management
Egbide et al. (2019); Sharma (2017); Barbole Production cost > Kaizen costing
etal (2013)
Egbide et al. (2019): Barbole et al. (2013) Production cost 2 Value engineering
Sharma (2017); Barbole et al. (2013) Production cost - Total quality management
Sharma (2017): Yadav et al. (2013) Manufacturing  Production cost = Supply chain management
Sharma (2017) Production cost = Standardization
Barbole et al. (2013) Production cost 2 Just-in-time
Yadavetal (2013) Over whole manufacturing cost < Tax relief
Yadav et al (2013) Over whole manufacturing cost > Subsidies
Nowotarski ef al. (2016) Constraction cost = Just-in-time
Nowotarski et al. (2016) Construction cost 2 55
Heralova (2016); Mahadik (2015); Garnja et al. Construction cost 2 Value engineering
(2005); Damnjanovic et al. {2009) Design cost > Value engineering
Granja et al. (2005) _ Construction cost > Kaizen costing
Damnjanovic et al. (2009) Construction ~ Design cost > Standardization
Construction cost - Bundle/split project
Construction cost = price escalation clause
Construction cost - Performance-based confracting
Design cost > Reuse practice
Hwang et al. (2017) Construction cost > Tax relief
Construction cost > Subsidies
Hwang et al. (2017); World GBC (2013) Construction cost > Skilled and experienced project team
Design cost 3 Skilled and experienced project team
World GBC (2013); Robidchaud & Design cost > Integrated design process
Anantatnmula (2011); Bae & Kim (2007);
Building Green Inc (1009)
Aleadiri et al. (2012) Design cost 2 Locally-sourced materials
Alkaduri et al. (2012); Building Green Inc Design cost > Reuse practice
(1900)
Aleadiri et al. (2012); Lehman & Reiser (2000) . Design cost > Standardization
Sustainable Construction cost = Standardization
construction

Robidchaud & Anantatmula (2011); Bae &
Kim (2007); Lehman & Reiser (2000)

Design cost > Infeprated project team

Bae & Kim (2007) Constraction cost 2 Performance-based contracting
Bae & Kim (2007) Design cost > Set-based design

Bae & Kim (2007); Lehman & Reiser (2000) Construction cost 2 Just-in-time

Bae & Kim (2007) Construction cost 2 Kaizen costing

Lehman & Resser (2000); Building Green Inc Construction cost » Value engineering

(1900 Design cost 3 Value engineering

Published by: The Mattingley Publishing Co., Inc.
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Table 6: Justification of the indicator for qualitative measures of green cost reduction methods effectiveness.

Authors

Construct

Indicator

Technical approach

Anwar et al (2016); Natalya et al. (2005)

Performance-based contracting
(PBC

The application of PBC influences the success of green cost reduction

1. Freedom m decision making on design,_construction methods, technology and management

2. Reduction of variation orders as its integrated contractor and supplier in the early stage of construction
3. Increase contractors’ effectiveness as 1f allows mimmum control of the owner/client once the project
is executed

4. Reduction of unnecessary construction waste as pavment is based on performance

Isaetal (2014); Bae & Kim (2007); Lehman & Reiser (2000)

Infegrated project feam

The application of integrated project team influences the success of green cost reduction

1. Encourage commnminication among project team members

2 Reduction of additional cost due to rework caused by conflicting of interest or miscommunication
among stakeholders.

Arivazhagan (2017). Heralova (2016), Oke et al. (2015)

Value engineering (VE)

The application of VE influences the success of green cost reduction

Design stage:

1. Help to identify and remove unnecessary cost by eliminating unnecessary design

Construction stage:

1. VE encourage contractors to come out with proposal that might improve project performance, value
improvement, lower construction cost or shorten the delivery of time subject to project team agreement

Fianid (2014). Miazi (2014); Athalye et al. (2013); Bae & Kim (2007)

Kaizen costing

The application of kaizen costing influences the success of green cost reduction

1. Help to elinunate non value-added activities. iy oduction processes and productivii

2. Encourage the umty of lower management to top management from different organizational function.
together to find the best solution for the problems occurred before any decision is make

3. Increase profit margin_ effectiveness of production process and relationship with suppliers and sub-
contractors

Vidhate & Salunkhe (2018); Athalye et al (2013). Hanid (2014).
Barbole et al. (2013); Koskela (1992)

Tust-in-time (JIT)

The application of JIT influences the success of green cost reduction
1. Reduction of process variability

2. Optimize inventories of materials and equipment according to the construction site real needs or
request only

Design management

Tsa et al. (2014), Aziz & Hafez (2013), Larsson (2000); Bae & Kim
(2007)

Integrated design process

The application of integrated design process influences the success of green cost reduction

1. Allow the integration of mechanical and el cal engineers. speciali 1 confractor. and
supplier at early design stage, result in, re-design reduction

2. Allow the mtegration of mechanical and electrical engineers. specialized consultants. confractor. and
supplier at early design stage, results in, production of highly efficient design with minimal and
sometimes zero incremental capital costs_ along with reduced long-term operating and maintenance costs

ed

Do (2019); Singer & Doerry (2000); Bae & Kim (2007)

Set-based design

The application of set-based design influences the success of green cost reduction
1. Allows more of the altemative design to proceed concurrently and defers detailed specifications until

ac ise are aggregable

2 Help in seeking various altematives to avoid rework and wasted effort

3. Allow the design team to explore possible solutions concurrently in considering the needs of the clients

Practical approach

Yadav et al. (2013); Akadiri et al. (2012); Shah and Pitroda (2011);
Dammjanovic et al. (2009); Green Building Inc (1999)

Reuse practice

The application of reuse practice influences the success of green cost reduction
1. Help to reduce matenial cost, haul cost as well as offer environmental benefits

2. Help to reduces the energy and effort in production of new materials
3. Reuse of salvaged and reconditioned components in repairs. and recycle content building products will
create better compatibility of materials

Oke et al. (2015); Akadiri et al. (2012)

Locally-sourced material

The application of locally-sourced marerial influences the success of green cost reduction
1. Prioritizes locally sourced materials in design result in. overall cost reduction as locally manufactured
products are cheaper

Aapaoja & Haapasalo (2014); Akadini et al. (2012); Lehman & Reiser
(2000)

Standardization

The application of standardization influences the success of green cost reduction

Design stage

1. Allows concept of uniformity in designing the components in terms of size and shape that are easily
replace or mterchange
Construction stage:

1. Improving labour productivity and saving time since components that need to be mamufactured and
installed are in standard structure and shape

Dammjanovic et al. (2009)

Bundle/Split project

The application of bundle/split project influences the success of green cost reduction
1. Bundle small projects into one larger project. This may offer contractors economy of scale in their

operations and attract more contractors to bid on a project
2. Split one large project info two or more smaller projects to increase potential competition especially
when there are an insufficient number of qualified contractors to bid on a large project.

Nurul Zahirah and Abidin (2012);. Damnfanovic et al. (2009)

Price escalation clause

The application of price escalation clause influences the success of green cost reduction
1. For longer contract durations. such clauses have a potential to reduce the contractor’s risk premium.

This risk premium is added by contractors to bid item prices to account for the expectation of future
increase in prices of materials due to inflation.

Project ream characteristic

Hwang et al. (2017); World Green Building Council (2013)

Skilled and experienced project
team

The application of skilled and experienced project team influences the success of green cost
reduction

1. Hiring skilled and experienced project team. right green design features and materials can be
appropriately adopted, avoid rework and changes that lead to lower cost premium

2. Reduction of design complexity

Management innovation

Ojo et al. (2015); Serpell and Heredia (2014); Dammnjanovic et al.
(2009)

Supply chain management (SCM) _ The application of SCM influences the success of green cost reduction

1. Help the organization in managing their network (comprise of all parties: supplier, manufacturer,
distributor and, customer) in different processes and activities to achieve project goal

2. Help the project team plan ahead and communicate requirements to material suppliers in advance.
Early information may help suppliers plan their production better.

Mohd Arif et al. (2019), Shoshan & Celik (2018); Barbole ef al.
(2013)

Total quality management (TQM) _ The application of TQM influences the success of green cost reduction

1. Help to achieve qualified product and services as per customer's need and expectation through the
articipation of all construction players throughout the construction process

2. Help in reducing construction waste such as defects. over-processing. delay, minimizing inspection

cost and rejection cost

Nowotarski et al. (2016); Demirci (2012); Bae & Kim (2007)

55: Seiri (sorting). Seiton
(improvement). Seiso (cleaning).
Seiketsu (standardization), and
Shitsuke (discipline)

The application of 55 influences the success of green cost reduction
1.Help to create and maintain a clean, orderly, and standardize work place

2. Low implementation cost

Moftivation

Fwang et al (2017). Aliagha et al. (2013)

Tax relief

The application of tax relief influences the success of green cost reduction
1. Encourage the selling. buving. and using of green technologies

Hwang et al. (2017)

Subsidies

The application of subsidies influences the success of green cost reduction
1. Substdies for research and development of sustainable materials and technology to achieve material

and technology cost reduction
2. Subsidies for sustainable building educational courses to flatten the learning curve

MGTC (2019); Fan etal, 2018

Green financing scheme

The application of green financing scheme influences the success of green cost reduction

1. Help sustainable producer’ manufacturer in terms of financial support through low interest loan

2 Help to improve investment priority through compensation
3_Help to reduce investment cost
4. Help to reduce financial risk

Published by: The Mattingley Publishing Co., Inc.
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DMI. Integrated design process
DM2. Set-based design

Sustainable desi 4]
1. High consulting cost
2 Frequent occumrence of alteration and vanation

P1.Reuse practice

P2. Locally-sonrced material
P3_Standardization

P4: Bundle/Split project

Tendering (ES)
1. Type of contract use

through reduction of initial cost.

DESIGN MANAGEMENT (DM)

PRACTICAL APPROACH (P)

2. High cost of tender bidding P5: Price escalation clause
Contractor’s experience (E6) PROJECT TEAM CHARACTERISTIC @
1. Lack of proficieacy with sustainable techology E
md eipment — EFFECTIVENESS OF E
? Difficulties m matching the equipment with PICL. Skilled and experienced project team GREEN &Os‘f r
sustamable desgn through education and training -
3. Less competition ameng contractor N REDUCTION
Sustainable material (E1 PROCESS
£ | L Highprodsctoacost TECENICAL APPROACH (T)
= | 2 Excessive usage of imported material
H
Sustainable equipment (E2) T1. Performance-based contracting »
1 Extra time allocated for equipment installation T2. Integrated project team
2. High cost of R&D T3. Value engineering (VE) =
b - - T4. Kaizen costing <
H Sustainable technolozy (E3) TS Just in-time (1TT) N
£ 1. High implementation cost of BS H
2 | 2a High implementation cost of BIM ]
%b. Uncertam of ROI ecovery of BIM MANAGEMENT INNOVATION (MI)
Insurance (E7 ) .
1. Addifional values of the coverage grovision MIL Supply chain management (SCM)
MI2. Total quality management (TQM)
MI3 58
MOTIVATION (M)
ML Tax rehef
M2. Subsidies
M3. Green financing scheme

Adagred from: Jin (2019); Huang et al (2017); Latiffi and Ng Q017):
CREAM (2016); Maoetal. (2016}; Zuluii (2016); Zaini (2016} Aramgam
etal (015); Jaafar & Radai (2013); Otadirn et al. (2013). Hwang & Ng
(2013); Ling & Al (2012); Nura! Zahirah & Abidin (2012); Damnjanovic et
al. (2009); Ashby etal. (2004) as depicted in Table 2.

Adaptod fromr Neo-classical
growh thcory

Adapted fron: Egbide et al. (2019; Sharma (2017); Hvvang et al. Q017
Heralova (2016); Nowotarski et al. (2016); Mahadik (2015); Gilotra &

Aleadii etal 2012)
al (2009); Bae &
Lehuman & Reiser (2000); Buiding Green Inc (1998) as depicted in Table 3.

Adapted from: Eghide et al. (2019); Hivang et al. (2017); Sharma
(2017 Nowotarski ef al. (2016). Heralowa (2016); Gilotsa & Kandi
(2015); Barbole et al. (2013); Werld GBC (2013); Athalyet al. (2013
Mahadik (2015); Himme (2012); Zhiran and Mengriao (2012); Akadisi
(2012); Robischand & Anaaratmula (2011); Danianovic et al
(2009); Bae & Kim (2007); Lehunan and Resser (2000); Building Green.
uc (1999) as degicted in Table 4.

Figure 2: Proposed conceptual model.

5. Conclusion

This study has explored the integration of sustainability
concept in the construction industry, which were termed
as sustainable construction as responds towards
sustainable development. In the context of building
construction, sustainable construction aims to improve
the existing ways of constructing buildings. Sustainable
construction literature documented that, there are many
models being developed purposely to enhance sustainable
building construction, but none of these models focused
on economic sustainability aspect which is to promote the
utmost cost efficiency and reduce financial cost. It has
been identified that green cost issues are actually hinder
the successful of sustainable building construction
implementation. Thus, solutions must be provided to
reduce the identified issues so that, the construction
practitioners be more attentive in the area of sustainable
construction. Therefore, the objective of this study was

achieved through the development of conceptual model
for improving sustainable building construction
implementation.

However, the presented conceptual model needs to
be further developed. Therefore, the author highlighted
several commendations that will be the basis for further

Published by: The Mattingley Publishing Co., Inc.

study. First, exploratory research, by conducting a semi-
structured interview with the experts to explore possible
methods to reduce green cost issues as well as to prob
finding from literature, looking for similarity and
contrasting. Second, explanatory research, purposely to
examine the effectiveness of green cost reduction
methods in reducing the green cost issues, result in, green
cost reduction success, seeking further development of
presented conceptual model.
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