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Abstract

Construction industry contributes to the economic growth output in Malaysia by an
improvement in wider economic activity, variety tools and technologies. One of the
prominent tools or systems includes the adoption of Industrialised Building System (IBS) for
construction. Industrialised Building System (IBS) is defined as a construction made of
components manufactured either on or off site, then positioned and assembled into the
structures. In Malaysia, IBS is not a new initiative. The government has launched many
initiatives to encourage the practitioners towards IBS implementation, however the rate on
the IBS usage is still low. The construction stakeholders are concern on the cost factors as the
main issue of its low adoption. It is often neglected that IBS constitutes intangible cost or non-
monetary benefits of its adoption, thus, the purchase or initial cost cannot be
overemphasized. Hence, this paper aims to identify the tangible and intangible cost elements
and analyse the indicative level of its importance toward the IBS construction. Questionnaire
survey is used as the research approach where the survey involved 73 nos. of IBS contractors
registered in the Perak, Malaysia as the research scope. The data is analysed using Statistical
Package for Social Science (SPSS) software version 22. The results revealed that the most
significant component of IBS tangible cost is material cost, followed by Transportation Cost,
Plant and Machineries Cost, Profit and Overhead, Labour Cost, Verification Cost, Maintenance
Cost, Demolition Cost, Functional and Testing Cost, and Energy and Operational Cost. While
the most important intangible cost elements is Wastage, followed by Time, Durability and
Efficiency, Quality of Components, Sustainable, Levy exemptions, Tax Incentives, and Design.
The study recommends that introducing a cost-effective capital would be able to boost the
involvement of IBS contractors in the usage of IBS construction.
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Introduction

Construction industry is a significant sector that contributes to the economic growth in
Malaysia. Due to cater the demand of rapid development construction in the nation, the
Industrialised Building System (IBS) system is introduced and acknowledged to the
construction practitioners and industry players. IBS is defined as a construction process that
applies techniques, products, components, and building system where the components are
produced in a restricted environment (Mohamad et al., 2016). Through the government
policies and legislation, IBS is highlighted under the Construction Industry Master Plan (CIMP)
2006-2015 in Strategic Thrust 5. The Construction Industry Transformation Programme (CITP)
2016-2020 in the Strategic Thrust 3 continued to address the significance of IBS where
Malaysia is required to increase the IBS implementation to overcome the issue of foreign
workers in the construction industry (Ministry of Works, 2016).

The recent Twelfth Malaysia Plan (2021-2025) also highlighted the importance of IBS
towards the economic growth and Gross Domestic Product (GDP) output, where several
strategies to increase the use of sustainable, durable, biodegradable and recycled
construction materials will be promoted through the application of the IBS concept and
technologies. As stipulated in the Twelfth Malaysia Plan (EPU, 2021), the requirement for Pre-
Approved Plan (PAP) and IBS in government projects were enforced to expedite project
implementation. At the end of the Eleventh Plan (2016-2020), the number of available PAP
increased from 19 to 28 categories with 180 designs. All government projects valued RM10
million and above are required to comply with the minimum IBS score of 70%. Thus, it shows
the commitment of government in ensuring the IBS applications continually implemented.

Therefore, it is clear that IBS is demarcated as prominent initiatives in the construction
industry towards sustainable environment. IBS has been introduced in Malaysia since 1960
and it is an innovation made by the government since there is an increase in the awareness
of the environmental pollution, natural resources depletion, and sustainable development
(Bari et al., 2012). There are many initiatives introduced and promoted by the government in
developing the IBS in Malaysia; including the IBS Roadmap 1 (2003-2010), Construction
Industry Master Plan (CIMP) (2006-2015), the IBS Roadmap 2 (2011-2015), Construction
Industry Transformation Programme (CITP) (2016-2020), and continued to the National
Construction Policy (NCP2030) by Ministry of Works. All of these initiatives were carried out
to increase the usage of IBS implementation in building construction in Malaysia. Hence, it is
significant to explore the benefits of IBS in terms of tangible and intangible elements that can
foster the transition towards sustainable construction and green purchasing processes.

Problem Statement

According to Saad et al (2022), the development in the conventional construction sector
dropped by 44.9 percent in the second quarter of 2020 based on the Malaysian Department
of Statistics. It is aligned to the challenges highlighted by EPU (2021) that the economic sectors
continue to face issues that affect competitiveness and hinder the sectors from achieving
their full potential. One of the highlighted issue that Malaysia lags behind most regional peers
is low productivity growth in the construction sector due to slow adoption of Industrialised
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Building System (IBS) (EPU, 2021), especially in private projects. As extracted from the mid-
term review of CITP 2016-2020, the adoption rate of IBS in the public projects was 85% in
2020, exceeding the 80% target. However, the IBS adoption rate in private projects was 41%,
below the 50% target (as shown in Figure 1). Even the government is serious in promoting
IBS, the percentage of IBS usage is still low from the objective or target especially in private
sector (Mohamad et al., 2016).

IBS in Government IBS in Private
Projects Projects

Target 80% 50%

Achieved 8 5% 41 %

Figure 1: The adoption rate of Industrialised Building System (IBS) in the Malaysian
construction projects in CITP 2016-2020
(source: Ministry of Works, 2020)

The critical justification on the low adoption of IBS in private construction projects is due to
the lack of demand and higher initial cost (Mohd Amin et al.,2017; CIDB, 2018; The Edge
Markets, 2017). As shown in Figure 2, this is aligned to the data from IBS Centre (2016) that
revealed the projected IBS usage in Klang Valley in private sectors in 2016 was only 46% while
the remaining 54% still preferred to use conventional method for the construction. Data from
Malaysia Equity Research (2014) shows that IBS was not a preferred options as it resulted in
increasing of construction cost to 10% higher as compared to the conventional method.

The Usage of IBS in Private Sector
Construction Projects

46%

-

= Not using IBS = Using IBS

Figure 2: Percentage of private sector project implementing IBS
(source: IBS Center, 2016)
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Jabar et al (2013) mentioned that the higher capital cost for IBS is comprise as the developers’
reason in refusing the IBS application. This is supported by Mohamad et al., (2016) and Nasrun
et al (2015) that cost and other factors such as low awareness or knowledge of IBS among
construction parties contribute to the low adoption of IBS. According to Ogunde et al., (2018),
the perception on IBS among the industry players is that IBS is expensive. The cost is often
viewed simply as the purchase price of the system or products and it is often treated as a
commodity. The element of cost is also known as tangible or monetary cost where it defined
as tangible or direct expenditure that associated to a specific product, devices or system (Abd
Rashid et al., 2019).

According to Khalil et al (2021), costs and considerations for systems or products for
construction should be looked through overall life cycle and not merely on the initial cost. As
IBS is in operation for years, it is important to consider the intangible or non-monetary
benefits will be over time. Intangible cost elements are known as the “costs” that are not
directly accountable or quantified, where intangible cost can have an impact towards the
product manufacturers or users. However, Abd Rashid et al (2019) stated that the research in
primary benefits of IBS are still lacking in the aspect of economics that focusing on the
intangible or non-monetary indicators. Hence, this paper provides the findings on the
identification of the IBS implementation in terms of tangible and intangible cost elements.

Overview on the IBS Benefits and Challenges in Malaysian Construction Sectors

According to Shamsuddin et al (2017), IBS is one of the innovative methods in the construction
sector that perceived as an effort from the Malaysian construction industry. IBS is defined as
a construction system or process that consists combination of manufactured components on-
site or off-site, where it will be positioned and assembled into a structure (Abd Rashid et al,
2019). The benefits of IBS proven through many studies (Saad et al, 2022; Mohamed et al.,
2016; Nasrun et al, 2015; Shamsudin et al, 2017; Mohd Amin et al, 2017; Anuar et al, 2014)
which includes produce minimal wastage, provide cleaner and safe environment, reduce the
materials on site, less labors on site, controlled product quality, speed up the project
completion, neat and safer sites, and lower the construction costs.

However, along with the benefits highlighted, the usage or implementation of IBS in
Malaysia still does not reach the satisfaction level as the usage is still low compared to the
conventional system, especially in the private project sector (Nasrun et al., 2015; Abd Rashid
et al., 2019). According to Anuar et al (2014), among the constitute factors are due to the
availability of foreign labors in which the rate of labors is low compared to the rate of erecting
the IBS, lack of knowledge on IBS and contractor’s unwillingness to switch from conventional
method to IBS, and bad reputation on IBS project such as delays and bad qualities which
resulted in unacceptance of using IBS in the construction sector (Anuar et al., 2014). Previous
researchers addressed that cost is the main factor that contributed to less usage of IBS in the
construction (for example: Shamsudin et al., 2017; Abd Rashid et al., 2019; Abd Rahim &
Qureshi, 2018; Amin et al., 2017). IBS costs are about 12-13% higher than the conventional
methods. This is due to the high prices of IBS components that can be broken down to the
purchase of new imported machinery, mold production, tax and machinery from abroad as
well as the expense of training staff to mount components and operate various high-tech
machinery (Malaysia Equity Research, 2014). The costs involved in IBS include the tangible
cost and intangible cost.
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Tangible costs are expenses which can be specifically identified with a particular
supported activity and which can be directly attributed with a high degree of accuracy to such
activities. Tangible costs are also costs that are relatively easily identified and with a high
degree of accuracy and these costs directly attribute and chargeable to a specific project
(Walters, 2016). While, intangible costs are those incurred for specific or shared purposes and
cannot therefore be directly linked to a particular project, but contribute to the total cost
(Khalil et al., 2021). These costs can have a direct impact to the users, developers or
manufacturers as they are like the hidden costs in IBS that can either provide benefit to the
IBS itself or the other way around.

Based on the initial identification of tangible and intangible cost elements from the
literature review, there are ten (10) cost elements contributed to the tangible cost and eight
(8) intangible cost elements. These cost elements are listed as initial list of cost elements
associated to the IBS projects from the perspective of tangible and intangible. The tangible
cost constituted to the IBS adoption are Material Cost, Transportation Cost, Labour Cost, Plant
and Machineries Cost, Profit and Overhead cost, Energy and Operational Cost, Verification
Cost, Maintenance Cost, Functional and Testing Cost, and Demolition Cost (as compiled from:
Saad et al., 2022; Abd Rashid et al., 2019; Walters, 2016; Khalil et al., 2021; Yunus et al., 2021,
Sangale, 2015; Shamsuddin et al., 2017). All of these costs can be directly seen when
implementing IBS construction. While for intangible aspects, the cost elements are classified
as Time, Quality of Components, Levy Exemptions, Tax Incentives, Wastage, Sustainability,
Design, Durability and Efficiency (as compiled from: Abd Rashid et al., 2019; Walters, 2016;
Khalil et al., 2021; Yunus et al., 2021, Shamsuddin et al., 2017). As supported by Walters
(2016), intangible cost is a cost that cannot be seen directly while carrying out a project but
these costs are crucial in order to complete the works. The importance of these tangible and
intangible cost elements are further explored through the responses from the industry and
construction practitioners in determining reasons towards the low IBS adoption.

Methodology

This research adopts quantitative method as the research approach. The responses and rate
of importance level are retrieved from the population of registered IBS Contractors in
Malaysia as the survey respondents. Hence, purposive sampling is used as the sampling
method for this research as it concentrates on common characteristics of a population of
interest. Due to large sampling of IBS Contractors in Malaysia, therefore, this research focuses
the population in the state of Perak as there is still low adoption of its application in this state,
as compared to other states. This is also to align with the Perak Development Policy 2040 that
highlights on the sustainable development and physical structure with enhancement of IBS
viability. The sampling population of IBS contractors was extracted from the list of IBS
Contractors indicated in the Construction Industry Development Board (CIDB) Orange Book
(2018). Based on the list, there are 154 nos. of IBS contractors registered in Perak, therefore,
the survey was disseminated to contractors via email for data collection. The survey has
received 73 responses, (or 47.4% response rate) and it was finalised for data analysis. The
Statistical Package for the Social Sciences (SPSS) version 22 was used to produce the statistical
data. Descriptive data analysis was carried out in for this research and presented in the
frequency analysis, percentage analysis, mean score value and standard deviation.
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Results and Discussions

The analysis begins with the reliability analysis of the survey. Pilot test to 10 respondents was
conducted in retrieving the reliability and validity of the questionnaire items, using Cronbach
Alpha. Hair et al (2010) stated that the acceptable Alpha value is at least 0.7 and above. The
attained Alpha for reliability analysis is 0.8424, thus indicate that the items are reliable,
measurable and valid.

i) Demographic Background

As mentioned previously, a total of 73 respondents had answered the survey. Table 1 shows
the demographic result of the respondents, in terms of gender and experience in IBS projects.
It was found that the respondents are dominated by male contractors (73%) and the rest
24.7% respondents are female contractors. In terms of years of experience in IBS projects,
majority or 43.8% respondents have less than 5 years involvement in IBS projects, followed
by 39.% respondents with experience between 6 to 10 years, while the least 16.5% have more
that 10 years’ experience.

Table 1
Demographic Background of Respondents
Demographic Criteria Items Percentage
Male 75.3%
Gender Female 24.7%
Years of Experience in IBS Less than 5 years 43.8%
Projects 6 -10 years 39.7%
Above 10 years 16.5%

ii) Mean Score on the Important Level of Tangible and Intangible Cost Elements

In this section, the respondents were asked in terms of the importance level on the
components of tangible and intangible cost involved in IBS projects. The results are presented
in Table 3 and Table 4. The importance level are measured using five (5) numerical Likert-
scale, where the scale is range from 1 (Very unimportant) to 5 (Very important). Mean score
(x) for each cost elements are clearly presented to indicate the rank of importance. The
interpretation of the perceived mean score is shown in Table 2:
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Table 2
Mean Score Interpretation Scale

Score Range

Interpretation

4.50-5.00 Very Important
3.50-4.49 Important
2.50-3.49 Moderate
1.50-2.49 Unimportant
1.00-1.49 Very Unimportant
Table 3
The Importance Level and Perceived Mean Score on the Tangible Cost Elements involved in IBS
Scale of Importance (Frequency = n) Rank
(based
No Elements of/ v Mean on
" Tangible Cost ‘€'Y Unimportant Moderate Important .. Score
inimportant 2) 3) (@) Important Mean
1) (5) Score)
1 ~ Maintenance 2 11 36 24 412 07185 7
Cost
Transportation
2 0 0 2 30 41 453  0.5409 2
Cost
Plant and
3 Machineries 0 0 0 35 38 452  0.7708 3
Cost
4  Functionaland 49 10 12 2 255 06145 9
Testing Cost
5 Material Cost 0 0 0 18 55 475 0.8776 1
g  Profit and 0 0 41 32 444 07123 4
Overhead
7 Labour Cost 0 4 5 35 29 422 06331 5
g  Verification 0 4 3 40 26 421 07432 6
Cost
g  Demolition 0 36 2 25 10 312 04108 8
Cost
Energy and
10  Operational 0 45 24 4 0 244  0.4766 10
Cost

Based on the results shown in Table 3, it was found that the highest mean score on the most
important tangible cost elements for IBS is material cost (mean=4.75). It is inferred that the
costs involved in IBS are quite high during the initial stage due to the higher material cost,
transportation cost also the plant and machineries cost. This is parallel with the study by
Nasrun et al (2015) that mentioned the material cost became higher due to less demand made
from the industry, thus, it caused the production to become less and since the productivity is
less, so, the product cost will be higher. This is also supported by Sangale (2015) that the
manufacturing cost for IBS components is higher compared to manufacturing of the material
for conventional methods. The survey concludes that the manufacturing cost for IBS is worse
compared to conventional as it is pricier. However, other tangible costs are depending on the
situation of the project itself such as the transportation cost and maintenance cost.
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The second important tangible cost element is transportation cost (mean =4.53). While
transportation cost depends on the distance to deliver the components and maintenance
costs depend on the situation during the maintenance. This is parallel to a study conducted
by Holla et al (2016) that pre-cast concrete provides cost-effectiveness with durability,
flexibility and sound durability. Therefore, the maintenance costs are also lower. It is also
stated that IBS has better quality control or assurance, thus reducing the risk of building
defects as well as preventative maintenance and repairs (CIDB, 2018).

The next tangible cost element that important to IBS projects Plant and Machineries
Cost (mean=4.52), ranked at the 3™ most important element. Plant and machineries costs are
high because IBS requires a lot of plant and machineries in order to install the IBS components.
Anuar et al (2014) stated that lack of investment in heavy equipment and construction
mechanisms due to high investment in capital could slow down the adoption of IBS. High
capital costs associated with IBS would result in inadequate capacity for contractors to secure
the project. It is becoming a challenge as the project costs will be high due to the use of
specialized cranes to handle factory-built parts on both manufacturing yards and construction
site and this will have an additional costs on it (CIDB, 2018).

Next, the most important tangible cost element is profit and overhead cost
(mean=4.44). Overhead cost is defined as a cost incurred by the contractor to support the
work that is not a part of the actual construction work. In the calculation of construction,
overhead costs are extremely important. Neglecting the overhead has driven many
contractors out of business, as these costs represent a significant portion of the total
construction costs. Thus, controlling the overhead costs is critical (Bhangale & Patil, 2014).

The 5th ranked tangible cost element that important to IBS projects is labour cost
(mean=4.22). It is undoubted that labours should be trained as skilled workers because IBS
workers should be substantially more quality-conscious than the untrained workers who do
manual jobs in the traditional construction industry which led to higher cost compared to
conventional method. Sangale (2015) described that the cost for labor is higher as compared
to conventional methods in terms of off-site shop prefabricators, on-site prefabricators, on-
site preassembly crew, and the in-place installers for IBS components. Mohd Amin et al (2017)
described that the demand for on-site manual labor particularly carpenters, bar benders and
concreters become less.

The other tangible cost elements that is ranked as least important to IBS projects are
Verification Cost (mean=4.21), Maintenance Cost (mean=4.12), Demolition Cost (mean=3.12),
Functional and Testing Cost (mean=2.55), and Energy and Operational Cost (mean=2.44);
ranked at 5 to 10" important tangible cost element, It was not surprised to found that
energy and operational cost constitute the least important tangible cost element due to less
energy consumption produced during the IBS construction process at site. As described by
Ahmad Bari et al (2012), using IBS supports the sustainable concept in construction and less
harmful to the environment degradation.

Apart from tangible cost, it is significant to present the intangible costs and non-

measurable items contributed to the benefits of IBS to foster the transition towards
sustainable construction and green purchasing processes. The next section provides the
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entailed result on the importance level of the intangible cost in implementing IBS project (as
shown in Table 4). The rank of the most important intangible cost element was arranged
based on the perceived mean score for each element.

Table 4
The Importance Level and Perceived Mean Score on the Intangible Cost Elements involved in
IBS

Scale of Importance (Frequency = n) Rank

No Elements of v v Mea (base
Intangible ery Unimportan Moderat  Importan ery n Sd d on
Cost unimportan o ¢ Importan ¢ ore Mean

t t Score)

Levy 6

1 4 1 4.37
Exemptions 0 0 38 3 3 0.6331

2 Time 0 0 0 19 54 4.74 0.7632 2
Quality  of 4

3 Component 0 0 0 35 38 4.52
> 0.8102
Durability 3

4 and 0 0 3 24 46 4.59
Efficiency 0.6896

5  Wastage 0 0 0 15 58 479 o775 1

6  Sustainable 0 0 0 41 32 444 97764 °
Tax 7

7 Incentives 0 10 8 37 18 3.86 0.6442

8 Design 0 28 6 22 17 3.38 0.3875 8

As depicted in Table 4, the results obtained from the survey showed that the most
important intangible cost element based on the highest mean score is Wastage (mean=4.79)
. The adoption of IBS in construction that result in lower materials usage and lower wastage
levels including off- site manufacture and use of pre-assembled process. This is parallel to
Holla et al., (2016) that stating prefabricated concrete or IBS can help minimize on-site waste
by up to 50% of a building compared to in-situ cast construction.

The second ranked of the most important intangible cost element is Time (mean=4.74).
Previous research by Abdul Rahim & Qureshi (2018); Rahim & Ismail, (2011) and Marsono et
al., (2006); also agreed that IBS or prefabrication method is good as it reduces construction
time. The precast method consumed less time compared to traditional method, as the
prepared materials and elements are delivered just in time and placed on site which reduces
unnecessary handling and use of equipment. This is supported by Abdul Rahim and Qureshi
(2018) that conventional construction involves complete on-site work and is unsustainable as
it is associated with poor quality and productivity, high risk of worker safety and high
dependency on labours. Implementation of IBS also helped other trades to start work earlier,
speeding up the building process and making it more economical with less disruptions to the
local area (Holla et al., 2016). IBS makes the construction cycle shorter as a result of quick
installation and erection of components aside from lower chance of project completion delays
due to quicker turnaround time and weather-related adversity secure (CIDB, 2018).
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The third ranked important cost element is Durability and Efficiency (mean=4.59).
Better quality of IBS components leads to increased performance, especially when inputs are
used efficiently and effectively (Saad et al., 2022; Khalil et al., 2016). The use of IBS obviously
offers a stronger quality assurance mechanism. The next ranked intangible cost element is
Quality of Components (mean=4.52), ranked at 4™ most important intangible cost element.
Quality is a certain guaranteed elements for IBS projects as the manufacturing is in the
controlled environment. This is supported by Abd Rahman and Omar (2006) that by adopting
IBS, proper coordination and management, precision, innovative and quality will be appeared
as new attributes to be associated with the construction industry. However, a good
maintenance of IBS buildings is needed to maintain the quality. Ismail et al (2016) stated the
high quality of IBS building maintenance works level and the long life span of services required
an efficient management to maintain the building structure and facility at the IBS building.

Next, the 5% ranked important intangible cost element is Sustainable (mean=4.44). IBS
is acknowledged as technology that supports the sustainable construction. Yunus (2012)
asserted that IBS can be seen as an alternative option to maintain sustainability in
construction as it can generate more controlled human resources and cost, shorten the
construction period and increase the quality of buildings. Hence, the industry players have to
shift their paradigm from conventional construction to IBS in coping with the sustainability
agenda for construction works.

The result also showed that the least important of intangible cost elements are Levy
exemptions (mean=4.37), Tax Incentives (mean=3.86) and Design (mean=3.38). Inevitably IBS
is not flexible in terms of design changes due to prefabrication of the items, hence, design is
not favourably important. This is supported by Ismail et al (2016) The practices of
conventional methods for maintenance management in Malaysian Industrialised Building
System (IBS) building faced many issues due to IBS component aesthetic and structural
defects which occurred repeatedly compared to building maintenance on conventional
building, no integration between maintenance systems, lack of co-ordination between design
and construction.

Conclusion

The findings of this study contribute a basis of indicative approach in changing the
stakeholder’s mindset on the higher cost of IBS adoption. Based on the results of the survey,
recommendations are made to increase motivation and the involvement of IBS Contractors
for IBS projects. The study also provides viability of IBS in the context of intangible benefits to
the stakeholders and users. It is recommended to standardize the cost of skilled workers at
reasonable cost. Harmonizing taxes incentives for the whole IBS market including towards IBS
Contractor could lead to increase the awareness and adoptions of IBS projects, especially
among private project developers. Other than that, introducing soft loans to promote the
establishment of new start-ups to reduce the burden on contractors who have to pay in
advance for IBS product procurement can be seen as a good incentives. This is due to the high
initial cost to start up the IBS project which makes IBS is less favourable adoption. Thus,
introducing a cost-effective capital would be able to boost the involvement of IBS contractors
in the usage of IBS construction
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