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Abstract: Concerns on the effect of construction industry to the environment has driven an increase in sustainable
construction activities as well as green initiatives. Life cycle costing (LCC) which is a method of assessing the total
cost of ownership of an asset or project has been commonly associated with sustainable-related studies and are used
around the world for the last few decades. Even though many benefits have been associated with LCC, its
implementation in construction industry is still limited, particularly in green construction projects. This paper aimed
to identify the main challenges in implementing LCC in Malaysia’s green construction projects. A quantitative
approach via questionnaires survey was conducted on 200 respondents from various backgrounds, namely architects,
quantity surveyors, engineers and other professionals typically would be involved in LCC preparation for green
construction projects in Malaysia. The questionnaires were distributed to the respondents via traditional mail
followed by e-mail as well as online platforms in order to increase the response rate. A total of fifty (50) completed
and usable questionnaires were collected and analysed based on mean scores and ranking method. It was discovered
that the main challenges of LCC in green construction projects were insufficient project or context specific data and
difficulties in carrying out LCC calculations due to absent of proper LCC guidelines or framework. The findings
serve as a valid point of reference for industry participants concerned with green developments to improve the LCC
process and its adoption in Malaysia’s green construction projects. Efforts must be taken to minimize or ease these
challenges perhaps by formulating a framework or guideline specifically designed to address the challenges, thus
improving the LCC process and encouraging its adoption in Malaysia which will ultimately contribute towards
achieving the world’s green construction agenda.

Keywords: Life cycle costing, challenges, green construction projects

1. Introduction

Construction industry is known to have a range of potential detrimental effects to the environment. Among others
are the non-recycleable waste produced from construction activities, effect on greenhouse gas emissions from buildings’
energy use, land use effect as urbanization increases, and building products’ consequences to human health and indoor
environment (Sharma et al, 2011; Hoseini et al, 2013; Munarim and Ghisi, 2016). These concerns caused an increase in
the interest on a global scale in sustainable construction activities as well as green initiatives (Wang et al, 2014; Kibwami
and Tutesigensi, 2016). In response to the world agenda for sustainable development, many countries have been gearing
up its effort to operate in a greener mode by lowering the nation’s carbon emissions, conserving energy and promoting
the use of green technology and other green practices (Mohamed Bohari et al, 2015). Various mechanism are being
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introduced and practiced all around the world such as green procurement, green building or project certifications, and
green product labelling (Mohamed Bohari et al, 2015; MGTC, 2019), which are all in line with United Nation’s
Sustainable Development Goals No.11. Apart from all these, one tool that has been frequently associated with
sustainable-related studies is Life Cycle Costing (LCC) (Maisham et al, 2019).

Within the context of built environment, life cycle costing (LCC) is a technique used by project team to evaluate the
project’s anticipated economic performance throughout its life cycle from design stage, construction, operation and
maintenance, up to its disposal (Boussabaine and Kirkham, 2004). It was first introduced in the U.S in the mid-1960s to
assist the procurement of military equipment by the U.S Department of Defence (Atkinson, 1996). Since then LCC
became a popular approach for decision-making among U.S. government agencies (Goh and Sun, 2015). Morever, ever
since sustainable development became prominent at the beginning of 21st century, there has been an increase interest in
LCC application especially in green construction projects. Among others, because the approach enables decision-makers
to fully grasp the short-to-long term costs and benefits of the project, which is a vital economic information when making
decisions (Miah et al, 2017). Nevertheless, previous studies have claimed that LCC implementation in the construction
industry is still lacking (Higham et al 2015; Sesana and Salvalai, 2013). Although plenty of studies have been carried out
on the area of LCC relevant to green construction practices or sustainable development (De Giacomo et al, 2019; Ahmad
Jasmi et al, 2018; Dwaikat and Ali, 2018; Lim et al, 2018; Zuo et al, 2017; Higham et al, 2015), the current state of LCC
in green construction projects in Malaysia is still at its infancy. Therefore, this paper aims to identify the main challenges
in implementing LCC in green construction construction projects.

2. Life Cycle Costing in Green Projects

Since its first introduction, LCC has extended its application to many areas such as product design, buildings,
transportation, and technologies (Eriksson et al, 2016; Ng et al 2014). The term ‘life cycle costing’ is used interchangeably
with other terms such as ‘life cycle cost analysis’, ‘whole life cost’, and ‘total cost assessment’ (Shin and Cho, 2015;
Mateus et al, 2013). RICS (2016) defined LCC as “a tool to assist in assessing the cost performance of construction work,
aimed at facilitating choices where there are alternative means of achieving the client’s objectives” and even allows same
basis of comparison when these alternatives differ. Furthermore, LCC enables evaluation of a building’s economic
performance throughout its life cycle, from its initial planning and design to construction, operation and maintenance,
refurbishment and finally, its demolition (Volkov et al 2014).

Green construction has become a necessity for the environmentally consious industry (Hwang, 2018). Construction
of green buildings is part of sustainable construction that aims to address issues of building’s ecological, social and
economic aspects in the context of its community (Kibert, 2016). Green building can be defined differently depending
on the construction perspective. However, its general goal is to achieve energy and resource efficiency, realizing long-
term economic, environmental and social health (Sahamir and Zakaria, 2013; Yoon and Lee, 2003). Basically it involves
the application of sustainability principles to building design (Kibert, 2016). As such, being recognized as one of the
fundamentals for achieving sustainability (Gundes, 2016), LCC application in Green projects is somewhat anticipated in
the industry. Moreover, LCC has been adopted in an environmental and social context due to the rising concerns on
sustainability and its three pillars (Zhang et al, 2021). The growing concentration in research has been apparent in this
past decade, varing in its area of interest (Goh and Sun, 2016), which is an encouraging scenario. Among the studies
include evaluation of different environmental friendly technological options using whole-life cycle costing (Pellegrini-
Masini et al, 2010), combining the use of LCC with other methods to analyse and investigate the implications of critical
input variables on LCC for making risk-informed investment decisions (Mah et al, 2018; Miah et al, 2017; Heijungs et
al, 2013; Wong et al, 2010), and the attempt of comprehending whether internalisation of LCC in government tenders
can be encouraged by embracing Green Procurement (De Giacomo et al, 2019), a procuring process that seek to source
goods, services or work with a reduced environmental impact (European Commission, 2016). Even in Malaysia, LCC
has been hailed as a vital tool to support the implementation of its own version of green procurement, and should be
considered as one of the awarding criteria for decision making (KeTTHA, 2018). Another local research aimed to develop
an integrated web-based automated analog computerised programming which attempts to fill the gap of local green
building rating assessment tool (myCrest) and LCC. All these studies somewhat confirms the importance of LCC in green
construction developments and should be further stimulated.

2.1 Challenges of LCC in Construction Industry

Previous studies have testified the significant role LCC plays either in its application in conventional building or
even in green construction projects along with the many benefits that can be attained from it (Bruce-Hyrkas et al, 2018;
Miah et al, 2017; Ashworth, 2010; Ellingham and Fawcett, 2006; Flanagan and Jewell, 2005; Langdon and Everest;
2004). Yet, its implementation in reality has been linked with some challenges (Patil et al, 2021). Among the challenges
include difficulties in obtaining cost variables (Dwaikat and Ali, 2018), restrictions on the sort of environmental and cost
impacts that can be considered due to limited knowledge during the early design stage (Zuo et al, 2017) and contradictions
between practices of design, cost calculations and data management (Saridaki and Haugbaglle, 2019). Availability and
reliability of data such as lifespan, future costs of operation, maintenance, previous consumptions, fixed costs, and
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investments, is also one of the main challenges for the mainstreaming of LCC (Khiyon & Mohamed, 2018; Hochschorner
and Noring, 2011). Table 1 provides a list of challenges in implementing LCC as reported by past researchers. The
challenges identified were compiled, analysed and then categorized into four (4) main challenges which are Project-
related, Data-related, LCC-related and Professionals-related factors. Basically the challenges were grouped based on the
nature of the challenges whether they are related or due to the project factors, data factors, LCC factors or the
Professionals.

Table 1 Challenges in implementing LCC in construction industry

LCC Challenges Authors
Project-related factor

Insufficient project or context specific data Zuo et al, 2017
Insufficient time to carry out LCC during the early design and Lim et al, 2018

procurement stage
Data-related factor

Difficulties in obtaining quality cost data or variables Hochschorner & Noring, 2011; Oduyemi
et al, 2014; Khiyon & Mohamed, 2018

Difficulties in obtaining building LCA background data Hochschorner & Noring, 2011

Difficult to determine, examine and respond to the changing cost Munro, 2008

throughout project’s life span

Difficult to determine the appropriate life span of a project Hochschorner & Noring, 2011
Difficult to determine the appropriate life span of components Hochschorner & Noring, 2011
Difficult to determine the appropriate discount rate Hochschorner & Noring, 2011
Difficult to define the comparable baseline Hochschorner & Noring, 2011
LCC-related factor

Difficulties in understanding LCC’s methodological problems and Cole & Sterner, 2000
limitations

Difficulties in carrying out LCC calculations due to absent of proper LCC ~ Wan Hassan et al, 2014
guidelines or framework
Professionals-related factor

Difficulties in getting support and commitment among professionals Lim etal, 2018
Difficulties in carrying out LCC exercise manually due to lack of De Giacomo, 2018; Kambanou, 2020
resources (i.e. LCC software)

However, there has been no specific research documenting the challenges faced by the Malaysian construction
industry in implementing LCC in Green construction projects. This information will provide understanding that is
significant in order to formulate strategies to ensure the uptake of LCC in the construction industry, specifically in
green projects. Therefore, the variables presented in Table 1 will be used as basis to identify the main challenges in
implementing LCC in Malaysia’s green construction projects.

3. Methodology

In order to achieve the research objectives, a systematic literature review on the challenges of LCC was carried
out first. The aim of the review is to identify the possible challenges encountered in carrying out LCC in green
building construction project. The examination and analysis of past works on LCC also provides a better
understanding on the process of carrying out LCC in the construction industry. As a result of the literature review,
a total of sixteen (16) challenges were identified (refer to Table 1). This finding is then used to develop a set of
questionnaire for the purpose of identifying the main challenges in implementing LCC in Malaysia’s green
construction projects. For the purpose of this survey, the challenges identified from the literature were grouped into
four (4) main challenges based on the nature of the challenges whether they are related or due to the project-related
factors, data-related factors, LCC-related factors or Professionals-related factors. The purpose of grouping these
challenges is so that it would be easier for the respondentsto relate and understand the possible challenges sice it is
presented in a more organized format.

The developed questionnaire consisted of three (3) sections. The first section asked about the details of the
respondents. The second section carried questions regarding the profile of green construction projects undertaken
by therespondents for those who have involved in green construction projects. The third section asked the
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respondents about their opinion or experience on the challenges faced in carrying out LCC in green construction
projects. The fourth section requires respondents to give comments on the possible ways to overcome those
challenges. The questionnaire was first distributed via traditional mail which has been proven a successful method
and is representative of the population (Szolnoki & Hoffmann, 2014). However, due to the current COVID-19
pandemic, response were very low. Therefore, toincrease the response rate, the questionnaire was then reproduced
using google form and distributed via e-mail and other online platforms, which are known for its speedier response and
lower cost (Nayak and Narayan, 2019). Moreover, survey feedback and reminders were sent to facilitate response and
ensure higher response rate.

From a total of two-hundred (200) respondents namely architects, quantity surveyors, engineers and other
professionals that typically would be involved in LCC preparation, a total of fifty (50) completed and usable
questionnaires were collected. As shown in Table 2, the highest response rate is from quantity surveyor with 46%,
followed by response from others comprising of project managers, green consultants and certifiers with 30%. While
both response rate from architects and engineers were only 12% each. The overall response rate is 25% which is
acceptable.

Table 2 - Respondents rate

Types of respondents Number of questionnaires Response rate
Distributed Returned (%)
Acrchitect 50 6 12
Quantity Surveyor 50 23 46
Engineer 50 6 12
Others 50 15 30
Total 200 50 25

4. Results

As mentioned earlier, a total of sixteen (16) challenges were identified. Respondents were required to rate the
critcalness of each challenge based on a 5-point likert scale. The challenges are then ranked according to their relative
criticalness, which are based on the mean score. Although the challenges have been classified into four (4) group
challenges as mentioned earlier, the results tabulated in Table 3 shows the mean values and ranking based on the overall
total of challenges identified. The analysis were done using IBM SPSS Statistic 26.

Table 3 - Overall ranking on LCC challenges

LCC Challenges Mean Rank
Insufficient project or context specific data 3.30 1
Difficulties in carrying out LCC calculations due to absent of proper LCC 3.20 2
guidelines or framework

Difficulties in carrying out LCC exercise manually due to lack of resources 3.18 3
Insufficient time to carry out LCC during the early design and procurement stage 3.16 4
Difficulties in obtaining quality cost data or variables 3.12 5
Difficulties in obtaining building LCA background data 3.10 6
Difficult to determine, examine and respond to the changing cost throughout 3.08 7
project’s life span

Difficult to obtain previous data for economic comparison 3.08 7
Difficulties in getting support and commitment among professionals 3.02 8
Difficult to define the comparable baseline 2.98 9
Difficult to select the best possible option due to complex interrelations between 2.94 10
different types of costs and elements

Difficult to determine the appropriate life span of components 2.90 11
Difficult to interpret results from LCC analysis 2.80 12
Difficult to determine the appropriate life span of a project 2.78 13
Difficulties in understanding LCC’s methodological problems and limitations 2.78 13
Difficult to determine the appropriate discount rate 2.76 14

5. Discussions
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For the purpose of discussion, Table 4 to 7 shows the relative ranking of the challenges inside each group
factor. These rankings inside each of the mentioned tables were achieved based on the overall rankings tabulated
earlier in Table3.

5.1 Analysis on LCC Challenges

Challenges in LCC implementation were categorized into four (4) group challenges. Table 4 shows the LCC
challenges related to project factor, where ‘Insufficient project or context specific data’ is ranked first with a mean
score of 3.30, followed by ‘Insufficient time to carry out LCC during the early design and procurement stage’ with
a mean score of 3.16. In the overall ranking (Table 3), both challenges were ranked at first and fourth place
respectively. This indicate that challenges under this category are the main challenges faced in implementing LCC
in green construction projects, however both are only at critical level.

Table 4 - LCC challenges due to project-related factor

LCC Challenges — Project-related Factor Rank
Insufficient project or context specific data 1
Insufficient time to carry out LCC during the early design and procurement stage 2

Table 5 presents the LCC challenges due to data factor. Under this category, ‘Difficulties in obtaining quality
cost data or variables’ is ranked at number one with a mean score of 3.12, while ranked at second and third place is
‘Difficulties in obtaining building LCA background data’ (mean score of 3.10) and ‘Difficult to determine, examine
and respond to the changing cost throughout project’s life span” (mean score of 3.08). All three challenges were rated
‘critical” and falls within top ten position of the overall ranking (Table 3). The other challenges under this category
were in overall rated as ‘less critical’.

Table 5 - LCC challenges due to data-related factor

LCC Challenges — Data-related Factor Rank
Difficulties in obtaining quality cost data or variables 1
Difficulties in obtaining building LCA background data

Difficult to determine, examine and respond to the changing cost throughout project’s life span
Difficult to define the comparable baseline

Difficult to determine the appropriate life span of components

Difficult to determine the appropriate life span of a project

Difficult to determine the appropriate discount rate

~No ok~ W

Shown in Table 6 is the LCC challenges relevant to LCC factor, where ‘Difficulties in carrying out LCC
calculations due to absent of proper LCC guidelines or framework’ is ranked at first place. In the overall ranking
tabulated in Table 3, this challenge is at the second highest position ranked as ‘critical’ with a mean score of 3.20.
While ‘Difficulties in understanding LCC’s methodological problems and limitations’ is ranked at second place here,
but in the overall ranking it is ranked at the second bottom position with a mean score of 2.78, rated as ‘less critical’.

Table 6 - LCC challenges due to LCC-related factor

LCC Challenges — LCC-related Factor Rank
Difficulties in carrying out LCC calculations due to absent of proper LCC 1
guidelines or framework

Difficulties in understanding LCC’s methodological problems and limitations 2

The final category of LCC challenges is those relevant to professionals factor. Table 7 indicates the top rank
position as ‘Difficulties in carrying out LCC exercise manually due to lack of resources’. This challenge ranked at
third highest position in the overall ranking (Table 3), having a mean score of 3.18. The second highest rank under
this category goesto ‘Difficult to obtain previous data for economic comparison’, while third position goes to
‘Difficulties in getting support and commitment among professionals’. Both challenges has a mean score at critical
level, of 3.08 and 3.02 respectively. The remaining two (2) challenges under this category are ranked as ‘less critical’
in the overall ranking table.

Table 7 - LCC challenges due to professionals-related factor
LCC Challenges — Professionals-related Factor Rank
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Difficulties in carrying out LCC exercise manually due to lack of resources 1
Difficult to obtain previous data for economic comparison 2
Difficulties in getting support and commitment among professionals 3
Difficult to select the best possible option due to complex interrelations between 4
different types of costs and elements

Difficult to interpret results from LCC analysis 5

The findings revealed that, based on the mean score, all the LCC challenges were either rated as ‘critical’ or
‘less critical’, with slightly more than half of the challenges were indicated being at critical level. ‘Insufficient project
or context specific data’ is ranked as the most critical challenge. This finding makes sense because as highlighted
by Bogenstatter (2000), the application of LCC in early stages of design process would allow relevant construction
and operating cost to influence critical decisions. As such, to carry out LCC at a very early stage would be challenging
because at this stage, normally the project information is still minimal and the context is still very much vague.
Which makes it common for the project team to experience insufficient project and context data to perform LCC
exercise, that would allow decision-makers to fully comprehend the short-to-long term total costs and benefits of
the project (Miah et al, 2017). This is also in lined with Zuo et al (2017) claim that due to limited knowledge during
the early design stage, to obtain the sort of environmental and cost impact data would be restricted if not challenging.

The second highest ranked challenges is ‘Difficulties in carrying out LCC calculations due to absent of proper
LCCguidelines or framework’. This finding is surprising because many guidelines on LCC have been published
around the world such as Australia’s LCC Guidelines for Sport and Recreation Facilities, Ireland’s SCS Guide to
LCC, US’s LCCManual for the Federal Energy Management Program, UK’s RICS professional guidance on LCC
and many other documents relevant to LCC Analysis. Most current one was published in 2019 by International
Construction Measurement Standards (ICMS) under the ICMS Coalition which is basically a second edition to the
first edition published in July 2017 to include LCC. In Malaysia, the Public Works Department (PWD) has also
published the LCC Guidelines back in 2012 (JKR, 2012). However, there is no evidence that suggests that the LCC
guideline helps users toeffectively carry out LCC exercise n real life project.Perhaps a much detail and clearer LCC
guideline, or even a dedicated framework on LCC process for Green construction projects should be established to
overcome this challenge.

Nonetheless, this does not mean that the government is not promoting LCC as a supporting decision tool for the
evaluation of matters relevant to sustainable and green development. Many initiatives have been taken by
governments around the world in the effort of encouraging the application of LCC in the industry (Chiurugwi et al,
2010). Nonetheless, the government should play a more active role in addressing these challenges. As revealed in a
study done in the UK construction industry by Oduyemi et al (2014), one of the key factors that prevented wider
application of LCC was the absence of standardized guideline, which echos the finding of this study. A couple of
years later, UK’s RICS professional guidance on LCC were published (RICS, 2016) perhaps in response to this
finding. Same should be taken up by the relevant government bodies and institution in Malaysia perhaps to come up
with a much detail and clearer LCC guideline,or even a dedicated framework on LCC process for Green construction
projects, as suggested earlier. Furthermore, the government should be planning and executing more initiatives and
incentives to encourage the implementation of LCC in green construction projects.

6. Conclusion

As a conclusion, it could be summarized that the application of LCC in practice is still limited, especially in
green projects, eventhough research trends are increasing in this area. Clients are still wedged to the traditional
approach of project development, looking towards short term initial cost, rather than the best long-term value.
Besides, there is still much work to be done in justifying the need for a conscious shift of focus towards implementing
LCC in green construction projects. In the mean time, effort must be taken to address or resolve the challenges faced
by the project team when preparing LCC, especially the main challenges. Perhaps formulating a framework or
guideline specifically designed to address these challenges would help ease the LCC preparation. The government
should also enhance their effort to promote LCC in green developments among the industry players. The findings
of this study serve as a valid point of reference for industry participants concerned with green developments to
improve the LCC process and its adoption in Malaysia which will ultimately contribute positively towards achieving
the world’s green construction.
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