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LIFE CYCLE COST TO ENERGY PERFORMANCE
IN GREEN OFFICE BUILDINGS: A REVIEW OF
THE COMPONENT
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123Department of Quantity Surveying, Faculty of Architecture, Planning and Surveying,
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Abstract

In today’s critical economy, expectations have gone beyond the designand construction of
a green building. The major barrier for growth in the green building market is the perception of
higher first costs associated with these buildings. It has long been acknowledged that it is
unacceptable to appraise the costs of projects only based on their initial costs. Hence, Life-
Cycle Cost (LCC) is beneficial in allowing owners and clients to make an informed decision on
the building materials. Through LCC, the total ownership of cost that includes operation and
maintenance costs for a building item calculated in the design stage to get a more accurate
projection. Ideally, the criteria or components of LCC should be determined before deciding to
proceed with the project. However, the LCC components for green projects are fragmented
and the items are not kept in a proper system. This situation can be challenging for the
decision-makers to adopt LCC exercise as there is no proper guidance on the LCC
components for green projects. Hence, this paper aims to review LCC components to energy
elements in green office buildings from literature and desktop studies. The findings showed
that the LCC components in the green building have similarities with conventional buildings
such as acquisition cost, installation, operation and maintenance cost. However, green
buildings acquire additional components such as energy consumption cost, building energy
audit cost, and emission factors (non-monetary). The findings will serve as a basis of the LCC
framework towards energy elements in green building.

Keywords: life cycle cost, energy performance, green building, cost component

1.0 INTRODUCTION

The construction industry is developing rapidly and has become one of the backbones of
the country. One of the 11th Malaysia Plan related to the construction industry is to achieve
sustainability of economic development, social and environmental, without compromising
future generations (Rum, & Akasah, 2012). Due to the budget blow, expectations have gone
beyond designing and constructing a green building in today's critical economy. The significant
barrier for growth in the green building market is the perception of higher first costs associated
with these buildings. It has long been acknowledged that it is unacceptable to appraise the
projects' costs only based on their initial costs. Hence, Life-Cycle Cost (LCC) is beneficial in
allowing owners and clients to make an informed decision on the building materials towards
sustainability. Through LCC, the total ownership of cost that includes operation and
maintenance costs for building items calculated in the design stage to get a more accurate
projection.

When it comes to energy performance measures, the building sector represents 40% of
the world's energy consumption and contributes to one-third of GHG emissions. Therefore, the
Ministry of Energy, Technology, Science, Climate Change, and Environment (KeTTHA) or
currently known as the Ministry of Energy and Natural Resources (KeTSA), have created the
Low Carbon City 2020 policy to achieve Sustainable Development and Climate Change
Agenda and energy efficiency towards low carbon cities (Mustafa, 2012). Ideally, LCC's criteria
or components in energy performance should be determined before deciding to proceed with
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the project. Therefore, this paper aims to review LCC components to green office buildings'
energy elements of literature and desktop studies.

2.0 PROBLEM STATEMENT: ECONOMIC ASPECTS IN ENERGY
PERFORMANCE

Economic performance measurement is vital for decision-makers to assess and distribute
recognisable value from initial capital and operating costs to appropriate shareholders in the
life cycle of assets. Value for money for construction products and its facilities should not be
viewed only in terms of design and construction costs. Instead, it is vital to consider other key
variables, such as operations, maintenance, renovation, replacement, and end-of-life costs. In
Malaysia, the policy and legal framework in regards to LCC utilization are highlighted in the
short-term action plans of green government procurement (GGP) on products and services
(KeTTHA, 2012). The leading enabler of the government construction project, the Public
Works Department (PWD), issued the standard LCC guideline known as “Garis Panduan Kos
Kitaran Hayat” in the year 2012 (PWD, 2012). The guidelines comprise a crucial component of
costs that should be addressed in each project phase. However, the listed LCC components in
the published guidelines are more applicable to conventional buildings. According to Zainol et
al. (2014) sustainable buildings' maintainability has economic, environmental, and social
impacts because sustainable operations and maintenance are always costly, impractical, and
difficult to implement. Therefore, it is vital to differentiate LCC's essential components for green
buildings, where passive and active sustainable design is considered in green buildings.
Besides, it takes deliberation of the sustainable or low carbon materials used in green
buildings. However, it is not clear to verify the component that contributes to high maintenance
for green buildings. This is also supported by Shabrin and Kashem (2017), that the payback
period decreases due to low operational costs in the green building.

In order to achieve optimum energy performance in buildings, it is essential to reduce
energy cost in the total life cycle budget (Dwaikat and Ali, 2018). Gopanagoni and Velpula
(2020) highlighted that the energy cost contributes 67% of the whole life cycle estimates, which
is higher than the initial building cost. An explicit calculation of energy consumption derives
from active devices, such as air conditioning and lighting devices. It is also influenced by the
building's design or orientation, which can also reduce building energy consumption. However,
it is necessary to determine the most optimum components that lead to the total cost of
ownership towards energy performance in green buildings. Hence, it is required to explore the
LCC components towards achieving optimal energy performance in building lifespan.

3.0 LIFE CYCLE COST FOR ENERGY EFFICIENCY IN GREEN BUILDING

Life-cycle cost (LCC), in turn, is defined as the entire cost of the product or system
towards its complete life or the duration of the period of study, whichever is the shorter. It is
taken into account the cost elements incurred from the initial investment, to ownership and
operation until subsequent disposal (Norman, 1990). According to the International
Organization for Standardization (2017), LCC is a cost of an asset, or its parts throughout its
life cycle, and fulfilling the performance requirements’ (ISO 15686-5:2017) (as shown in Figure
1). Meanwhile, Dwaikat and Ali (2018) defined LCC as the overall cost involved with building
design and construction, building operation, and maintenance, until the building disposal at the
end of the building life cycle. Therefore, when applying an LCC analysis, an initial value can
increase. Still, due to LCC's mechanics, it is a tradeoff for less financial commitment in the
future; for example, maintenance and operation costs decrease. It was proven in Gopanagoni
and Velpula’s (2020) study that building operational, maintenance, and disposal costs are
higher than the initial cost. The life-cycle cost to the green building also has the same meaning
as the life-cycle cost to conventional buildings. However, it is not clear in terms of detailing its
component, thus, this research will review the LCC component towards green buildings and
focus on energy performance measures.
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Figure 1: Whole life cycle cost separated by stages
(Source: BS 1S0:15686-5, 2017)

4.0 METHODOLOGY

Qualitative synthesis is used as the methodology for this paper. Sources of literature were
compiled from the leading database such as Academic Search Premier, Google Scholar,
Emerald and Scopus database. Search string usingthe keyword “Life-Cycle Cost’+“Green
Buildings”+’Energy Performance” is used to extract the pilot articles and the study has
retrieved twenty (20) articles , ranging from the year 2007 until 2020. The next section provides
the entailing result and discussion, focusing on the involved components and stages in project
development.

5.0 THE RESULT AND DISCUSSION ON SYNTHESIS ANALYSIS OF LCC
COMPONENTS

Table 1 shows the initial list of LCC components to green office buildings' energy elements
from twenty (20) articles. The components of LCC are divided according to the scope of work,
namely planning, design, procurement, construction, testing, operation, maintenance, and
demolition. During the planning phase, consulting service cost is the most focused LCC
component (Alshamrani, 2020; Hoar, 2007; PWD, 2012; Shabrin & Kashem, 2017; Tsai et al.,
2014; Xue et al., 2020) followed by management costs (PWD, 2012; Shabrin & Kashem, 2017;
Xue et al., 2020; Zhang et al., 2018), acquisition costs (Hajare & Elwakil, 2019; Hoar, 2007;
Shabrin & Kashem, 2017; Tsai et al., 2014), and training values (lllankoon et al., 2018; PWD,
2012; Shabrin & Kashem, 2017; Zhang et al., 2018). There are only design and professional
fees in the design phase mentioned by a few authors (Alshamrani, 2020; Dwaikat & Ali, 2018;
Gopanagoni & Velpula, 2020; Hoar, 2007; PWD, 2012; Shabrin & Kashem, 2017; Tsai et al.,
2014). In the procurement phase, Wang et al. (2020) and PWD (2012) revealed the involved
components are documentation costs and advertisement costs. However, in the construction
phase, all authors contributed similar points in addressing the construction contract costs as
the main components. It shows that constructions contributed to the LCC's numerous costs,
including materials costs (Alshamrani, 2020; Zhang et al., 2018), equipment costs (lllankoon et
al., 2018; Tsai et al., 2014; Zhang et al., 2018), and installation cost (Manso et al., 2020;
Shabrin & Kashem, 2017; Jansen et al., 2020). The findings also show the reuse, recycling,
remanufacturing costs, and carbon emission cost are the LCC components during the
operation phase, as highlighted by Tsai et al. (2014), Jansen et al. (2020) and Zhang et al.
(2018). It also depicts functional testing cost and commissioning cost as the cost component
in the operation phase (PWD, 2012).

Besides that, the utility cost, HVAC cost and cleaning cost are the LCC components, as
highlighted by Alshamrani (2020), Dwaikat and Ali (2016), Hajare and Elwakil (2020), Hoar
(2007), Li et al. (2020), Oduyemi et al. (2018), Tsai et al. (2014), Wang et al. (2020),
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Wouterszoon Jansen et al. (2020), Hajare and Elwakil (2019) and Shabrin and Kashem
(2017). It shows that these components are an enormous contribution to green buildings'
whole life cycle costs. Although energy cost is calculated via consumption, it was arguable that
the breakdown of energy cost could differ according to construction materials and products.
The majority of LCC components are repair and replacement costs when it comes to
maintenance costs (Dwaikat & Ali, 2018; Hajare & Elwakil, 2019; lllankoon et al., 2018; PWD,
2012; Li et al., 2020; Manso et al., 2020; Oduyemi et al., 2018; Shabrin & Kashem, 2017; Tsai
et al., 2014; Wang et al., 2020; Jansen et al., 2020; Zhang et al., 2018; Corrado et al., 2017),
followed by the service budget costs, HVAC costs, electrical installations costs, lift, escalator,
conveyor costs, periodic maintenance costs, ground maintenance costs, FM costs, and
modification costs (Alshamrani, 2020; Chew et al., 2017; Dwaikat & Ali, 2016; Hajare &
Elwakil, 2019, 2020; Hoar, 2007; PWD, 2012; Li et al., 2020; Manso et al., 2020; Oduyemi et
al., 2018; Shabrin & Kashem, 2017; Tsai et al., 2014; Wang et al., 2020; Jansen et al., 2020;
Xue et al., 2020). Under demolition costs, it was found that the residual value and demolition
work costs are among the majority (Dwaikat & Ali, 2018; Hajare & Elwakil, 2019; Hoar, 2007;
Illankoon et al., 2018; Manso et al., 2020; Shabrin & Kashem, 2017; Tsai et al., 2014; Jansen
et al., 2020). From the analysis, there are a plethora of LCC components for green building, as
discussed in the above. However, detailed items and breakdown of each element should be
further investigated through the further stage of this study. Another key point that should be
lookedinto is green cost, as an increment cost between purchasing conventional to green
materials.

The result showed that the green building's LCC components have similarities with
conventional buildings such as acquisition cost, installation, operation, and maintenance cost.
However, it was found that green buildings acquire additional components such as energy
consumption cost, building energy audit cost, carbon emission cost, reuse, recycling, and
remanufacturing costs. This is parallel to Kale et al. (2016) that mentioned energy consumption
cost as the key component to reducing the LCC and the significant annual expenditure. Hence,
this list will help design professionals use this framework during the concept design and detail
design stages. In any construction project, cost-effectiveness plays a crucial role. It is a
rationale that the LCC analysis can provide a method of determining the entire cost of a
structure over its expected life and operational and maintenance cost for green buildings.

6.0 CONCLUSION

The importance of LCC to building construction stems from long-term investments and
valuation models for all costs and benefits throughout the length of ownership. This study has
concluded that it is crucial to have reliable data by identifying LCC's essential green buildings
components. It is a decision-making approach before an owner decides to proceed with green
projects. The findings will embark plans on further investigation on the components' reliability
and validity in the Malaysia green projects.
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Table 1. Life cycle cost components to energy element -
B 2 2 5 7 2 a Y 7z § 2 = o 3 8 r ¢ 2 € B8
-3 8 & g & & 8 o 3 3 & 5 8 a2 & o ® g O
S 2 3 o 3 S 2 5 =2 2 X 2 2 2 § oo g 2
Life Cycle Cost Component e N § 2 oD 2 2 N 2 2 g = §_ B p i
o = —- (=] ] Q Ny q) = = N [ B = e o ]
o o o 5y e S S 3 ) S @ P o o Q
S n = Tk & = B g
S g 2 e =
e 3
1. PLANNING
Consulting Services Cost v v N v v v
Management Cost v N v
Value Management Laboratory Cost N
Research and Development and Training Costs N N N v
Acquisition Cost v v N v
2. DESIGN
Design and Professional Fees v v v v v v v v
3. PROCUREMENT
Documentation Cost v N
Advertisement Costs v
4. CONSTRUCTION
Construction Contract Costs v v v v v v v v v v v v N v v v
Finance Costs v
Equipment Cost v v
Materials Costs v v v
Manufacturing Costs v
Transport Costs v v
Installation Costs v Ng v
Reuse, Recycling and Remanufacturing Costs v v
Carbon Emission Costs v
Variation Order (VO) Cost v
Safety Management Costs v
Insurance v N
5. TESTING AND COMMISSIONING
Functional Testing Cost v
Cohmissioning Cost v
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Table 1. Life cycle cost component to energy element (cont’d)

= 5 -°%°5 § & 5 3 §°%8 £ 5 3z 2 2°% o °8 3
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= & @ 2 3
6. OPERATIONS
Administrative and Management costs v
Utility Cost v v v v v N
Energy Audit Costs v
Lighting Cost v
HVAC Costs v v v v v v
PV Cost v
Electricity Costs v v
Cleaning Costs v v v v v v N v
Overheads Costs v
Security and Health Costs v v
Taxes / Subsidies v v v
Energy Costs (general) v v v N v v N v v N v v
7. MAINTENANCE
Service Budget Costs v
HVAC Costs v v v v v v
Electrical Installations Costs N v v
Lift, Escalator, Conveyor Costs v v
Repair Costs v v v v v v v N
Periodic Maintenance Cost v v
Grounds Maintenance Costs v v v v N
Facility Management Costs v
Replacement Costs v v v v v N v v v
Modification / Upgrade Costs v v
8. DEMOLITION
Residual Value v v v v
Demolition Costs v v v v v v
Disposal Cost v v v v v v v
Waste and Waste Transportation Cost v N v v
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Tuan,

PERMOHONAN KELULUSAN MEMUAT NAIK PENERBITAN UiTM CAWANGAN PERAK
MELALUI REPOSITORI INSTITUSI UiTM (IR)

Perkara di atas adalah dirujuk.

2. Adalah dimaklumkan bahawa pihak kami ingin memohon kelulusan tuan untuk mengimbas
(digitize) dan memuat naik semua jenis penerbitan di bawah UiTM Cawangan Perak melalui

Repositori Institusi UiTM, PTAR.

3. Tujuan permohonan ini adalah bagi membolehkan akses yang lebih meluas oleh pengguna
perpustakaan terhadap semua maklumat yang terkandung di dalam penerbitan melalui laman
Web PTAR UiTM Cawangan Perak.

Kelulusan daripada pihak tuan dalam perkara ini amat dihargai.

Sekian, terima kasih.
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Saya yang menjalankan amanah,
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