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Carbon Emission from Buildings: An Application of Life Cycle Assessment

Pelepasan Karbon daripada Bangunan: Satu Penggunaan Penilaian Kitaran Hayat
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ABSTRACT

Buildings sector contribute to approximately 40% of carbon emissions, calling for the urge to tackle the problem.
Carbon emission is mainly associated with the use of enormous amounts of energy during the operational phase in
the building life cycle. Carbon emission from a building can be determined by measuring energy used starting from
building material preparation until building s end of life. There is a substantial literature on determining the embodied
energy (EE) of materials and carbon emission especially using Life Cycle Assessment (LCA) which considers all stages
in the building life cycle. The application of LCA provides a tool for complete measurement of building effects on the
environment and indirectly contributes to mitigation measures that could be applied in the whole building construction
process and building life cycle that would contribute to an environment friendly and effective built environment. Thus,
this paper discusses the application of LCA in building sector to determine which phases in the building life cycle that
consumes more energy and releases more carbon emission. The application of LCA is very appropriate in assessing the
performance of a building where effective mitigation measures could be identified to improved efficiency and helping
national energy and natural resource conservation.
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ABSTRAK

Sektor bangunan menyumbang kepada lebih kurang 40% daripada pelepasan karbon, menyeru gesaan untuk menangani
masalah ini. Pelepasan karbon sebahagian besarnya dikaitkan dengan penggunaan tenaga yang besar semasa fasa
operasi dalam kitar hayat bangunan. Pelepasan karbon daripada bangunan boleh ditentukan dengan mengukur
tenaga yang digunakan bermula daripada membina penyediaan bahan sehingga keadaan akhir bangunan. Terdapat
banyak penulisan dalam menentukan ‘embodied energy’ (EE) bahan dan pelepasan karbon terutama menggunakan
Penilaian Kitar Hayat (LCA) yang mengambil kira semua peringkat dalam kitaran hidup bangunan. Penggunaan LCA
menyediakan alat untuk mengukur secara lengkap kesan-kesan bangunan terhadap alam sekitar dan secara tidak
langsung menyumbang kepada langkah-langkah tebatan yang boleh digunakan dalam keseluruhan proses pembinaan
bangunan dan bangunan kitaran hidup yang akan menyumbang kepada persekitaran alam bina dan berkesan. Oleh
itu, kertas kerja ini akan membincangkan penggunaan LCA dalam sektor pembinaan untuk menentukan fasa dalam kitar
hayat bangunan yang menggunakan lebih banyak tenaga dan melepaskan karbon secara berlebihan. Penggunaan LCA
adalah sangat sesuai dalam menilai prestasi sesebuah bangunan di mana langkah-langkah tebatan yang berkesan dapat
dikenal pasti untuk meningkatkan kecekapan dan membantu tenaga negara dan pemuliharaan sumber semula jadi.

Kata kunci: Pelepasan karbon; bangunan, semula jadi; penilaian kitaran kehidupan

INTRODUCTION pollution emission derived from building sector are
the main concern since more than 40% of natural

Building sector plays a significant function in resources had been consumed by the sector along

satisfying human needs. It is designed to provide
comfortable habitat and atmosphere to the occupant
at the cost of huge amounts of natural resources.
Building construction consume tonnes of natural
resources for example energy, minerals and water
while at the same time generated pollutants and
waste (Dimoudi and Tompa 2008; You et al. 2011;
Zuo et al 2012). Moreover, resource depletion and

with enormous emission of GHG particularly carbon
dioxide (CO,) (Arena and De Rosa 2003; Chang
et al. 2012). Therefore, this sector is responsible
for serious environmental problem such as waste
generation, external and internal pollution, resource
depletion, environmental damage, high-energy
consumption and GHG emission especially CO, (Ortiz
et al. 2009).
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Globally, 30-50 % CO, was released by building
sector, becoming one of the largest CO, emitter
(Asif et al. 2007; Ramesh et al. 2010; Zhang et
al. 2013; Jeong et al. 2012; Basbagill et al. 2013).
According to IPCC (2007) and You et al. (2011),
high concentration of CO, had been emitted to
the atmosphere with concentration of 5.3 — 6.7
Gt of CO, per year. The emission of CO, is related
to energy consumption throughout the building
life cycle especially during operational phase
(Kofoworola and Gheewala 2009; Monahan and
Powell 2011). According to Jeong et al. (2012),
operational energy accounts for 85 - 95 % of total
energy used for dwelling type buildings. Moreover,
energy consumption is not only focused during the
operational of the building, it also encompasses
embodied energy, which relates to resource
extraction and manufacturing of building materials.
For example high amount of CO, is released during
the manufacturing of cement process and until the
end-use of the building (Blengini and Di Carlo 2010;
Lee et al. 2013). Thus, there is a long-term goal of
CO, emission and energy reduction specifically to
be implemented for the building industry by many
countries and organization.

There are several alternatives to reduce emission
from building sector. As suggested by IPCC (2007)
and Zuo et al. (2012), this emission can be reduce by
two main measures which are reducing operational
energy and embodied energy consumption and
application of renewable energy for building
operation. Rising attention for environmental
performance of building especially in energy saving
led to several concept such as low-energy building,
passive building and zero-energy building in order
to reduce environmental burden from building
sector (Thiers and Peuportier 2012). Adalberth
(1997a) had presented a method to analyse the
energy usage for dwellings with recommendation
to reproduce buildings that require small amount of
energy during management phases. This is because,
higher energy demand is needed because of the
production and placement of additional technical
system especially for new and eco-friendly house
such as passive house and solar house (Feist et al.
2005; Thiers and Peuportier 2012). In this context,
it is important to have assessment method for whole
building phases especially methods that provide
complete measurement for building sector.

In order to enhance the environmental quality
several methodologies had been developed to
improve building environment performance such

as life cycle assessment (LCA) (Ortiz et al. 2009;
Zhang et al. 2013). LCA is a tool in assessing
sustainability of buildings, it has always been
characterised as a “cradle to grave” or also “cradle
to cradle” concept which able to analyse all phases
of building from material production until end on
life. Many studies have been done in determining a
variety of environmental impacts from many types
of building. Therefore, LCA can be used as an aid
to enhance the accurateness of decision making in
any building sector activities towards sustainability
of construction industry (Ortiz et al. 2009). This
paper aims to review briefly the application of LCA
in assessing building performance in consuming
energy and emitting CO,.

UNDERSTANDING LCA

Nowadays, there is growing of awareness concerning
the quality of our environment, which is being
worsened by anthropogenic activities and climate
change. Scientific documentation regarding human
activities that contribute to climate change and
lessons that is learnt from industrial pollution that
affects our environment leads to the introduction
of sustainability concept. In order to achieve
sustainability, life cycle assessment can be applied
to decision making which can help in overcome
the resource depletion and environmental issues
(Ortiz et al. 2009; Ramesh et al. 2012). The concept
of LCA has being develop since year 1970s and
1980s that focuses on the estimation of energy and
materials used and waste production throughout
the product life cycle from raw materials process,
manufacturing, use and disposal (Dakwale and
Ralegaonkar 2012; Sharma et al. 2011). This
complete and complex assessment is well known
as cradle to grave approach (Kofoworola and
Gheewala 2009; Ortiz et al. 2009; Blengini and Di
Carlo 2010; Ramesh et al. 2010).

The comprehensiveness and unified assessment
in handing topics for example framework, impact
assessment and data quality makes LCA being
widely used (Ortiz et al. 2009). LCA method has
been internationally recognized and highlighted as
an international standard under 1SO 14000 series
on environmental management (Kofoworola and
Gheewala 2009; Blengini and Di Carlo 2010; Cucek
etal. 2012). As stated by Arena and De Rosa (2003),
Asif et al. (2007), Hammond and Jones (2008),
Sharma et al. (2011) and Thorn et al. (2011), there
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are four main stages of ISO LCA framework that
follow logical sequences of goal definition and
scoping, inventory analysis, impact assessment
and interpretation (Figure 1). The most important
stage in LCA is inventory analysis where it is aims
to determine the magnitude and significance of the
potential environmental impact of the studies by
calculating the inputs which can be materials and
energy and the outputs such as emissions and waste
(Chang et al. 2012).
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FIGURE 1. Stages in life cycle assessment

There is several methodology of LCA
particularly in inventory stages which are process
analysis, input-output analysis and hybrid analysis
(combination of process and input-output analysis)
(Kofoworola and Gheewala 2009; Heinonen et
al. 2011; Sharma et al. 2011). According to Dias
and Pooliyadda (2004) process analysis requires
input and output data at the level of an individual
industry which produces an accurate analysis but
as stated by Kofoworola and Gheewala (2009), this
analysis requires sufficient data requirement which
makes it time consuming. Input-output analysis
is based on monetary transaction which requires
an input-output table (Heinonen et al. 2011). It is
known as a comprehensive analysis because of the
application of Leontief Inverse matrix but lacks in
precision (Treloar et al. 2001) while hybrid analysis
is an analysis that is designed to overcome the
incompleteness of both previous analysis (Heinonen
et al. 2011). The completeness of LCA makes this
tools being widely use. Even though LCA is as
science-based environmental assessment method, it
also can be applied by several field of studies such as
social studies (Weidema 2006), biological analysis
(Passell et al. 2013), social-economic analysis
(Iribarren and Vazquez-Rowe 2013) and human
risk assessment (Ribera et al. 2014). Moreover, the
methodology that represent by LCA has frequently
applied to assess building system performance.

APPLICATION OF LCA IN BUILDING
SECTOR

LCA is widely used in assessing embodied and
operational energy in the whole life cycle of a
building (Dixit et al. 2012). The studies on energy
consumption estimation during the different life
cycle stages: embodied, construction, operational,
demolition and recycling known as life cycle energy
analysis (LCEA) which is a form of LCA (Kua and
Wong 2012; Buyle et al. 2013). In total life cycle
energy of a building, embodied and operational
energy are the important aspects to be quantified
(Dixit et al. 2010). Embodied energy is the energy
required for production of materials or product
(Treloar et al. 2001; Cabeza et al. 2013) which
includes mining process, refining, manufacturing,
transportation and erection (Langston and Langston
2008) while operational energy includes all
activities related to the use of the building related
to operational phase, for example maintenance of
indoor environment through heating and cooling;
lighting and operational appliances (Ramesh et al.
2010; Cabeza et al. 2013).

High energy use always relates to high
emission of CO,. Every stage in building life
cycle consumes energy and in particular produces
emission. According to Williams et al. (2012), high
energy consumption of a building during operational
phase was due to high demand of cooling and heating
in the building known as air conditioning and heater
usage. Moreover, there were few literature using
LCA application in building sector especially in
determining embodied energy and CO, emission for
example office building in Canada (Cole and Kernan
1996), single house dwelling in Sweden (Adalberth
1997b), low carbon building in Italy (Blengini and
Di Carlo 2010), high-rise building in China (Chang
et al. 2012), common residential house in United
Kingdom (Cuéllar-Franca and Azapagic 2012) and
commercial building in Singapore (Kua and Wong
2012). The comparison between type of building
and highest emission of CO, among building life
cycle phases are shown in Table 1.
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TABLE 1. Selected studies related to energy and CO, emission

References Type of  Area Type of building Parameter studied Note
analysis
Suzuki and Oka LCA Japan  Office Energy, co, Highest energy and O, emission
(1998) during operational phase
Blengini and Di Carlo LCA Italy Low energy building  Energy, CO, Highest co, emission during
(2010) compared with operational phase, low energy
standard house building contribute less CO, emission
from standard house
You et al. (2012) LCA China  Residential concrete ~ CO, Highest CO, emission during
and steel structure operational phase
Zhang et al. (2013) LCA Hong  High commercial Air emission (CO,, Highest CO, emission among air
Kong  building CH,, SO,, CO, NOx, emission analysed and during

N,0) operational phase

The applications of LCA in many types of
studies, areas, parameters as well as the objectives
with plenty of them are more focused in assessing
energy consumption rather than CO, emission. One
of the earliest studies by Suzuki and Oka (1998)
provides a significant reference by using LCA in
assessing building energy consumption and CO,
emission. The result from that study showed that,
highest CO, emission was during operational phase
of office building. Similar result determined by You
et al. (2012) also shows that highest CO, emission
from operational phases of residential building for
both concrete and steel structure. The studies also
find that CO, emission during life cycle of residential
building mainly come from energy consumption and
land footprint. Furthermore, a study by Blengini and
Di Carlo (2010) shows that particularly low carbon
energy building contributes significantly lower
CO, emission from standard house but operational
phase still is the dominant contributor. The finding
by Zhang et al. (2013) reported that every phase
in building life cycle generates air emission with
highest CO, emission (compared to other air
emission tested) in overall phase of building life
cycle as previous studies came during operational
phase.

BUILDING ASSESSMENT IN MALAY SIA

The assessment of building sector in Malaysia is
limited to green building rating while the whole
life cycle assessment still in progress. In fact, the
limitation of initial data in terms of availability
makes LCA application in Malaysia of low priority.
Moreover, some of the organization tends to

keep their data confidentially, which makes the
compiling process difficult. According to Arena
and De Rosa (2003), the difficulties of using LCA
in developing countries such as Malaysia due to
lack of expertise, high cost, complexity and lack of
local data. However, wide use of LCA application
all over the world shows that the accurateness of
LCA in assessing building performance which in
turn makes it recommendable to be applied in the
construction industry of Malaysia.

The understanding of building embodied energy
in Malaysia is still new and needs more research.
Quantification of building embodied energy
particularly in materials is not available compared
to other country such as United Kingdom where a
list of embodied energy is listed by Hammond and
Jones (2008). In Asia, countries such as Taiwan also
have their own database on building materials and
CO, emission. Moreover, there is no detailed study
on building energy performance exists in Malaysia
compared to other country. According to Monahan
and Powell (2011), the value of embodied energy and
emission of carbon are different by country because
of the energy mix, transformation processes, the
efficiency of the industrial and economic system of
the country and variability over the time. Thus, it is
necessary to have detail embodied energy database.
It is also very important to monitor electricity energy
requirement of a product since it gives general idea
of the product’s environmental footprint (Thorn et
al. 2011). Moreover, the effectiveness of national
strategy in reducing energy consumption especially
from building sector can only be done with
completeness of each building materials embodied
energy database. As stated by Hammond and Jones
(2008), the availability of embodied energy database
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will help in determining the best material to be
used with lowest CO, gas emission and impact to
the environment.

CONCLUSION

As building sector is one of the major consumers
of energy and main contributor of greenhouse gases
particularly CO,, the environmental impact from this
sector is significant. Even though building sector is
designed for human needs which good condition
and cosy environment is the main priority, active
action in energy reduction and energy saving needs
to be taken. Highest energy usage and CO, emission
comes from the operational phase in building life
cycle and is well understood, however other life
cycle phase of building at the same time could not
be neglected. Thus, the application of LCA is very
appropriate in assessing the performance of building
where effective mitigation measures can be done.
As a whole, the performance of the building can be
improved while helping national energy and natural
resource conservation.
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