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Abstract

Life cycle assessment (LCA) is a very familiar methodology to measure the environmental effects of any
products where all the process associated with the products from cradle to grave was analyzed and the
possible emission to environment can be identified. In this study we applied LCA on three traditionally
constructed reinforced concrete buildings (one five storied residential building, one three storied office
building and one three storied educational building) where no environmental issues were considered during
design and construction period. The aim of this research is to evaluate and compare energy consumption and
carbon emissions of three different types of buildings from their materialization stage to the end-of-life stage.
This paper also describes the step-by-step process of quantifying the overall carbon emission from a building
systematically. There is an overview of how emission varies according to buildings material, construction
process and objective of buildings. The result shows that the operational phase is mainly responsible for
maximum carbon emission due to maximum energy consumption among three phases of life cycle
assessment. However, it is also found from the study that the materialization and operation stages together
contribute more than 97% of total emissions. Since a huge amount of operational energy is required for
commercial building compare to other two buildings, it consumes energy comparatively higher than
residential and educational building which results in 13.6% more emission than residential building and 19%
more than educational building.
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1. Introduction of construction of buildings which we called
conventional buildings where the knowledge of
construction passed on from generation to
generation related to the wet construction system
utilizing reinforced concrete, the consumption of
energy and carbon emission are relatively high. To
ensure a sustainable environment, we must ensure a
low carbon society first. Therefore, in order to

The devastating environmental changes like global
warming, acidification, smog formation, ozone
layer and natural resources depletion, biological
diversity losses, waste accumulation, etc. are
highlighting construction industry as a worldwide
agitating sector. More than 40% of world’s natural
resources and energy are consumed by buildings : o )
and about 33% of the total carbon dioxide (CO) is ~ Promote a low carbon society, it is desirable to

emitted by buildings [1-3]. In the traditional method ~ duantify the total energy use during the entire life
of a building in order to identify the possible ways
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of reducing carbon emissions. Each phase of a
building-construction, operation, and finally
demolition and disposal, affects environment
depending on the type, location and purpose of use
of each building [4]. The direct energy is mostly
consumed at the construction and operation phase
of a building considered in the earliest building’s
energy certification procedures. However, after
witnessing a considerable rise in the indirect energy
consumption in the construction phase, researchers
starts paying more attention to the building
materials’ production and to the recycling of
construction materials at its demolition [5]. To
ensure a sustainable development with less
environmental issues, rapid economic growth and
social advances, it is obligatory to embrace a
multidisciplinary approach which covers a series of
traits including energy saving, better use of
construction materials and water, reprocess and
reutilizing of demolished materials and inhibiting
emissions. In order to develop a sustainable
building sector life cycle assessment (LCA) can be
helpful to make decision by eliminating resource
depletion crisis, verifying global environmental
threats and energy requirement throughout the
lifetime of a building. Each Building has a totally
different complex product life cycle from others as
they are made of several types of materials and
material compositions. Some buildings have a long
life which need long-lasting maintenance and a few
of these maintenances are really distinctive [2]. As
a result, LCA procedures implication to buildings
may not be straightforward all time; it may create
difficulties and uncertainties. In life cycle
assessment of a building, several alternative
designs are used to calculate the burden on
environment and then an appropriate design is
selected which can minimize the environmental
load and evaluate the design’s financial
practicability. Furthermore, this environmental load
is estimated in the schematic design phase and then
green architectural practices are suggested to use in
the design development phase. However, it is quite
difficult to formulate a strategy of CO, emissions
where users have to directly insert the quantities of
resources after the construction document phase in

life cycle CO, assessment [6]. In spite of carrying
out a number of studies for two decades to quantify
the potential environmental impacts due to
construction and building sector, it reveals distinct
comparison between the results and findings in
terms of scope and methodology, design, data
availability, quality and variation in climatic zones.
Thus, sustainable buildings in different regions in
the world are designed and built following local
climatic conditions and the needs of the local
population. Since none of these LCA methods can
singly help to enable full assessment over the
complete life cycle of a building, it is not possible
to compare a building with the same one based on
sustainability.

There are numerous studies related to LCA
employed in analyzing energy consumption for
sustainable building structures [5, 7-12]. Some
researches specially focus on the choice of specific
building materials like cement, concrete, steel, and
wood [13-21]. Likewise, previous LCAs have
applied to measure the associated environmental
impacts due to subsystems of buildings, such as
heating and cooling systems [22, 23], renewable
energy techniques [24-27], and electrical and
thermal systems [28, 29]. A survey of various cases
expressed a linear relationship between total and
operation energy demand and showed in case of
low energy building construction, its life time
energy demands reduces but embodied energy rises
[30, 31]. Also, Lower efficiency buildings were
compared to multi-dwelling ones with respect to
life time energy use (GJ/m?) and CO; emissions
(kg/m?) [32, 33]. Meanwhile, the comparative
significance of life-cycle energy constituents of a
building was found from the analysis where the
embodied energy, the operational energy and
disposal energy could vary from 2% to 51%, 46%
to 97% and 1% to 3% respectively [34]. A number
of studies have already discussed the results of LCA
procedures where single buildings were used as
case-studies [35-41]. Many previous studies have
attempted to inaugurate a CO, emission inventory
and it has become very familiar in recent years [42-
45]. In last few years, researchers have found that
operational phase of building accounts for the
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highest CO, emissions (85%) [46-50]. Several
studies have suggested different technologies such
as application of advanced energy-efficient
equipment in buildings to minimize the carbon
dioxide emissions in the operating stage of
buildings [47, 50-55]. Moreover, numerous studies
have dealt with impact of CO, emissions from
construction phase [46, 48, 51-53, 56-68]. In
particular, most studies have concluded that use of
low carbon materials and reuse of recycled
materials would be effective approaches to reduce
carbon dioxide emissions by up to 28% at the
construction site [13, 58-62]. In addition,
application of external wall insulation, solar
collectors and biomass based system could result in
low energy consumption [63, 64]. However, it has
been found from studies that using wood surplus,
biomass energy, and other renewable energy
resources can mitigate carbon emissions at a great
extent [65, 66]. In addition, one research has shown
that it would be advantageous to replace high-
strength reinforcing bars in different structural
systems in case of reducing the emissions of carbon
dioxide [67]. In spite of being the most complete
tool for the environmental assessment of buildings,
LCA requires profound amount of information
along with experienced practitioner that is
considered as the main difficulties in LCA [2].
Another difficulty in LCA application is the
different results for identical cases can be obtained
due to the application of different methods for
impact calculation [68]. After observing these
difficulties many researchers have simplified LCA
methods in their studies [2, 69-71]. There are some
other concepts for analyzing environmental impacts
caused by a building which are quite similar to LCA
such as life cycle energy analysis (LCEA) and life
cycle cost analysis (LCCA) of buildings. These
methodologies are found to be applied in the
literature [71-74]. Life cycle energy analysis is used
as a method to explore all energy (Embodied
energy, Operating energy, and Demolition energy)
available in a building’s life cycle [31]. This paper
depicts our assessment and comparison of the life-
cycle impact of three conventional Bangladeshi
buildings and we assessed the energy consumption

and carbon dioxide emissions for various life
phases of each building.

1.1. Life cycle assessment (LCA)

Life cycle assessment (LCA) is a process where it
not only permits a record of materials and energy
flows of a system but also evaluates the
concomitant environmental influences. Typically,
materials required for a product or service system
whose manufacture, transportation, extraction and
the system’s construction, use, deconstruction,
disposal and recycling are enumerated first.
Afterwards, global or regional emergencies like
global heating, ozone layer depletion, biodiversity
losses and acidification are measured in terms of
energy consumption, total material used and
surplus materials disposed into the atmosphere
throughout a system’s life cycle. The International
Organization for Standardization (ISO) has
established four steps to conduct LCA analysis, that
are- goal and scope definition; inventory analysis;
life-cycle impact assessment (LCIA); and
interpretation of results [76]. The goal and scope
defines the functional unit, purposes, audiences,
restraints of a system and quality standards for
inventory data. The life cycle inventory analysis
collects and organizes the information in terms of
physical products and energy flow in various stages
of the system’s life cycle. The LCIA assigns these
environmental impacts of diverse materials and
energy flows into different environmental impact
categories to quantify the consequences of possible
environmental impacts. Finally, the interpretation
of results from both second and third steps are
needed to deal with the life cycle interpretation.
Modern buildings are largescale projects where
different kinds of materials are used and the limit of
environmental criteria of these materials is possibly
massive. This always creates an acute boundary
limit to the application of LCA schemes in the
building industry. Because of the less standard
production method of the building materials, it is
not possible to acquire compatible information
regarding environmental impacts initiated by
materialization, operation and demolition phases of
construction materials. Environmental evaluation
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of the building industry seems quite a tough and
laborious job due to these factors.

1.2. The materialization stage

Following to previous study, the materialization
stage for life cycle analysis is the elaborate process
and taking too much time. From a single raw
material to whole formation, all process and all
obstacles are comprehended in this stage. Here all
the phases relates with raw materials extraction and
manufacturing, transportation of the building
material and entire construction process. There
might be several stages and process in
manufacturing of a single kind of buildings material
and each of the stages which associated with energy
usage contributed to carbon emission. If the energy
and emission intensity for a unit product can be
known, then the emission from the estimated
quantity can be determined. It is hardly possible to
encircle all the materials in this analysis because of
the complexity and different qualities of their
properties. That’s why the materials and energy
flow can be categorized for the selection process
according to their usage [83]. According to
construction phases, which materials, machinery
and transportation is required in which stages can
be reckoned and emission from those can also be
enumerated easily. From the study of previous
literature, many case studies use Ecoinvent which
is a complete generic database and widely used to
understand the environmental impact of
construction material. Although it is recognized
that the utilization of generic databases can offer
assistance and reduce altogether the sum of
information and complexity during product stage,
representativeness of information cannot be
guaranteed. It was observed in a few cases that
when territorial LCI have not been available,
information utilized from generic databases has
been used to reflect territorial characteristics. Like
Islam et al. [92] for their study utilize AusLCI
database and European Ecoinvent database to
Australian electricity and transportation. The
carbon emission factor for different construction
materials are enlisted in Table 1.

Table 1 Emission intensities of building materials

Construction material  CO2zemission factor ~ Source
Steel (10% recycled 2.21 kg co2/kg [94]
content)

cement 0.86 kg coz/kg [93]
concrete 0.2 kg coz/kg [94]
Clay brick 0.2 t coz/t [83]
Float glass 6.47 t coz/m?® [93]
Polyvinyl chloride 4.70 tcoolt [83]

pipe

Wood products 362.2 kg coz/ m® [93]
3.49-6.58 kg coo/lkg  [78]
0.048-0.12 kg co2/kg  [78]

2.60 tcoo/t [83]

Aluminum
Ceramicftile

Architectural coating

Total carbon emission at this stage can be
calculated by adding the emission from material
preparation, material transportation and
construction of building. Emission from material
preparation phase can be obtained by multiplying
the quantity of each material with the emission
factor of the material for its unit quantity
production. Emission for transportation of material
could be determined from the hauling distance and
the types of fuel used by the locomotives. The
common type of fuel used for truck in Bangladesh
is diesel. A study was conducted in the
transportation sector to assess the fuel consumption
of the conventional trucks for carrying per ton of
material. There are numerous variables that decide
the quantity of diesel will be utilized by a truck per
km. For occasion, bigger motors will utilize more
fuel than littler motors. Too, bigger vehicles, like
18-wheelers and expansive commercial trucks will
utilize more fuel per kilometer than littler trucks
and vans might utilize. On normal, in any case,
bigger trucks can ordinarily utilize between 30 to
40 Liters of diesel for every hundred kilometers of
running. Larger trucks that are utilized for
commercial pulling, ordinarily utilize the biggest
sum of fuel per kilometer. The carrier with weigh
between 3 to 8 tons is the second-highest consumer
of fuel. These vehicles utilize about 15 to 25 liters
of diesel per 100 kilometers. 2-wheel drive pick-up
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vans regularly utilize between 8 to 14 liters per 100
kilometers. 12 to 15 liters of fuel is consumed by
four wheel drive pick-up vans for per 100 km. So
the consumption of diesel for unit quantity of
material transportation for per unit kilometer
distance is 3.6x 102 L/ (t km). CO, emissions for
per liter of diesel burned is 2.67 kg [77]. At the
construction processes, the carbon emission is
involved with the machinery used and the types of
energy consumed at different phases of
construction. Different kinds of construction
machinery likes construction elevator, bar cutter,
welder, concrete mixer, pump etc. are commonly
used. Depends on the fuel required and fuel
consumption by those machinery, the emission can
be determined.

1.3. Operation Phase

The activities responsible for carbon emission at the
operational phase are: the various types of energy
utilized at daily use, maintenance works and any
engineering renovation. Here, electricity, water, gas
are the common types of energy consumed in the
entire life span of a building. The operational
electrical energy utilization of the building was
calculated based on the examination of information
on mechanical and electrical equipment design
details as well as the expected utilization pattern of
the building. The calculated electrical energy
showed a good consistency with actual energy
consumption. According to the purpose for which
the building is used, energy consumption varies.
For the commercial and educational building,
electricity and water are the required energy, but in
residential building gas is an inevitable source of
energy. The energy demand closely related to the
service life and standards of living. In the
maintenance and renovation phase, the material and
energy required can be calculated and the emission
can be obtained as the same process at
materialization stage.

1.4. End of life phase

The final stage of a building’s life is called
demolition and decommissioning. It is the common
practise to use the majority portion of waste as

landfilling. The emission from this disposal stage
occurs mainly due to the energy consumption for
demolition of building, waste transportation and
recycling of waste. The wastes yielded from
demolition of a building are predominantly
masonry, concrete, steel, plastic, timber. Some of
those can be recycled and reused, which causes the
consumption of energy. The entire wastes can be
categorized as structural wastes and finishing
wastes [78]. Ferrous, non-ferrous metals and
concrete  fragments are included in structural
wastes type and surplus cement mortar, broken
mosaic, tiles, ceramics, paints and plastering
materials are the example of finishing waste. Any
waste consists of metal can be utilized in other
construction site but the concrete and masonry
waste can be recycled and only sector to use those
is land reclamation. On the other side, the finishing
waste which contains organic matter in a high
portion cannot be recycled and reused. So the total
carbon emission from this stage can be obtained by
summing the emission from demolishment and
waste disposal. Zhang [79] deduced a formula for
the calculation of carbon emission from per unit
area by considering the average hauling distance for
the building waste 40 km.

For demolishment, the carbon emission (kg/m?) =

0.06X+2.01 Q)
For waste disposal, the carbon emission (kg/m?) =
0.54X+38.89 2

X indicates the number of floors above the
ground.

1.5. Electricity generation scenario of
Bangladesh

At present, the electricity generation system of
Bangladesh totally depends on the fossil fuel and a
very little percentage comes from renewable energy
sources. With the growing population and industrial
sector, the demand of electricity is increasing
alarmingly day by day. To meet the demand, new
fossil fuel based power plants are being
constructed. Greenhouse gas outflow is expanding
alarmingly due to bulk power generation from fossil
fuel such as coal, gas and oil with its constrained
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stock. In Bangladesh, about 8.12% of total installed
capacity of electricity was produced using coal,
51.67% of electricity from gas, 27.5% using HFO,
5.92% of electricity came from HSD based power
plants and rest amount from renewable source [84,
85]. In comparison among various fossil fuels, coal
generates noticeable amount of detrimental
greenhouse gasses particularly carbon di oxide,
sulfur di oxide, nitrite oxide. In Bangladesh, more
than 50% of total generation of electricity is
produced from the power plant where natural gas is
used as fuel. Power production based on ordinary
Liquefied Normal Gas (LNG) radiates 38% less
GHG in comparison to dark coal [86]. The
generation system based on using hydrocarbons
such as heavy fuel oil, diesel, gasoline and liquefied
petroleum is experiencing troubles because those
are relatively costly and emit carbon to atmosphere.
An investigation reports that coal produces 0.87 kg,
natural gas produces 0.42 kg and diesel produces
0.63 kg of CO; for unit kWh of electricity
production in the power generation of New Zealand
[87]. A study on Life Cycle Assessment (LCA)
of greenhouse gas emission observed in Macau
city, China exhibits that electricity production
from natural gas, heavy oil & solid waste burning
causes 0.42 kg, 0.7 kg and 0.95 kg of CO; emission
per kWh, respectively [88]. An investigation
conducted on the power generation systems of
Bangladesh where fossil fuel is used by utilizing
HOMER (Hybrid Optimization of Multiple Energy
Resources) software shows that coal based power
plants emits 0.90 kg, diesel based power plants
emits 0.76 kg and natural gas based power plants
emits 0.566 kg of CO, for generating per kWh of
electricity and according to them approximate
outflow of carbon from those power plants is 0.64
kg/kWh [89]. Hasan andChongbo [90] expressed
the scenario of future carbon emission by
examining the carbon emission data in electricity
generation sector from 1979 to 2018 applying the
logarithmic mean divisia index (LMDI) method and
commented that the conceivable sum of fossil fuel-
related carbon outflows from the power sector of
Bangladesh were 36.98 Mt in 2019 and
approximately 39 Mt in 2021. In this study 0.64 kg

of carbon was considered emitted for per unit
electricity generation [89].

1.6. Functional unit

In LCA Functional unit is to be chosen to present
and evaluate the environmental impact [82]. As per
ISO 14040, the reference unit is used to quantify the
system performance in LCA techniques [91].
Through the functional unit the input-output
materials can be linked with energy flows [92].
Several types of functional unit are used in LCA of
buildings, like per m? of usable floor area, per
number of rooms, per m? of usable/living floor area
per year (m? /year), per number of dwellings, per m?
of gross volume of building etc. In this study we
chose per square meter of usable floor area as a
functional unit.

2. Methodology

Basically three types of methodologies for life cycle
assessment are practiced. Those are: process based
LCA, input- output LCA and hybrid LCA [82]. In
this study we adopted the first method, where the
user mark out the forms related with life-cycle
phases of a product and implicates the inputs and
outputs with each process. Eventually the overall
environmental load can be calculated. The process
based LCA is based on scientifically analyzing the
actual process and the 1ISO 14040 Standards [76]
are primarily related with the process-based
methodology. This type of assessment is very
specific and flexible but requires huge quantities of
data. As the assessment of carbon emission from a
building is very extensive job, because lots of
activities associated with the construction of a
building. For accurate assessment of carbon
emission, all the phases are needed to be examined
as how much the phase contribute to the carbon
emission. Here, to realize a full thought of the
complete building life-cycle and guarantee the
exactness of consequent calculations, the life-cycle
was separated into three stages which are
previously discussed from the viewpoint of material
and energy flow: (1) the materialization stage,
consolidating raw materials production and their
transportation and on-site development; (2) the
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usage stage, consolidating every day utilize,
schedule maintenance, and building renovation;
and (3) the end of life stage , consolidating building
annihilation, waste transportation, and reusing. All
the phases considered here are depicted in Fig. 1.

2.1. Case study

The three selected typical buildings-Residential
(five storied), Educational (three storied) and
Commercial (three storied) - are situated in three
different region of Bangladesh. These buildings
have 50 years of service lifetime. Whereas in
residential building electricity is mainly consumed
by fans, lights, air conditioner, heater, washing
machine, computer or laptops, in educational
building the computer systems, lighting, cooling or
heating systems and heavy or small machineries
consumes the electricity. In case of commercial
building, lighting, cooling, ventilation system,
escalator, computers are the main sources that
consume electricity for a long period than
residential and education building. The main
construction materials considered in this study are:
Cement mortar, Steel, Reinforced Concrete Cement
(RCC) framework, brick masonry, Glass, Timber,
Aluminum, Ceramic products. The basic
information about the buildings are shown in Table
2 and pictorial views of the three buildings are
presented in Fig. 2, Fig. 3, and Fig. 4.

3. Results and discussion

3.1. Emission at materialization stage

The emission for the three different types building
was enumerated according the adopted method. The
extent of required raw materials was estimated from
guantitative assessment and emissions for material
preparation were described in Table 3. The
calculated emissions only for the primary materials
were 354.21t for residential building, 1573.45t for
educational building and 414.11t for commercial
building. The emission for other materials
preparation were estimated as 1/3 of the primary
materials [81]. The emission by the transportation
of the raw material was calculated by estimating the

140
Table 2 Information of the studied buildings
Building type Gross Floor Location
Area (m?)
Residential building 824 Mymensingh,
Bangladesh
Educational building 4760 Dhaka,
Bangladesh
Commercial building 1755 Dhaka,
Bangladesh

hauling distance. Usually truck was used for the
transshipment of all the materials. Depends on the
availability, the materials were collected from
different locations. Some locally available
materials were used and some were shifted from far
distance. The emission scenario was shown in
Table 4 and the emission were 6.91t for residential
building, 36.99t for educational building and 10.29t
for commercial building. Carbon emission from
construction phase was enumerated based on the
power and fuel consumption by the construction
machinery. Due to the availability of workman at
low cost and as a developing country, the utility of
machinery in construction industry is not practiced
at a wide scale. The commonly used machinery are
bar cutter, concrete vibrator, centrifugal pump,
Direct current welder, concrete mixer. The data of
emission rate of those machinery has been collected
from site survey and available literature [83] and
the emission status has been described in Table 5.
Therefore, the total emission at materialization
stage were 489.94t for residential building,
2191.75t for educational building and 574.59t for
commercial building.

3.2. Emission at operation and demolition phase

The impact of operation phase normally assessed
based on the energy usage, the maintenance and
renovation works. Electrical energy required for
lighting, cooling, ventilation, household machinery,
elevators, computers, running different machinery.
Gas has been also used for cooking purpose in
residential building, which produces 2.7 kg co, for
burning unit kg [80].
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| The Phases Considered for Assesment
I 1
| | |

| Materialization Phase | Operation Phase End of Life Phase
. All types of Energy uses . building demolation
b. Maintenance b. transportation of waste
_ L Pr.oduct Stage C. Repair. c. waste processing
2. raw material extraction d. disposal

. transportation
lc. manufacturing building material

2. Construction Stage
2. transportation of all building material
b. construction installion process

Fig. 1. Different phases considered for assessment
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Table 3. Carbon emission for material preparation.

Fig. 4. Commercial building plan

S. No Name of item Quantity Carbon Emission ( ton)

Residential Building

1 Concrete 984 ton 196.8

2 Cement 23600 kg 20.3

3 Steel 49 ton 108.3

4 Clay Brick 24.7 m® 9.88

5 Ceramic products 55 ton 4.62

6 Wood products 19 md 6.88

7 Acrchitectural coating 0.603 ton 1.57

8 Aluminum 264 kg 1.33

9 Glass 0.7m? 4.53

10 Others 118.07
Total 472.28

Educational Building

1 Concrete 4320 ton 864

2 Cement 126121 kg 108.6

3 Steel 222 ton 490.62

4 Clay Brick 132 m® 52.8

5 Ceramic products 178 ton 14.95

6 Wood products 47 m® 17.02

7 Acrchitectural coating 6.3 ton 16.38

8 Aluminum 364 kg 1.83

9 Glass 1.12md 7.25

10 Others 524.48
Total 2097.93

Commercial Building

1 Concrete 1056 ton 211.2

2 Cement 42000 kg 36.12

3 Steel 62 ton 137.02

4 Clay Brick 36 m? 14.4

5 Ceramic products 43 ton 3.61

6 Wood products 18 md 6.52

7 Acrchitectural coating 0.8 ton 2.08

8 Aluminum 114 kg 0.57

9 Glass 0.4md 2.59

10 Others 138.04

Total 552.15
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Table 4. Calculation of emission for transportation

Residential Building Educational Building Commercial Building
Materials CO; CO; CO;
Distance Weight emissions Distance Weight emissions Distance Weight emissions
(km)  Route (®) ) (km)  Route () (®) (km)  Route t) ®
steel Chittagong Chittagong Chittagong
360  towork 49 17 246  to work 222 5.25 241  towork 62 1.44
site site site
LS 179 Vhetto 4500 5y gy YINEIo 5o 406 260 VIO 4767 370
work site work site work site
Clay Factory Factory Factory
brick 15 to work 459.4 0.65 25 to work 2064 4,96 28 to work 512 1.38
site site site
sand Locality Locality Locality
18 to work 424.3 0.73 30 towork  1202.7 3.47 32 to work 391.2 1.20
site site site
Others 1.73 9.25 2.57
Total 6.91 36.99 10.29
Table 5. Emission at construction phase
Construction Emission Residential Building Educational Building Commercial Building
LY BT Factor Working  CO» Working  CO» Working  CO»
(KgCO2/ Hours Emissions, Hours Emissions, Hours Emissions,
Earth Excavator 32.04 28 897.12 228 7305.12 42 1345.68
Concrete 1.1 518 569.8 2275 2502.5 556 611.6
Vibrator
Bar Cutter 3.89 67 260.63 302 1174.78 85 330.65
Centrifugal 22 380 8360 1950 42900 410 9020
Pump
Direct Current 11 51 561 232 2552 63 693
Welder
Drum Concrete 2.96 33 97.68 132 390.72 52 153.92
Mixer
Total 10746.23 56825.12 12154.85

As those buildings were newly built, enough data
for maintenance and renovation works were not
available. Hence, 2% of emission at materialization
stage was considered as the emission for
maintenance [82] which is 9.8t for residential
building, 43.84 t for educational building and 11.5t
for commercial building. Hence, for 50 years life
span, total emission at operation phase were
residential building: 1004t, educational building:
6036t and commercial building: 3053t and the
details shown in Table 6. The emission at
demolition and disposal phase was calculated

according to the formula proposed by Zhang [79]
and the emission values shown in Table 7.

3.3. Carbon emission status

The entire life cycle analysis of three different
purpose serving buildings presented the scenario of
carbon emission. The total life cycle carbon
discharge contributed by residential building,
Educational Building and Commercial Building
were 1856.9 kg/m?, 1773.5 kg/m? and 2109.7 kg/m?
respectively by considering their life span 50 years.
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Table 6. Emission at operational phase

Residential building

Educational building

Commercial building

Types of

energy Annual Annual Annual Annual Annual Annual
consumption Emission consumption  Emission consumption Emission

Electricity 24720 kwh 15821 kg 187250 kwh 119840 kg 95050 kwh 60832 kg

Gas 1500 kg 4050 kg

Table 7. Emission for demolition and waste disposal.

Residential Building

Educational Building

Commercial Building

PR (Kg/im?) (Kgim?) (Kg/im?)
Demolishment 2.31 2.37 2.19
Waste Disposal 41.59 42.13 40.51

From the assessment of material preparation phase
as demonstrated in Fig. 5, it is clear that concrete
and steel are the main contributor of carbon where
the emission by concrete are 41.67%, 41.18%,
38.25% and emission by steel are 22.93%, 23.39%,
24.82% of the total emission at material
manufacturing phase for residential building,
educational building and commercial building
respectively. The materialization stage is
accountable for 32.04%, 26% and 15.5% of total
emission where concrete emits 12.86%, 10.23%,
5.7% of total emission and steel emits 7.1%, 5.8%,
3.7% of total emission for residential building,
educational building and commercial building
respectively. The transportation phase contributed
0.45%, 0.44%, 0.28% and construction phase was
responsible for 0.70%, 0.67%, and 0.33% of total
life time emission for residential building,
educational building and commercial building
respectively. Among the three phases of life cycle
assessment, the operational stage is mainly liable
for maximum emission. As shown in Fig. 6, the
emission of operational phase are 65.6%, 71.5%,
82.5% of the whole life emission for residential
building, educational building and commercial
building respectively. This high value of emission
at operational phase is due to higher consumption
of electricity over the life time. As the commercial
building operates for 18 hours in a day, a huge
number of lighting, cooling, ventilation system,
escalator, computers are kept running for long time

and consumes energy comparatively higher than
residential building, educational building. The air
conditioning system is mostly responsible for more
than 30 percent consumption of total electricity.
The materialization and operation stages together
contributed more than 97% emission. The emission
per unit usable floor are actually depends on the
purpose for which the building has been
constructed, weather condition and the construction
material. With almost same construction material
and weather condition, within the three different
buildings commercial building emits highest
quantity of carbon. The emission from commercial
building is 13.6% more than residential building
and 19% more than educational building. Also the
floor area, material used per unit volume of building
and interior room arrangements are significant
parameters controlling emission. For instance, the
emission of residential building at materialization
stage is more than educational and commercial
building.

4. Conclusions

In this study, all the possible phases of building life
associated with carbon emission have been
analyzed and total emission has been estimated
based on each activity. It was also obvious that the
operation phase was the main contributor due to the
huge numbers of electrical appliances and has the
environmental adverse effect.
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To reduce this emission quantity, the design of
buildings and energy source should be selected in a
wise way. Some effective techniques have to be
adopted in such way that there will be least
material, operational energy requirements. As a
topographical region, majority time in a year there
high temperature prevails and cooling demand is
comparatively higher. So the engineers and
architects ought to research the technique to
construct energy efficient buildings to maintain
comfortable room temperature, well ventilation and
proper lighting condition. The types of fuel used for
electricity production in Bangladesh are highly
responsible for extensive quantity of carbon
production. The present scenario exhibits that a
marginal amount of electricity is obtained from
renewable source and fossil-fuel is broadly used for
electricity production. This sector need to be
comprehensively emphasized to increase the
production using renewable energy source which
ultimately reduce emission at operation phase of
any building which uses electrical energy. It is
troublesome to conduct a complete and appropriate
life cycle assessment of a building, as lots of data is
associated with this process and unavailability of
some data. Nevertheless, this study tries to figure
the approximate emission of these three buildings.
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