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Abstract- Nowadays, buildings industry consumes large amounts of energy. The current procedures, which have been used 
for years, are really lack to be improved, and very important insurances and inventions are required to reduce the energy 
consumption. In this study, a life cycle energy (LCEA) and carbon dioxide releases (LCCO2A) analysis of two commercial 
buildings has been performed. The study involves the literature review, the records used for such an overall procedure, and 
approach and offers an application of the method that studies a real commercial building built in Gaziantep, Turkey. The 
intended pattern concentrated on building construction, operating and destruction stages in order to evaluate gross energy 
consumption and carbon dioxide throughout 50-year lifetime. Energy efficiency and emissions factors are expressed for the 
buildings per square meter base. The results expressed that the operating stage is prevailing in building and share in86-90% 
of the primary energy necessities and 77–86% of CO2 releases, respectively. The embodied energy (EE) of the buildings 
calculated for 10–14% of the total life-cycle energy consumption.  
 
Index Terms—Energy, Commercial Building, Life cycle, Primary energy. 
 
INTRODUCTION 
 
Sustainable development has become a more explicit 
objective as awareness of the implications of current 
practices for future generations grows. In 1996, 
American Society of Civil Engineers (ASCE) [1] 
refined the Code of Ethics to include the principles of 
sustainable development in the law of civil 
engineering practices, demonstrating the importance 
of sustainable design throughout the profession. 
Energy is one of the general natural resources and its 
availability is the key to human sustainability. 
Structural engineers have begun to merge sustainable 
principles directly into their practices to reflect this 
awareness. While construction engineers see 
sustainability as a major issue, many wonder how 
structural design decisions can help to achieve 
sustainable building design. As buildings seek to 
become zero by generating energy, thefocus will 
increasingly be on the environmental and 
environmental impacts of building materials. This 
shift will begin to integrate structural engineers into 
sustainable design discussions and promote the 
design of structures with low embodied 
environmental impacts. 
 
One method of environmental impact assessment is 
embodied in the life-cycle assessment (LCA). The 
International Organization for Standardization (ISO) 
[5] defines LCA as gathering and evaluating the 
inputs, outputs and possible environmental impacts of 
the product system throughout its life cycle. LCA has 
been adopted primarily by the consumer products 
industry since the 1970s but is still in development as 
efforts are being made to improve the standardization 
of the LCA studies process. ISO has developed a set 
of standards on the LCA to determine the process for 
LCA practitioners. These standards are ISO 14040:  

 
 
Environmental Management - Life Cycle Assessment 
- Principles, Framework and ISO 14044:  
Environmental Management - Life Cycle Assessment 
- Requirements and Guidelines. 
 
II. LITERATURE REVIEW 
 
A wide range of building LCA studies has been 
achieved in recent decades. These studies can give 
attention to building enclosure and structure 
assemblies over an entire building lifetime or give 
attention to specific subsets of building materials. 
Whole building LCA has been achieved on a variety 
to build types, including residential, institutional, and 
commercial buildings. LCA studies limited in range 
to structural materials just have been conducted more 
lately, often with the purpose of comparing materials 
to determine that includes a lesser environmental 
impact. 
Because LCA is a comparatively new methodology, 
there are several limitations, specifically when 
applying the full life cycle to entire buildings. While 
ISO 14040 unifies the properties required of LCA 
studies, defining those properties is a subjective task. 
The system limits can be easily modified, for 
example to include or exclude some flows if these 
modifications will benefit the user of LCA. For rating 
systems and codes that use a reference building, users 
can easily operate the design of the reference building 
to succeed better results. The tools of LCA can help 
remove some of this objectivity by building up the 
LCA and its phases, but users still have the ability to 
modify some inputs, such as material quantities and 
building lifetime, to develop their results. The tools of 
the LCA itself have their limits. While some life-
cycle assessment tools allow the introduction of 
physical quantities to provide environmental impact 
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results, others depend on the assemblies chosen by 
users based on their given design. These assemblies 
may not accurately capture the design. Most life cycle 
assessment tools now assume that all materials are 
“cradle to grave", that the materials reach as virgin 
materials and are eventually disposed of LCA 
currently is not able to calculate design for dis-
assembly or adaptability. Many structural engineers 
believe that this penalizes inventive designs that 
account for building reuse at the end-of-life. 
According to kestner and Webster (2010), most of 
buildings are designed for 50 years of building 
lifetime but many are demolished 50 years ago. In 
fact, a study conducted by the Athens Institute of 
Materials found that 60% of concrete buildings and 
80% of steel buildings were demolished 50 years ago 
[6].While it will be difficult for life cycle assessment 
tools to expect buildings that will meet their designed 
lifetime, this will not lead to the recognition that 
buildings designed to facilitate their dismantling or 
adaptation can produce more accurate results of the 
environmental impact on the life cycle. 
 
III. METHODOLOGY 
 
The main environmental harms in the world are 
global warming and depletion of the ozone layer. 
Energy effectiveness has been at the head of policy 
discussions due to weather alteration worries and 
high-energy costs [7].There are several chances to 
mitigate unwelcome environmental troubles rising 
from our society. Commercial buildings have a 
significant role in energy use and can put great strain 
on the country’s power grids during peak periods. 
The design of buildings has important effects on 
energy consumption in the life cycle of buildings. 
Energy-efficient design has been particularly 
enhanced in advanced countries as a tradition in 
which overall energy effectiveness can be attained 
through the life cycle of buildings.In this paper a 
study of a real commercial building has been 
conducted. An ideal building was studied to signify 
the mass of commercial buildings built in Gaziantep, 
Turkey. Particular architectural, functional and 
operational records for the buildings were taken from 
executive drawings, utility bills taken from 
administration office of the building (Forum). In the 
case of Turkey, there is presently no existent database 
for materials that are used in buildings. Given the 
different manufacturing procedures and variances in 
the economic arrangement of each country, the use of 
ICE data to determine the energy efficiency of the 
materials used in Turkey can lead to inaccuracies. 
 
The basic idea of LCA is to determine the 
environmental effects of the product at several phases 
of the life cycle. 
The LCA assesses the total resources inputs; 
involving energy, water and materials, and green 
loading, involving CO2 emissions and building waste, 

at several stages of the life cycle. They can be 
denoted accurately by equation (1.1): 
ܫ = ௫௧௧ܫ + ௨௧௨ܫ + ௦௧ܫ +
௧ܫ + ௗ௧ܫ + ௦௬ܫ + ௗ௦௦ܫ    (1.1)                                                                                
 
Where I denotes the life cycle environmental impact, 
and Ij denotes the environmental impacts of 

jthbuilding stage. 
 
LCEA is a method that represents all energy inputs of 
building in its life cycle. The limits of the system 
involve the use of energy in manufacturing 
(embodied energy), the use of (operating power), and 
stages of destruction. The manufacturing phase 
includes the manufacture and transportation of 
building materials and repair of buildings. 
The operating phase includes all activities (heating, 
cooling, lighting, household appliances, cooking and 
hot water) related to the use of buildings, over their 
lifetime. The final stage is the demolition phase, 
which involves the destruction of a building and the 
transfer of dismantled materials to landfill sites or 
recycling plants. An analysis of Asia can be 
performed using either primary or secondary energy. 
Main energy is the rough oil used to generate heat 
and electric power, such as natural gas, coal, or fuel 
oil. Minor energy is an energy product that is 
generated from rough fuel, such as electric power 
obtained from the grid or heat obtained from a steam 
system in the region. Shortly, main energy is the 
energy extracted from nature (coal 
And natural gas) while minor energy is the real 
energy used (e.g. electricity) [2]. 
LCEA should be given mathematically by 
substituting the terms I’s in Eq. (1.1) by E’s to get Eq. 
(1.2) as shown in the next: 
 
ܧ = ௫௧௧ܧ + ௨௧௨ܧ + ௦௧ܧ +
௧ܧ + ௗ௧ܧ + ௬ܧ + ௗ௦௦ܧ  
(1.2)                                                                               
 
Where E indicates the entire energy used during the 
whole life cycle of a building, and Ej indicates to the 
energy used during jthbuilding stage. 
 
While LCCO2A takes into consideration all the 
carbon corresponding emission output from a 
building over different phases of its life cycle. The 
value of life cycle carbon emissions can be calculated 
by substituting the expressions I’s in Eq. (1.1) with 
“CO2” and accurately it can be calculated from the 
next equation (1.3): 
 
2ܱܥ = 2௫௧௧ܱܥ + 2௨௧௨ܱܥ +
2௦௧ܱܥ + 2௧ܱܥ + 2ௗ௧ܱܥ +
2௬ܱܥ + 2ௗ௦௦ܱܥ  1.3)          
Where CO2 indicates to the CO2 release of the entire 
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life cycle of a building, and CO2j denotes to the CO2 
release throughout the jth building stage.  
The evaluation of the construction stage contains 
evaluation of Embodied Energy EE and CO2 releases. 
EE is determined as the entire main energy (MJ) 
needed by building ingredients during the industrial 
stage [4]. Energy content of all materials used in 
buildings and mechanical systems, energy acquired at 
the time of new construction and restoration of the 
building. Embodied energy can be separated into two 
principal parts: 
 
1. Primary embodied energy: the energy 

embodied in a building’s primary 
construction. 

2. Frequent embodied energy: The energy 
required to design and replace building 
materials over the useful life of a building. 
 

The carbon and energy inventory (ICE) version 2.0 
[3] is used to calculate initial energy necessities and 
greenhouse gas releases. ICE contains embodied 
energy, carbon, greenhouse gases (calculated in 
grams of carbon dioxide corresponding and CO2) for 
a huge amount of materials. LCCO2 deems all 
releases of carbon equivalent emissions from a 
building at different stages of its life cycle. The 
embodied greenhouse gas releases (EGHG) consist 
GHG releases from the withdrawal of rough materials 
to the construction site. ICE, the expression 
“embodied carbon” is used for carbon and GHG 
releases. Table 2 gives a list of all materials used in 
the building gives both the primary energy and global 
warming potential per unit of mass. 
 
Operational power is the energy necessary to 
maintain continuous well-being conditions in the 
building, energy for heating, ventilation, air 
conditioning, local hot water, lighting, and operation 
of the equipment. Operating stage is  
considered as the major part of energy consumption 
of the life cycle of commercial buildings. 
There are three methods have been used to evaluate 
the use of the building's operational energy: 
1. Use actual power consumption registers 

taken from water and electricity bills. 
2. Reference to some energy use databases. For 

example, databases from the Energy 
Information Administration (EIA) in the 
USA. 

3. Using energy emulation methods. 
In this research, actual power consumption registers 
taken from electricity bills. Table 3 presents an 
example of the monthly electricity bills records of 
building. The building use electricity for several 
functions. 
The primary energy necessity of the buildings is 
estimated by using the primary energy factor taken 
from the European Directive 2006/32/EC. The 
primary energy factor has been applied to convert 

electricity consuming into primary energy consuming. 
The primary energy transformation factor of electric 
power was 2.5 MJp/MJf, and the GHG quantity for 
generating electricity was 0.132 KgCO2 eq./ MJ, 
established on the average of Turkish generation. 
 
IV. RESULTS 
 
In this research, procedure-based evaluation is used to 
acquire complete results. The picture and floor plan 
of Forum has been shown in Figure 1. Life-cycle 
accounts of both types of buildings, involving the 
amount of every construction component in terms of 
mass, energy efficiency EE and CO2 are shown in 
Table 1.  

 
Figure 1. Forum Shopping Mall 

 
Most of EE is granted from steel (37%), concrete 
(51%), blocks (7%) and the residual is the other raw 
materials. The larger quantity of EE for steel and 
concrete in comparison with other materials results 
from the higher quantity of steel and concrete used 
per square meter. Furthermore, it can be noticed that 
the EE density of steel (21.6 MJ/kg) is very large in 
comparison with the other materials. 
 
Table 1.EE, CO2 and construction material amounts 

of each section in Forum. 

 
 
It is realized from the analyses that steel releases CO2 
emissions by a percentage of (49%). The select of 
building materials can have observable consequences 
on energy consumption and CO2 releases of the 
building. 
The life cycle EE and CO2 releases percentages of 
every sector of Forum are shown in Figures 2 and 3 
respectively. Around 76% of concrete and 80% of 
steel are used in floors construction. As a result, 
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floors are responsible for (74%) of EE and (74%) of 
CO2 releases. Operating energy in Forum is 
predominant and accounts for 90%.  
The building use electric power for heating. The 
primary energy requirements and CO2 emissions of 
electrical power for Forum is shown in Table 2. 

 
Figure 2. Life cycle percentages of every sector of Forum 

 

 
Figure 3. Life cycle CO2 releases percentages of every sector of 

Forum 
 
Table 2. The gross energy requirement and CO2 
releases of building in operating stage 
Operating energy Forum 
Electrical energy consumption 
(MJ/m2) 44522.5 

Emissions from electrical energy 
(KgCO2/m2) 5876.91 

 
Table 3. the gross energy requirement and CO2 
releases of building in destruction stage. 
Gross energy and CO2 releases Forum 
Gross energy consumption (MJ) 99.26 
Gross releases produced (Kg CO2)  583.7 
 
CONCLUSIONS 
 
An actual public commercial building constructed in 
Gaziantep, Turkey were considered. LCEA and 
LCCO2 were analyzed. Building construction, 
operating and destruction stages were analyzed. 
The energy demand and CO2 releases of construction 
and operating stages account for and 10%, 90% and 

5%, 86% for Forum respectively. According to 
calculations for 50-year lifespan, the operating stage 
plays a main role in energy consumption, by 
percentage of 90% of the gross energy demand and 
86% of CO2 releases. In construction stage, the floors 
occupy the greatest part of EE demand and CO2 
releases. Decreasing of life cycle energy requirement 
and CO2 releases of building is very important by 
minimizing its operating energy by using advanced 
technologies. The life cycle analysis procedure 
suffers a lack of all energy requirements through 
construction stage. In sum, decreasing the needs of 
operating energy and using construction materials 
with low EE intensity sound to be the most 
significant perspectives the efficient design of 
buildings. Based on results, volume of building and 
number of stories effect on energy demand and CO2 
releases throughout entire life cycle. 
The study presented the range of life cycle energy of 
Forum is 51587.52 MJ/m2 and CO2 releases is 
7478.88 KgCO2/m2 that considered high. 
In order to decrease consuming of energy designers 
must use alternatives: 
 
1. Increasing the thermal implementation of the 

building. 
2. Decreasing the internal weights to decrease 

materials quantities of construction. 
3. Use more windows to increase natural 

lightening and ventilation. 
4. Optimizing solar systems. 
5. Decrease land use. 

 
Additional researches and studies are needed to 
concentrate on the use of alternative construction 
materials and climatic and economic aspects 
especially in Turkey. 
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