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Abstract. The purpose of this study is to assess environmental friendliness of passive apartment 

house based on major building materials in Korea. To accomplish this, stage-wise quantity 

information of life cycle and energy consumption data were established on major materials through 

theoretical consideration on life cycle assessment. In addition, basic unit database from Korean LCI 

DB was utilized to assess and analyze characterization value of global warming assessment. As a 

result, the value of global warming was smaller in passive apartment house in comparison to general 

apartment house. As the effect of building materials in construction stage was analyzed to be greater 

than the effect of energy consumption in operation stage, development of diverse building materials 

taking environmental impact into account is deemed necessary.  

Introduction 

Ever since the United Nations Framework Convention on Climate Change held in Rio, Brazil in 1992, 

environmental problems like global warming have come to the fore throughout the world and efforts 

by construction industry to minimize environmental impact emission are accelerating. Accordingly, 

research and supply of passive technology factors and zero-energy houses are being actively 

conducted around Europe. On one hand in Korea, studies were actively carried out with focus on 

passive technology factors such as insulating materials, high airtight windows, high insulation doors, 

and renewable energy after the announcement of green home policy in 2009. However, application of 

passive technology factors in high-rise apartment house, which takes up the greatest portion of 

residential types in Korea, is still at basic level. Furthermore, such passive technology factors only 

considered energy reduction in operation stage, and there is lack of studies on environmental impact 

and environment-friendly assessment for building materials during life cycle of buildings. Thus, the 

aim of this study is to assess environmental friendliness of passive apartment house based on major 

building materials in Korea. To do so, stage-wise quantity information of life cycle and energy 

consumption data were constructed from major materials with theoretical consideration on life cycle 

assessment described in ISO 14040:2006. Also, basic unit database from Korean LCI DB was used to 

assess and analyze characterization values of global warming, which is regarded as the most 

important among environmental impact items. 

Selection of Assessment Subject 

A high-rise passive apartment with 8 floors and 15 households constructed in Korea was selected as 

the subject of this study, and unit households actually living in the apartment were subjects of 

assessment. Technology factors applied to passive apartment include high performance external 

insulation system with thickness of 200mm, high airtight and high insulation window system 

composed of 3-layered glass, and vacuum glass door. Waste heat recollection and ventilation system, 

high efficiency LED light, and renewable energies such as wood pellet boiler and photovoltaic power 
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were used. Such high insulation and high airtight construction method increases quantity in building 

material production stage but is expected to offset energy consumption during operation stage. In 

addition for convenient comparative analysis on the assessment results for each stage of life cycle, 

unit household with the same conditions as general apartment such as internal insulation of 120mm 

thickness, 2-layered window, and general door based on the energy conserving design code of Korea 

was selected as the subject of comparison. Architecture scheme and technology factors are as shown 

in Table 1. Accordingly, comparison and assessment were performed under same regional, size and 

structural conditions as the unit plan of passive apartment.  

 

Table 1 Architecture scheme  

Unit plan Contents Passive apartment General apartment 

 

Building area 338.30m
2
 

Gross floor area 2235.09m
2
 

Floor area 18.05% 

Floor space index 43.54% 

Number of stories 8 stories 

Structural type Reinforced concrete 

Window system Triple pane window Double pane window 

Insulation system EPS : 200mm EPS : 120mm 

Door type Vacuum glass door Normal door 

Renewable energy 
Wood pellet-boiler 

Solar energy 
- 

 

Life Cycle Assessment based on Major Materials 

 

1) Construction stage 

In the material production stage, quantity data was established on concrete, rebar, gypsum board, 

paint, cement brick, wallpaper, window, glass, and insulating material with cut-off criteria of 90% or 

above in greenhouse gas emission[1]. Unit household quantity of passive apartment was about 1.5 

times greater than unit household quantity of general apartment because of insulating material and 

window. Energy consumption data in construction stage was constructed based on fuel consumption 

during transportation and equipment used for construction. 

 

2) Operation stage 

In the operation stage, energy consumption during life cycle was assessed with an assumption that life 

cycle of apartment is 40 years. Actual monthly data was used to compute mean annual data. Mean 

annual electricity use and photovoltaic production of unit household in passive apartment were 

assessed using actual data about additional electricity use with consideration on loss rate. For energy 

consumption of general apartment, data was established based on the mean consumption of the same 

size and region according to apartment management information system of Korea and building energy 

efficiency rating. In the maintenance stage, quantity data of additional building materials was deduced 

with consideration on repair rate and repair cycle according to the Housing Act[2]. 
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3) Disposal stage 

The scope of assessment in the demolition stage can be classified into partial scope which only 

includes demolition and waste transportation stages and scope that includes demolition, waste 

transportation, intermediate treatment, and waste landfill stages. Since energy use or amount of waste 

filled in the intermediate treatment stage can differ according to recycling rate during treatment of 

waste, the scope of assessment in this study was limited to the waste transportation stage, which is the 

stage before recycling of waste. Equipment used for demolition of building and fuel consumption 

used for transportation was used as data. Material quantity during demolition was computed by 

applying 1.5, the rate of volume increase, to quantity of materials for demolition. Fuel consumption of 

demolition equipment according to material quantity was used as data. In the waste transportation 

stage, amount of waste was computed using fuel efficiency of 4.3km/h and transportation distance of 

30km after dividing by carrying capacity of 10-ton dump truck vehicle. Characterization values of 

impact assessment based on the database constructed in each stage are as shown in Table 2[3]. 

 

Table 2 Major database of global warming characterization in each stage (Unit: kg-CO2eq) 

Stage Contents Passive General Stage Contents Passive General 

Construction  

Conscrete 2.39E+04 2.39E+04 

Operation 

and 

Maintanace 

LNG - 1.95E+04 

Reinforc- 

ing bar 
1.85E+03 1.85E+03 Electricity 2.49E+04 7.59E+04 

Glass  1.18E+04 7.88E+02 Gypsum 5.58E+02 6.33E+02 

Insulation  2.67E+03 1.05E+03 Glass 3.54E+02 2.36E+02 

Gypsum 1.86E+03 2.11E+03 Insulation 1.60E+03 6.27E+02 

Disel 1.45E+02 1.45E+02 Tile 4.06E+01 4.06E+01 

Electricity 4.35E+02 4.35E+02 Paint 1.96E+02 1.96E+02 

Gasoline 3.42E-01 3.42E-01 Disposal Disel 8.34E+01 8.26E+01 

Results  

Global warming characterization values of passive apartment and general apartment in Korea were 

deduced from major building materials through establishment of database for each stage described 

earlier. They were comparatively analyzed to assess environmental friendliness of passive apartment. 

As a result of assessment, global warming characterization value based on life cycle of 40 years was 

736.68kg-CO2eq for passive apartment and 1,536.91kg-CO2eq for general apartment. This corresponds 

to emission for 13 years by general apartment. Passive apartment was found to be advantages in terms 

of global warming. As shown in Fig. 1, ratio of each stage in general apartment was 24.7% for 

construction stage, 75.2% for operation and maintenance stage, and 0.1% for disposal stage. Ratio of 

each stage in passive apartment was 54.7% for construction stage, 45.1% for operation and 

maintenance stage, and 0.2% for disposal stage. While operation and maintenance stage has 3 times as 

large effect than construction stage in general apartment, ratio of construction stage was higher than 

operation stage in passive apartment. Though materials such as insulating material and 3-layered glass 

additionally used in construction stage of passive apartment cause increase in CO2 emission in 

construction stage, application of renewable energies and use of high airtight and high insulation 

techniques in additional input materials result in energy reduction effect. In addition, buildings 

materials in construction stage are considered to play an important role in energy reduction during 

operation stage in terms of global warming, but development of building materials and life cycle 

assessment on buildings that take into account other impact assessment items are necessary. 
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Passive apartment                    General apartment 

 
Note: Life cycle of building = 40 years 

  

    Fig.1 Ratio of each stage in existing and passive apartment 

Conclusions  

This study was carried out for the purpose of assessing environmental friendliness of passive 

apartment house based on major building materials in Korea, and the following conclusions were 

obtained.  

Global warming characterization throughout life cycle was quantitatively analyzed by constructing 

database of major materials and using information of building materials in passive apartment and 

general apartment. As a result, global warming characterization of passive apartment for life cycle of 

40 years was 736.68kg-CO2eq, showing about 50% reduction compared to 1,536.91kg-CO2eq of 

general apartment.  

In addition, as passive apartment was analyzed to show greater effect of building materials in 

construction stage than energy consumption in operation stage compared to general apartment, 

building materials in passive apartment must be selected with consideration on environmental impact. 

Since construction stage will become more important than operation stage in the future, selection of 

building materials should consider diverse environmental impacts other than global warming to select 

and assess environment-friendly materials.  
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