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ABSTRACT KEYWORD

Purpose: The increase in greenhouse gas emissions continues to cause problems all over the world. Buildings AHZ0|HZ|HZE
account for 38% of greenhouse gas emissions, and efforts are being made to reduce energy consumption in the 2':2; *H3'|147f
operating phase. Zero Energy Building (ZEB) aims to reduce greenhouse gases by minimizing energy consumption EP/J\_HH 22t
in buildings and improving energy consumption efficiency. Since ZEB has a large embodied energy, it is necessary
to comprehensively evaluate carbon emissions in the building life cycle through Life Cycle Assessment (LCA).  Zero Energy Building
Among ZEB's passive technologies that affect energy consumption, Window to Wall ratio (WWR) was set as a  Window-to-Wall Ratio
variable. In addition, lighting control affected by WWR is set as a variable to evaluate energy consumption and Eﬁ)gzg;ﬁ:i?mem
carbon emission. Method: Energy consumption was analyzed using DesignBuilder, and carbon emissions were
evaluated using OneClickLCA. Result: As WWR increased, heating energy decreased, cooling energy increased, ACCEPTANCE INFO
and total energy consumption increased. When lighting control was applied, the base model, which was most  Received Aug. 8, 2023
suitable for ZEB, had the lowest energy consumption. As for the carbon emission amount, the higher the WWR, the ~ Final revision received Aug. 17,2023
lower the carbon emission amount of category, which is influenced by the material. However, models with the ~/ccepted Aug. 22,2023
highest energy consumption also had the highest carbon emissions.
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Fig. 1. Modelling result of base
model

Fig. 2. Floor plan of base model

Table 1. Base model building information
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AZAEolgt 7FA It OneClickLCAS] H7PH Y= Foundations
and substructure, Structure and enclosure, Finishing and other
materials, External areas, Service® & 5702 Wt AE9 YA
Hlol te A2 BaEEE WS 2ol BAY o Hatab
FAE ZA5H7] ol AV v ol FoFe 71214 ¢h= B7h 9= Al

9J5}+e] Structure and enclosure$} Finishing and other materials

Category Building Information
Occupancy density 0.1 people/m’
Activity Heating / Heating set back 22°C / 12°C
Cooling / Cooling set back 27°C / 31°C
External wall 0.230 W/m' K
Ground floor 0.274 W/m’ K
Flat roof 0.146 W/m’ K
Construction Airtightness 1.5 ACH
U-Value 1.493 W/m' K
Window, Door SHGC 0.568
VT 0.745
Lighting Power density Office 6W/m’ , Core 5W/m’
HVAC template PTHP (Packaged Terminal Heat Pump)
HVAC Heating and Cooling fuel Electricity from grid
Heating and Cooling system seasonal CoP 35
DHW type / CoP / fuel Instantaneous / 0.85 / Electricity from grid
Installation area 125m°
Generation PV efficiency 21.3%
Flat surface position Upper surface
Case 1 Base
WWR 10% WWR 20% WWR 30% WWR 40%
East - West Facade South - North Facade East - West Facade South - North Facade
Case 2 Case 3
WWR 50% WWR 60% WWR 70% WWR 80%
East - West Facade South - North Facade East - West Facade South - North Facade

Fig. 3. Case models facade
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Table 2. OneClickLCA input information
Basic information
Country South Korea

New constructions
whole building

Project type

Frame type Concrete frame

Structure and enclosure,
Finishing and other materials
LCA default values for materials calculation

Service life values for materials

Included parts

Technical service life

Transportation distance

default values for materials Global

Material manufacturing

localization method V2.1 Recommended

Material manufacturing

L South Korea
localization target

End of life calculation method Material-locked
Building materials

Vertical structures and facade

DesignBuilder Simulation results

Horizontal structures DesignBuilder Simulation results

Other structure and materials DesignBuilder Simulation results

Energy consumption, annual

Electricity consumption DesignBuilder Simulation results

Water consumption, annual

The water consumption | DesignBuilder Simulation results

Calculation period

Calculation period 50 years
Carbonization
Carbonization of cementitious .
. Calculation
materials
Building area
Area definitions | 1526.25m’
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Table 3. Source energy use intensity according to WWR variables
- no lighting control

Table 4. Source energy use intensity according to WWR variables -
lighting control

Source energy use intensity [KWh/n1'| Source energy use intensity [KWh/m’|

Item Case 1 Base Case 2 Case 3 Item Case 1 Base Case 2 Case 3
model model model model model model model model

Lighting 44.11 44.11 44.11 44.11 Lighting 19.23 17.03 16.28 15.88
Heating 29.33 26.79 24.40 22.75 Heating 30.62 28.11 25.69 24.00
Cooling 12.17 16.67 21.40 25.23 Cooling 9.86 14.08 18.54 22.26
DHW 6.27 6.27 6.27 6.27 DHW 6.27 6.27 6.27 6.27
Total 91.88 93.84 96.18 98.36 Total 65.98 65.49 66.78 68.41

EDHW Lighting EHeating & Cooling

Source energy use intensity
(KWh/m’)
N
<>

=

Casel Base Case2 Case3

Fig. 4. Comparison of source energy use intensity by item — no
lighting control
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Fig. 5. Comparison of source energy use intensity by item - lighting
control
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Table 5. Carbon emissions by WWR variables — no lighting control

Table 7. Carbon emissions by WWR variables — lighting control

Global warming (t CO,e)

Global warming (t CO,e)

Result category

Result category p : B e F— Case 1 Base Case 2 Case 3
e ase ase ase Construction materials 274 268 260 253
Construction materials 274 268 260 253 Transportation to site 8,59 .48 8.35 823
Transportation to site 8.59 8.48 8.35 8.23 Use phase -24.00 -22.40 -21.30 -20.30
Use phase -24.00 -22.40 -21.30 -20.30 Energy consumption 1264 1255 1280 1311
Energy consumption 1,761 1,800 1,843 1,885 Water use 0.62 0.62 0.62 0.62
Water use 0.62 0.62 0.62 0.62 End of life 14.90 14.10 13.10 12.20
3 Total 1,538.11 | 1,523.8 | 1,540.77 | 1,564.75
End of life 14.90 14.10 13.10 12.20 = A
er gross floor area
Total 2,035.11 | 2,068.8 | 2,103.77 | 2,138.75 (t COs e / m?) 1.03 1.02 1.03 1.04
Per gross floor area 136 138 140 143 )
(t COue / ) ' ' ' ' 3 BAA ATES BLAST 4 YR Do B

Table 6. Carbon emissions of walls and windows

Global warming (t COse)
Case 1 Base Case 2 Case 3

Building materials

Vertical structures

and facade 78 62 4 27

Windows and doors 7 21 33 45
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