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Abstract

Green-remodeling is to improve the energy performance of existing buildings that have been aged for more than 15
years since completion. In order to achieve the national greenhouse gas emission reduction plan in the building
sector, it is necessary to analyze the carbon reduction effect by considering the internal carbon emissions that may
occur during green-remodeling of old buildings. This study analyzed the effects of energy reduction and carbon
emission reduction when green-remodeling was applied to old health centers constructed in 1992. When applying
green-remodeling, the carbon emission reduction effect considered the embodied carbon emission of the improvement
items and the carbon emission at the building operation stage. When applying green-remodeling to existing buildings,
energy consumption was reduced by 39.3%, and carbon emissions were reduced by 48.9% after 27 years of green-
remodeling. In order to reduce carbon emissions, it was important to apply a renewable system as an item to improve
the performance of green-remodeling. In particular, it was confirmed that it is very important to consider the
photovoltaic system as a top priority for the carbon emission reduction.
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Fig. 1. Example of reference floor plan and Green-remodeling wall envelop details

Table 1. Building summary

Division

Content

Location of site

Year of construction completion
Main use

Total floor area

Number of floors

Main structure

Geumjeong-gu, Busan
1991

Public Office Building
1,453.36m’

4F

Reinforced concrete and masonry
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Table 2. Case condition
. Baseline Case 1
Division (Before GR) (Afier GR) Case 2 Case 3 Case 4
Wall 0.76W/m?*K 0.76W/m*K 0.31W/m’K 0.76W/m’K 0.76W/m*K
Roof 0.52W/m’*K 0.52W/m*K 0.18W/m’K 0.52W/m’K 0.52W/m’*K
Passive Floor 0.76W/m*K 0.76W/m*K 0.31W/m*K 0.76W/m’K 0.76W/m*K
. 24 mm Low-E 24 mm Low-E 24 mm Low-E 24 mm Low-E
Window Double-glazed
& Door (3.1 W/m*K) Double-glazed  Double-glazed  Double-glazed = Double-glazed
’ (1.6W/m’K) (1.6W/m’K) (1.6W/m’K) (1.6W/m’K)
Heating EHP EHP EHP C (g}PShH;) & e OGPShH;) &
. & Cooling (COP 3.61) (COP 4.33) (COP 4.33) COPe 431) COPe 431)
Active Hotwater Electric boiler Electric boiler  Electric boiler ~ Electric boiler  Electric boiler
Lichtin Fluorescent+LED ~ LED Lighting  LED Lighting  LED Lighting  LED Lighting
gitng 5.16W/m? 1.57W/m? 1.57W/m? 1.57W/m? 1.57W/m?
PV - - - 15kW -
Renewable
Geothermal - - - GSHP 140kW  GSHP 175kW
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Table 3. Analysis results of energy demand (kWh/m*-yr)

Division Heating Cooling Hotwater Lighting Renewable Total Saving Rate
Baseline 333 242 6.1 18.9 0.0 82.5 0.0%
Case 1 29.7 16.1 6.1 5.7 0.0 57.6 30.2%
Case 2 18.6 194 6.1 5.7 0.0 49.8 39.6%
Case 3 29.7 16.1 6.1 5.7 0.0 57.6 30.2%
Case 4 29.7 16.1 6.1 5.7 0.0 57.6 30.2%
Table 4. Analysis results of energy consumption (kWh/m?-yr)
Division Heating Cooling Hotwater Lighting Renewable Total Saving Rate
Baseline 15.8 9.9 6.1 18.9 - 50.7 0.0%
Case 1 12.9 5.9 6.1 5.7 - 30.6 39.6%
Case 2 8.8 7.1 6.1 5.7 - 27.7 45.4%
Case 3 7.3 3.7 4.0 4.0 -21.0 2.0 103.9%
Case 4 10.2 5.1 6.1 5.7 -12.5 14.6 71.2%
Table 5. Analysis results of primary energy consumption (kWh/m?-yr)

Division Heating Cooling Hotwater Lighting Renewable Total Saving Rate
Baseline 434 273 18.1 52.0 - 140.8 0.0%
Case 1 354 16.2 18.1 15.8 - 85.5 39.3%
Case 2 24.1 19.4 18.1 15.8 - 774 45.0%
Case 3 20.1 10.1 12.6 11.0 -36.0 17.8 87.4%
Case 4 28.0 14.0 18.1 15.8 -12.5 63.4 55.0%
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a9 REs e easd A5 A5 AR 23 oA LTS A A 82.5kWh/
m2-yro| A 7§ F(Case 1) 57.6kWh/m?-yre 2 <k 302% AT = AL 3HQlslg). 89 ﬂ%**hﬁ g
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Table 6. The global warming index of greenhouse gas and electricity power emission factor

Division Global warming index Electricity power emission factor
CO, 1 0.4747tCO/MWh
CH, 21 0.0125kgCHy/MWh
N,O 310 0.0100kgN,O/MWh
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Table 7. Carbon emissions of technology component materials

Division Capacity Embodied carbon coefficient Carbon emission
o Glass 27,439.2kg 0.59kgCO,eq/kg 16,189.1kgCO,eq
Passive item .
Insulation 2,345.2kg 4.26kgCO,eq/kg 9,990.6kgCO,eq
EHP 175kW (49.8RT) 84.6kgCO,eq/RT 4,213.1kgCOseq
. 37EA (15W) 6.2kgCO,eq/EA 229.4kgCO,eq
LED light
43EA (40W) 6.2kgCO,eq/EA 266.6kgCO,eq
Active item GSHP 140kW (39.8RT) 84.6kgCO,eq/RT 3,367.1kgCO,eq
GSHP 175kW (49.8RT) 84.6kgCO,eq/RT 4,213.1kgCOseq
GHEX 14EA (3RT) 510.1kgCO,eq/EA 7,141.4kgCO,eq
PV 15kW 672.4kgCOeq/kW 10,086.0kgCO,eq

Table 8. Analysis results of GHG emissions (tCO,eq)

Division Construction Building operation after Green-remodeling Total Saving rate
[A] 1 year 2 years 3 years 27 years [B] [A+B] [A+BJ/[C]

Baseline - 352 70.5 105.7 951.1[C] 951.1 -

Case 1 20.9 17.2 345 51.7 465.2 486.1 48.9%

Case 2 309 15.8 31.7 475 427.7 458.6 51.8%

Case 3 373 -0.2 -0.4 —0.6 -5.6 31.7 96.7%

Case 4 29.4 10.1 20.3 30.4 2739 303.2 68.1%
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Fig. 3. Analysis results of GHG emissions comparison with building operation 1 year and 27 years
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