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ABSTRACT

This study analyzed the effects of improving energy performance, thermal comfort, reducing
energy costs and carbon emissions through green remodeling for neighborhood facilities and
houses that were completed more than 35 years ago. As a result of analyzing the effects of
improving the indoor surface temperature of the bedroom on the second floor of the house, in
corner of building envelope was improved the most to 16.51C. The surface temperature in the
center of the glass was also improved by 11.77°C, which is expected to significantly improve
the discomfort of the occupant due to the influence of cold draft near the window in winter. In
addition, it was analyzed that the amount of heat loss had a 44% reduction effect. As a result of
the overall analysis of energy performance before and after green remodeling, the energy
demand of houses was reduced by 55.7% from 268.8 kWh/ni-yr to 119.2 kWh/mi -yr, and the
primary energy consumption was 233.7 kWh/nmi-yr at 578.6 kWh/mi-yr. It was reduced by
59.6% in mi-yr. Neighborhood facilities reduced their energy demand by 21.3% from 220.0
kWh/mi -yr to 173.2 kWh/mi -yr, and reduced primary energy consumption by 89.0% from 391.8
kWh/mi -yr to 43.2 kWh/mi -yr. It was confirmed that the rate was 85.23%, which was at the level
of a zero-energy building 2nd grade. The recovery period compared to energy cost and cost
investment was analyzed to reduce the annual energy cost by 2,159,963 won/year due to green
remodeling, and the recovery period compared to cost investment will take a total of 11.1 years
based on the material cost.

220{: 22AYTAY, F9Y, D212|RW HBO|HAASES, HAEY

Keywords: Neighborhood facility, Housing, Green remodeling, Zero energy building, Carbon
neutrality
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Figure 1. Current status of deteriorated buildings in Korea
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Table 1. Architectural overview

Category Content

Location of the site Jungnang-gu, Seoul
Building area 64.17 m’

Total floor area 267.66 m’

Main structure Reinforced concrete and masonry
Main use Neighborhood facility and housing
Number of floors BIF, 3F above ground

Year of completion 1985
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Table 2. The application status of existing buildings by technology element

Roof floors

3 floors

2™ floors

15t floor

Passive
system

Active
system

Insulation
Window
Window-to-wall ratio

Average heat transmission coefficient

Lighting

Average light power density
Heating system efficiency (Boiler)
Cooling system COP (EHP)

Internal insulation : EPS 30 mm
Regular single glazing
9.75%

- Wall : 1.316 W/mK
- Roof’: 0.852 W/m’-K
Fluorescent lamp
4.66 W/nt
83.1%

3.10

Table 3. Applications for each green remodeling technology element

WEE

Roof floors

‘® =B B\

1t floor

Passive
system

Active
system

Renewable
energy

Insulation

Window
Window-to-wall ratio

Average heat transmission coefficient

Lighting

Average light power density
Heating system efficiency (Boiler)
Cooling system COP (EHP)

Photovoltaic system

- Internal insulation : Add XPS 30 mm

- External insulation : Add external
insulation system (Panel + Rigid
urethane insulation 100 mm)

Low-e double-glazed four-track window

14.08%

- Wall : 0.370 W/m’-K
- Roof : 0.716 W/m-K
High efficiency LED
3.06 W/m’
93.6%
4.42

5.16 kWp
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Table 4. Specifications for PV modules
Category Substance
Nominal values of maximum
power at STC (Pmax) Bow
Nominal values of open circuit
voltage at STC (Voc) 4938V
Nominal values of short circuit
current at STC (Isc) 1088 A
Nominal values of maximum 415V
power voltage at STC (Vmax) ’
Nominal values of maximum
power current at STC (Imax) 1036 A
Maximum system voltage (V) 1,000 V
PV module size(W x HxD) 2,080 mm x 1,030 mm x 35 mm
Nominal efficiency of module 20.1%

Total sunshine hour 8:00:00

Modeling

Figure 3. Modeling for sunshine simulation and total sunshine time analysis results
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Table 5. Setting conditions for heat transfer analysis

Category Substance
Outdoor temperature -15C
Indoor temperature 25C
Outdoor surface combined heat transfer coefficient 23.25 W/m*-K
Indoor surface combined heat transfer coefficient 9.09 W/m’-K
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Modeling Modeling
0 (Before green remodeling) (After green remodeling)

Figure 5. Modeling using a steady-state three dimensional heat transfer analysis program

Analysis results (Before green remodeling) 26°C

| [LL

=15

26C

Heat loss

729 W

0

-15T

Figure 6. Analysis results of indoor temperature and heat loss
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Table 6. Results of energy performance evaluation of existing building (Housing) [kWh/mi-yr]

New & . . Domestic . .. o
renewable Heating Cooling hot water Lighting Ventilation Total

energy
Energy demand 0.0 2122 143 30.7 11.6 0.0 268.8
Energy 0.0 342.0 43 36.4 11.6 0.0 394.3
consumption
Primary energy 0.0 4856 119 492 31.9 0.0 578.6
consumption
Primary energy 0.0 380.0 11.9 37.7 319 0.0 461.5

consumption for grade

Table 7. Results of energy performance evaluation of existing building (Neighborhood facility)

[kWh/ni-yr]
New & . . Domestic ;. , .. e
renewable Heating Cooling hot water Lighting Ventilation Total
energy
Energy demand 0.0 153.8 30.4 9.0 26.8 0.0 220.0
Energy
consumption 0.0 97.3 8.6 9.8 26.8 0.0 142.5
Primary encrgy 0.0 2677 235 27.0 73.6 0.0 391.8
consumption
Primary energy 0.0 220.1 19.3 225 495 0.0 311.4
consumption for grade
7V 2 HlEE AR ok dHolU A 8-S Asl | flof TiA B 7]&a4- 2ol i

3
 AYE FE2 Table 8, T-HAYZAE-L Table 99 FERNRICE e W ofL]z] @
2F212.2 kWh/m*yroll A 66.4 kWh/myr2 68.7% #7, & 12} oA A QRS 578.6 kWh/
n-yrol| 4] 286.5 kWh/nt'-yr= IR 2| Rl 7 thH] 50.5% A=t SRR T
AR Q7F 153.8 kWh/m*yrofl 4] 105.8 kWh/m'*yr2 31.2% A7, & 12} AU A A Q32
391.8 kWh/myroflA] 325.1 kWh/m'-yr = I=12]| X ElE] 7 thH] 17.0% ZA=SAct miA]E 7]
=94 A-go] w2t 12} R A e T8 FpolA Ataapt 2 Ao = FAEI A
S UABETEOR THE 35T, THEAEL 155 1] A o2 Ueith

i

Table 8. Results of passive technology application analysis (Housing) [kWh/mi-yr]

New & . . Domestic . . -
renewable Heating Cooling hot water Lighting Ventilation Total
energy
Energy demand 0.0 66.4 143 30.7 11.6 0.0 123.0
() (687%) () Q) Q) () (-342%)
Energy 0.0 146.5 43 36.4 11.6 0.0 198.8
consumption O C572%) () ) ©) () (49.6%)
Primary energy 0.0 193.5 11.9 49.2 31.9 0.0 286.5
consumption () (602%) () ® ® (O (-50.5%)
Primary energy 0.0 145.5 11.9 37.7 31.9 0.0 227.0
consumption for grade -) (-61.7%) (=) O] - ) (-50.8%)
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Table 9. Results of passive technology application analysis (Neighborhood facility) [kWh/mi-yr]

New &

renewable Heating Cooling l}?c())tnxf:tt:r: Lighting Ventilation Total
energy

Energy demand 0.0 105.8 31.6 9.0 26.8 0.0 173.2
) (-31.2%) (+3.9%) -) ) O] (-21.3%)

Energy 0.0 72.8 8.9 9.8 26.8 0.0 118.3
consumption ) (-25.2%) (+3.5%) ©) () ©) (-17.0%)
Primary energy 0.0 200.2 243 27.0 73.6 0.0 325.1
consumption ) (-25.2%) (+3.4%) ) () ©) (-17.0%)
Primary energy 0.0 164.6 20.0 22.5 49.5 0.0 256.6
consumption for grade ) (-25.2%) (+3.6%) - ©) O] (-17.6%)
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2 A, i) o 2] @4 1.5 kWh/mdyrihE 7t
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A 07 AR BE FE 18.4%, TUABALL 10.0%53 AL ol 20 BA
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Table 10. Results of active technology application analysis (Housing) [kWh/mi-yr]

New & Domestic

renewable Heating Cooling hot water Lighting Ventilation Total

energy

Enerey demand 0.0 68.6 12.8 30.7 7.1 0.0 119.2
&y ) (+3.3%) (-10.5%) ) (-38.8%) ¢ (-3.1%)

Energy 0.0 110.9 4.9 33.0 7.1 0.0 155.9
consumption () (-243%) (+14.0%) (-93%) (-38.8%) () (21.6%)
Primary energy 0.0 154.8 13.5 45.8 19.6 0.0 233.7
consumption () (-20.0%) (+13.4%) (-6.9%) (-38.6%) () (-184%)
Primary energy 0.0 120.2 13.5 35.6 19.6 0.0 188.9

consumption for grade ) (-17.4%) (+13.4%) (-5.6%) (-38.6%) “) (-16.8%)

Table 11. Results of active technology application analysis(Neighborhood facility) [kWh/mi-yr]

New & . . Domestic S .
renewable Heating Cooling hot water Lighting Ventilation Total

energy

Energy demand 0.0 105.8 31.6 9.0 26.8 0.0 173.2
¢) ¢) ¢) ¢) ¢) ¢) ¢)

Energy 0.0 62.1 7.7 9.8 26.8 0.0 106.4
consumption Q] (-14.7%) (-13.5%) - ©) ) (-10.1%)
Primary energy 0.0 170.8 21.2 27.0 73.6 0.0 292.6
consumption Q) (-14.7%) (-12.8%) “) ©) O] (-10.0%)
Primary energy 0.0 140.5 17.4 22.5 49.5 0.0 229.9
consumption for grade ) (-14.6%) (-13.0%) ©) -) ) (-10.4%)
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Table 12. Results of renewable energy application analysis (Neighborhood facility) [kWh/mi-yr]

New & Domestic
renewable Heating Cooling hot water Lighting Ventilation Total

energy

Energy demand 0.0 105.8 31.6 9.0 26.8 0.0 173.2
©) Q) Q) ¢ ©) Q) Q)

Energy -90.7 9.2 1.1 1.4 4.0 0.0 15.7
consumption ) (-85.2%) (-85.7%) (-85.7%) (-85.1%) ¢ (-85.2%)
Primary energy -249.3 25.2 3.1 4.0 10.9 0.0 432
consumption ) (-85.2%) (-85.4%) (-852%) (-85.2%) ) (-85.2%)
Primary energy 0.0 20.7 2.6 33 7.3 0.0 33.9
consumption for grade “) (-85.3%) (-85.1%) (-85.3%) (-85.3%) ¢ (-85.3%)
Energy o
independent rate 85.23%
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Figure 7. Comprehensive analysis of effectiveness of applying technology step by step (Primary
energy consumption)
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Figure 8. Comprehensive analysis of effectiveness of applying technology step by step (CO2 emissions)
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Table 13. Applied electricity unit fee (Housing)

Category Content
Summer season (Jul.-Aug.) 88.3 W/kWh
Other season (Jan.-Jun., Sep.-Dec.) 88.3 W/kWh
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Table 14. Applied electricity unit fee (Neighborhood facility)

Category Content
Summer season (Jun.-Aug.) 108.4 W/kWh
Spring and fall season (Mar.-May, Sep.-Oct.) 65.4 W/kWh
Winter season (Nov.-Feb.) 95.2 W/kWh
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Figure 9. Energy fee calculation results
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Figure 10. Status of remodeling construction costs
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