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ABSTRACT KEYWORD

Purpose: The global average temperature has risen by over 1°C in the past century as atmospheric CO, J1ZI2|Z2H
concentrations increased from about 280 ppm in the pre-industrial era to nearly 400 ppm today. In response, many 'Eg;i §E|/7\d7ﬁ\|_7FW(SPP)
countries have implemented carbon-neutral strategies centered on the building sector. Korea has declared carbon 07|l§| Z|;'e;7:. r% =
neutrality by 2050 and aims to cut national greenhouse-gas emissions by 40% by 2030 (from 2018 levels),
including a 32.8% reduction in the building sector. To achieve this, the government promotes green remodeling of ~ Green Remodeling
existing public buildings. However, implementation remains challenging due to variations in cost, energy ~ Public Health Center

. . . Simple Payback Period (SPP)

performance, and payback across technologies. This study analyzes the energy performance and economic Eneray Saving Rate
feasibility of green remodeling technology combinations for public health centers to identify optimal strategies at
the early design stage. Method: Using survey data from 51 buildings (10-20 years old), 25 combinations integrating A CCEPTANCE INFO
passive (insulation, windows), active (equipment, boilers, ventilation), and renewable (PV) technologies were  Received Oct. 20, 2025
simulated with ECO2-OD. Result: The window-+heat-source system+PV (Comb. 18) showed the best balance  Final revision received Nov. 10, 2025
between performance and cost, while insulation+window-+equipment+PV (Comb. 22) achieved the highest energy ~ Accepted Nov. 14,2020
savings but a longer payback due to higher initial costs.
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Table 2. Element technology combination
Group 1 (G1) Group 2 (G2) Group 3 (G3)
No. Combination No. Combination No. Combination
1 Insulation+Window 11 | Insulation+Window+Equipments 21 | Insulation+Window+Equipments+Ventilation
2 | InsulationtEquipments 12 | Insulation+Window-+Ventilation 22 | Insulation+Window+Equipments+PV
3 | Insulationt+Ventilation 13 | Insulation+Window+PV 23 | Insulation+Window+Ventilation+PV
4 | Insulation+PV 14 | InsulationtEquipments+Ventilation 24 | InsulationtEquipments+Ventilation+PV
5 | Window+Equipments 15 | InsulationtEquipmentst+PV 25 | Window+Equipments+VentilationtPV
6 Window+Ventilation 16 | Insulation+Ventilation+PV “Thr field i fioati it firmed
7 | Window+PV 17 | Window+Equipments+Ventilation ough field investiga 1911’ ,1 Was contirme
] o - - that the health center's lighting used 100% LED.
8 | Equipments+Ventilation 18 | Window+Equipments+PV .
- - — Therefore, it was excluded from the factor
9 | EquipmentstPV 19 | Window+Ventilation+PV L .
— - — combination in this study.
10 | Ventilation+PV 20 | Equipments+Ventilation+PV
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Table 3. Calculating the cost of green remodeling public buildings
Div. Elements Unit Construction cost (W/unit)
Wall 95,216
Roof Insulation 5 83,403
Passive Floor m 88,403
Window Low Emissivity glass 561,700
Required Door Main entrance EA 3,800,000
construction Heat recovery ventilation ) 62,993
Active EHP (1st grade) " 120,479
Equipment
Heat pump boiler kW 850,377
Renewables PV m? 253,050
Etc. Architectural construction work 8% of the required construction cost
Demolition work Removal of existing materials 3% of window construction cost
Additional Waste removal 3% of the required construction cost
construction Building Construction-related auxiliary work 20.0% of construction cost
Facilities Equipment-related auxiliary construction 20.0% of the facility cost

Table 4. Annual energy usage calculation criteria

Base Electricity (¥/kWh) . '

CWKW) | Summer sl::l,;g, o Climate environment fee

6.160 132.4 91.9 119 Climate environment fee

’ Average:114.43 unit pricexPower usage
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Table 5. History of revision of overall heat transmission coefficient
in central 2 region

Standard Year ‘Wall Roof Floor | Window

Building act 1222 0.58 116 3.49

enforcement rules 1987 0.582 ol 0.582 e
Rules on building 1992

installation standards, 2001 0.47 0.325 0465 384

et 2008 0.29 0.41 3.40

2010 0.36 0.20 2.40

Energy saving 2013 0.27 0.18 0.29 2.10

design standards 2018 0.24 0.15 0.20 1.00

Table 6. Applied items and their values before and after green
remodeling in central 2 region

Total Score
Individual Score

4 I O ,

Comb.7 Comb.9 Comb.10 Comb.4 Comb.5 Comb.6 Comb.2 Comb.l Comb.8 Comb.3

mmm Total =O—Energy Saving =O=Payback Period

Fig. 1. Performance comparison of two-factor technology combinations

Table 7. Performance evaluation of two-factor technology combinations

Combination Energy saving | Payback period Total score
(score) (score)
Comb.7 9 9 18
Comb.9 10 8 18
Comb.10 7 10 17
Comb.4 8 7 15
Comb.5 6 5 11
Comb.6 3 6 9
Comb.2 4 3 7
Comb. 1 5 1 6
Comb.8 1 4 5
Comb.3 2 2 4

Category Item Unit Before After
Wall U-value 0.47 0.24
. Roof U-value ) 0.325 0.15
B W/mK
BSYe I Floor Unvalue | 0.465 02
Window U-value 3.84 1.5
EHP COP
(cooling/heating) - 3.52/3.52 3.90/4.30
Boiler efficiency % 55 100 (I.Elecmc
boiler)
Active Boiler capacity kW 34.8 34.8
Heat recovery
ventilation % - 48/71
(cooling/heating)
L . , | 75 (LED
Lighting density | W/m applied) 75
Renewables PV capacity kW - 3
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Fig. 2. Performance comparison of three-factor technology combinations

Table 8. Performance evaluation of three-factor technology combinations

Comb.25 Comb.23 Comb.22 Comb.24 Comb.21

mmTotal -o—Energy Saving =o—Payback Period

Fig. 3. Performance comparison of four-factor technology combinations

Table 9. Performance evaluation of four-factor technology combinations

Combination | Ner®Y saving | Payback period | - po) S0 Combination | TNOTEY saving | Payback period | ) e
(score) (score) (score) (score)
Comb.18 10 8 18 Comb.25 8 10 18
Comb.19 7 10 17 Comb.23 9 9 18
Comb.20 6 9 15 Comb.22 10 7 17
Comb.15 9 6 15 Comb.24 7 8 15
Comb.13 8 5 13 Comb.21 6 6 12
Comb.16 5 7 12
Comb.17 2 4 6 o i
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Fig. 4. Integrated evaluation results of the top 10 retrofit measure
combinations

Table 10. Integrated performance evaluation of all technology combinations

Table 11. Sequential addition of technologies and non-linear trend
in energy reduction

Combination Energy saving | Payback period Total score
Comb.18 22 19 41
Comb.19 18 22 40
Comb.25 23 17 40
Comb.23 24 15 39
Comb.7 14 24 38
Comb.9 15 23 38
Comb.20 17 20 37
Comb.22 25 12 37
Comb.15 20 16 36
Comb.10 10 25 35
Comb.4 13 21 34
Comb.16 16 18 34
Comb.24 21 13 34
Comb.13 19 14 33
Comb.17 8 10 18
Comb.5 7 9 16
Comb.11 11 4 15
Comb.12 9 6 15
Comb.6 3 11 14
Comb.21 12 1 13
Comb.2 4 7 11
Comb.8 1 8 9
Comb. 1 5 3 8
Comb.14 6 2 8
Comb.3 2 5 7
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= AA A, ol APyt Anete 27] FAH7F =
&G AA SHME Bgol Fold 4 Al HolEth 49l
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7479 U7 Ak BEAA A% el 2 e o
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T, 947]40] F7PE5F ARATHE Table 1.9} Zo] H4
FH o= Frlole A= BALH, T F7t] wtt o #] A
7 Zo] 73} Zol=k AFo] BAH YTk, BE ZFNA 3 A &
471400 % A 2.47]40] 2748 o 1 2 o] ebito
B, o] % 7|&o0] WA} Hold4E AUE FHBL 1~6% +EOE
etstA Attt webd S iS22y A oA
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7re] 392 Teie 9AA 8 ko] Wastet ol e P A
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. . A Energy | Cumulative
il B ) %)
Step 1 Window only - —8.2
‘Window- Step 2 | + Photovoltaic (PV) 18.2 —26.4
+
based Step 3 Heat source 78 349
sequence system
Step 4 + Insulation 5.7 —39.9
Step 1 Photovoltaic (PV) 3 181
PV- only
based Step 2 + Window 8.3 —26.4
+ H
sequence Step 3 cat source 7.8 —34.2
system
Step 4 + Insulation 5.7 —39.9
T Step 1 | Heat source only - -9.3
e“b;ss‘:;“e' Step 2 | + Photovoltaic (PV)|  18.1 274
Step 3 + Window 6.8 —34.2
sequence -
Step 4 + Insulation 5.7 -39.9
Insulation | Step 1 Insulation only — -17.2
of R 4 Qs AdH 0|1 Al AA Yo weEn
4. 2
B AT FFHALE hYOT AL, eln, A4 247]
=0 2 TollA oA APEY dedlr|te FHECR
Hrkstel, 44 27 9ANA B8 Hse S A8 2T A
17 510t 0|2 918 Aglo] £aE 517149 HlolE S Ao s
i 2dlg F/4dstal, ECO2-0OD Algdolds & & 2571 &
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Vg 950 A Beth o] 2T BT A% AHOE A
Sy Fo A A A9 a8 3 Hd A= o
A ael AgEo] 2 AP aes etk B3 Al 71A
2k Zefsto] FAM] Fo] WAl o|pT|to] A2, ad
EEEREENES IR FRbE
2) o+gz/du+e 3] 2H(Comb.19)¥ Fo+d44d
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< WA Bl 72 A o2 WA Uebd
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