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ABSTRACT KEYWORD

Purpose: The Green remodeling Project for public buildings aims to improve the energy efficiency of older ~122|2&3
buildings and reduce greenhouse gas emissions, with the primary goal of extending these efforts to private Hg';%fﬁﬂ fif‘fﬁol .
buildings. However, the green remodeling projects apply uniform energy technology elements without considering l\c/’[ 8?\? E_“% = =
the usage and energy consumption behavior of the target buildings, making it difficult to implement suitable energy
technologies for each building. Additionally, there is a difference between the estimated construction cost and the =~ Green Remodeling
actual construction cost for green remodeling by estimating the construction cost using the same energy technology ~ Cose-Benefit Optimization

. .. .. . . . Dynamic Analysis Simulation

standard unit cost. Furthermore, the subjective opinions of various green remodeling business operators select Measurement & Verification Model
energy technology products that only meet the support conditions, not the requirements of a specific building,
which can result in high costs compared to energy savings. In this study, a cost-benefit optimization process for A CCEPTANCE INFO
green remodeling of public buildings was proposed, energy savings were analyzed through an M&V (Measurement  Received Sep. 20, 2024
& Verification) simulation model. Method: We investigated the problems of the process in public building green  Final revision received Oct. 30, 2024
remodeling projects and proposed a cost-benefit optimization process that can optimize construction costs ~‘ccepted Nov. 4,2024
compared to energy savings based on the problems. In addition, we performed M&V with actual energy usage using
a dynamic simulation tool (DesignBuilder) and analyzed energy savings through simulation models of various
energy performance levels. Result: The energy saving for the improvement model was confirmed to be at least 5%
and at most 53% according to the defined technical elements and levels.
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Fig. 1. Summary of existing green remodeling projects and cost-benefit optimization process
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Fig. 2. Front (left) and rear (right) elevation of a building
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Table 1. Electric energy consumption of the building [kWh]

Month 2020 2021 2022 Average
January 24,124 28,283 37,973 30,127
February 23,929 27,213 31,712 27,618
March 19,827 20,032 24,191 21,350
April 14,992 14,040 19,179 16,070
May 8,562 11,409 9,644 9,872
June 9,301 10,404 9,595 9,933
July 11,731 14,007 16,353 14,030
August 15,950 17,530 17,389 16,956
September 14,310 13,221 14,135 13,889
October 8,824 10,193 11,207 10,075
November 11,648 14,656 13,131 13,145
December 19,145 23,863 23,736 22,248
Total 182,843 204,851 228,245 205,313
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Table 2. Energy consumption by purpose [kWh] Table 3. Building space classification (conditioned / unconditioned)
Month Cooling Heating Base load Floor Conditioned Unconditioned Total
January - 20,255 9,872 BIF - 301.99 301.99
February - 17,746 9,872 IF 866.03 426.66 1,292.69
March - 11,478 9,872 2F 831.32 451.05 1,282.37
April - 6,199 9,872 3F - 34.53 34.53
May - - 9,872 Roof - 83.79 83.79
June 62 - 9,872 Total 1,697.35 1,298.02 2,995.37

July 4,159 - 9,872
Table 4. Indoor setpoints by usage
August 7,085 - 9,872 — - —
Office building Education building
September 4,017 - 9,872
Type Input Type Input
October 203 - 9,872
Occupanc Densi 0.058 Occupanc Densi 0.106
November - 3,273 9,872 pancy ty people/m’ pancy ty people/m’
DEgmEET - 12,376 9,872 Activity | Factor | 090 | Activity | Factor | 0.90
Total 15,526 71,327 118,464
Heating 20°C Heating 20°C
) (set back) | (12°C) ) (set back) | (13°C)
- _ Environment Environment
2) TR =T &8 T AA ANUAAEFTL] M&V control control
223 Cooling 26°C Cooling 26°C
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Table 5. Results of energy simulation analysis for buildings

Type Enef’gy con.sumption
(baseline design) [kWh]
Heating Electricity 72,087.43
Gas 0.00
Cooling Electricity 15,637.68
Lighting Electricity
Equipment Electricity 11987610
Fans Electricity 0.00
Pumps Electricity 0.00
Energy production Electricity 0.00
Gas building consumption 0.00
Electricity building consumption 207,601.21
Total building consumption 207,601.21
Table 6. M&V analysis results
Type Con}iu‘;]nhp]tlon Sll[lll(uvl;lltl;on Eior (%)
Heating 71,328 72,087 1.05%
Cooling 15,525 15,637 0.72%
Base load 118,460 119,876 1.18%
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Table 7. Thermal transmittance (U-value) and efficiency of existing
buildings under current standards: HVAC and lighting

Component Current m l:g:cgz;

Wall 0.756 0.24 68.3%
Roof 0.756 0.15 80.2%
Floor 0.523 0.17 67.5%
Window 3.605 1.5 58.4%
HVAC Cooling 237 3.17 33.8%
Heating 2.30 3.61 57%

Lighting 7 7 0%

Table 8. Simulation results of energy demand based on thermal
transmittance and efficiency according to standards

Ei i K
Component nergy consumption [KWh] - Difference
Curre) K
Use nt standard [KWh]
Heating 72,087.43 58,593.12 -13,494.31
Wall Cooling 15,637.68 15,650.14 12.46
Base 119,876.10 119,876.10 -
Heating 72,087.43 57,817.28 -14,270.15
Roof Cooling 15,637.68 14,350.50 -1,287.18
Base 119,876.10 119,876.10 -
Heating 72,087.43 57,972.11 -14,115.32
Window Cooling 15,637.68 16,079.49 441.81
Base 119,876.10 119,876.10 -
Heating 72,087.43 47,773.16 -24,314.27
HVAC Cooling 15,637.68 11,869.03 -3,768.65
Base 119,876.10 119,876.10 -
Heating 72,087.43 72,087.43 -
Light Cooling 15,637.68 15,637.68 -
Base 119,876.10 119,876.10 -
E2 9o TR DY A A T FAAE 5 24k
o} AR A e 2R ET] FAF FES oflvA] FAFE 27
AR Biolo] A P AT A& AR 712
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Table 9. Performance definition by energy technology
Technology ALT-1 | ALT-2 | ALT-3 | ALT4 | ALT-S
Insulation Wall 0.29 0.26 0.24 0.22 0.19
(Wm’K) | Roof | 018 | 016 | 015 | 014 | 013
Window (W/m’K) 1.8 1.65 1.5 1.35 1.2
EHP Cooling 2.54 2.85 3.17 3.49 3.8

d 7 LED 2302 WA HE A%E YA aLeH 21
A TW/mie 2 BAE . 2HYYAAH(LDS; Lingting
Dmmmﬁwmmﬂ%ﬂﬂEWNﬁﬁﬂAﬂ%%@%ﬂiﬂ
A5t GAE A5 4 o7t 275t weEbA sid 7l A
/A7 FE5] AU A7E e At

A A A2 oll= S/l PV BEo] AA|Elo] glo B gk
YA BRI A A olst AU 2] u] 28 AF 7)1 ENA BT
A3e] 4 eepg A7) 7P WA 710 2 skt 4% BA
oA 10cm ©]A3dte] AHASH 2AF gjokgo] o A WEL
ALT-52 AAst90H, ALT-1~4= ALT-58 7|F2 =2 10%4
A7) WAL Fo) £29 452 Helstseh BIPV & 42 B0

(COoP) Heating | 2.89 3.25 3.61 3.97 433
Blind Internal
) External Applied / Not applied
LDS
LED (W/m?) 6 5.5 5 45 4
PV (m?) 24214 | 282.49 | 322.85 | 363.2 | 403.56
BIPV (m?) 234 273 312 351 390

gt 710l EASHA] 2

k.
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A%t A= thE Table

Table 10. Analysis results of energy consumption and savings by performance

A Z
T

N

do& Tl tid Ae
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Tz

002 35 A QS BE YA HAof A%
7} 7Vs s A o2 wisto] 2t A% 7hs WAE ALT-52 A4s}
om ALT-58 7102 10%4 dt3Fste] ALT-1~42 AAs}

oA ddEFe 2

Technology ALT-1 ALT-2 ALT-3 ALT-4 ALT-5
Energy demand [kWh] 196,622.21 195,315.33 194,119.36 192,912.25 191,634.80
Wall Energy saving [kWh] 10,979.01 12,285.89 13,481.86 14,688.97 15,966.42
. Energy savings rate 5.29% 5.92% 6.49% 7.08% 7.69%
Energy demand [kWh] 194,646.08 193,284.72 192,043.88 190,815.44 189,591.16
Roof Energy saving [kWh] 12,955.14 14,316.50 15,557.34 16,785.78 18,010.06
Energy savings rate 6.24% 6.90% 7.49% 8.09% 8.68%
Energy demand [kWh] 196,624.65 195,283.87 193,927.70 192,573.17 191,200.85
Window Energy saving [kWh] 10,976.57 12,317.35 13,673.52 15,028.05 16,400.37
Energy savings rate 5.29% 5.93% 6.59% 7.24% 7.90%
Energy demand [kWh] 205,688.37
Internal Energy saving [kWh] 1,912.85
— Energy savings rate 0.92%
Energy demand [kWh] 150,439.54
External Energy saving [kWh] 2,378.83
Energy savings rate 1.58%
Energy demand [kWh] 192,950.76 185,529.91 179,518.30 174,654.41 170,600.57
EHP Energy saving [kWh] 14,650.46 22,071.31 28,082.93 32,946.81 37,000.65
Energy savings rate 7.06% 10.63% 13.53% 15.87% 17.82%
Energy demand [kWh] 198,680.25 194,222.47 189,766.64 185,314.14 180,868.74
LED Energy saving [kWh] 8,920.97 13,378.75 17,834.58 22,287.08 26,732.48
Energy savings rate 4.30% 6.44% 8.59% 10.74% 12.88%
Energy demand [kWh] 173,751.83
LDS Energy saving [kWh] 33,849.40
Energy savings rate 16.31%
Energy demand [kWh] 140,569.24 129,380.00 118,264.52 107,293.77 97,203.41
PV Energy saving [kWh] 67,031.98 78,221.22 89,336.70 100,307.45 110,397.82
Energy savings rate 32.29% 37.68% 43.03% 48.32% 53.18%
Energy demand [kWh] 160,496.98 152,646.28 144,795.57 136,944.87 129,094.16
BIPV Energy saving [kWh] 47,104.24 54,954.94 62,805.65 70,656.36 78,507.06
Energy savings rate 22.69% 26.47% 30.25% 34.03% 37.82%

(©2024. Korea Institute of Ecological Architecture and Environment all rights reserved.
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