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Abstract

Energy efficiency improvement in the building sector has gained considerable attention as a
policy to achieve carbon neutrality. Green Remodeling (GR) projects targeting public buildings
are actively being undertaken to enhance building energy performance. However, most GR
impact assessments rely heavily on simulation-based approaches, with empirical analyses using
energy consumption data remaining limited. This study investigated GR projects at public
daycare centers completed in 2020. A dataset was compiled by integrating pre- and post-GR
energy consumption data and their associated technological measures. Core GR interventions,
including insulation reinforcement, window replacement, and heating and cooling system
upgrades, were identified from energy performance reports. Energy consumption data from
2019 and 2022 were analyzed to measure the effectivity of GR by comparing pre- and
post-retrofit energy consumption data. Additionally, a change-point model was applied to the
dataset, incorporating weather data to estimate heating and cooling sensitivities (slopes) and
base loads (intercepts). The dataset structure was organized according to energy impact
categories outlined in IEA EBC Annex 53: Climatic conditions, building envelope, energy
systems, occupant profiles, operational patterns, and indoor air quality. By integrating energy
consumption data with the technical details of GR measures, this study presents a robust
empirical dataset. This dataset can provide support for future research on individual GR
intervention effectiveness and increasing evaluation model accuracy.

Keywords: 55 ©] 0] (Public daycare centers), 131 2] =L@ &J(Green Remodeling, GR),
2-87]%(Applied technologies), A A o] 2] AL-8-&F(Actual energy consumption)
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Table 1 Number of completed green remodeling projects 2020 (408 cases)
Category 2020 2021 2022 Annual Total ® Capital
(236 cases)
Capital Region 236 211 166 613 @ Gangwon
(26 cases)
Gangwon Region 26 28 13 67 @(Czi;uclzi:?ong
@ Gyeongsang
Chungcheong Region 27 25 25 77 (72 cases)
® Jeolla
Gyeongsang Region 72 88 29 189 (47 cases)
Jeolla Region 47 85 25 157 aaw
Regional Total 408 7 — Sl Fig. 1 2020 regional distribution
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Table 2 Factors influencing building energy use and data collection framework

Data Type @ Climate @ Building @ Energy @ Occupa}ncy ® Bullqlng ® Inder Air
Envelope System Information Operation Quality
KMA Open Energy Energy Chlllrcllfaf Sterllter Energy Environmental
Data Source Data Portal Performance Performance (info (():hilo dci\re Performance  Statistics Portal
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go.kr)
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Table 3 Classification of essential and optional green remodeling measures

Category Technical Elements

External and internal insulation, Floor insulation and heating, High-performance windows and doors,

Heat recovery ventilation system, High-efficiency heating and cooling system, High-efficiency boiler,
Essential Measures ~ High-efficiency lighting (LED), Renewable energy system (photovoltaic panels), Building Energy

Management System (BEMS) or remote electronic metering system, Cool roof (solar-reflective

coating)

Solar control devices, Smart air shower system, Instantaneous water heater, and other additional
Optional Measures  measures approved by the Green Remodeling Center for enhancing energy performance and indoor

environment
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Table 4 Classification of green remodeling applied technologies

Category Technical Elements Collected Variable Unit

External Wall Insulation Average U-value W/m’K

Insulation Roof Insulation Average U-value W/m’K

Floor Insulation Average U-value W/m’K

Window Window Average U-value W/m’K

Heat Recovery Ventilation Heating / Cooling Heat Recovery Rate, Total Capacity %, kW
High-Efficiency HVAC Heating / Cooling Total Capacity, COP kW, COP

High-Efficiency Boiler =~ Heating / Domestic Hot Water Total Capacity, Capacity-weighted Average Efficiency kW, %
Lighting (LED) Lighting (LED) Lighting Power, Lighting Power Density Change kW, W/m®

Renewable Energy Solar PV PV Module Installation Area m’
BEMS BEMS Installation Status -
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Table 5 Building physical characteristics and energy simulation results

Category Indicator Unit
Floor Height m
Shape » .
Ceiling Height
Heating and Cooling Area m’
Area o 2
Living Room Area m
Sum of Exterior Wall Area m’
Sum of Window and Door Area m’
Envelope Area 5
Sum of Roof Area (Top Floor) m
Sum of Floor Area (Bottom Floor) m’
. . Final Energy Demand kKWh/m?-yr
Energy Simulation . )
Primary Energy Demand kWh/m™-yr

(3 AL A=

2
i)
ox
HT
rr
2
ri

01719 2] AL AL mIA = Ft 2910l ofalo]Fe Ggote] A A
& Q15 B 9 37190 Abg o] A4 o] nfet BebAl 542 Belck. ofo] nfet of o]y HRIA

ERe F8510] TP DY AR A5 7|71e] Y ofgle] AU WAL S SSA T WAL

88

Journal of the Korean Solar Energy Society Vol. 45, No. 3, 2025



A OHA| AE R 718t 55 02101 Re] D212|2A = 2MS et CoEM S 2 2 _ ZUE

0

Table 6 Occupancy information

Category Indicator Unit
Monthly Number of Children persons
Occupancy
Monthly Number of Staff persons
(4) &7 2
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BV Az St ofelg), ol AR SES THIAQ A H2 B3It Bl B Table 7] 4

Table 7 Outdoor environment information

Category Indicator Unit
Monthly Average Outdoor Temperature °C
. Monthly Average Relative Humidity %
Outdoor Environment ) 5
Monthly Average PM 10 Concentration pg/m
Monthly Average PM 2.5 Concentration ug/m’
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June 2020 - December 2021

2020 Project ~ 11me Axis f [ m i

Implementation

v

2 years 2 years
(2018.01-2019.12) (2022.01-2023.12)

January 2021 - December 2021

2021 Project Time Axis @ m
< \ J

Implementation

v

2 years 2 years
(2019.01-2020.12) (2022.01-2023.12)

Fig. 2 Timeline of green remodeling implementation and data collection
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[Step 1] Preprocessing

- Energy Performance Report
- Calendarization 204 buildings
- Stand-alone site
- Remove abnormal project period

I

[Step 2] CPM Analysis
- Exclude late completion (after Oct. 2021)

Step 31 CPM Filteri [Step 4-1] Electricity Dataset
[Step3] ki - Remove samples =7

S SR — - Exclude 3P_h model 91 buildings

- ExcludeRRZ2< 0.5 -

- Exclude renewable, missing
data and no area cases

199 buildings

- Match before and after datasets

[Step 4-2] Gas Dataset

- Exclude renewable, missing 94 buildings

data and no area cases

A4

Fig. 3 Flowchart of data preprocessing and sample selection
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Envelope Thermal Performance
Before and After Green Remodeling
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Fig. 4 Envelope thermal performance before and after green remodeling (Boxplot)

Table 9 Comparison of envelope thermal performance before and after green remodeling

GR Before GR After
Category . . . .
Min Median Max Min Median Max
External Wall Insulation (W/m’K) 0.44 0.57 0.62 0.11 0.24 0.43
Roof Insulation (W/m’K) 0.15 0.41 0.58 0.11 0.15 0.18
Floor Insulation (W/m°K) 0.22 0.47 1.00 0.11 0.27 0.47
Window (W/m’K) 225 3.38 4.26 0.47 1.60 3.38

Table 10 Comparison of system performance metrics before and after green remodeling

GR Before GR After
Category . . ‘ .
Min Median Max Min Median Max

Heating Heat Recovery Rate (%) - - - 15.25 67.50 80.00

Cooling Heat Recovery Rate (%) - - - 18.50 58.50 75.00

High Efficiency cop 2.70 3.08 3.50 2.84 3.53 4.65

Cooling Capacity (kW) 14.50 55.40 146.00 9.00 57.00 160.00

High Efficiency cop 2.80 3.00 4.24 3.00 3.82 427

Heating Capacity (kW) 40.70 101.99 242.24 55.50 130.90 247.80

. . Efficiency (%) 78.90 84.50 91.00 84.40 90.50 100.00
Heating Boiler .

Capacity (kW) 19.40 116.2 263.78 19.40 109.55 252.50

Domestic Hot  Efficiency (%) 82.80 85.00 100.00 85.19 91.46 100.00

Water Capacity (kW) 14.18 70.57 178.00 23.90 63.50 205.80

Lighting Power (kW) 0.30 3.03 10.40 0.30 2.61 6.38

Lighting Density (W/m?) 1.41 14.12 15.00 1.41 13.02 10.00
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Table 11 Distribution of analyzed daycare centers by conditioned floor area

Conditioned Floor Area 121300 300-600 600-1,000  More than 1,000 Total
Range (m”)
Number of Buildings 18 54 14 5 91
Proportion (%) 19.8 59.3 154 5.5 100
Oz rdE M5 o] ATF o] e WSk Fig, 59} Table 129 =] Qleth. 43k 71502, oy
2| 49882 9820 kWh/m? yroflA 78.75 kWh/m? yrz 9F 19.8% Ao, 12} ofufz| A g7k 158.05
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A A 227t sl P Aok A ol | A] AR Hiske Fig. 63 Table 139]] 2] =0 v}, Sk
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Fig. 5 Comparison of energy demand before and after Fig. 6 Comparison of energy consumption before and after

green remodeling (Boxplot) green remodeling (Boxplot)

94

Journal of the Korean Solar Energy Society Vol. 45, No. 3, 2025



A OHA| AE R 718t 55 02101 Re] D212|2A = 2MS et CoEM S 2 2 _ ZUE

145.90 kWh/m’yrollAl 135.59 kWh/m?>yr2 F 7.07% 74513t} 0|2 Akt o 2] Ak

KWh/m”yrofl4] 198.84 kWh/m’yr2 ©F 3.0% 7451t Thit, 2] ARgFe] A9 S92 4% Z7130
U 24:31(16.57 — 11.75 kWh/m?yr) 2 2]H75(113.11 — 105.44 kWh/m”yr)& B5F 74510] AR 320

A 4242 2 Bvbt Id A0E shagct

Table 12 Comparison of energy demand before and after green remodeling

GR Before GR After Improvement
Category . . . . 0
Min Median Max Min Median Max Rate (%)
Final Energy Demand 36.70 98.20 183.30 24.60 78.75 142.10 19.80
Primary Energy Demand 95.1 158.05 251.50 60.00 133.40 211.10 15.60
Table 13 Comparison of energy consumption before and after green remodeling
GR Before GR After Improvement
Category . . . . o
Min Median Max Min Median Max Rate (%)
Electricity Energy Consumption ~ 16.57 60.03 113.11 11.75 61.02 105.44 -1.65
Gas Energy Consumption 56.68 145.90 269.68 44.93 135.59 249.77 7.07
Total Energy Consumption 83.13 204.98 372.62 74.68 198.84 353.29 3.00
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Load) 2} it FoHSeasonal Load) 2 F-E5to] 24019t} 714 Fok= Change Point Model (CPM)
off =5 ﬂ-ﬂé‘—J W Al(bo) S 719E0 2 A H gho g Wihlat FasiA] A A&524 0 & AH|w= of
Uzo]m, W Roh= A4 ofqA] ARGl 714 FoHE ARt APEA AHFES onRit). Fig. 73t
Table 14°]| w29, TR o] 7|4 Foh= 171 1.52%, 72~ 1.32%, 34| AAA] AR 1.85% 57t

Base Load Energy Consumption Seasonal Energy Consumption
Before and After Green Remodeling Before and After Green Remodeling
400 400
[ GRBefore [ GR After [] GR Before [@ GR After

350 350

300 300
250 250
200
150

100

150
118.82
100
77.05 78.48
50 48.65 49.39 50
25.01 25.34

o 10.55 === ====10.50

Electricity Total Electricity Gas

Energy Consumption [KWh/m?2yr]
Energy Consumption [KWh/m?2yr]
[~
=}

o

127.59
T %%11944

Total

Fig. 7 Comparison of base load energy consumption before  Fig. 8 Comparison of seasonal energy consumption before

and after green remodeling (Boxplot) and after green remodeling (Boxplot)
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Table 14 Comparison of base load and seasonal energy consumption before and after green remodeling

GR Before GR After Improvement
Category . . . . o
Min Median Max Min Median Max Rate (%)

Electricity Energy 5 o5 4865 10073 8.83 4939 89.59 1,52
Consumption

Base Gas Energy 6.60 25.01 59.89 530 25.34 58.45 132
Consumption
Total Energy

. 20.14 77.05 149.04 19.03 78.48 143.13 -1.85
Consumption

Electricity Energy ) 59 10.55 19.01 3.63 10.50 2225 0.47
Consumption

Seasonal O Enerey 47.24 11882 212.11 37.42 108.61 199.20 8.59
Consumption
Total Energy

. 55.62 12759  233.60 49.60 11944 22176 639
Consumption
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Table 15 Comparison of energy demand and energy consumption before and after green remodeling

GR Before GR After Improvement
Category . . . . o
Min Median Max Min Median Max Rate (%)
Final Energy Demand 36.70 98.20 183.30 24.60 78.75 142.10 19.80
Primary Energy Demand 95.1 158.05 251.50 60.00 133.40 211.10 15.60
Total Energy Consumption 83.13 204.98 372.62 74.68 198.84 353.29 3.00
Seasonal Energy Consumption 55.62 127.59 233.60 49.60 119.44 221.76 6.39
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