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ABSTRACT

KEYWORD

Purpose: This study aims to analyze residential plug load characteristics by household type and evaluate the
effectiveness of behavioral intervention through energy education. The goal is to provide empirical data for
user-centered energy reduction strategies in carbon-neutral buildings. Method: Households in their 20s, 40s, and
60s+ were monitored using CT sensors to isolate plug loads. Energy consumption was measured before and after
customized energy-saving education. Additionally, DesignBuilder simulations were conducted to quantify the
impact of plug load reduction on primary energy use and greenhouse gas (GHG) emissions. Result: Energy
education reduced daily average consumption by 8.9% in the 40s households and 8.6% in the 60s+ households,
while the 20s households showed limited reduction. However, base loads (standby power) decreased across all
types, with the 20s group showing a 13% drop. Simulations showed that a 20% plug load reduction decreases total
GHG emissions by up to 6.8%. The findings suggest that while behavioral intervention is effective across all ages,
tailored strategies — managing peaks for middle-aged households and addressing variability in younger
households — are essential for optimizing building energy performance.
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Table 1. Monitoring overview
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Table 2. Monitoring results by household types

Category Age group 20s 40s 60s and older
Daily average 1" 2,809 17,418 5,683
consumption (Wh) | 2 2,789 15,865 5,194
Weekday average 1 2,895 16,873 5,638
consumption (Wh) | 2 2,848 15,489 5,373
Weekend average 1 2,584 18,881 5,810
consumption (Wh) | 2 2,663 16,807 4,748
. 1 21 19 20
Peak time > T 9 9
Peak average value| 1 155 1,135 311
(Wh) 2 264 909 269
1 98 618 185
Base load (Wh) 2 35 574 179
Load factor 1 0.754 0.639 0.762
(AVG/MAX) 2 0.132 0.315 0.356
Peak-to-average 1 1.33 1.56 431
ratio 2 227 3.18 2.81

Category Age group| 5 405 60s and older
Number of households 1 3 1
Building type Officetel Apartment Apartment
Construction year 2016 2023 1997
Area for exclusive use 29m’ 59m’ 59m’
Dty vl 6/2~17/2, 5/31~7/3, 5/13~6/5,
12/6~12/31 12/7~1/5 12/9~12/30
Monitoring device SEM3000

A\

Transmitter

Distribution board

o
CT Sensor
e -
[
Main breaker
|. —
XX ™

Sub circuits

(bl bt
(Lights |

Fig. 1. Monitoring overview

*1: before occupant energy education; 2: after occupant energy
education.
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Fig. 2. Monitoring results by household type
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Table 3. Simulation input variables

Input Variable
Location Seoul
20s 30’
Area 40s 60m’
60s and older 60m’
Wall 0.17W/m*-K
U-value Roof 0.15W/m*-K
Floor 0.17W/m*K
SHGC 0.43
Window Visible transmittance 0.4
U-value 0.8W/m* K
Infiltration 4.5 ACHS50
Lighting density SW/m’
20s 6.71W/m’
Pifei Sli‘t’;d 40s 7.34W/m’
60s and older 5.70W/m’
Mechanical ventilation rate 0.5 ACH
Type Gas boiler
. Efficiency 92%
Heating Fuel Natural gas
system .
Set point temperature 20°C
Heating period November ~ March
Type Air conditioner
Cooling cop 35
Fuel Electricity
system =
Set point temperature 26
Cooling period June ~ August
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Table 4. Energy and greenhouse gas emissions according to plug

load reduction rates

Household| Plug load | Electricity | Natural :::;y GHG
type reduction rate| (kWh) |gas (kWh) (MWh) (tCOzeq)
BASE 1,706 3,682 8.74 1.56
5% 1,644 3,714 8.61 1.53
20s 10% 1,582 3,746 8.47 1.51
15% 1,520 3,778 8.34 1.49
20% 1,458 3,811 8.20 1.46
BASE 2,930 6,155 14.83 2.64
5% 2,779 6,226 14.49 2.58
40s 10% 2,674 6,275 14.26 2.54
15% 2,570 6,324 14.02 2.50
20% 2,465 6,374 13.79 2.46
BASE 2,831 5,933 14.31 2.55
5% 2,718 5,997 14.07 2.51
60s and
older 10% 2,616 6,051 13.85 2.47
15% 2,508 6,105 13.61 243
20% 2,400 6,164 13.38 2.39
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