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Calibration and Verification of Detailed Prototypical Apartment Building
Energy Models for Estimation of Green Remodeling Feasibility
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Abstract
The prototypical building energy model is very useful in building energy policies, research, and technology
development. A prototypical apartment model for detailed energy analysis was proposed by Seo et al. in 2014,
but sufficient verification was not possible due to the lack of reliable measurement data in predicting the
model’s energy consumption. However, verification is now possible thanks to a recent study that analyzed the
Household Energy Panel Survey (HEPS) data that is released annually by the Korea Energy Economics Institute
(KEEI) and published apartment complex benchmark data. The data was used to calibrate the prototypical
apartment energy model located in the central region and constructed between 1990 and 1999. The calibrated
model was used to verify the other apartment building groups with respect to region and year of completion.
Meteorological data for five representative cities each in the central and southern regions were used for the
simulation. A majority of the 18 groups produced results that satisfied the MBE and cv(RMSE) criteria.
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Table 1. Summary of Defined Prototypical APT

Categories Defined values
Structure Staircase type
Vintage 1990~1999
Thermal Envelope: 1987 Building Code
Transmittance SC of Window: 0.82
Floor Height 2.6 m
Stories 15
Usable Area 84 m®
Aspect Ratio 1:3
Orientation  South

S:57.8%, N: 37.9%,

WWR Average: 47.3%
Infiltration 0.3 ACH
People 3

HVAC Setting

Heating: Nov~Mar (20°C)
Cooling: Jun 11~Sep 10 (28°C)

Gas boiler, Eff: 80%

HVACType /¢ cop: 2.9

LPD & LPD: 3.83 W/m?

Schedule Schedule: Refer [Seo, 2014]
EPD & EPD: 6.4 W/m?

Schedule Schedule: Refer [Seo, 2014]
NOP & NOP: 3

Schedule Schedule: Refer [Seo, 2014]
DHW & Design Value: 45.5 liter/Unit

Schedule Schedule: Refer [Seo, 2014]

A
-
o]

Fig. 1. 3-D view of Prototypical APT Model
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Table 2. General Information of Selected Cities
Zn City Lat Lon Elev. HDD
Seoul 37°34'17"N 126°57'56"E 86 2722
Incheon 37°28'39"N 126°37'29"E 69 2702
Central Suwon 37°15'27"N 126°58'58"E 40 2757
Cheongju 36°38'21"N 127°26'26"E 59 2571
Wonju 37°20'15"N 127°56'47"E 150 2848
Busan 35°6'16"N 129°1'55"E 70 1857
Daegu 35°52'40"N 128°39'10"E 54 2250
Southern Gwangju 35°10'22"N 126°53'29"E 70 2255
Ulsan 35°34'56"N 129°20'4"E 81 2100
Jeonju 35°50'27"N 127°7'1"E 60 2441
8 8
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(b) Monthly Fuel Consumption

Fig. 2. Energy Comparison Results of APT Model
before Calibration
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Fig. 3. Energy Comparison Results of APT Model
after Calibration
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Table 3. Excerpt of Benchmark Data [kWh/m?yr]
of Mid-size APT Group

Table 5. Weight of Selected Cities for Average Energy
Use Calculation

Zone Vintage Fuel Elec. Total
Before 2000 97.0 33.1 130.1

Central

Southern

Zn City Household  Weight
Seoul 1,625,034 0.55

2000’s 928 314 1244 Incheon 697,246 0.24

After 2010 91.1 322 1233 Central Suwon 288,430 0.10

Before 2000 92.6 33.6 126.2 Cheongju 224,702 0.08

2000’s 93.8 345 1283 Wonju 109,584 0.04

After 2010 96.8 329 129.7 Busan 773,935 0.34

Daegu 616,058 0.27

Table 4. Applied U-value Per APT Group Southern Gwangju 428,840 0.19

Zn Vintage Element [\B\J;/v;lzlf qu
Before Wall 0.58
2000 Window 3.37
Wall 0.47
Central 2000’s
Window 3.84
Wall 0.36
After 2010
Window 3.0
Before Wall 0.58
2000 Window 3.37
Wall 0.47
Southern 2000’s
Window 3.84
Wall 0.36
After 2010
Window 3.0
Z31 9.
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APT Model Per Vintage for Central Zone

Table 6. Comparison Result of Benchmark Data with
Simulated Data for Central Zone Groups

Cv
. Bench- Simu- MBE
Vintage Energy mark altion (%) (R(I\;Sf)

0

Elec 335 339 11 5.2
Fuel 97.0 1060 9.3 187
Total 130.5 1399 7.2 14.1
Elec 318 338 6.2 8.1
2000’s  Fuel 928 989 6.6 168
Total 124.7 132.7 6.5 13.6
Elec 326 339 4.1 6.7
Fuel 91.0 877 -3.7 159
Total 123.6 121.6 -1.6 123

Before
2000

After
2010

Fog fREo 1EE
= et
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Table 7. Comparison Result of Benchmark Data with
Simulated Data for Southern Zone Groups

Cv
. Bench- Simua- MBE
Vintage Energy e Dion (@A) (RMSE)
(%)
Elec 333 334 0.2 5.4
Before
2000 Fuel 92.6 1014 9.5 19.6

Total 1259 1348 7.0 14.0
Elec 343 333 -2.7 53
2000’s  Fuel 938 926 -13 119
Total 128.1 1259 -1.7 14.2
Elec 326 334 23 7.6
Fuel 97.2 825 -151 20.8
Total 129.8 1159 -10.7 16.1

After
2010
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