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ABSTRACT

Nationwide energy consumption data of building stock is more useful when it is provided with
building information, such as vintage, gross area, region, and usage for open-ended users. The
combined data could help building designers and policy makers more deeply understand which
variables have a heavy impact on the energy use. 36 prototypical residential buildings were
defined with HESS micro data. Then, detailed building energy modeling was performed to
derive EUR (End-Use Ratio) of the each prototypical residential building. Those results are
derived thanks to HESS micro data which provides both building information and monthly
energy consumption data from 2,520 household samples. As a demonstration of the EUR data
application, the Building Energy Efficiency Rating of the prototypical residential buildings was
performed since EUR information is mandatory for the rating system. As a result, all the
prototypical residential buildings got rates from 2 to 1++ grade. This can be interpreted that 50%
of existing residential buildings could get grade from grade 2 to grade 1++. This means that
current rating criteria should be strengthened so that more energy-efficient buildings can receive
high ratings.
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Figure 1. U-value criteria history of exterior wall and floor for both Central and Southern Region

Table 2. Classification criteria comparison of four variables

Variable

Variable Type HESS Classification Classification in this study
Seoul, Incheon,  Daejeon, Seoul, Incheon,  Daejeon,
Gyeonggi, Kangwon, Chungbuk,: Central Gyeonggi, Kangwon,
Chungnam, Busan, Daegu, Chungbuk, Chungnam
Region | Categorical . -
Gwangju,  Ulsan, Jeonbuk, Busan, Daegu, Gwangju,
Jeonnam, Gyeongbuk, Southern {Ulsan, Jeonbuk,  Jeonnam,
Gyeongnam, Jeju Gyeongbuk, Gyeongnam
Building . Detached House, Row/Multiplex, Detached House
Type Categorical APT, Etc. APT
Net Small 36.3 t0 79.2 m?
UAS?:;e Continuous 19.8 to 330 m? Medium 79.3 to 125.4 m?
(NUA) Large 125.4 t0 165.0 m?
Pre 1970, 1970’s, Pre 2000 Pre 1970~1990’s
Vintage : Categorical 1980’s, 1990’s, 2000’s 2000’s
2000’s, After2010 After 2010 After 2010
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Table 3. Fuel and electricity EUI (kWh/mi-yr) of 36 prototypical residential buildings

Classification Detached APT
Region NUA Vintage Fuel Electricity Fuel Electricity
Pre 2000 146.6 47.9 115.8 37.9
Small
© 2000's 1473 432 1128 36.7
After 2010 142.0 403 110.0 36.8
. Pre 2000 117.6 33.8 91.9 312
Central Me(’l‘\i/‘[;'m 2000’ 118.6 30.5 89.7 302
After 2010 113.9 28.5 87.4 30.4
Pre 2000 113.5 245 90.9 26.2
L?{fe 2000’ 1145 2.1 88.6 254
After 2010 110.0 20.6 86.9 25.5
Somall Pre 2000 125.5 46.1 1203 45.8
S 2000’ 106.8 419 1213 44.0
After 2010 103.1 414 103.6 39.8
_ Pre 2000 93.6 32,9 97.1 32.8
Southern M?S/})mn 2000’ 79.7 29.9 97.9 315
After 2010 76.9 29.6 83.6 28.5
Pre 2000 83.7 29.8 573 23.7
L?]‘;“)ge 2000’ 719 27.1 57.8 238
After 2010 69.5 26.8 494 20.6

BEZI12 7|4 EUCSH EUR 3
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Table 4. Partial example of defined input information of prototypical detached house

Classification Classification
Weather Data 2016’s Seoul Infiltration (ACH) 0.5
NUA (m?) 63.7 E, W 20
. Window to Wall
Floor height (m) 3.0 Ratio (%) S 50
Aspect Ratio 1.2 N 10
Orientation South ) Source City Gas
Heating
Num. of E-Wall 4 Eff. 80%
Occupied Hours 15 hr . Source Elec.
Cooling
Num. of Occupant 3 Ccop 3.15
U-value Exterior Wall 0.58 Fuel City Gas
5 . DHW
(W/m?*K) Window 3.36 Eff. 70%

| DB analysis and |

data QC
Energy Consumption of
HESS Variables - - - P! pical residential buildi
Prototypical residential Monthiy fuel .

- - . P TP * Monthly fuel consumption
Heating & Cooling DHW Cooking building definition + Mornithly Electricity consumption
+ The num. of wall * Net usable + Building type
+ Net usable area area * Fuel type
* Vintage * City gas Energy modeling E del

. i . i Calibration ~ ="°T9y moce
consumption with modified Energy# verification
Lighting Miscellaneous

+ The num. of lighting + The num. of appliance |

! » Monthly fuel consumption
* Power consumption(W)

EUC estimation + Monthly Electricity consumption

Figure 2. EUC estimation process (Seo et al., 2019)

Table 42| TF7 I A o) ATof W} Energy# 0.2 REE] 9 AlEH|0]4 ZIHE Table 3
9] o R| AH|FF Ate} HS5 A= Figure 31+ Zr}. F5A|E+= ASHRAE Guideline 14
(2014)2] MBE (Mean Bias Error)2} Cv (RMSE) (Coefficient of variation of the Root Mean
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Figure 3. Monthly fuel and electricity consumption calibration result of prototypical detached
house model (Central/Pre2000/Small group)
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Table 5. EUC and EUR estimation result of 18 prototypical detached house groups

Classification Annual Energy Consumption by End-user (kWh/m?-yr) Total
Region NUA  Built Year Heating DHW Cooling Lighting Cooking Apps.
Pre 2000  94.2 422 4.1 8.3 12.2 35.6 196.6
Small 2000’s 94.4 394 3.6 7.5 12.2 325 189.5
After 2010  87.7 36.9 3.5 6.8 11.3 29.7 175.9
Pre 2000  71.5 35.7 3.1 4.6 8.9 25.8 149.7
Central Medium 2000’s 73.0 333 2.1 5.1 8.9 23.3 145.8
After 2010  69.8 333 1.8 4.6 8.9 21.7 140.1
Pre2000  71.8 30.6 2.6 4.1 7.5 18.2 134.7
Large 2000’s 72.0 29.9 1.5 34 7.5 17.3 131.6
After 2010  66.5 29.9 1.8 2.5 8.5 16.3 1254
Avg. of Central 77.9 34.6 2.7 5.2 9.5 24.5 154.4
(EUR) 50%) (22%) (2%) (3%) (6%) (16%) (100%)
Pre2000  75.2 39.3 39 10.2 11.2 329 172.8
Small 2000’s 60.5 36.5 3.1 9.9 8.2 28.9 147.0
After2010  59.6 34.4 29 6.3 9.2 323 144.7
Pre2000 529 342 24 6.2 5.9 24.8 126.4
Southern Medium ~ 2000’s 43.7 26.6 2.1 4.5 6.9 233 107.2
After 2010  41.5 27.5 1.9 4.9 5.9 23.0 104.8
Pre2000  44.8 29.1 3.8 4.8 7.5 21.2 1113
Large 2000’s 37.6 26.5 2.8 7.3 45 17.1 95.8
After2010  36.2 242 2.8 4.8 6.5 19.4 94.0
Avg. of Southern 50.2 30.9 29 6.5 7.3 24.8 122.6
(EUR) 41%) (25%) (2%) (5%) (6%) (20%) (100%)
Table 6. EUC and EUR estimation result of 18 prototypical APT groups
Classification Annual Energy Consumption by End-user (kWh/m?-yr) Total
Region NUA  Built Year Heating DHW Cooling Lighting Cooking Apps.
Pre 2000  64.0 393 3.0 7.3 10.2 27.5 151.3
Small 2000’s 61.8 36.7 22 7.1 10.2 27.0 145.0
After 2010 633 30.8 4.0 6.7 10.7 26.6 1422
Pre 2000 484 342 32 5.0 6.9 234 121.1
Central Medium  2000’s 473 32.0 2.6 5.3 6.9 222 116.3
After 2010 464 32.0 3.0 5.5 6.9 21.8 115.6
Pre 2000  60.6 22.6 2.7 3.2 5.5 20.3 115.0
Large 2000’s 52.0 28.5 23 3.8 5.5 18.8 111.0
After 2010 543 23.6 24 4.5 5.5 18.4 108.7
Avg. of Central 553 31.1 2.8 54 7.6 229 1251
(EUR) (44%) (25%) (2%) (4%) (6%)  (18%) (100%)
Pre2000 654 39.3 4.0 9.5 12.2 32.4 162.8
Small 2000’s 65.2 394 4.5 7.6 11.2 31.9 159.8
After2010  52.6 36.9 4.6 7.3 10.2 28.3 139.8
Pre 2000  52.0 342 2.7 5.6 6.9 245 125.9
Southern Medium  2000’s 52.5 34.0 2.7 5.6 6.9 232 124.9
After 2010  42.1 312 1.6 5.9 6.9 214 109.2
Pre2000  25.6 26.3 29 3.6 4.5 16.5 79.4
Large 2000’s 26.2 245 3.0 4.5 5.5 14.9 78.6
After2010  22.6 23.0 22 4.0 4.5 14.7 71.0
Avg. of Southern 449 32.1 3.1 6.0 7.6 23.1 116.8
(EUR) (38%) (27%) (3%) (5%) (7%)  (20%) (100%)
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