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ABSTRACT

This study provides residential energy benchmark data in response to the government’s
initiative for reducing greenhouse gas emissions and activating green buildings. Utilizing the
Household Energy Panel Survey (HEPS) data from the Korea Energy Economics Institute,
climate normalization of annual energy consumption was performed for various residential
types and regions. This process led to the proposal of energy consumption characteristics,
excluding seasonal variations, based on the Energy Use Intensity (EUI). The energy benchmark
data proposed in this research can serve as a fundamental resource for energy management and
policy formulation, offering benchmarks for sustainable building operations.
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1. Literature review
- Energy benchmark

- Weather normalization

2. Degree day calculation by climate zone
- Central and Southern long-term HDD & CDD
- Central and Southern annual HDD & CDD

3. Weather normalization of Energy use intensity
- Fuel: heating normalization

- Electricity: heating and cooling normalization

4. Definition of energy benchmark
- Annual energy consumption per unit area

(Fuel, Electricity, Total)

Figure 1. Main research process
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Table 1. Total EUI (kwWh/mi-yr, Fuel + Electricity) of 54 prototypical residential groups of 2017,
2018 and 2019 HEPS data

Classification Detached Row/Multi APT

2017 2018 2019 2017 2018 2019 2017 2018 2019

Region  NUA  Vinatage p\ons HEpS HEPS HEPS HEPS HEPS HEPS HEPS HEPS

Pre2000 194.4 156.8 206.7 202.8 1692 211.2 153.6 139.8 1964

Small (S) 2000’s 190.5 1652 209.7 1872 159.7 206.5 149.5 128.0 190.0
After2010 182.3 139.0 218.6 182.0 137.1 225.6 146.8 133.2 183.7

Pre2000 151.4 133.3 153.7 1385 1244 147.1 123.1 1152 1533

Central Medum(M) 2000’s 149.1 141.6 155.7 127.6 117.5 1439 1199 105.7 1484
After2010 1424 1182 163.0 124.1 101.3 157.3 117.7 1099 1432

Pre2000 138.0 106.8 106.1 629 8.1 892 117.1 113.8 119.1

Large (L) 2000’s 136.5 1133 1074 587 839 87.0 114.0 1045 1152
After2010 130.6 95.0 1125 - 733 958 1124 109.1 111.1

Pre2000 171.7 146.0 177.5 1489 1399 162.8 166.1 141.5 174.2

Small (S) 2000’s 148.7 148.1 1785 1515 156.6 181.8 1654 131.1 1929
After2010 1445 150.6 181.9 142.1 1129 1553 1433 1409 210.2

Pre2000 126.5 1069 1282 1423 1242 130.7 1299 108.0 139.9

Southern Medum(M) 2000’s  109.6 1089 129.0 147.1 140.0 146.0 1294 100.1 154.8
After2010 106.5 1104 131.8 1353 100.1 125.6 112.1 107.6 169.8

Pre2000 1135 759 75.0 - 9.6 71.1 81.0 8.1 63.1

Large (L) 2000’s 99.0 76.7 754 - - 79.1 80.6 788 69.9
After2010 963 782 772 1447 716 687 699 847 756
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Table 2. HEPS sample sizes of 54 prototypical residential groups

Classification Detached Row/Multi APT

2017 2018 2019 2017 2018 2019 2017 2018 2019
HEPS HEPS HEPS HEPS HEPS HEPS HEPS HEPS HEPS

Pre2000 116 88 323 51 59 274 132 131 647

Small (S)  2000’s 15 19 89 16 25 202 S8 38 316
After2010 6 4 58 8 8 112 9 22 176

Pre2000 138 125 207 26 30 81 129 142 309

Central Medum(M) 2000°s 31 30 28 31 31 35 138 135 393
After2010 12 11 22 10 10 16 35 37 193

Pre2000 17 12 23 2 2 9 7 11 26

Large (L) 2000’s 6 6 3 2 4 12 23 23 28
After2010 7 6 11 - 1 5 8 14 15

Pre2000 162 145 371 22 22 80 115 132 437

Small (S) 2000’s 20 23 63 15 25 36 57 42 172
After2010 5 6 47 2 8 24 9 15 122

Pre2000 154 161 189 17 14 44 159 149 186

Southern Medium (M) 2000°s 20 24 32 10 11 11 71 69 126
After2010 10 14 19 3 7 12 34 30 100

Pre2000 16 15 47 - 1 10 9 11 11

Large (L) 2000’s 6 6 8 - - 1 16 16 10
After2010 1 1 11 1 1 3 4 2 3

Region NUA  Vinatage
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Table 3. Calculation results of Long-term and Annual Heating and Cooling Degree Days
(°C-day) in Central and Southern Climate Zones

Long-term avg. Annual
Classification 2001~2020 2016 2017 2018
Central Southern Central Southern Central Southern Central Southern
HDD 2776.9 21457 26250 20350 2823.7 21802 28662 2219.5
CDD 354.1 391.2 459.9 4464 3829 4462 4812 4839
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7|= st 2k
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1. Calculation of weather normalization coefficients
- Regional Long-term heating and cooling degree days
- Regional Annual heating and cooling degree days

2. Normalization by energy source

Fuel consumption Electricity consumption
- Normalization of - Normalization of heating

heating consumption and cooling consumption

Total energy consumption

3. Definition of energy benchmark
- Average of three-year energy source normalization
results form HEPS

Figure 2. Weather Normalization Process for Energy Benchmark Calculation
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FEUIL

EU[ yheat,tot,nor + EU] (EU[ ybase S 12) (14)

stot,nor ,cool,tot,nor
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Table 5. Results before and after climate normalized EUI (kWh/ni-yr) for the representative
group (detached houses - 2000s - Medium Size)

Classification Cent.ra.l SoutlTel.‘n
Fuel  Electricity  Total Fuel  Electricity  Total
Original value 118.6 30.5 149.1 79.7 29.9 109.6
5{2:1’78 Normalized value ~ 123.3 30.3 153.5 82.6 29.8 112.5
Rate of change(%)  3.8% -0.8% 2.9% 3.6% -0.3% 2.6%
Original value 113.4 28.2 141.6 81.2 27.6 108.9
leg)gs Normalized value 112.1 28.3 140.4 80.4 27.8 108.2
Rate of change(%) -1.1% 0.5% -0.8% -1.1% 0.7% -0.6%
Original value 117.4 383 155.7 90.5 38.5 129.0
é%;gs Normalized value ~ 114.8 374 1522 83.4 38.0 126.4
Rate of change(%)  -2.3% -2.3% 23% -24% -1.5% -2.1%
Original value 116.5 323 148.8 83.8 32.0 115.8
Average Normalized value  116.7 32.0 148.7 83.8 319 115.7
Rate of change(%)  0.2% -1.0% 0.0% 0.0% -0.5% -0.1%
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1. Database collect for Energy Use Intensity(EUI)
- Household energy panel survey(HEPS)

2. Definition of Energy Use Intensity
- Definition of EUI for prototypical residential groups
(Leeetal., 2019; Lee et al., 2020; Kim & Seo 2022)
DB
update 3. Weather normalization of Energy use intensity
- Based on degree day

4. Definition of energy benchmark
- Annual energy consumption per unit area
(Fuel, Electricity, Total)

Figure 3. Overall process for building energy benchmarking
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Table 6. Energy benchmark data for secondary EUI (kWh/ni-yr) of 54 prototypical residential
groups

Classification Detached Row/Multi APT

Region = NUA  Vinatage Fuel Electricity Total Fuel Electricity Total Fuel Electricity Total

Pre2000 138.5 475 186 146.5 47.8 1943 1198 43.0 1628

Small (S) 2000’s 142.3 462 188.5 1392 450 1842 1147 408 1555
After2010 137.1 429 180 137.5 43.8 1813 1124 418 1542

Pre2000 113.1 33.0 146.1 101.2 353  136.5 97.0 331 130.1

Central Medum(M) 2000’s 116.7  32.0 148.7 96.2 333  129.5 92.8 314 1242
After2010 1114 29.7 141.1 95.0 323 1273 91.1 322 1233

Pre2000 93.6 237  117.3 603 20.0 80.3 91.0 257 1167

Large (L) 2000’s 96.4 23.0 1194 574 18.9 763 869 244 1113
After2010 91.7 213 113 60.1 23.4 83.5 89 250 1109

Pre2000 118.0  47.6  165.6 101.8  49.0 150.8 115.0  46.0 161

Small (S) 2000’s 1124 463 158.7 1125 513  163.8 1162 473  163.5
After2010 113.1  46.1 1592 929 438 136.7 119.7 451 164.8

Pre2000 87.8 33.1 1209 979 349 1328 92.6 33.6 1262

Southern Medium(M) 2000’s  83.8 322 116 1084 365 1449 93.8 345 1283
After2010 84.3 32.1 1164 894  31.1 1205 96.8 329 1297

Pre2000 64.6 241 88.7 66.4 16.2 82.6 544 224 76.8

Large (L) 2000’s  60.9 23.1 84 569 205 774 541 22.8 76.9
After2010 61.1 232 843 79.7 17.9 97.6 552 218 77

Table 7. Energy benchmark data for primary EUI (kWh/mi-yr) of 54 prototypical residential
groups

Classification Detached Row/Multi APT

Region NUA Vinatage Fuel Electricity Total Fuel Electricity Total Fuel Electricity Total

Pre2000 1523 130.8 283.1 161.1 1313 2924 131.8 1183 250.1

Small (S)  2000’s 156.5 127.0 283.5 153.1 123.8 2769 1262 1122 2384
After2010 150.8 117.8 268.6 151.3 1203 271.6 123.6 1149 2385

Pre2000 1244 90.7 215.1 111.3 972 2085 106.7 91.1 1978

Central Medium(M) 2000’s 1284 83.0 2164 1058 91.5 1973 1021 86.5 188.6
After2010 122.6 81.7 2043 1045 888 1933 1002 88.6 1888

Pre2000 1029 653 1682 663 550 121.3 100.1 70.6 170.7

Large (L) 2000’s 106.0 632 1692 63.1 520 1151 956 67.0 162.6
After2010 1009 58.6 1595 66.1 644 1305 945 686 163.1

Pre2000 129.8 130.8 260.6 112.0 1349 2469 1265 1266 253.1

Small (S§) 2000’s 123.6 1274 251 123.7 1412 2649 127.8 130.1 257.9
After2010 124.5 126.8 2513 1022 1204 222.6 131.7 1239 255.6

Pre2000 96.5 91.0 1875 107.7 959 203.6 101.9 923 1942

Southern Medium (M) 2000’s 922 884 180.6 1193 100.5 219.8 1032 949 198.1
After2010 92.7 88.1 180.8 983 854 183.7 1064 904 196.8

Pre2000 71.1  66.2 1373 73.0 447 117.7 59.8 61.7 1215

Large (L) 2000’s 67.0 63.6 1306 626 565 1191 595 62.6 1221
After2010 672 637 1309 87.7 49.1 136.8 608 59.9 120.7
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was conducted during the research year of Chungbuk National University in 2020).
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