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ABSTRACT

Purpose: The government is implementing various policies and systems to reduce energy consumption in &+
buildings, including the certification of building energy efficiency ratings and the strengthening of energy-saving X
design standards for buildings. The purpose of this study is to analyze cooling and heating energy demand by ;Z*_’::*“:‘Hl
combining factors such as total floor area, number of floors, window-to-wall ratio, and lateral-to-longitudinal ratio, oL

rather than focusing solely on the performance of the building envelope. This study aims to identify the optimal
combination of factors that contribute to minimizing energy demand. It proposes a building form that can be Office Building

predicted based on the scale of office buildings during the architectural planning and design stages, with the

Total Floor Area
Number of Floors

intention of using it as a reference. Method: The methodology of this study involved creating various office building [ ateral to Longitudinal Length Ratio
models by combining different total floor areas, numbers of floors, window-to-wall ratios, and lateral-to-longitudinal =~ Energy Demand
length ratios, and then conducting simulations using the ECO2 program. Result: The analysis showed that the total

energy demand was lowest for a 5-floor building with a window-to-wall ratio of 30%, and highest for a 20-floor
building with a window-to-wall ratio of 60%. Additionally, for all total floor areas, the energy demand was lowest
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at a lateral-to-longitudinal length ratio of 1:1.5, while the highest total energy demand was recorded at 2.5:1. Accepted Apr. 18, 2025
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Table 1. Literature review on building energy elements

Authorty) (Ve Elements TFA NF WWR LIR
KH. Lee et al. (2014) ® ® ®
CK. Lee (2016) - ® ® ®
JH. Kim (2019) - ® ®
D.Y. Lee et al. (2020) ® ® ® O]
T.Y. Aum et al. (2023) ® ® ®
JH. Kim et al. (2023) ® ® ®
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Table 2. Simulation and model condition

Classification Condition
Building use type Office building
Simulation program ECO2 (2020 _V2)
Building usage time AM 09:00~PM 18:00
Location Seoul
) Slab to slab 4.5m
Height -
Floor to ceiling 2.8m
Exterior wall 0.24W/m*K
Exterior floor 0.20W/m*K
U-value Exterior roof 0.15W/m*K
Exterior window 1.5W/m*K
SHGC 0.6
Tﬂtal Flour N“mber -
of ¢
Area Analysis
Floors
‘ 2,800 m* kfj 5F 25:1 Cooling
\ Energy
\ 2:1 [kWh/r]
] 5,000 ¥ \,//‘j 10F 15:1
WA Heating
) 1:1 Energy
)\ [KWh/m']
‘ 20,000 m' Kﬁr% 15F K 1:1.5
Q /X 1:2 Total
% Energy
l 30,000 m’ %—% 20F — 1:25 [KWh/m']

Fig. 1. Base building type diagram
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Table 3. Type of building elements 4. Alkl 'H'Eoll [[|'— °|||—'|x| o_—ll ak '|='I_' M
BE* | EA** Combination of type

2.5:1 2:1 1.5:1 1:1 1:1.5 1:2 1:2.5 A=l oqq.oﬂ/q OJU/\]AJ ﬁ.y_oﬂ 11]-2 ]1,11] Jq_q.aol: _H‘i_x ° Lg%_v,].
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— Btk YR Fro| 12 15 949 47 2eelA &
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WWR of utet Zpo| & Reltt, ol Zh 8 40| Z o] uta} oju] W o] &
Total 448 2h27] felo s EAEY. A5 ouREFAAYIE AlTx
*BE: Building Elements, **EA: Each A28 (A9 2024. 8. 8.) 2 AW A tH] oln] HAS 2 ot & A
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N RiS
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[
° HH] 5 849 79 2] e Aol Ao, AnAd &
~ Width Length (m} Sk HAgs 2t Sdle 59 9ol Axstlt
Table 4. Equation for depth and width Table 6.3} Zro] A F7]of b2 Wul W} of x| @ L& ¢
Ratio Depth > 1 Depth = Width 1 < Width A 54, A4y, Foin] 5 BE 849 §9 2olA 99
Depth | Dy / 4 / A Ho] 242 oﬂLm 70| 2astqrt. Fig. 3.8 A543 A9
B W, atio 5
& JA I E L — FE 7= A 30%9} 60%, 77}A] Aerd el A 7t Aok
wianh | [ Wi ) 101 ﬂfq B P e
ratio ratio
*A: Floor area, **D,,,,: Depth ratio, ***,,,,: Width ratio 2] AW Z 30,000m?ell A H&2EE 7HAH, 2,800m’ oA 2| Azt
Table 5. Depth and width length
TFA LLR 2.5:1 2:1 1.5:1 1:1
@ NF | A Depth Width Depth Width Depth Width Depth Width
() (m) (m) (m) (m) (m) (m) (m) (m)
5 560 3742 14.97 33.47 16.73 28.98 19.32 23.66 23.66
2,800 10 280 26.46 10.58 23.66 11.83 20.49 13.66 16.73 16.73
’ 15 187 21.60 8.64 19.32 9.66 16.73 11.16 13.66 13.66
20 140 18.71 7.48 16.73 8.37 14.49 9.66 11.83 11.83
5 1,000 50.00 20.00 44.72 22.36 38.73 25.82 31.62 31.62
5.000 10 500 35.36 14.14 31.62 15.81 27.39 18.26 22.36 22.36
’ 15 333 28.87 11.55 25.82 12.91 22.36 14.91 18.26 18.26
20 250 25.00 10.00 22.36 11.18 19.36 12.91 15.81 15.81
5 4,000 100.00 40.00 89.44 44.72 77.46 51.64 63.25 63.25
20.000 10 2,000 70.71 28.28 63.25 31.62 54.77 36.51 44.72 44.72
’ 15 1,333 57.74 23.09 51.64 25.82 44.72 29.81 36.51 36.51
20 1,000 50.00 20.00 44.72 22.36 38.73 25.82 31.62 31.62
5 6,000 122.47 48.99 109.54 54.71 94.87 63.25 77.46 71.46
30.000 10 3,000 86.60 34.64 77.46 38.73 67.08 44.72 54.71 54.71
’ 15 2,000 70.71 28.28 63.25 31.62 54.77 36.51 44.72 44.72
20 1,500 61.24 24.49 54.77 27.39 4743 31.62 38.73 38.73
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20,000m? < 5,000m?* < 2,800m? Z&o]t}, | A& BAZE & Ao & meE o] AHUA 9 A7)0 o o | 7]
w2 2,800m? 5,000m*= o v 2] @7-&Fo] FA 3] gAashA| T Qe o] HARE A, 246k
A 20,000m?% 30,000m?o] A& SersiA Zagitt. o]= dH Table 7.2 97 9] 291(2007) 2] A& Farste 27]of ZA
A 2,800m?, 5,000m27} 20,000m?, 30,000m?Ec} @4 0] 23} Hot= QJu] AAH|E o= AAHAS T &5 TH 18], Table 7.9
we} H4gt AR AR o) a7 Wt Atke A AGAe] o)) 2 H 915 WU Table 8.7 2om, FrhAn
& oln|gi}, BQg =24 A e, Fohdu] el g AW H o] =7} 2.5:1371:2.5,2:134 1:2, 1.5:13} 1:1.59] 9] AAHE= A2 5L
Table 6. Simulation result
Elements WWR 30% 40%
Energy r(l;flf)‘ NF =L 2.5:1 2:1 1.5:1 1:1 1:1.5 1:2 1:2.5 | 2.5:1 2:1 1.5:1 1:1 1:1.5 1:2 1:2.5
5 267 | 258 | 25.0 | 242 | 240 | 24.1 243 32.5 31.2 30.0 | 289 | 28.6 | 28.8 | 292
2,800 10 334 | 32.1 30.8 29.7 | 29.3 294 | 29.8 | 41.8 | 40.0 382 | 36.7 | 36.1 364 | 37.0
’ 15 384 | 36.8 352 | 338 333 33.5 340 | 488 | 46.6 | 444 | 424 | 41.8 42.1 42.8
20 426 | 40.7 | 389 | 373 36.7 | 369 | 37.5 54.7 52.1 49.6 | 473 | 46.6 | 469 | 47.7
5 229 | 223 21.6 | 21.0 | 20.8 | 21.0 | 212 | 272 | 263 254 | 246 | 244 | 245 24.8
5.000 10 279 | 27.0 | 26.1 25.3 25.0 | 25.1 254 | 341 32.8 31.5 30.3 30.0 | 302 30.6
? 15 31.7 | 305 294 | 283 28.0 | 28.1 28.5 394 | 377 36.1 347 | 342 | 345 35.0
Cooling 20 34.8 33.5 32.1 309 | 305 30.6 | 31.1 438 | 419 | 400 | 383 37.8 | 380 | 38.6
[kWh/m?] 5 17.5 17.2 16.9 16.6 16.5 16.6 16.7 19.5 19.1 18.6 18.2 18.1 18.2 18.4
20,000 10 20.0 19.5 19.0 18.6 18.5 18.5 187 | 228 | 223 21.6 | 21.1 209 | 21.0 | 212
? 15 21.8 21.2 20.6 20.1 20.0 20.0 20.3 25.6 24.8 24.0 233 23.1 232 23.5
20 233 | 226 | 22.0 | 214 | 212 | 214 | 216 | 278 | 268 | 259 | 25.1 249 | 25.0 | 253
5 16.6 16.3 16.0 15.8 15.7 15.8 15.8 18.1 17.8 17.4 17.1 17.0 17.1 17.2
30,000 10 18.6 18.2 17.8 17.5 17.4 17.4 17.5 209 | 204 19.8 19.4 19.2 19.3 19.6
’ 15 20.0 19.6 19.1 18.7 18.6 18.6 187 | 230 | 224 | 21.6 | 212 | 21.0 | 21.1 21.3
20 21.3 | 20.7 | 20.2 19.7 19.6 19.6 19.8 | 249 | 24.1 234 | 228 | 225 227 | 229
5 259 | 255 25.1 248 | 246 | 24.6 | 247 | 252 | 248 | 244 | 240 | 23.8 | 237 | 23.8
2,800 10 26.7 | 262 257 | 252 250 | 25.1 252 | 26.1 25.5 250 | 244 | 24.1 24.1 24.2
? 15 28.1 27.5 269 | 263 26.0 | 26.1 26.3 274 | 26.8 | 26.1 254 | 25.1 250 | 25.1
20 295 | 28.8 | 28.0 | 273 27.1 272 | 274 | 288 | 28.0 | 272 | 264 | 26.1 26.0 | 262
5 244 | 24.1 23.8 237 | 235 23.5 236 | 239 | 23.6 | 233 23.0 | 22.8 22.8 22.8
5.000 10 247 | 243 239 | 236 | 234 | 234 | 235 24.1 237 | 233 228 | 226 | 22,6 | 226
’ 15 25.5 25.1 246 | 242 | 240 | 240 | 241 249 | 244 | 239 | 234 | 232 | 23.1 23.2
Heating 20 265 | 26.0 | 254 | 249 | 247 | 247 | 249 | 258 | 253 247 | 24.1 238 | 23.8 | 238
[kWh/m’] 5 223 | 222 | 221 220 | 219 | 219 | 219 | 22,0 | 219 | 218 | 21.7 | 21.6 | 215 | 215
20.000 10 21.6 21.4 21.3 21.1 21.1 21.1 21.1 21.5 21.1 20.9 20.7 20.6 20.5 20.5
’ 15 21.8 21.5 21.3 21.2 21.1 21.1 21.1 21.4 21.2 20.9 20.7 20.5 20.5 20.5
20 22.1 21.8 21.7 21.4 21.3 21.3 21.4 21.7 21.4 21.1 20.8 20.7 20.6 20.6
5 220 | 219 | 21.8 | 21.7 | 216 | 21.6 | 21.6 | 21.7 | 21.6 | 215 214 | 213 213 | 21.3
30.000 10 21.1 21.0 | 20.8 20.6 | 206 | 20.6 | 20.7 | 209 | 20.7 | 20.5 204 | 203 20.2 20.2
? 15 21.1 209 | 208 20.6 | 206 | 20.6 | 20.6 | 20.8 | 20.6 | 204 | 202 | 20.1 20.1 20.1
20 21.3 21.1 209 | 208 | 20.7 | 20.7 | 207 | 21.0 | 20.8 | 205 20.3 20.1 20.1 20.1
5 52,6 | 51.3 50.1 49.0 | 48.6 | 487 | 490 | 57.7 56.0 | 544 52.9 524 52.5 53.0
2800 10 60.1 58.3 56.5 54.9 543 54.5 55.0 67.9 65.5 63.2 | 61.1 60.2 | 60.5 61.2
? 15 66.5 64.3 62.1 60.1 59.3 59.6 60.3 76.2 73.4 70.5 67.8 66.9 67.1 67.9
20 72.1 69.5 669 | 646 | 63.8 64.1 64.9 83.5 80.1 76.8 | 73.7 | 727 | 729 | 73.9
5 473 | 464 | 454 | 447 | 443 445 | 448 51.1 499 | 487 | 47.6 | 472 | 4713 | 47.6
5.000 10 52,6 | 513 50.0 | 489 | 484 | 485 48.9 58.2 56.5 54.8 53.1 52.6 52.8 53.2
’ 15 572 | 556 | 540 | 52.5 52.0 | 52.1 52.6 64.3 62.1 60.0 58.1 574 57.6 | 582
Total 20 61.3 59.5 57.5 55.8 552 | 553 560 | 69.6 | 672 | 647 | 624 | 61.6 | 61.8 62.4
[kWh/m?] 5 39.8 394 | 39.0 | 38.6 | 384 | 385 38.6 | 41.5 41.0 | 404 | 399 | 39.7 | 39.7 | 399
20.000 10 416 | 309 | 403 39.7 39.6 | 39.6 | 39.8 | 443 434 | 425 41.8 41.5 41.5 | 417
? 15 436 | 427 | 419 | 413 41.1 41.1 414 | 470 | 46.0 | 449 | 440 | 43.6 | 437 | 440
20 454 | 444 | 437 | 428 | 425 | 427 | 430 | 495 | 482 | 470 | 459 | 456 | 456 | 459
5 386 | 382 | 37.8 37.5 37.3 374 | 374 | 39.8 394 | 389 | 385 38.3 384 | 385
30,000 10 39.7 | 39.2 38.6 | 38.1 38.0 | 38.0 | 382 | 41.8 | 41.1 40.3 39.8 39.5 39.5 39.8
? 15 41.1 40.5 39.9 39.3 39.2 39.2 39.3 43.8 43.0 42.0 414 41.1 41.2 41.4
20 426 | 41.8 | 41.1 405 | 403 40.3 405 | 459 | 449 | 439 | 431 426 | 42.8 | 43.0
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Table 6. Simulation result (continued)
Elements WWR 50% 60%

Energy (Tan R s |21 [ s | o1 s | o2 | 12s | 281 | 21 | LS| 1| ks |12 | 12s

5 384 | 368 | 353 | 339 | 335 | 337 | 342 | 445 | 426 | 406 | 389 | 384 | 387 | 394

2500 10 | 504 | 48.1 | 458 | 438 | 432 | 435 | 443 | 593 | 564 | 536 | 512 | 504 | 5.1 | 521

g 15 | 596 | 567 | 538 | 514 | 506 | 510 | 519 | 709 | 673 | 638 | 608 | 599 | 605 | 61.7

20 | 673 | 639 | 60.6 | 577 | 568 | 576 | 587 | 804 | 763 | 723 | 688 | 67.7 | 684 | 698

5 315 | 304 | 292 | 281 | 279 | 280 | 285 | 360 | 346 | 331 | 319 | 316 | 318 | 323

5 000 10 | 405 | 388 | 37.1 | 356 | 352 | 354 | 360 | 470 | 449 | 428 | 410 | 40.5 | 408 | 41.5

g 15 | 473 | 452 | 431 | 412 | 406 | 410 | 417 | 554 | 516 | 502 | 479 | 473 | 477 | 488

e 20 | 530 | 505 | 481 | 460 | 453 | 457 | 464 | 624 | 594 | 564 | 538 | 533 | 538 | 548

[kWh/m?] 5 216 | 209 | 204 | 200 | 198 | 199 | 20.1 | 237 | 23.0 | 224 | 218 | 216 | 217 | 219

20000 10| 260 [ 252 [ 244 [ 237 [ 235 | 236 [ 239 | 290 | 291 | 27.1 | 262 [ 260 | 261 | 265

g 15 | 294 | 283 | 273 | 264 | 262 | 263 | 267 | 332 | 319 | 307 | 296 | 293 | 295 | 299

20 | 322 | 310 | 298 | 287 | 284 | 286 | 290 | 367 | 352 | 337 | 325 | 32.1 | 324 | 328

5 198 | 193 | 189 | 185 | 183 | 185 | 186 | 216 | 21.0 | 204 | 199 | 198 | 199 | 20.1

z0000 |10 [ 235 [ 228 [[200 [ 216 [ 214 | 215 [ 217 [ 259 [ 251 | 243 | 236 | 234 | 235 | 238

g 15 | 262 | 253 | 245 | 238 | 236 | 237 | 240 | 292 | 282 | 272 | 264 | 261 | 263 | 266

20 | 284 | 275 | 265 | 257 | 254 | 256 | 259 | 320 | 309 | 207 | 287 | 284 | 286 | 29.0

5 247 | 243 | 239 | 235 | 232 | 23.1 | 230 | 244 | 243 | 239 | 235 | 232 | 23.1 | 230

500 10 | 256 | 250 | 244 | 238 | 235 | 234 | 234 | 253 | 247 | 241 | 234 | 229 | 228 | 228

2 15 | 270 | 263 | 255 | 248 | 244 | 243 | 243 | 267 | 260 | 251 | 244 | 239 | 238 | 238

20 | 283 | 275 | 267 | 258 | 254 | 253 | 253 | 28.1 | 272 | 263 | 254 | 249 | 248 | 248

5 234 | 231 | 228 | 225 | 222 | 222 | 222 | 231 | 228 | 225 | 221 | 218 | 217 | 216

5000 10 | 237 | 232 | 228 | 223 | 220 | 219 | 219 | 234 | 229 | 224 | 219 | 215 | 214 | 214

g 15 | 245 | 240 | 234 | 229 | 225 | 224 | 224 | 242 | 237 | 23.1 | 224 | 220 | 219 | 219

Heating 20 | 254 | 248 | 242 | 235 | 231 | 23.1 | 231 | 251 | 245 | 238 | 231 | 227 | 225 | 225

[kWh/m?] 5 208 | 217 | 215 | 213 | 212 | 211 | 211 | 215 | 214 | 212 | 210 | 208 | 207 | 207

20000 10| 210 [1208 [ 205 | 203 [ 201 | 201 [ 200 [ 207 [ 205 [ 202 | 200 [ 198 | 19.7 [ 196

g 15 | 211 | 208 | 205 | 202 | 200 | 200 | 199 | 208 | 205 | 202 | 199 | 197 | 195 | 19.5

20 | 213 | 210 | 207 | 204 | 202 | 201 | 201 | 210 | 207 | 204 | 200 | 197 | 196 | 19.6

5 215 | 214 | 213 | 212 | 210 | 210 | 209 | 213 | 212 | 210 | 209 | 207 | 206 | 206

20000 |10 1205 [ 204 | 202 [ 200 [ 198 | 198 | 198 [ 203 [ 201 | 199 [ 197 [ 195 | 194 | 193

g 15 | 205 | 203 | 201 | 198 | 196 | 196 | 195 | 202 | 200 | 198 | 195 | 193 | 192 | 19.1

20 | 206 | 204 | 201 | 199 | 197 | 196 | 196 | 204 | 201 | 198 | 195 | 193 | 192 | 19.1

5 631 | 611 | 592 | 574 | 567 | 568 | 572 | 689 | 669 | 645 | 624 | 616 | 61.8 | 624

500 10 | 760 | 731 | 702 | 676 | 667 | 669 | 677 | 846 | 81.1 | 777 | 746 | 733 | 739 | 749

g 15 | 866 | 830 | 793 | 762 | 750 | 753 | 762 | 976 | 933 | 889 | 852 | 838 | 843 | 855

20 | 956 | 914 | 873 | 835 | 822 | 829 | 840 | 1085 | 1035 | 986 | 942 | 926 | 932 | 946

5 549 | 535 | 520 | 506 | 50.1 | 502 | 507 | 59.1 | 574 | 556 | 540 | 534 | 535 | 539

5000 10 | 642 | 620 | 599 | 579 | 572 | 573 | 579 | 704 | 678 | 652 | 629 | 620 | 622 | 629

g 15 | 718 | 692 | 665 | 641 | 631 | 634 | 641 | 796 | 753 | 733 | 703 | 693 | 696 | 70.7

Total 20 | 784 | 753 | 723 | 695 | 684 | 688 | 69.5 | 875 | 839 | 802 | 769 | 760 | 763 | 773

[kWh/m?] 5 434 | 426 | 419 | 413 | 410 | 410 | 412 | 452 | 444 | 436 | 428 | 424 | 424 | 426

20000 10| 470 [ 460 | 449 [ 440 | 436 | 437 | 439 | 498 | 486 | 473 [ 462 | 458 | 458 | 461

g 15 | 505 | 49.1 | 478 | 466 | 462 | 463 | 466 | 540 | 524 | 509 | 495 | 490 | 490 | 494

20 | 535 | 520 | 505 | 49.1 | 486 | 487 | 49.1 | 577 | 559 | 541 | 525 | 518 | 520 | 524

5 413 | 407 | 402 | 397 | 393 | 395 | 395 | 429 | 422 | 414 | 408 | 405 | 405 | 407

s0000 10 | 440 [ 432 [ 424 |46 [ 412 | 413 [ 415 | 462 | 452 [ 42 | 433 | 929 | 429 | 431

g 15 | 467 | 456 | 446 | 436 | 432 | 433 | 435 | 494 | 482 | 470 | 459 | 454 | 455 | 457

20 | 490 | 479 | 466 | 456 | 451 | 452 | 455 | 524 | 51.0 | 495 | 482 | 477 | 478 | 48.1

*Red (dark) shade: Highest value, Blue (bright) shade: Lowest value, **Energy demand unit: [kKWh/n’]

<TFA : Total Floor Area>

<NF : Number of Floors>

<WWR : Window-to-Wall Ratio>

g

90
80
70

Total Energy Demand [kWh/m’]

TFA  2,800m"

Fig. 3. Energy demand by total floor area

o RS N
T S S~o
60 S=— ke N -
S~ = o i~
50 —N R
40
30

5,000m" 20,000m’

30,000m’

- NF20 — WWR 60%
- NF15 - WWR 60%
- NF10 - WWR 60%
- NF5 - WWR 60%
NF20 - WWR 30%
NF15 - WWR 30%
NF10 - WWR 30%
NF5 - WWR 30%

Table 7. Equation of surface area ratio

Surface area ratio by total floor area

S/F

YA

Az

*Ag: Surface area directly exposed to the outside
** A . Total floor area
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Table 8. Surface area ratio by total floor area —e— TFA2,800m - WWR 30% .- TFA2,800m - WWR 60%
—%— TFA5,000m' - WWR 30% =%~ TFA 5,000m' - WWR 60%
Elements Sul'face area mﬁo —m— TFA 20,000m' - WWR 30% -~ TFA 20,000m' - WWR 60%
—A— TFA30,000m' - WWR 30% ~-~ TFA 30,000m' - WWR 60%
TFA LLR 70
2.5:1 2:1 1.5:1 1:1
(m) |NF T 60
5 1.042 1.007 0.976 0.961 g “
3
Qrm
P 10 1.291 1.241 1.198 1.176 %
15 1.525 1.464 1.411 1.384 54
20 1.734 1.664 1.603 1.571 & £ 55
5 0.830 0.804 0.781 0.769 £
5000 10 0.991 0.954 0.922 0.905 K
’ 15 1.158 1.112 1.073 1.053 10
20 1310 1257 1212 1.188
5 0.515 0.502 0.490 0.485 y:
10 0.545 0.527 0.511 0.502 £
20,000 5 0.612 0.590 0.570 0.560 é 5
20 0.680 0.654 0.631 0.619 s
5 0.457 0.446 0437 0432 & Z
10 0.464 0.449 0435 0.429 £
30,000 H
’ 15 0.512 0.494 0.477 0.469 e
20 0.564 0.543 0.524 0.515 -
NF5 NF10 NF15 NF20
L 100
StE = A2stGiTh Table 8.3 Zo] FUR S4-9F 77H2] i - 90
oA Ar#e] 30,000m’ wf 7 e oln] AAuE A, A £ a0
2 =
A7 2,800m’Y o 7P &2 ou] HAHE 7}FIc}, ojn] WA T %Em
X <=
g AHA Y] A7) wE o 2] @ =9lek Tttt o= FY gge0
g S50l i o AR Ho] 242 v H AL AR 3, o R
- 40
= 2A =of 9u] WA= gastA doh metA duHo] E45 2
Qu] AAH]|= A o= ZofA|H, o1 2] @FFo] FAadh= & NES NF10 NFTS NF2o
olo g BAFLY Fig. 4. Energy demand by number of floors
= = H -
sl W AUA 87 24 %919t Btk o= Wioluix] ao] Yitou 4 7% o
Fig. 4.5 A AH] 30%2} 60%, XJ%B&H] 1:19] F4of 2 of|1] H] 2}2)8H= H|Fo] 27| gifo|t}, wata] F4of up2 ofjuf 2] a7
2 @7 Jef oot Wio i A] @ e 4742] A A A Fo A7 55 (105 (155 (205 wo|t
H] 30%, 60% 25 &4 554 of qigko 7kAH, 205 o HAH Sl w2 ofluz] 87 B4 Aake} o] Table 8.9] 2|0 H
e 7Han F4o] whE W] @ ko] 371E 5% (105 AH| Bt S SR ST ek S STk whE o
{15% (20% o]t} Y2 Qe 9jn |0 Zr= Qlsf oy 7] 8o F7toh=
”f‘ﬂ*oﬂﬂll R%L 2 AUA, FAAH], FHY] 5O 94 X9} a9eoz FAH

5%} 1020‘ o 253kE 7HAH,

9} 5, OOOm WA 20,000m?
L 1027} 152, AHA 30,000m? AL 102, 152, 20294 X
£:7HS 7HA, o] A Y ol 2] @S A A o] 2,800m?o]l A

30,000m’2 ARLE diez] 23 &gl 53914 103,
15%, 20%2 2 vt st AHA ]| 7F AA
QT AL M %—% 711 . o &

e g ]
AWA 2,800m*e] FHAH] 30%Y golldA] 877 H&at
& 5509, ZHAH] 60%% o ‘)r‘ﬂ*oﬂl—ixl B—TLE*JJ U2 55

10502 it T AW Ao A Fu Az} AL5E A4t
2 AAE 2471 SAET Gl A 7% ARt dud
2,800m?¢} 5,000m*= 2E 2wl 2 H] o ek | o] A 202 wo]
™, o] ¢} H}EHE A& 20,000m?, 30,000m?= 52 wjo|t},

oA 87 A BE QA B 205, el
5291 1] HAgES ZPAE, AR 0% 02 Wiy a7
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(a) Cooling energy demand (b) Heating energy demand

Fig. 5. Cooling and heating energy demand by lateral-to-longitudinal length ratio
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ol Wt AR oA aTEE A 3
} \f 4 \\ \>’ 1 20] 52, 4 ek 2420%, %
\ N 7. 30,000m*9] 55, FHAH] 60%, FAHHA] 1:1.59 54205, A
s w1 omoam N\ Hu] 30%, Aen] 1:19] AuiA] 8FFL 40.5kWh/m’2 59
et pemer? shet. oY a4l §3 28] tet S A olHIA &

Number of Floors : 20F :F'aol:% 7}'7‘(—__! S ]E]-
Window to Wall Ratio : 60% Aok d]o] 2 o 2] Qe Table 8.2] 2jn] WA B & v
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Fig. 6. Energy demand ranking
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TFA 5,000[m’]

= %0 577 — 60
E =3 55.9 a1 E
5 : 525 518 52.0 52.4 5 gt 51,0 r0s
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g [ Fz0.30 I =
: s A= G . [
L e s g 40 RS =
= 39.8 .= = o
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Fig. 7. Energy demand by lateral-to-longitudinal length ratio
Table 9. Solar radiation by direction =
4 § wrape] Aehnle] ket 2lRlo] W Qajol hE Aow
Direction East West South North o gEe] AHA tmof wg FeHnd fA o] Hhe AFS
Solar radiation [W] 336 340 256 138 oto] v, A5}l
Table 9.= ¢ 29 o] Bz dAbFolH, | ] 452 7o
Table 10. Equation of solar radiation on exterior wall area A AA Qn] HAY HF goFd FHE AAMAE 21151 Table 10
Ao T x5l
Solar radiation on exterior wall area o AR EE A9
ST Table 5.9] 313} thA<] o] I8 HuelA] AT AR
RX A - _
249 1) 7717 Aeha] R wiEE A Ssit naka 7717
*S,: Solar ra.1d1at10n on vertlcal. pla.nes by direction b o] o] Hh= AAMFRS E=d5tR g A Q5 oH, 4
** A, Exterior wall area by direction B
o] Bh= ARt AlAFoFgI T, Table 11,7} o] Fd g WA
Table 11. Solar radiation on exterior wall area
Solar radiation [kW]
TFA LLR
@) NF 2.5:1 2:1 1.5:1 1:1 1:1.5 1:2 1:2.5
5 701.8 657.4 612.1 569.7 550.8 551.2 559.3
2,800 10 992.5 929.7 865.7 805.7 779.0 779.5 791.0
’ 15 1,215.5 1,138.6 1,060.2 986.8 954.0 954.7 968.8
20 1,403.6 1,314.7 1,224.2 1,139.4 1,101.6 1,102.4 1,118.7
5 937.8 878.4 818.0 761.3 736.1 736.6 747.5
5.000 10 1,326.2 1,242.3 1,56.8 1,076.7 1,040.9 1,041.7 1,057.1
’ 15 1,624.3 1,521.5 1,416.8 1,318.6 1,274.9 1,275.8 1,294.6
20 1,875.6 1,756.9 1,635.9 1,522.6 1,472.1 1,473.1 1,494.9
5 1,875.6 1,756.9 1,635.9 1,522.6 1,472.1 1,473.1 1,494.9
20.000 10 2,652.5 2,484.6 2,313.6 2,153.3 2,081.9 2,083.3 2,114.1
’ 15 3,248.6 3,043.0 2,833.5 2,637.3 2,549.8 2,551.5 2,598.2
20 3,751.2 3,513.8 3,271.9 3,045.3 2,944.2 2,946.2 2,989.8
5 2,297.1 2,151.7 2,003.6 1,864.8 1,803.0 1,804.2 1,830.9
30,000 10 3,248.6 3,043.0 2,833.5 2,637.3 2,549.8 2,551.5 2,589.2
’ 15 3,978.7 3,726.9 3,470.4 3,230.0 3,122.8 3,125.0 3,171.2
20 4,594.3 4,303.5 4,007.2 3,729.7 3,605.9 3,608.4 3,661.7
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Fig. 8. Optimal energy demand type
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Fig. 10. Energy demand normal distribution graph
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