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ABSTRACT KEYWORD
Purpose: This study aims to analyze the building energy performance of administrative welfare centers HE=Z[4E
= el
according to the planning of architectural void spaces and to suggest energy-efficient void space strategies USH2BOIEST
. . . . R d=0|HAEs
applicable in the early design stage. Method: Based on 37 award-winning administrative welfare center cases o4 A|23]|0| &
announced from 2016 to 2024, the layout and sectional types of architectural void spaces were classified. Two
prototype models with gross floor areas of 3,000m” and 6,000m* were developed as simplified square masses and ~ Administrative Welfare Center
implemented through a Grasshopper-based parametric model. Energy simulations were conducted using Ladybug ~ Architectural Void Space
. . . . . Building Energy Performance
Tools and EnergyPlus under controlled conditions including Seoul climate, envelope performance, window-to-wall Energy Simulation
ratio, and operational schedules. A total of 73 void space combinations were compared. Result: Energy demand
varied with the location and openness of void spaces. The total energy demand ranged from 109.19 to ACCEPTANCE INFO
119.09kWh/m? in the 3,000m> model and from 96.31 to 104.03kWh/m® in the 6,000m? model. Centrally located and ~ Received Mar. 27,2026
highly open voids showed higher demand, while side or corner voids with less exposed envelope area showed lower ~ Final revision received May 29, 2026
demand. The results indicate that void space configuration is a significant design variable affecting building energy ~ Accepted Jun. 4,2026

performance.
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Research Background & Purpose

1 - ZEB mandate for public buildings
- Energy impact of outdoor space

Table 1. Previous studies on administrative welfare centers and
generative design

L - Need for early-stage design alternatives No. Scope of study Design target Tool/Method Authors
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II 17 .
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| v | e
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Fig. 2. Overall grasshopper implementation
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Fig. 3. Derivation of void space types based on floor plan
simplification
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Table 3. Courtyard planning according to layout typologies
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Layout
gory of cases
Center 3
Floor
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19 Corner side 4
cases)
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Upper full 3
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onal | Upper center 7
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19
cases)| Upper side 4
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Table 4. Area status of administrative welfare centers

Building scale Total floor 2area Number of Number of
range (m°) cases floors (avg.)
0~1,000 1 3
Small-Scale 1,000~2,000 18 3
(~3,000m?) 2,000~3,000 10 4
Subtotal 29 -
et 3,000~5,000 4 4
(3’03()?;3:033;2) 5,000~10,000 2 4
Subtotal 6 -
Total 35 -
Table 5. Simulation setting condition input
Classification Condition
Location Seoul
Building type Office building
Gross floor area 2,998.5m” 5,997.3m’
Building area 761.76m" 1,500m’
Aspect ratio 1:1
Height (number of floors) 16m (4 Floors)
Slab to slab heigh 4.0m
Building WWR - 50%2
Exterior wall 0.24W/m™K
Unvalue Exterior roof 0.15W/m*K
Exterior floor 0.2W/m*K
Interior floor 0.42W/m* K
U-value 1.5W/m*K
Window SHGC 0.4
construction | Visible light 04
transmission )
Program Medium office—open office
. Occupant density 0.057people/m’
Opératlonal Lighting power density 6.6W/m’
environment z : >
Equipment power density 10.3W/m
Operation time 07:00~19:00
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Table 6. Area status of administrative welfare centers (6,000m°)

Envelope area Representative
Type Avg. energy pne o Combination
[KWh/m’] imag
4,633.68m’
Ollj:rlll}im Cool.ing 80.44 |EA
: Heating 23.60 (L-5&H-c)
4-Sides | Total | 104.03
*PEE | 286.08
4,220.88m’
Fully | Cooling | 79.30 4EA
Open on Heating 21.16 (L-2&H-b,L-4&H-d,
3-Sides | Total 100.46 L-6&H-f,L-8&H-h)
PEE 276.27
3,808.08m’
Fully | Cooling | 77.22 4EA
Open on| Heating | 19.34 (L-1&H-a,L-3&H-c,
2-Sides | Total 96.55 L-7&H-g,L-9&H-i)
PEE 265.51
4,140.9m’
Cross- . 24 12EA
Open on| Cooling | 77. (L-1&H-c.L-1&H-g,
5o | Heating 19.28 L-1&H-i,L-3&H-g,
Sides |_Total | 96.52 L-3&H-i etc.)
PEE 265.43
4,347.30m’
Cross- . 32EA
Open on|-Co0ling | 78.86 (L-1&H-b,L-1&H-d,
2.3 | Heating | 20.10 L-1&H-AL-1&H-h,
Sides Total 98.96 L-2&H-a etc.)
PEE 272.14
4,553.70m*
Cross- m 12EA
Open on| Cooling | 80.20 (L-2&H-d,L-2&H-f,
3.3 |[Heating | 2101 L-2&H-h,;L-4&H-b,
Sides |_Total | 101.21 L-4&H-f etc.)
PEE 27833
c 4,553.70m’
TroSss-
Open on Cooling | 77.40 4EA
24 Heating 22.64 (L-1&H-e,L-3&H-¢,
Sides | Total 100.04 L-7&H-e,L-9&H-¢)
PEE 275.11
c 4,760.10m*
TrOSs-
Open on Cooling 79.69 4EA
3.4 | Heating 22.33 (L-2&H-¢,L-4&H-e,
Sides | Total | 102.02 L-6&H-e,L-8&H-¢)
PEE 280.56

*Primary energy equivalent [kKWh/m’-yr]

H-e 20| /M8 £& % oUA 487 HAT, U2 Hol=g
7ro] % E= A2 WFo R viAH L-7&H-g 2] 7Hg &
2 7HS UERATE 6,000m? FROAE L-5&H-e 23] 7H =
2 #&, L-T&H-c 28] 7P W2 & Bl ol Hol=F
ko] 917 2gtel whet 5 R Yol A & ol A4 e o] Aol
7Hagsh, 1 43S E5] AF 3,000m? BHlol A o 27 vret

ot

EGF R oA WA 28 s A £ FHE

Arjgro] 2A et 55 & oluA e HE %2 7
oA 28 7F2 6% W 2le] Aojojut oA 232

q
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Table 7. Simulation result
Low- | High- Small-Scale (3,000m%) Medium-Scale (6,000m”) | Low- | High- Small-Scale (3,000m?’) Medium-Scale (6,000m’)
rise rise *C *H *Total C H Total rise rise C H Total C H Total
H-a 87.32 | 22.29 109.61 77.36 19.36 96.71 H-a 88.34 23.04 111.38 77.77 19.69 97.46
H-b 90.53 23.85 114.38 79.87 20.35 100.23 H-b 91.47 24.68 116.15 80.57 20.76 101.32
H-c 87.80 | 22.27 110.07 77.14 19.32 96.47 H-c 88.45 23.10 111.54 78.15 19.73 97.88
H-d 87.52 | 23.62 111.14 77.96 20.10 98.07 H-d 88.67 24.44 113.11 78.21 20.50 98.71
L-1 H-e 87.82 26.72 114.54 77.88 22.33 100.22 L-6 H-e 90.94 26.37 117.31 79.82 21.76 101.58
H-f 88.09 | 23.60 111.70 77.94 20.09 98.03 H-f 88.28 24.99 113.27 77.62 20.98 98.60
H-g 87.35 | 22.21 109.56 77.27 19.28 96.55 H-g 88.03 23.03 111.05 78.19 19.69 97.88
H-h 90.32 23.73 114.05 79.88 20.27 100.15 H-h 91.13 25.93 117.06 80.47 21.86 102.33
H-i 87.78 | 22.13 109.91 77.56 19.23 96.79 H-i 88.39 23.00 111.39 78.27 19.67 97.94
H-a 90.40 | 23.56 113.96 79.87 20.14 100.01 H-a 87.73 22.21 109.93 77.13 19.29 96.41
H-b 91.38 25.46 116.84 80.52 21.46 101.98 H-b 91.31 23.84 115.15 79.95 20.36 100.31
H-c 89.95 | 23.63 113.58 79.46 20.19 99.65 H-c 87.81 22.27 110.07 76.74 19.33 96.07
H-d 88.88 | 26.38 115.26 80.37 22.20 102.57 H-d 88.56 23.60 112.16 77.92 20.10 98.02
L-2 H-e 92.16 | 2693 | 119.09 81.22 22.23 103.45 L-7 H-e 87.03 27.40 114.43 76.82 23.15 99.97
H-f 90.42 | 24.97 115.39 79.76 20.95 100.71 H-f 88.92 23.60 112.52 77.92 20.10 98.01
H-g 89.89 | 23.53 113.43 79.47 20.12 99.59 H-g 86.95 22.25 109.19 77.10 19.34 96.44
H-h 92.21 25.07 117.28 82.00 21.12 103.11 H-h 90.41 23.72 114.14 79.84 20.28 100.12
H-i 90.12 | 23.46 113.58 79.92 20.07 100.00 H-i 87.78 22.13 109.90 77.14 19.24 96.37
H-a 87.60 | 22.30 109.90 77.50 19.34 96.83 H-a 89.97 23.34 113.30 79.92 20.00 99.92
H-b 90.72 23.94 114.66 79.90 20.41 100.31 H-b 92.47 24.98 117.45 82.06 21.07 103.13
H-c 87.49 | 22.46 109.95 77.03 19.48 96.51 H-c 90.00 23.40 113.40 79.51 20.04 99.56
H-d 88.02 | 23.70 111.72 77.52 20.15 97.68 H-d 90.10 24.73 114.84 79.66 20.81 100.48
L-3 H-e 89.11 26.15 115.26 77.68 21.95 99.63 L-8 H-e 91.89 26.59 118.48 77.90 23.52 101.42
H-f 87.13 | 24.36 111.49 77.98 20.72 98.70 H-f 90.46 24.73 115.19 79.95 20.81 100.76
H-g 87.42 | 22.29 109.72 77.23 19.34 96.57 H-g 90.06 23.94 113.99 79.53 20.54 100.07
H-h 90.02 23.81 113.83 79.94 20.33 100.27 H-h 91.49 25.06 116.56 81.20 21.19 102.39
H-i 87.64 | 22.22 109.87 77.51 19.29 96.80 H-i 90.01 23.26 113.27 79.92 19.95 99.87
H-a 88.18 | 23.77 111.94 77.88 20.32 98.20 H-a 87.73 22.09 109.82 77.44 19.21 96.66
H-b 91.34 | 24.69 116.04 80.48 20.77 101.25 H-b 90.56 23.73 114.29 79.90 20.29 100.19
H-c 88.31 23.11 111.42 78.09 19.74 97.83 H-c 87.80 22.15 109.95 77.05 19.26 96.31
H-d 88.15 | 25.03 113.17 77.85 21.01 98.86 H-d 87.56 23.49 111.04 77.49 20.03 97.52
L4 H-e 90.99 | 26.40 117.39 79.83 21.79 101.61 L-9 H-e 87.57 27.32 114.89 77.23 23.12 100.35
H-f 88.87 | 24.45 113.32 78.49 20.51 98.99 H-f 88.11 23.48 111.59 77.45 20.02 97.47
H-g 87.84 | 23.11 110.94 78.14 19.74 97.88 H-g 87.36 22.09 109.45 77.18 19.22 96.40
H-h 91.00 | 24.60 115.59 80.42 20.70 101.12 H-h 90.31 23.61 113.92 79.85 20.21 100.06
H-i 88.24 | 2297 111.21 78.22 19.65 97.87 H-i 87.53 22.03 109.56 77.37 19.17 96.54
L-5 H-e 89.31 | 28.96 | 118.27 80.44 23.60 | 104.03 | *C: Cooling load, H: Heating load, Total: Total energy load [kwh/m?]
H-c, H-g, H-i 32 AdA o2 @& F oyALads B Table 6. 9 Table 7.7} o] Ho]Ex7t f3of whg o]ujHA] ¥
o ol 4 BolEgZo] O Aol ke A0 R FHBE siehE AL RTL FHRAN QW o] /Y 2 L-5&H-e
£ 9]7]o] H5t= WA o] F7F5H| g o2 EAHTh 55| At R Zgoll A F oy A x88Fo] 7 A ebtth(104.03kWh/m?).
o)M= H-e 539 ddevizL8sF F7H7 A A iz 48 v o mj o] 74 2He [ -9&H-c Xl A= 96.31kWh/m?
Fol A 5 oH, T RN E H-e 782 57t o] fA5 = oF 7.4% W2 3k e, oue 2] F7to thg |4 e
ARk, A WE 2L cha A Woloh web T A AL B o] 45S 2@ S otk mekA A mEe ofun] o] 2
o|EFZt HlA| A, HH fx|of AehE o 1 FFol o AA AE FEFS A= Mol HolEg7te] 912 & o LA 7h7] Fot
st Hog Je|wolof Gt
m&ﬂﬂmﬂﬂ7P“1%%ﬂL5&He 232 FEAA = A Aol A HolE37te] A JF 9 ohH A x29ko] =
oA 2 aeFo] 714 A hebeh Wit 29 WA A 4E 2 ouAL8FS Bl e %M BT APAT F o nH 2
ol L-1&H-a B= L-9&H-a 2¢L2 Ajao g e 2k8 Hyl FE A S717F A A8 5F Vet AR THE Depecker et al.
th. ol Ho| =gt 2| & Q15 oA o] F7tgkp5 ey (2001), Granadeiro et al. (2013)9] A+ H3F} FASHH. £8 5
A4 g7l F7kste, F olv x| q o] AxIth ok BE 3] % B otE 2] o[y 7] kel v, 7]%, Y 7ol whet /o]
A QA Z7h9k 5 olU A 20 F7bt 998 HgHoR 9 sl vehdeh Aldawoud (2008), A 21(2016)9] Aotz
Aot 2L e, 5 MY TF ol A= Ho=F7he] ¢ Qo] 4L,

A, 45t QA A S utet 9% ke ek,

chah i Q7 A2 ] AFo] ofd A

Eeo]d 7]k ¥l A

(©2026. Korea Institute of Ecological Architecture and Environment all rights reserved. 81
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