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Development of a SketchUp-Based PV System Layout and Decision Support
Tool for Zero-Energy Building Planning in the Early Design Stage

Iz

R Sh* AS*¥
Z=otx . S S

—

un-Hwan Park* - Seung-Hyo Baek**

Abstract
Existing photovoltaics (PV) performance evaluation tools typically require expert-level engineering knowledge,
limiting their effectiveness in supporting decision-making for Zero Energy Building (ZEB) implementation
during the early design stage-a phase characterized by frequent modifications. To address this, this study
developed a PV Planning Support Tool within the SketchUp environment to automatically generate placement
plans based on user-defined target energy supply rates. To implement this tool, two core algorithms were
developed: a Maximum Placement Algorithm that calculates the maximum installable capacity on the building
envelope, and a Target Energy Supply Rate-based Optimal Placement Algorithm that optimizes the arrangement
using the minimum modules required to meet the target. Furthermore, a C++/CUDA-based GPU acceleration
engine was developed to handle large-scale computations for hourly shading and power generation analysis,
ensuring high responsiveness by providing feedback within seconds. To verify the tool’s utility, 20 design
alternatives created by architecture majors for a site in Seoul were analyzed with a target energy supply rate of
20%. The results demonstrated that the tool successfully derived placement plans within a 20-21% energy
supply range for all designs. The number of modules per gross floor area averaged 0.11 modules/m? with a
deviation of approximately 2%, confirming the tool's capability to provide consistent and reliable placement
planning across diverse architectural forms.

Keywords: Zero Energy Building, Photovoltaics, Early Design Stage, PV Planning Support Tool, Optimal PV Module
Placement Algorithm
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Table 1. Mass Study Results by 20 Architecture Majors

Mass Study Results

Mass 1 Mass 2 Mass 3 Mass 4

4
4
&
@

Mass 5 Mass 6 Mass 7 Mass 8

3
@
@
&

Mass 9 Mass 10 Mass 11 Mass 12

Mass 13 Mass 14 Mass 15 Mass 16

Mass 17 Mass 18 Mass 19 Mass 20
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Table 2. Design Information for Each Mass

Design No. The l\lilll;zl;er of Total Flo;)r Area Roof Izkrea FacadezArea Corf:s?lirli};ion

o) (m?) (m?) (m?) (kWh/yr)
Mass 1 3 883 412 816 151,787
Mass 2 4 1,323 336 1,168 227,388
Mass 3 4 1,155 341 1,761 198,625
Mass 4 7 1,465 340 1,728 251,838
Mass 5 5 1,444 211 1,805 248,224
Mass 6 5 1,358 304 1,705 233,355
Mass 7 5 1,073 302 1,763 184,363
Mass 8 4 1,136 351 1,462 195,193
Mass 9 3 851 413 1,115 146,263
Mass 10 4 1,492 452 1,504 256,476
Mass 11 4 1,468 452 1,344 252,349
Mass 12 5 1,437 390 1,546 246,964
Mass 13 5 1,488 410 1,728 255,787
Mass 14 5 1,532 453 1,600 263,377
Mass 15 5 1,434 400 2,008 246,454
Mass 16 4 1,342 420 1,324 230,655
Mass 17 3 842 349 854 144,820
Mass 18 4 924 324 1,065 158,913
Mass 19 3 943 369 1,525 162,147
Mass 20 5 1,372 435 1,387 235,898

Table 3. Annual Energy Consumption per Unit Area 4.2 ZE XNEE 20%2 O, PV AIAH HHX|H 4d

for Office Buildings
Annual Energy
Total floor Area Range Consumption per
Unit Area
Office Buildings
115.
(Less than 3,000 m?) 53
Office Buildings
126.4
(3,000 m*~9,999 m?)
Office Buildings 171.4

(10,000 m? or More)
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Table 4. PV System Layout Results at a 20% Target Energy Supply Ratio

PV System Layout Results

Mass 1 Mass 2 Mass 3 Mass 4

Mass 5 Mass 6 Mass 7 Mass 8

Mass 9 Mass 10 Mass 11 Mass 12

Mass 13 Mass 15 Mass 16

Mass 17 Mass 18 Mass 19 Mass 20
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Table 5. Details of PV System Layouts for 20 Masses at a 20% Target Energy Supply Ratio

. Amounts of Energy The Number of PV Module
Design No. Energy Supply Ratio Production per PV
(%) Module (KWh) Roof Facade

Mass 1 21.0 350.8 91
Mass 2 20.2 353.7 130
Mass 3 20.4 297.3 95 41
Mass 4 20.1 256.3 120 77
Mass 5 20.0 316.4 157
Mass 6 20.1 300.9 156 0
Mass 7 20.0 284.0 114 16
Mass 8 20.8 325.4 125 0
Mass 9 20.1 330.6 89 0
Mass 10 20.7 348.9 152 0
Mass 11 20.4 317.4 162 0
Mass 12 20.4 314.1 160 0
Mass 13 20.2 3379 153 0
Mass 14 20.1 296.8 147 31
Mass 15 20.0 335.9 147 0
Mass 16 20.1 313.3 148 0
Mass 17 20.3 326.9 90 0
Mass 18 20.4 312.5 104 0
Mass 19 21.0 327.6 104 0
Mass 20 20.0 291.3 107 55
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