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Uncovering the Role of Building Geometry and Shading In Seasonal Energy Use of
Library Buildings with SHAP analysis
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Abstract

This study investigates the seasonal variation in energy use intensity (EUI) of public libraries in Seoul and Gyeonggi Province, Republic of

Korea. Using publicly available datasets on climate, operation, geometry, and shading, Random Forest regression models were developed and

evaluated with 10-fold cross-validation. Model interpretation was conducted with SHAP analysis to assess the relative importance and

directional impact of predictors. Results indicate that operational and climatic factors dominantly influence EUI, while building geometry and

shading play secondary but context-dependent roles. The findings highlight the necessity of integrating both operational and design variables

for accurate energy performance assessment of public buildings.
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Expected value : 12.86 (kWh/m?) Expected value : 20.26 (kWhim?)

e
(Summertime Monthly EUI)
J2l5. SHAP total effect

B5rt %ol

BIY GARISe] B7Tsto] d = B, A
oM I 2871 F7Iske ¥l UeiEt @8dee Ul
H A vhgdste] I A 71A oufR] av]el AYEQlon,
U] GARp= QA = Qg Y £S5 AR st
FIE BGH ol d dEA e e } ol et Jy
oUA] AFR-S Z7M]7]1= Q9lo® ARZ5IGiT, Z7EAIt
& 7Fs ARl 5o1E4S oy 285 io“ﬂ} RCe} dd
A= Quf RISt ROUL AASE, AY¥Aert 32945
EUD} 7*io}— FE7T UL, 2982 LA A S [gst
of I 285 F7KI7Ie Bl AU, HAA FFEe

AsFolgick

43 W5 7 Sor
3 6= SHAP total effect S Hdsto], 2k Ay W2

CHAl 7R MRz 18 § st $ecs xﬂ/\@ 710]
ot olg S8l /HE R SFEIMNER oh2t ¥A TefollA

AZE A 71 =5 Hug 4 qdch

Summertime
( SHAP total effect based feature importance )

Wint
( SHAP total effect b

@

azvy

l:JD\RxV‘ FUSYANL - 2B

o5 RgoMe Ue2F MVt W 22 85 X

gonl, thgoz r|gazie] Hlupith v, AW Rl
L 724 Wavt o1 ag velngz debdon, 1 o
gos UBEYS 7l9azll fuE 259 YgRle uslth
ol2ARC} 20| 2 P4 WavH FRs Ueht Hele

rlr u|ru

AL 22 Uy 2wet o) 28 ot o )
2ol 712 Wk, Hul o] ojmuis} BY dao] o 3
A Uehd Zlo= SRIEeln, o2 F5i Algelolde H8g
Parasonis(2012)0] Zup} §7 2oie EUsH Uehdt
g AT 5 cremAN ST 12ege £ AR wE

=
ARlog e = 2 Y9t gl AE29L8 o234

CHe Z18HO e 52 %2 o, AR met WY 98
Fol7} oleg elet 4 Uik

5. 2%

2 Pt VRS N oS o e §o) B3EA
wo] A8 LA 8 EEUNC] YL DRl a9l HE
sk $4 Ao Al 21 AAPEE ABIICL 3, 29 2
1% Qo] Ao A8HE 2oL, YT 39
o] e GFe ARl ol w4 Hiolx AE 7t
JEpgol A Rolol W FYL 012 & AL A

==
Agh, 7122 ARl BRols 1 Gt $ARCR 3
sl SelUAl 9 4 919 HolECh SA), AR Fa
4o Aol 7% 29 B el AR g Welel Al
spl @ 7Ee ouldick 5, oleAols W Rateh Adss
o|8A} FEat 24 WAlo] Ao, LMol
e W aglol Ajsoz Feet. ol U A A

el Yol FRE2 AWISHE o X
Solsh Celgo R, 717

1. Chung, W, Hui, Y. V, & Lam, Y. M. (2006).
Benchmarking the energy efficiency of commercial buildings.
Applied Energy, 83(1), 1-14

2. Chen, Z., Xiao, F., Guo, F, & Yan, J. (2023).
Interpretable  machine learning for  building energy
management: A state-of-the-art review. Advances in Applied
Energy, 9, 100123.

3. Givoni, B. (1981). Conservation and the use of
integrated-passive energy systems in architecture. Energy
Build.,; (Switzerland), 3(3).

4. Han, Y., Taylor, J. E., & Pisello, A. L. (2017). Exploring
mutual shading and mutual reflection inter-building effects on
building energy performance. Applied Energy, 185,
1556-1564.

5. Lundberg, S. M., Erion, G., Chen, H., DeGrave, A.,
Prutkin, J. M., Nair, B., ... & Lee, S. 1. (2019). From local
explanations to global understanding with explainable AI for
trees. Nature Machine Intelligence, 1(1), 56—67.

6. Marszal, A. J., Heiselberg, P., Bourrelle, J. S., Musall, E.,
Voss, K., Sartori, I., & Napolitano, A. (2011). Zero Energy
Building-A  review of  definitions and calculation
methodologies. Energy and buildings, 43(4), 971-979.

7. Melo, F. C., da Graca, G. C., & Pando, M. J. O. (2023).
A review of annual, monthly, and hourly electricity use in
buildings.Energy and Buildings,293, 113201.

8. Parasonis, J., Keizikas, A., & Kalibatiene, D. (2012). The
relationship between the shape of a building and its energy
performance. Architectural Engineering and Design
Management, 8(4), 246-256.

9. Trigaux, D., Allacker, K., & Debacker, W. (2021).
Environmental benchmarks for buildings: a critical literature
review.The international journal of life cycle assessment,26,
1-21.

10. Wong, T. T. (2015). Performance evaluation of
classification algorithms by k-fold and leave-one-out cross
validation. Pattern Recognition, 48(9), 2839-2846.

- 463 -



