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Study on the Accuracy of Building Cooling and Heating Load Prediction Models
using Machine Learning and Deep Learning
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Machine Learning and Deep Learning (ML/DL) are becoming common among the architectural,
engineering, and construction industry in accordance with the improvement of computational calculation
performance. Building cooling/heating load prediction is one of the applicable fields for ML/DL which
brings the reduction of energy consumption in the building operation phase. The purpose of this study is to
predict cooling/heating load by applying ML/DL models, and to verify the accuracy of multiple models.
The results showed that the Gradient Boosting Decision Tree model has high accuracy and future weather
information effects the results.

Key Words: Building cooling/heating load prediction, Machine learning, Deep learning, Gradient boosting

decision tree model

1. [XLCHIZ

VAR, BREMEMERE D IRV, FERIZER S O T
DS FHE LML D @ OB - E O 2 B IR E B
STWND, B - BERERICBNTD, el -5
HCTOEANRLLNTEY, TO—DIZBYORIER
ARFTH D ORET ONE, BHORN L% E TR
T5HZET, ZEFH - BRSSO TSR (LSO B BhiEls S
AREL 720, BEWOEHBMIZRB W TE R X —2h 3
REIMeE LS TREMEZRD TS, LnL, B
DEMIZIBNT, B OV 8 S LB R AT —
2 EWNETLOIE, P LV EEMoERT—#
BUNEELRY, BTHENOAMTHNEEHTZ &N
LV, TO70, FRNCFPHFEE LTy Ialb—v

3 CCHENT — 2 ZERR L, BTEZIIEOHAENT —4
b SRR TRl K OZERGE 21T, EEROERR
WIZHDETTEL TN Z LT, BLEENSAMNT
WaEFEM LoD, RELIZEYORIEIZE b 72 225
WMAEFRT 52 EBARRICR D, £z, RIEHIEOER
~OFIEHAREL D LB X BD,

AWFFETIE, RARDOEYITK L CERIRMERT R 2170,
Z DfRHTRER 2 Zfh 7 — 52 & LTl - g
TNEWEST 52 LT, BMOARTHET >, B
s -  REYEETNVOREZ KT 52 & C, #
PHRBRHE LT VOBREEZTH & &b, FHhHE
LW R AN LR OB 2 L2 AN ET 5,

59



SIMEACRBALANAT AP W 55 19 &

x-1 EWSRMNE

e 1 %91, 500 m®
HE R i Al %93, 000 m?
FTE TR
[EE 2
A 20%
&Y & *+7 4 A

-1

AT E 7 v

R-2 PARIBEMERHR AT

fi BT 91 1/1~12/31 CEfHRENT L 1)
A YRR T A H AR T — 4
[RET — 4

(20104FhR - FefR 1)

fgtr> 7 v =7 |EnergyPlus

YEH A 7Y 2 — L [ASHRAE 90.1 2016 F 7 ¢ A iR I HEHL
AR E=Fm ASHRAE 90.1 2016 7 ¢ A & IZ HEHL
ShBE - BAR - K |UME ;0.5 W/n'-K
M 2k . 2.
Sh B RE g hyro g (U 2.4 WK
SCfE : 0. 55

2. FRABEEMT—2 DEK

(1) EvEH
ARGV 28— & LT, R-1 DT &MAT,
B-1 T ET VERE LT,

(2) BERT—2 LRAET—FDHRE

F-2 IR T LM CRARBMERZITV, EMBEA
WT—%% 445 (458—=2) Bk LTz, fire v
1% EnergyPlus CKExT= VX —4) MM L7, 2=
B S AT WAL SR WEEY) O RIFR 7 BVA Fif 2 B
L, EiomEARZ TR E Lz, AMRIRE - SR
FEHEEE « SMEREGH - B RITIRET A & AEEFE KRS
T —% (2010 FhK - Fefr 1) HEAL, NHATW (E
FENBE - BREIAAT - OA HERA M) 13HLE OHIBHN

(MO ERRITEST 2HM) T X LREERD X
IWE LT,

48— DMBAROF R REZR-2 TR d, &Y
LEOBFEAMOBEKREIINT DO = THE
200kW & 72> TE Y, FHOAMOHERS bRFRKO

60

250
2

g 150
fir

(109

250
h
2

150
i
(kW)100

200

50
0

FER AR 2 — 1

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec J]

R BTN 2

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec H

R BT N2 — 3

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec H

R RN — 4

'Y

Jan Feb Mar Apr May Jun Jul Aug Sep

M-2 wHEAMHER

Outdoor Air Drybulb Temperature -l W

Outdoor Air Relative Humidity
Wind Speed

Horizontal Infrared Radiation Rate per Area -Jll | |
Diffuse Solar Radiation Rate per Area -/
Direct Solar Radiation Rate per Area -
Total People Total Heating Energy -
Total Lights Electric Energy -
H Total Electric Equipment Electric Energy -
jjmm Ideal Loads Supply Air Total Heating Energy -l
Total Ideal Loads Supply Air Tetal Ceoling Energy -l
e
R month -

A

®

weekday -
hour -
hour_cos -

workday -
weekday 0 -
weekday 1 -
weekday 2 -
weekday_3 -
weekday 4 -

weekday 5 -
weekday 6 -

Wind Speed —

‘Outdoor Air Relative Humidity -
Horizontal Infrared Radiation Rate per Area -

‘Qutdoor Air Drybulb Temperature -

Diffuse Solar Radiation Rate per Area -

Direct Solar Radiation Rate per Area -

ng Energy
ric Energy -|
ric Energy -|
ng Energy -
ng Energy -
month -
weekday -l

Total Lights Elec
Total Electric Equipment Eleci

Total People Total Heat
Ttal ldeal Loads Supply Air Total Heati
Total ldeal Loads Supply Air Total Cool

b
E
o

®-3 AHAZEHOFHBERLR

hour -

hour_cos -

=
o

T

" EEEEm

workday -l

Oct Nov Dec H

weekday 6 -l



MR -

MR S i,

(3) AHAZEHOHEEBER
BEBHEFAREOAMNNEH DI L, AKRIBE - 4K
FRKHREE « SMEEGE - AS & - fEEEA B - IREAR -
OA HZRaN « A « A - B4 - BB IIANEHTH Y,
BWHEAMIMNEETHD, TNEThOANNIEK %
NSO AN EH E oMK ER-3 IR T, WE
ARIIANFIREE, AHE, AL, WREIAR, OA
FREATT E OB KEZWRER L 2o 72,

3. FEFEROLRK

(1) 2EFEOLLEBHE

TRED a) ~c) WRTEAL D 3IFEEOFEETVICL
> T 24 B OB BEAMD THIZITY, ZEhok
EOWEEITo>T=, WTINOETLTHEAMNHETE
LTz 4 B OEBBEARMT —2 D55, 3 F5EH
FiT—&I2, YO 14E5% [EBEOAWT —%] LH
2L, BEECH W, KEOFMICE, TEEO 24 KR
BOARTOM) & 24 RFEZOAMOTHIE] 255
H L7 EiastiazE (MAE) MW=, MAE iZ=(1)IZ
rXoTHEE LA,

1
MAE =ﬁ2|)’ia—3’ip| (M

MAE : FHJffxaa = (kW)

N TV
Via ABHOY T IV DOEBEOE
Yip AFEHOY L0 TFRIE

a) RERIZCKBBAEIT—RAT 1 5% (GBDT)

W EEET L E LT, MRERICEL DA T —AT
4> 7 (GBDT) | A L=TMEITo7z, A X
—RTA—HDOHREIFER-3 DEVIToT-, T 7T
v 7 555 Python3.8 LM FEE T A7 7V Th D
LightGBM % HI\\CET /L ORELE & JIZ1T- 7,

b) 3B=a—3Z )Ly kT—% (3N\N)

EEYBEFTLO—o2L LT, B@=a—F1xy
FT—27 (BNN)J ZEALETHEIT 72, HESE
7477V ToH%PyTorch T, T4 D/~A 73—
T RA— R RE "R TCNET L OMEE L I 21T - 7=,

c) BRE=-a21—5)ILxy FT7—%2 (RNN)

WEZEHEFLO—2L LT, BRINF—ZDOTH
W L7z TR =2—J x>y hT—2 (RNN)J %
A L= TRl Z1T > 7=, 3NN &[A#IZ, PyTorch & fu»

F-3 NA =T A —%EEFE (GBDT)

TR AE 20 L7 g o A P 7 L ORE LI B3 D AP

FEFE GBDT
H i B % RMSE
Eath 0.015
[N AN 3 20
5y I % 1000
L1IE Rk 0.5
L21E Ak 0.8

F-4 A ST A=K BE (3NN)

=R 3JE
—a—ua K 27, 300, 300, 1
FEAMFE AR (FR 2R BE S0 MAE (L1)
S b F ik AdamW
F R 0.001
TRy 7K 10, 000

£-5 NANR=RTXA—HFFE (RNN)

JE 2 3@
—a—nu ik 27, 20, 20, 1

PR AR (4R B0 MSE

B AL Tk Adam

PR 0.01

TRy 7K 1,500

T, RS DA NRN=RFTA=ZRELZITLIET VO
L ANBRAAT - T2

(2) BRFTAER

a) EETNUIZLLERTARRE

FETF ML BHEEAMO TR ZR-4 ([TRT,
X-4 OfEdT TFEERD 24 FE% O AR O], Hedhi
M4 IR OAM O THIE] THY, y=x*25 L7558
ARG MR TH > TR LTz, E72, AMNEALE
HIZrittaz B2 TCERLTWD, THIFERD y=x*+25
OFEEICE TN DEEIEENEN GBDT 28 97.7%, RNN
28 96.5%, 3NN 94.7% & 72> TEY, GBDTILL DT
WHERRBBRVWEVWIRERE RS2, WThOET L
TH, AP RKE WV TOFRGE TN <,
BRI/ S WIERH O T HREEME T35 2 & 23 5 5>
Lot

B-512 A Z & 12 MAE % V¥ L 726 THE 7 /L & bl
L7 a2 rmd, ARSI WEAERE, WTInoH
T GBDT I X5 FHIFEED MAE g b/ &< 2o T
W5, B-612H Z LI EEMxiRiESE (MAPE) &)
L2l CHET V2B LIfE R %2779, MAPE (3

61



SIEAEBRBANITER WS 195

62

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

I GBDT [ 3NN [ RNN

10
24 200
i 8
fel —~
% 150 i 6
m
& g 4
7100
@D
% 2
A
B 50
kW) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec A
: B-5 A% MAE O ik
0
0 50 100 150 200
LR 02485 % O BT OE(KW) 0 ——GBDT —— 3NN —=—RNN
(1) WEARICEDART—AT 47k (GBDT)
30

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

200

24

B 10

f&

# 150 e
%) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec H
=l

# 100 -6 A% MAPE 0Lt

()]

%

A 2)ic B <

& 50 QUL - THEE L,
(kw) 1 ia = Vi

MAPE = —Zly“‘—yl” x 100 Q)
. . . N Yia
0 .
0 50 100 150 200
R0 24F R O BT OB (W) MAPE : PEHEREZER (%)
2) 3E=a—F 3y hT—2 (3NN) N A% -
Yia ABEOY T IVOEBEDE
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Vip : 1§ H 0)_]7‘_ :/70/1/0)?"@\|Hﬁ
200 N e _ -—

24 MAPE ¥4 H MAE & [AERkIZ, GBDT 12K % TlllfE
57

ERROEE LM ENTWS Z EBNRENT, —F
T, 5H, 6 4, 10 A (F[EHHA) © MAPE |Zftho A &tk

fid
# 150
D
=] BLTRE <, WHEAROKMEEA LA/ N S VIR o

i;j 100 W T B D R A TR,

¥ -6 12 3 FHOET VOMITRHRDOE L OERT,
-, R MAE (W), JEYEE MAPE (%) 1%, £AER
(kw) BRFREITORN - T25ADOHEMB O MAE, MAPE &
B L, TllZiTbRro2HAIciT 24 BRERE% OATR D

0 50 100 150 200 TFHME) BN THEOATN) LRICEICRD LT, [E
ERO24ISMEOAF OHE(W) B 24 MDA DM & TBEDRR O %

3) HRFM=a2—F /1%y hU—2~ (RNN) WTRSD =, FHliE MAE (kW), THI{E MAPE (%)
%, 3HEEZENEhOFEEET NV CANR THIE S LT

X-4 3FFEOTT I LD TR SO i BADER O MAE, MAPE & L, [HEER0D 24 W% 0



B -

=6 3FEHOET NVOMITERE LD

GBDT | 3NN | RNN
FHEAHMAE (kW) 4.334
T HEMAE (kW) 2.790 | 4.000 [ 3.515
TRIMEMAE/ 25 HEAEMAE (-) 0.644 0.923 | 0.811
FEHETMAPE (%) 13. 940
T WAEMAPE (%) 10.506 | 11.432 | 14.472
T JUEMAPE/ 35 YEEMAPE (-) 0.754 | 0.820 | 1.038

=-7T FHmFEIEIC X AR LLRy(GBDT)

MAE MAPE
FEHEFMAE (kW) 4.334

T HIEMAE (kW) 2.790 | 2.792

T WIAEMAE / & YEMEMAE (-) 0.644 | 0.644
FEHEFEMAPE (%) 13. 940

T JIAEMAPE (%) 10.506 | 10.502

T WIMFEMAPE/ 25 HEMEMAPE (-) 0.754 | 0.753

A O] & 124 FERZOARTOTRIME) AoHEHL
7o MAE, MAPE ® &5 5 TRl L7234 CTH, GBDT
DOFHMER K H/NEL /2> THY, 3NN, RNN & il
LCTHFERDEE LIS TWE Z &R Eniz,
b) FEDOEOFMIEZIC LS FRBEE

=®-7T IZFPHET V% GBDT & L, ET/LVOFEEDER
OFlETE % MAE, MAPE & L7=BA0FHFREOL
2R, PR OBEOFMIEEIC L 5 PHIED ZHITR
SR T,

c) BEAT—R2DMBAEICLDFRREE

R-8 ICHHT — &% OMIL FIEELE 2 7256 O TR
RERT, TNETOHAITT —% Ot EE, T77bb
4 EOEMBBEANT — 200, 3 EDOHET — 4
ZHIH T 2RI, 1 EMOERT AT —F % 3 Dl
W2 HikE MEEZ L) LRET 5, BlomitsET
i, BRI LIRSS (3 EOHMT—4% ) & 14
DOEBEOART — 4 | (23T, ZoMmithFiEz [
%) LF£F7T D, THIET V% GBDT &L, EFT /v
DB OBEOFNEIE X MAPE % AW/, H%E MAPE
x4 5 FH MAPE 23/ SWOITEETT —»# % [1R{E
% T HIETHY, TEIES) (ST 2508
FRREERE N E VI FER L o7,

d) FREFMEICKSFTRBE

®-912, TR2KHZOMEAT] OTFRETLVE 124
Me%OmEBEAR] O THET VL REORBZIT o7
MR AERT, FEHETAILGBDT, FENFEIEIX MAPE %

TR AE 20 L7 g o A P 7 L ORE LI B3 D AP

-8 BT — 2 O TR & DKL

FRED L | MRS

FEHEMEMAE (kW) 4.334 | 4.303

F JEMAE (kW) 2.792 2. 868

T MIEMAE/ S YEAEMAE (-) 0.644 | 0.667
FEHEAFIMAPE (%) 13.940 | 14.026

T JAEMAPE (%) 10.502 | 10.522

T HIEMAPE / 2 ¥E EMAPE (-) 0.753 | 0.750

-9 THIMERDIC X K O Heoleit

it 24IF[H | 120K¢H]
FEHEMEMAE (kW) 4.303 | 4.331

T RMEMAE (kW) 2. 868 2.876

T HMEMAE / 2 Y EMAE (-) 0.667 | 0.664
JEYEMEMAPE (%) 14.026 | 14.061

T HIFEMAPE (%) 10.522 | 11.316

T W EMAPE/ 25 #EfEMAPE (-) 0.750 | 0.805

v, T — & ot FikE TEES ) (b4 250
Bl Uiz, N2 FEMBomBEAfT] O TRlET LTI
24 W OWBEART] OTRIET V&l LT 12 K
M#% EIEWRROBHFEARZ TRHL TH2ICHEbL T,
THIET VORKEOM EIZR oy, ik, #lxid,
R 10 B & P15 10D A7 4 A TIE, PHEBARRPRS
SIERRELSBARB LS, T2 BEBOGBEANR] O
FRET L TIE 24 FERBZ OB HEAR] OTHET v
LY, BYOEHARISKRE S B RS-0 EE26N
2

4. ANEHOEMRE

(1) ANZEHOBEETE

HFRIM O PHIBEZ I 5ICR LS50, ANE
BoBMBRFH 2To7, [RETHRICEIVEHORSET —
AWAFTEDLENIREOSL &, 24 FER% OV KIRE
- B EAEANESE L TEBML, GBDTIZX 5T
BAToT0, 0B, [IETHROKEIIZBREET, ANEHK
VBN U7 B 24 BERIE O EFEOE & LT,

(2) AAZEHEMIZKDFRER

X-7 ([Z A1 EFGE AT, -8 1ZBM% O TR %
R, ANNEEGEMENT 5 A, 6 A, 10 A® MAPE »®
15% %2 TWzDlZxt L, BMZIEWTROA S 15%
ETRIDAER L ooz, FREMIZAICL > THARIBES

63



SHEAREBRBAIIER WS 195

Il MAE —— MAPE

10 40

8 32
S
I~ S
56 ME
> <
<§ﬂ 4 16 S

2 8

0
0 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec A

X-7 H 3] MAE « MAPE O ki (A 25800

Il MAE —— MAPE

10 40

8 32
= X

6 24
= =
§ 4 16 §

2 8

0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 0 A

E-8 A% MAE + MAPE Dbk (A HZEHGBINE)

TERFHCEIE LT, ENODRARMICEZ2EE LR
Sz, WHEALZ T 2R ORE RN ATE
L TMbDZET, BEPRESMELEZEEZDL
o,

5. F&OH

AHFIE I, ARBWEIHREICEI I 21—y
FEREHT —4 L LT, @MoLEANTHZIT O
WEE - RETEET VEME L, RETICRT,

O MERCE DA T —AT 4 > 7 (GBDT) |,
BEg=ox—7Lxy hU—27 (BNN)J, BIWV
HRfl=2—F 1%y hT—2 (RNN)| OF%E
TIVTCTREIT- 7245 H, GBDTIZ L2 THIET L
B bEWIEE LR LT,

QO#T— 2 oM HFEL LT, MEEZ L] 15—
ZaimT o X0y TEES) BT 5787
TREEREmNE WS FER & o7,

QORISR D Z b, 124 B OW
FEAR] OFRETF L LT N2 FR%) &
HWRKROBFEAME TR L TNDIZHEDL LT,
FRET LOBEOM EIZRSR72hoTz,

64

OFRRHADORRT — ¥ & ANEHLE L TEMNT S
T, HRMo TRRKEARES mETLH L
IR ST,

AWFFETOmERAM FRFREROEM FEE LT, &
BT IR R AR OFE RICE SN - BE - Z2 S S A
VAT LAOMENEZ LND, HET—ZIZESNT 1
OOEEHIE % EITT DO TIEARL, AT xiEE (COoz
PEHEOHNR) % BRI 5 @EmHlE-CHRE 2 EE L
EARHIESE, EER OB ATRE/R v A T AR T
5T LT, BMEREOSLRR=—RXINZ DT ENT
LD EEZILND,

B AT, 3 FEEETHA - HELYERRED
BWwml e —mnEL-ZLoTh D, AFFRICEHL, =
BEETHWEA—T- T3y T U ReRX—= | F—X
TRy - V1T y ROBRKRIRK, 7THRER,
K, TERERICHEEZELET,

ZE Xk

1) C. Deb et al.,
for institutional building wusing Artificial Neural
Networks”, Energy and Buildings, Vol.121, pp.284-297,
2016

2) IMIFBHIED =2 —TF ARy NU—T EHEHA LT
WEZIBIEE ) - i B A TR FIEIC 31T D T RIS
W bz L LB MR E FIEORR & WGE,
HAREFZ R R U8R, 5 79 &, 5 706 7=,
pp-1049-1059, 2014.12

3) JEEIED : B AT AEEHEH AR L L2 E
e A TR FIE ISR 2 0P%8, B AL AT
RimSCEE, 61, i 484 B, pp.43-51, 1996.6

4) BAERTD BB 3 B=a2—F LRy PU—7
e T2 BV T I TR O P RS BE L RS EVA
Rtk 08, AARE R IR UE, 5 628,
%5502 %, pp.43-50, 1997.12

“Forecasting diurnal cooling energy load





