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Model predictive control of building energy system
using artificial intelligence
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*  White-box model
* Grey-box model
« Black-box model
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5) ASHRAE, ASHRAE Handbook-fundamentals, American Society of Heating, Refrigerating, Air-Conditioning, Engineers, 2009.

6) M. Killian, M. Kozek, Ten questions concerning model predictive control for energy efficient buildings, Build. Environ. 105 (2016) 403—-412.
7) R.Ooka, S. Ikeda, A review on optimization techniques for active thermal energy storage control, Energy Build. 106 (2015) 225-233.
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HRICH DI ESEDF 7 4 AL ERIE
-/ —JL © OpenStudio, EnergyPlus

- SRAFEAR : 4B (7B 178 ~208) i | ®

o BN DEETRER (W/(m2K)) = | Thermal
- #1B% 1 0.95 = ” 3
BB 1 0.49 — Zone
- 2771071 ) ) ) |
7R 1297 s 33 m i

o WMETELL 1 80%
o PIERFEEN
- B8HH © 10 W/m? I
- J25 0 15 W/m?2
-FEZEFE . 0.92 A/m2 (120 W/ A)
o ZOTRSME
- A EEERAAME  93HMA (5EE#s: 6 B15H~9H15H)
BIRAAR - FHOEZRES 9:00~18:00 ,
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- 225 F 7 — (Chiller)

SmE B R RN E R E (TES)
77> aAA1L1=y k (FCU,, FCU,)
XSRS IR ER (HEX ~HEX,)

- ERER Y 7 (Pump,~Pumps)
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SEEHAECRETIRE S S
BREEHTHHH Y TORBEL FUT 5 _ETHBRET— 513, BT

— MPCOFHIEFILE L TEHELFRL

- WREM L RB AT LOEEZ FATSENE L TE4EDANNZ 1R

pig - IPSER FHT 2T —% (FET—X)
Thermal Zone 1 ZEMERE Tyone (°C)
o ; ERENOR LERE Trgstop (°C)
ZREANDOR TERE Trespot (°C)
2 77 —DANARE T (°C)
Chiller F 7 —DOHERE Teoue (°C)

4 75 —DBHERE Eqier (KWh)
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ANNDZFE &4

FEBT —XDAEF 142,848 %5 T — 5?
- EEIES ¢ 4-layer feedforward type (fEALE2/E. 20= 12— 0 V)
-FEFE FET—XDI0% % /Ny 7—*”7 (Epoch = 1,000)

) Ajj T ﬁ t g&ﬁﬂi T — T 7__\\)b§$mﬁﬁ/‘\|j:|:%

SiilFSE ANT—% (BRIFEE) HERT — & R2 RMSE
Thermal Zone 1 Tour Saite- Sair Noceu Tzone T} 0.9929 | 0.1676 °C
. . . N . one . .
mrt)umpll mrt)ump2' mrt)ump3' mpt)umpz}: mf)umps i
Tid oo TiEs bot Tones
TES 2 . TeS top TTES bot zomer Tistop Ttespor] 0.9964 | 0.1652 °C

mpumplf mpumpZ* mpumpS* mpump4r mpumpS

Tt RHYTE TE Thecvon TS TESL
3 out  zoner TTES top? TTES bot» T in » e.out Tein Téout 0.9948 | 0.0894°C

t t t
ChiIIer mpumplr mpumpzr mpump3l mpump4» mpumpS

Tt . RHY, TE o TE T Tt T¢

out’ » zones L TES,top’ * TES,bot’ * ¢c,in’ * c,out’
4 ; ¢ S opr T RSO el Eniter 0.9999 |0.031 kWh
mpumplr mpumpzr mpump3' mpump4’ mpumpS

Tout: Outdoor temperature (°C), RH: Outdoor relative humidity (%), Sg4;.: Direct solar irradiance (W/m?), Sqis: Diffuse solar
irradiance (W/m) Nyccu: Number of occupants (person), TZone Room temperature (°C), Ttgs ton- Temperature of top layer of TES
(°0), TrEs, bot' Temperature of bottom layer of TES (°C), T i,: Inlet temperature of chiller (°C), ﬁ out- Outlet temperature of chiller
(°C), Mpump: Mass flow rate of pump (kg/s), Echitter- Electric consumption of chiller (kWh), Superscript ¢: t timestep, Superscript
t+ 1:t+ 1 timestep
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- RENAIBRNE

L FE  BHEM R CRIEBRERISHEENIRET S N7, eDE-RJ (Epsilon
constrained differential evolution with random jumping) % ;& FH

o AR a—YRT 47 AFED—5E
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* S. lkeda et al., Optimization method for multiple heat source operation including ground source heat pump considering dynamic variation in
ground temperature, Applied Energy, vol. 193, pp. 466-478 (2017).
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Minimize J; = 2 chlller + Z Epumpn - Pt (1)

t=1
%ﬁﬁﬁg B Mg

= f(mpumplrmpumpz:mpump&mpumpépmpumps) (2)
HITEHZ 2K

& FVESES

> ENRE % SREREME THh 526 °CICHERT

> R 7 DOREIL, EERE .Wfr&ﬁlﬁﬁﬂ

> RV T OBNEHAEIINE L ORFEBFRAHLOKDH S

Trone < 26 °C at 09: 00 ~ 18: 00 3
2.715kg/s < Myump1, Mpump2z < 10.86 kg/s 4)

2.055 kg/s < mpump3,mpump4,mpump5 < 8.22 kg/s
Efump (KWh) = 0.2555 - ! bump ()
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= MPC & tb#R 9 % {3k F 4. Rule-based control (RBC)

- TES{E&EER

BT —T 2 — ) EENEHAS. 10.86 kg/ls D—ERE TEEL
VR —2 1 — )L L IEERES. 8.22 kgls D—1E %’Cﬁﬁfﬁ“
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R PR ST
Case l
. X X RBC LOZE) A ERE L 75 LV RBC
) NEALOZBEEEL
Case 2 o % REC EEEOEE%EEL7-RBC
(RBCTEY)E #5) 7-7L. Casel ORY 7T DORE CEER
CEE S O X RBC EEELH=ER L 7-RBC
(RBC)
Case 4 EEZEOLS - DEREIRE%
(MPC) = = MPC 2TEET HMPC
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Casel : EHET—X
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Case3 : RBC

------------- Case4 : MPC
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RBC®DCase 3TlE. 2 TCORY IHA—TERETCEEGRFHIND,
-MPC®DCase 4T|f. ANNDOFHEFILICED 1B EIc24BRLE o X7
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Case3 (RBC) Case4 (MPC)
[ 1No Cooling operation [ |Cooling operation
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Operation cost

© 21

Savings (%)
' wm2.9% ! ]
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RERTER

BT THELT-MPCZET X EAL. 6ERDINRERZ EE
SEAER ERNREKIEDOHETER RERE26 °C)

22— | 28 mmm oo
3 10 : A ~o- MPC ~2-RBC ;
< 8 ! | 27 + |
#LE,—( 6 i i g 26 i:(,& Coa” ’JA)_*_().__;@_-“‘/:i\\ -11/\):-\ A_-M\ i
R4 Cow Y N
€ 2 . md 25 ¢ N
o M. EH N B N N B B R N 8 B8R ’ - AR TE R »%ﬁ?—ré’ﬂ’( \/\ !
123 456 7 8 9 1011 12 13 24 Footomdomdn st b e s

1 23 45 6 7 8 9 1011 12 13

Time (10 min. interval) Time (10 min. interval)

2R THREES (TEE(E) EHaXF
20 r 270 po
I5 1 180 |
0 \/] \‘
§m- o 30 % HIJE
=2 90
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0 0
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