WO 2022/197251 PCT/SG2022/050146

100

FIG. 1

-1/11 -



WO 2022/197251 PCT/SG2022/050146

1oo,102\
[T T mmm T
1 1
1 1
: 125 120 i
I * 1
1 1

1
! 124 !
1 1
1 1
1 P :
l 126 » 128 |
|
: .
1 1
1 1
1 1
1 1
1 1
1 1
yf — '
1
1
1
! — 112
1
'
1
1
' \ A
1
: 140 130
1 1
1| 202 $_202212 v
1
- 300
N I e I Y A S
I- -------
206 ~
(208)
|




PCT/SG2022/050146

WO 2022/197251

€ 'Old

A Y
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
!
Y

]
©
™
3

L0V

O
(o))
<

RPNV N
g
o)
<
|
g
™
<

o e e e

N e g o

]
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
]
1
1
1
1
1
1
:
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

-3/11 -



WO 2022/197251 PCT/SG2022/050146

500

f~ 140/141

540

510 550 —

N
N
(@]

FIG. 4

-4/11 -



WO 2022/197251 PCT/SG2022/050146

604 604 008
(
| ’ i
612
610
él 530 624
B o2'®  [TH [l
610 610 610 s03
pun
606j\‘ A N
/ 606
602 605
600 /
(88")
FIG. 5
742 741 732
\bél ?/ 742 545 741
7
(
__>2
[
730
S ; 702
743-/Of '9"{722
720—1 740 l
\ N \700

FIG. 6

-5/11-



WO 2022/197251

PMv

PRV

PCT/SG2022/050146

3.6
841
Thermal neutrality
821 0.16—— f;
0.
“; {1 1 1.....?....
; 0.04mmmmyy D-OQ'L
I R ! “““““““ XX ‘E‘ cheini \‘D’l"“""b‘:{'}_ B
.11 B0 -o,uml—
S0,2 F -0
0.3
-3.4 F
_(_}_Saw—.—m
0.6
Thermostat Conventional Proposed
MPC MPC
FIG. 7
ab Too warm
g4 b —¥-~ Thermostat
wwwmwme ML-based MPC Comfortable
. Linearized ML-based MPC
82 ¢
Y, K% e R -v ;
g FNE Ve A NN “\\
* \ A
< O x x
.
o1 b X £X
04
nE Too cool |
R i A 3 X i i Y
G900 1340 13200 1200 1300 14Q0 100 16D0 100 1R
Time
FIG. 8

-6/11 -



WO 2022/197251

27

Temperature {°C)

22

21

Temperature {4}

L o

PCT/SG2022/050146

23.83

24, 78y

33.64

2336

2262wt

4.2

]

bs

s

Tharmostat

Conventional
MPC

FIG. 9

Proposed
MPC

L

¥ Thermostat
wmmmm ML-based MPC
Linearized ML-based MPC

3.

b1 L X

3

L

3

Q%00

1043

1100

1200 1300 1400
i

FIG. 10

-7/11 -

1500

1600

1300

1800



WO 2022/197251

30

25 ¢

Cooling power (kW)

N
o

Cooling power (kW)
o
(951

oo
i

oy
-~

PCT/SG2022/050146

201

15 -

10+

18,

258

16.45

0.04

118X

0560

18.3F

8.8
R ¢
6.4
‘Q‘\?‘L

22,88y

1104

8,01
e

3.5¢

Tharmaostat

Conventional
MPC

FIG. 11

Proposed
MPC

1300 1200 1300 1400

> 0 .

Time

FIG. 12

-8/11 -

Linearized ML-based MPC

” - VIR S
Noromgy o T BNy

Thermostat
ML-based MPC

1580

BBk
N

17:00

e 1800




WO 2022/197251

Cooling energy {kwh)

Absohsteermr nf PRV

140

120

g

80

&0

40

20

0.07

(.06

Q.05

.04

4.3

Q.02

SRS

(.00 3

PCT/SG2022/050146
31.84% 28.16 %
¥
kA
122.82
8471 88,25
Thermostat Conventional Proposed
MPC MPC
FIG. 13
e .063 TR
026 .07
PAERE3 1 X8
L P.ON
R L R IR £.002
ML-based buiiding modsd Mi-hased bullding model with |
FIG. 14

-9/11 -




WO 2022/197251 PCT/SG2022/050146

820

,,/

72 72 72
4, T e
M0 | | BB | | 2L | e | 8O0
{ ( {
74 74 74
FIG. 15

840

72 72

AT e T
M0 | |72 || &0

S {

74 74

FIG. 16

-10/11 -



WO 2022/197251 PCT/SG2022/050146

860
e
|
I 80 |
| |
| 120 120 Ty 120 |
I |
| l |
| y y |
I |
I 88 @ EEE @ I
I |
- ____ !
FIG. 17
880
120
A 4 " \ 4
@ @ LI @

FIG. 18

-11/11 -



