MPC EN DIGITAL TWINS
MPC ET JUMEAUX NUMERIQUES
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Context

Today: HVAC = 15% of the world energy use

2050: building = CO,-neutral

While... we spend 90% of our time indoor
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 55.000 m? floor surface
e ~700 zones

 HVAC complexity:
— >36.000 IOs related to HVAC
— ~ 2000 zone HVAC actuators

Challenges

— ~ 1200 zone HVAC sensors

— Hybrid heat and cold
production

— Hybrid emission
* Building complexity:

— Sun and occupants have a larger inf
temperature

for HVAC professionals jf

- N

uence than outdoor



Challenges

Energy efficiency of projects with heat pumps
are very sensitive to the quality of the control

e 350°C == 55.09%/
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At|C l))}/ Taking into account a primary energy factor of 2,5, a heat pump should
for KVAC profession have a (S)COP > 2,5 to use less primairy energy than a gasboiler.




Challenges

Engineering offices, installers, facility managers,
maintenance firms need new tools to tackle
those new challenges
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Technical solution: MPC

Model Predictive Control: car analogy
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Technical solution: MPC

Model Predictive Control: MPC for buildings

MEASUREMENTS

MODEL CONSTRAINTS
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Technical solution: MPC

Model Predictive Control: model types

White-box Grey-box Black-box
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Technical solution: MPC

Advantages of MPC

e Typically, 10 to > 40% energy savings due to:
— Predictive control instead of reactive control

— Model based control instead of scenario/rule based
control

— MPC takes influence of sun into account
— Continous optimization instead of tuning

e Comfort improvement

Fault detection

* No tuning required

* Cost optimization using variable energy price
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Optimal HVAC control

Case 1: 38% savings

$10303]|0> |

2xHP
—| 70kW ——&J— 25001
tank
3 g AHU cooling coil
59.3 kW

@ Server cooling

Ventilation air heating coils
45.4 kW

AHU heating coil
34 kW

-0
s

CCA loops
Heating: 60kW
Cooling: 90kW
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Borefield: 38 boreholes of 94m deep
Q0000000000000
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Cooling tower
150 kw

Energy use [kWh_el/day]

Week days

O MPC




Optimal HVAC control

Case 1: 38% savings

» 60% savings on the ventilation by shifting the thermal load from
the ventilation to the CCA

RBC MPC —— Supply fan
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Optimal HVAC control

Case 1: 38% savings

» Lowering thermal need for ventilation by heating colder spaces
more through CCA
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Optimal HVAC control

Case 2: heat pump temperature < 40°C all year

Tank TankHP
/ Failure of 3-way valve

50
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2024-05 2024-07 2024-09 2024-1 2025-01 2025-C

- TMixed Inlet temperature 1 == |nlet temperature 2 == TBotFeedback == TMidFeedback == TTopFeedback
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Optimal HVAC control

Case 3: anticipation for cooling
12th of August 2024: dewpoint temperature = 23°C v p— p——

Rel. vochtighei n:.l’ﬂndag'ni sugustus 2024 22.00u \i{
Ditis een interactieve grafiek ® Rel vochtigheid: 80% Br
3
. ¢ licht bewolkt —_ 0 B m
77 By o 77 8
75 70 73
&5 63 -
A 52 i
45 45 44
Dew point temperature Quantity Value Units
P.Ambient 101325 Pa ' ol o b e b e oF ol e o
T.Dry.Bulb 26.500 °C Legende
Humid.Ratio 17.560 g/kg(d.a) r | =
L | Temperatuur ENGEIEESET SNGY vadn?glheid A €MDruk - Zonnestraling ]
Rel.Humid 80.000 % T
T.Wet.Bulb 23.788 °C Temperatuur (°C) in Ukkel-Uccle oy
Dit is een interactieve grafiek, je kan de legende gebruiken als filte
T.Dew 22.769 (] 334 338
322 £ maandag 12 augustus 2024 2200 u
31 Temperatuur: 26.5°C
T.Saturation 23.760 °C . s &5 leht bewol
274 5 ot
Enthalpy 71.412 kJ/kg(d.a) %3 265 3T 261 282 o
= 234 235 5
P.Vapour 2782.064 Pa 22
209 21 02208
P.Sat.Vapour 3463.911 Pa T oass
Spec.Heat 1.028 kJ/(kg.K)
Spec.Volume 0.873 mA3/kg(d.a)
Legende

A t I C ! Density 1.166 kg/m"3 Termperating
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Optimal HVAC control

Case 3: anticipation for cooling

12th of August 2024: dewpoint temperature = 23°C
— Pre-cooling during the night and no cooling during the day

26
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22
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08/07 00:00 08/08 00:00 08/09 00:00 08/10 00:00 08/11 00:00 08/12 00:0t MixingCircuit mixColdCol_KKO02_FH_rooms Q
== TZone_mea TMin TMax == TZone
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Fault detection
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Fault detection: using digital twin *

-
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Basic fault detection:

Digital twin > automatic dashboard > fault detection through comparison model with measurements

A1701_kamer A1702_kamer A3703_kamer A1704_kamer AL705_kamer AL706_kamer A1707_kamer A1708_kamer A1709_kamer

A106_woankamerW?

B .
zone__A1702_kamer
28
B .
A111_woonkamerWs \!I/HV! ~44 gﬂmw = .. 37 gu:nv- < 3 W/CAVY - 38 !\MQ\W 3 - 26

A1801_kamer A1802_kamer A1803. r A1806_kamer A1807_kamer A1808_kamer A1809_kamer

> Zone plots with measurements (126 panels)

> Zone plots without measurements (32 panels)

> Production (2 panels)
> Borefield (2 paneis) 02/27 00:00 02/28 00:00 03/0100:00 03/02 00:00 03/03 00:00 03/04 00:00 03/05 00:00

> HeatPump (3 panels) == TZone_mea == TMin == TMax == TZone

—] 1 PumpDp (8 panels)

> Tank (2 panels)

MixingCircuit mixHotCol_KWO02_FH_rooms

> HeatExchanger (2 panels) 32
> HeatPumpAirWater (2 panels)
> MixingCircuit (8 panels)

> AHU plots (6 panels)

> AHU coils (6 panels)

> Collector (4 panels)

> ElectricityMeter (11 paneis)
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)2/2612:00  02/2700:00  02/2712:00 02/28 00:00  02/2812:00  03/0100:00  03/0112:00  03/02 00:00
> Global variables  (7pane)) == TSup == TRet «s» TSupCFeedback s+ TRetCFeedback

> Objective (2 panels)



Fault detection: using digital twin

Intermediate fault detection:
Sanity check of all room sensors

Room temperature

ID Zone Samples Min Max Gem. Defect Waarschuwing
192.168.101.47@AI:3503 L00_inkomsas_00B127 2049 3.2 18.2 12.0 low /
192.168.101.45@AI1:3005 L00_koudekeuken 00B129 2016 152 202 18.0 low /
192.168.101.47 @AI:3009 L0O0_loket_00B169 2021 14.7 21.2 18.1 low g

Temperatuur Temperatuur
22.01 Ql—-._l. ol
21.24 15 ——p— "
= v ?
20.8 1 104 ;
P
20.4 4 ! ! : Mw
20.0 4 0 —i .b?‘nt H .
09 10 l‘l 1'2 1.3 14‘1 fl;iruari 2025 CIEST " ](l H 12 1 " fle?:ruarl 2025 CISST
CO, concentration
ID Zone Sampl Min Max Gem. Defect Waarschuwing
192.168.101.31@AI:3107 LO1_vergaderlokaal 01A304 2016 457.0 457.0 457.0 constant /
192.168.101.11@AI:3109 L04_samenwerkplekken_ 04B171 2009 0.0 0.0 0.0 constant,low /
A 192.168.101.45@AI:3116 L00_overleg 00B143 2035 67.0 5059 404.2 / low
192.168.101.42@AI1:3104 LOO_EHBO_00A802 2028 3779 609.9 411.8 / /
forH 192.168.101.43@AI:3108 L00_balie_.00A300 2029 382.1 561.0 4375 / /



Fault detection: using digital twin

Advanced fault detection: excitation
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Conclusions

* Current buildings are complex, requiring new
technologies to control and diagnose their
HVAC

* Model predictive control allows to:
— Significantly improve the control of building

— Avoid the need of tuning
— Automatically detect anomalies
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How to connect MPC to the BMS?
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Questions?

Damien.picard@builtwins.com

www.builtwins.com
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