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OpenBlue Digital Twin Overview Spotlight: OpenBlue Digital Twin Spotlight: OpenBlue Bridge

OpenBlue Digital Twin

Open )
Locations, Events, Assets and People come Digital twins help organize and enrich Alinfusion across the data context and Using an API-driven approach, OpenBlue
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structure,

- 3D BIM model

3D BIM Digital Twin
Visualization

Digital Twinning is integrated into the 3D BIM for contextual
- ata acquisition
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- Data visualization

- Energy prediction & evaluation

Building Twin

The Building Twin allows a connected, digital representation
of a physical building. It brings together dynamic and static
data from multiple sources in 2D/3D models and enables
informed and effective decisions to be made. It bridges the
physical and digital worlds through sensors that collect real-
time data within the physical environment. It provides real-

time understanding of how a building is ..
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Digital twins: Computational models that replicate the behaviour
of real-world systems, conducting virtual experiments in unseen

scenarios and supporting decision-making
data

E How to guarantee
o L 9EC
- ; the reliability before

decision JGTETEER implementation?
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Resistor-capacitor model for control
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* Increasing RC model complexity
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Emulator setup . Belvatedagainstthe emulators | FPrediclve evalalion 1o Jdentified with the same dataset
t = . .
i, S‘R 9 J S B r aE through non-linear programming
* = Model identification VAT !
P> I o _ . L |
Measured disturbance inputs : : ] t1 k ~ 9
- Actual meteorology year : - Rootmean squareferror : 0 = CL?“ngTL/ Z(Troom,i — Troom,i) dt
- Occupantand electricity Lo Testedundermultiple t0
(office and classroom) \ operating conditions ,
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- Inputs for internal heatgain
- Open-loop prediction error
7

- RC model complexities
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High-fidelity models
- BESTEST case600
- DOE medium office prototype 1 <
1

- Minimize overall penalty of
energy and comfort

- Track multiple setpoints

(extrapolation capability)

A E
\‘,f ] * Prediction under different conditions

____________________________________

 Virtual control experiments on high

fidelity models



Average temperature setpoint deviation (°C)
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Test @ 22 ° C Tsetpoint Test @ 24 ° C Tsetpoint Test @ 26 ° C Tsetpoint Test @ varying Tsetpoint

1.2
1.0
0.8

Tave RMSE

0.8

Tz0ne RMSE

Multi RC without partition capacitor Multi RC with partition capacitor
W b o
~ ' [ North
% ‘ [ West
*0.5 ‘ ‘ Core
O_OW% *0%0 %000 %49 %% [1yue Pt 2400 tase) bo0a! baseldsoot

w0 |

%400 %000 %% %4 4% (1440 [Pae ;A%'u%'u%‘u% sbood

0.0

none sched. elec CO2 elec+CO;—ideat none sched. elec CO2 elec+CO5—ideat

Shanghai, China

 The identification underestimate

partition capacitor for lower RMSE

o NOT detected by prediction tests

o Yielded control deviations

* More representative input resulted in
larger prediction error but better

control



Better control (lower deviation) —

Single zone cases

Multi zone office
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More accurate prediction (lower RMSE) —
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Lower prediction error means
better control for simple
dynamics

For complex buildings, only led
to better control with adequate
model

Critical physical component
should be preserved (partition
capacitor here)
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Energyplus for retrofit analysis
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Step1: data acquisition Step2: model improvement with
increased levels of information

e Source of information e Different levels of information

As-built drawings (building/system), :::>
estimated schedules, weather (TMY)

Level 1: initial model based on as-built drawings

1o c =

As-built documents & site E::;I N Level 2: Update sizing & design values according

verifications /| to as-built & site verification ¢ An aCtual Ccasc Stlldy Of
[ -

Thermal resistance measurement: ::D Level 3: Update envelope material thermal

heat flow meter method conductivity
1 1 4 ‘7

evidence-based calibration

Airflow rate measurement: Tracer L__:>
gas dilution method 0

Level 4: Update zone infiltration rate

* the impact of different levels
of information

¢ Sensor data to examine model’s ® RObuSt evaluation in ECM

calibration performance :

e ma Coolingcoil | | ¢ Step3: simulation-based ECM analysis | an al 1
temperature cooling energy | i | Baseline simulations ||  Apply ECMs | i yS S

L e i o e e i, S T :

:“““S-t-(;[_);{'_;l-l;)_(i;!i _e-;’;l_l_ll_t_l-ti(_)_n-““‘: i | Baseline energy use | | ECM evaluation | E

! : i | J i

i | Metrics 1: Metric 2: Metric 3: : . i

E Accuracy ECM ranking | | Energy savings Calculate ECM energy savings ;

:- ________________ @ Shdd e e : : ecm1 lecm2 | ... . =S=option] =#=option2 =#=option3 E

| Robustness test under different | il i e 4 i !

: operation control schemes Do option] . | . | . |5 i
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 More information gradually

ECM ranking (numbered according to level 6 simulations) - 1 - 2 -o- 3
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Co-simulation for every building is impractical
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Prediction/extrapolation capability is the key

* A testing framework for digital twins | Define available |
* Based on a virtual testbed ) v \
* Emulator as the actual building, higher-fidelity — > Model development < Fal

than its twins
* Reproducibility
* Single-family house/small office
* Different climate zone (IECC envelope)

Out-of-sample
prediction test

ulti-horizon
prediction test

Out-of-range
prediction test

Applicatiot
scanario?

ulti-output
prediction test

12

Pass {>[ End experiment ]<} Pass
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Prediction/extrapolation capability is the key

* Out of sample as a must (Define available
: - . data/inf i
* Optional more demanding tests, e.g. multi- & miﬂnatwn )
horizon/resolution ’ \
- . . . . > Model development <}
* Ability to generate application-oriented testing  |rai \ ) Fail

data (python script)

Out-of-sample
prediction test

tratn test train test tratn test Out-of-range ulti-horizon
? /-b< 5 prediction test prediction test
<4 | N extra output —~
l \ " . ulti-output
Wew prediction test
operating
conoltions
13
Pass {>[ End experiment ]<} Pass




How “physical” does
the model need to be?

White/grey/black box

An example of pre-cooling

\
Load Neural
prediction network

Thermal RC
response _——
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Load Out of Out of Physical
prediction sample test range test test
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1400

1000

1200 1000

800
1000 800

600 800

600
Neural w0 w0
400
network - -
200
o 200
o o T T T T T T
0 5 10 15 20 P
Failed
400
200
1000
I '\C 800,
600
400
200
900000 1000000 1100000 1200000 1300000 960000 980000 1000000 1020000 1040000
20.20° Failed
0.2% I
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Thermal Out of Out of Physical
response sample test range test test
Neural .
network 2 /
Failed
RC
Passed
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- Traditional error-based evaluation could be misleading

- Models need to be developed concerning the predictive scenarios

- More open questions to answer
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Thank you!

https://jamescheng21.github.io/
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