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Introduction

Multiple zones

Multiple emission
systems

Multiple production
systems

«—— 50-100 m typical —>»

Celling-Mounted Units

EARTH HEAT EXCHANGERS
(single U-tube type)

Chiasson (2007) [1]

Minimization of energy cost using (linear) MPC




Introduction

Building Envelope HVAC system
% sﬁﬁgﬁ Flowra@nlml[er Fan\ Filter -

N\ =

Veather louvre Control damper
j | Heater
Prefilte Humidifier Terminal filter
LR

6
\Cool ng coil Production Room
(hd plel Sec er

-Heal ng

M/ \ | EmISSIOn radlators‘T—entllatlon
Windows, walls, floors convectors
| Y J \ Production: heat pump, boiler |
|
Slower dynamics ( = days ) Faster dynamics ( = minutes)
Nearly linear Strongly non-linear

4 4

Dynamic linear controller model Static correlations in cost function




Methods to obtain controller model

System identification: - Black box (ARMAX, Sub-space, ...)
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Methods to obtain controller model

System identification:

Excitation |

‘ * .

| Measurements 3

4.
Real building 5.
or
detailed simulation model 6

Difficulties:
1.
2.
. No guarantee of optimal

Data
Multi-zones

parameter values
Case and parameters
specific

Complexity should be
low

Optimization problem
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Methods to obtain controller model

Linearization

= f(x,u,w)

Non-linear (Modelica) system
y = g(a,u,w)

Linearization around (X, U. , W.)

8f of of

"= f(.l"e ol LU*)—I— (:ce,u*;w*}( | E)—|—§‘L{ {Ig?u*,w*](u u*)+§tb {IE?H*JW*)(H}_HJ*)
= A+ Byiu+Byw
Jg Jg of
J= Q(IE ths ’LE*) + Or (Te,us ,w*)( IE) * O [Ie?u*,w*)(u H*) + Ow {Ig?u*,w*](% ’LE.-*)

= g(xe, uy, wy) + Cz + Dyu+ Dy

with u = heat inputs (from ventilation, radiators, ...)
w = disturbances (Ambient temperature, solar gains, wind speed, ...)
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Methods to obtain controller model

Linearization

Non-linear (Modelica) system " — f(z,u,w)
y = g(xr,u, w)

_ o _ x =Ax + Byu+ B,w |[Ja={7 Y
Linearization round (X, Us , W.): y = Cx + Dyu + Dy,w
Model order reduction:

Most accurate linear model around (X, U. , W.)
Only most important states
Easily automatize in Dymola

Dymola function linearizeModel returning a state space model

- Inaccurate for strongly non-linear systems
- Not applicable for real building




Non-linearities in buildings
Stefan-Boltzmann radiation law: m —

Jrad = JFA(Tii—TS') 0
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Exterior heat transfer:
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Non linearities in buildings

Interior heat transfer:
Convection: 40 (1) = h® (1) (Tu(1) - TP (1))

Tlik} )
1 (t) = max {1,?1';“ (DM)™ [Tty - TH (1)

ngﬂ}
dB(t) =3.076 (T, - TO)

Longwave radiation using delta-star transformation with fictive radiant star

node:
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rs j=1
Solar gains:

—> treated as inputs w



Non linearities in buildings

. . —1 5 ‘ A nr
Heat diffusion: —— —V?|T=¢
Lo Ot )

R, T, R, R Rni1
Ta C——1 '—ﬁ_|_22 ——C3— 0

_ Only the external convection needs to be linearized



Linearization method

1) Automatic linearization of all components of model and gains and
disturbances treated as inputs:

RS &

2) Apply function linearizeModel to obtain state space formulation

3) (Optinal) apply model order reduction
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Validation

Simple test

Dymola function: linearizeModel
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Validation

Three zones model

South
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Validation

Simulation performance
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Validation

Prediction performance and 1-day ahead prediction
o Time step of 15’
o Multisine with 30 frequencies + distrubances

- Compute NRMSE =100 (1 —2=20)
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Validation

Prediction performance and 1-day ahead prediction
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Validation

Prediction performance and 1-day ahead prediction
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Validation

Simulation performance
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Validation

Simulation performance

—— CPUtime //1 —— CPUtime //2 —— CPUtime // 3
0.9
- Emulator
0.7 4
061 53-states
0.5
0.4 1
0s 14-states
0.2
0.1 T T T T T T T T T T T T T T T T T
OEO 1E6 2E6 3E6 4E6 5E6 6E6 TE6 8E6 9E6

e SSM14 1.6 times faster than 53-states
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Conclusions

* Building are relatively linear

* Automatic linearization is possible

* Loss of accuracy due to convection

* Very good prediction performance with reduced model
* CPU reduction for testing

Further work

* |Improve linearization of convection
e Automate model order reduction
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