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Introduction — Literature review

e Simplified models
* Early works 1990 — 2000
* Commercial software
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Introduction — Simplified thermal network
Scheme
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Introduction — Simplified thermal network
Scheme
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Aims of the research

 To develop a simple RC model (as simple as possible)

e Rand Care deducted from limited knowledge of the building

e Studying the smallest amount of thermal information which
can confirm the accuracy of parameters in the thermal
network

 RE-SIZED Project: developing a simplified model of district by
means of thermal network
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3R1C model — A building without windows,
ventilation and infiltration
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System identification — Training data and
specifications

e System identification toolbox — Matlab

* Training Data — Insufficient or Sufficient
. TRNSYS software — Office building — Belgium, Uccle meteonorm
© 50 m? - 4 facades — south faced — 6 m? windows — Heavy structured
. Occupied hours : 9:00 — 17:00, Minimum temperature 22°C
. Unoccupied hours : Minimum temperature 15°C
. Training data for 150 hours, 1500 hours, 3000 hours, containing: Tin, Qneat Tout, Ty
Qrad: Qvent: Qinf
* Constraints
. Resistances > 0 K/W

. Capacitance = 1000 Wh/K

e Fixed initial conditions:

. Resistances = 0.1 K/W
. Capacitance = 1000 Wh/K



System identification — Algorithm in the

toolbox

Time step

Load Training data

Initial conditions
Resistances = 0.1 K/W

Capacitances = 1000
Wh/K

Run the identification
algorithm to identify
the model’s parameters

Put constraints on the
model

Resistances >0
Capacitances > 1000

Make the state space
matrices (A, B, C, D)
with initial values

|| Make the state space
matrices (A, B, C, D)
with identified
parameters

Compare the model
with training data

Report the identified
parameters




System identification — 3R1C identification
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4R2C model — Stabilizing the parameters of the
ground resistance
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5R2C and 6R3C models — Adding windows to
the building’s model
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System identification — 5R2C and 6R3C models
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System identification — A brief discussion on
identification

* Richness of training data

 Same training data — More complicated models
* Accurate fitness — Inaccurate parameters

* Merging windows branch with the envelope
branch
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Modified 4R2C model — The model to consider
windows, ventilation, and infiltration
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Modified 4R2C model — Studying radiation
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4R3C Model — Studying the internal mass effect

26 I T T T T
L ==Training data(y1) J

I/ =—4R3C ID: 61.98%

TTRNSYSData [168hID  [1500hID | 168hIDfix heating_
0.0004534 0.0001479 0.000074

0.01153 0.01438 0.01365

~ ooms  ooms  ooms ooy
0.001372 0.001416 0.001319

R4 (K/W) 0.004995 0.004068 0.003532
.~ 00067 00064 00054 00048

C1 (Wh/K) 6738.67 1774 3436 33160
- 789.9 845 979.6
3 (Wh/K) 2846.67 10450 10310 10190
14 A\ V\I W‘
12 | | | | | | | |
0 20 40 60 80 100 120 140 160
Time (hour)



Conclusion and future works

* Conclusion

Thermal networks are reliable, accurate, and physical

Y VYV

System identification — inaccurate parameters for complicated models

e Future Work

» The mathematical background for system identification will be studied. The main
goals will be to discover: the problems related to initial conditions, parameter
sensitivity, and minimum required data.

A\

Light building construction will be studied.

A\

Different types of buildings will be considered (attached, detached, semi-attached,
and terraced) — Inputs from a master thesis

» Small neighborhoods will be simulated.
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