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Thermal Modelling of an Office Room

Urban Energy Efficiency — Building’s EE — Room’s EE

60% to 70% of the energy demand in buildings i1s HVAC

- . . . C . Meeting Room
* [In Brasilia, despite the favorable climatic zone, cooling 1s necessary, at many days a year (> 50%). L ARA/%NE/FT

» Thermal Comfort (TC) © Ergonomics © Productivity
» Energy Efficiency (EE)
» Installation Cost (IC) + Operation Cost (OC)

= Starting with a “raw” meeting room. Technological solutions to enhance EE:

» Natural Ventilation, Blinders -EEY CT¢ CI+ CO+

» loT sensors -EE- CT -» CI- CO+ -»(waste awareness)

» Split window air conditioner -EE{ CT% CI- CO-

» Evaporative cooling -EET CT-» CI- CO+ -» (not all year sufficient)
» Hybrid air-conditioning -EEY CT% CI-- CO++

» Occupancy estimation -EETT CTY CI- CO++t+
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Thermal Modelling of an Office Room
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Thermal Modelling of an Office Room

A) The “most precise” model: CFD — Computational Fluid Dynamics
Heat flow trough the walls, floor and ceil.
Partial Differential Equations - .
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Tozf(Toa Q9 TV) Text)

Finite Elements Simulation, e.g. Fluent
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Thermal Modelling of an Office Room

B) Static Model

=  Area of the Room
= Windows
=  Sun side

= (QOccupancy At 7500 BTV

10,000 BTU'S

10000 BIU'S

12000 BTU'S

15.000 BIU'S

18000 BIU'S

(BTU’s)

Tozf(Toa Q9 Tva Text)
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Sol a tarde ou o dia todo

S0l de manha
Até 7500 BTU'S
7500 BTU'S
10.000 BIU'S
12000 BTU'S
12000 BTU'S

15000 BIU'S

O Tamanho do ambiente (‘\

A 10 m

50 mé

Companies use environment characteristics
Estimate for the worst case scenario to recomend an air conditioning device

)



Thermal Modelling of an Office Room

C) Dynamic Model (lumped parameters)

Room, walls, floor and ceil
store energy — time constants

Toq \ Thermal flow simplifications:
T2 |Parede|

\_r
M1 a

! T,
Fluido ‘
Aquecido !
e
Frio T !
Toa,i Ts,i Ts.Z Tw,z
—> M AN AN~ Wall analog Model
x 1 L/ 1/
/n,a kA h,A
2RC Electrical Analogy
To= (T, q. Ty Tor) LTI model — Transfer Function Ordinary Dif. Equations

LTI model — Transfer Function
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Thermal Modelling of an Office Room

C) Dynamic Model (parameters R, C, Cv)

How to obtain the parameters?
C.1) Calculate by materials used, areas, volumes.

Very hard job! — Simplifications — Poor approximation

- Many different, non-homogeneous materials employed
-  Medium characteristics can presente hight variance
(e.g., thermal conductivity of the roof)

T,=f(T,, q, T, T, Estimate by averaged simplified construction elements
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Thermal Modelling of an Office Room

C) Dynamic Model (parameters R, C, Cv)

C.2) Access parameters by Identification, from experiments.
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Thermal Modelling of an Office Room

D) NARMA-L2 ANN

Neural Network Approximation of g( )
4 A
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Thermal Modelling of an Office Room

F) Small Scale Analogon

Tozf(Toa Q9 TV) Text)
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Fit:

Measu.red and simu-lated model .ou‘tput . . P2DZ 93 43
g '/)"“ ,‘,,,m;-,‘ F - papz | P3DZ: 93 .42
‘ [l P Pl:  87.66
‘ ' ppz P2D: 86.9
data

Measured and simulated model output

-8

24 242 244 246 248 25 252 254 256

Time x 10*

Same process nature.
Allows save experimentation.

Fast evaluation of algorithms efficiency.

10



Thermal Modelling of an Office Room

G) “Maquete” — small scale building replica

Sala em estudo

Permite simular salas vizinhas e
temperatura externa.

. Atuador

“Analogo invertido” - o ar
condicionado ¢ substituido por um
secador de cabelos.

Mesmos sinais, permitem avaliar
a eficacia de algoritmos.

Tozf(Toa q: TV) Text)
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Modelo Perturbacoes.

—1 L -
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Thermal Modelling of an Office R(

G) Living Lab - Validagdo Human-in-the loop
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Tabela 1. Comparacao Controladores.

Thermal Modelling of an Office Room a7 e 5

- Pl 6,16 2,70 0,42
Antecipativo referéncia fixa 6,00 6,06 0,35
Antecipativo referéncia variavel 5,81 8,71 0,37
G) L1V1ng Lab Tabela 2. Melhoria do Antecipativo.
. . > Referéncia fixa Erro Energia
A estimativa de ocupagao TigaDosliga | 16,66% | 24,21%
o o d o 5 Pl 16,66% 2,6%
(estimativa de carga térmica) Roforéncia variavel | _Emo | Encrgia
r . 1 . Liga-Desliga 11,90 26,64%0 s
¢ considerada no algoritmo. 51 T T
Controlador Antecipativo - Temperatura Controlador Antecipativo - Perturbagdes de Temperaturas Controlador Antecipativo - Contagem de Pessoas
30 —— Temperatura da Sala de Reuniao 36 4 —— Temperatura da Sala Vizinha 7
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Horario Horario Horario
(a) Temperatura da sala de reunides. (b) Temperatura externa e da sala Vizinha. (¢) Ntdmero de pessoas.

Figura 11. Controlador antecipativo (considerando mudanca na referéncia para sala vazia). Medido em 16/11/18.

Tozf(Tm qv Tva Texta n)
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Dig. Twin Model Updating

T extb Uex

(L0
3

[T,, U= f(T,U,Tref,Uref,T , T

6 July 2020
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Model Structure: Fixed, Grey-Box First-Principles
Model Parameters: K, K, K,, K,,a., a,, ... (25!)

— Batch seasonal Identificaton
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— Recursive on-line Identificaton
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e,(k)
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Twins - HD surrogates
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Model:

Small-scale

Analogon

v Cheap, fast, save
Test only main factors
(no struct. policy clue)

Model:

Small-scale

Building Replica

Cheap, fast, save
e Artificial environment
(struct. policy clue)

SD - Models:
First
Principles Model:
Living
Fast, save,
. ) Lab
can run exhaustive scenarios

You simulate

what you modelled! v" Real world, insight, save

e Can’t excite all situations
(struct. policy)
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Bike ways

Trajectories (x,y,2,0,t)
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Bike ways Model

Environment

Agent
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(algonthm Q¢ | SDHW system,
HVAC system,

ionsH Builnding
8 boundary
3 conditions —
L | Pattern Recognition
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. | . | Diagnosis
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[C,P,D,]=f(Im(k), Im(k-1), Map, Inference Engine, Rule Basis) e
@as20208LL- Test Image Reference Image  ChangeNet Ground Truth
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H) Evaporative cooling has very cheap operation costs | ‘ | |
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|:> The conventional
compressor is only used
when the Evaporative
cooling is not sufficient
Energy saving ~70%!!

Algoritmos -

Damper & Water reservoir.
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