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ANNUAL GROWTH IN TOTAL FINAL CONSUMPTION BY FUEL
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Monterrey, México

+FOCUS Climate
hot-arid climate
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+FOCUS Building Typology

office building
(case-study)
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Cooling Demand
Q

+FOCUS Building System
cooling system
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+FOCUS

System component
heat dissipation for Peltier Module

Heat Absorbed (Cold Side)

Positive (+)

P-Type Semiconductor” -
Electrical Conductor (Copper)

n-Type Semiconductor

Electrical Insulator

(Ceramic) Negative (-)

Heat Rejected (Hot Side)
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+TE TECHNOLOGY
(TE=THERMOELECTRIC)

Heat Absorbed (Cold Side)

P-Type Semiconductor -

n-Type Semiconductor

Electrical Insulator

{Ceramic) Negative (-)

Heat Rejected (Hot Side)

I' EXCESS HEAT TRANFER TO COLD SIDE
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Joule Heat

. Conduction
Peltier effect

\ Heat flow

7

// \\‘ /// 2\\\‘ '//’ \\\\
Qc =/a/T}—0.5 2R =k(Ty — T.);

+TE TECHNOLOGY PERFORMANCE BOOST R
Material design Qn = alTy + 05 I*R = k(Ty =~ Tc)
COP. =Q_./P
Decrease in temperature difference COPy = Qn/P

k : thermal conductivity, Wm-1K-1
a: Seebeck coefficient, VK-1

R: electrical resistance, ohm

| current, A

P: electric power, W
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+TE FACADES

INTEGRATION
WALL
WINDOW
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+HEAT DISSIPATION PERFORMANCE BOOST
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+CONTEXT

HOT ARID CLIMATE
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+CONTEXT CASE STUDY

Koi Tower,
Monterrey
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+CONCEPT

Parameters

LEVEL A LEVEL B

AN

1 Glazing 1 Configuration
2 Insulation 2 Integration

3 Glass Type

4 Shading

5 Ventilation

LEVEL C

22

1 Thickness

2 Extended Surface
3 Material

4 Air flows
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+CONCEPT

Design Strategies

Building

1 WWR: variations
(20%,30% and 40%)

2 Insulation: thickness
50 mm and 100 mm

3 Glass type:
Clear single glazing, clear double
glazing, low-e double glazing

4 Shading: internal and external

5 Ventilation:
Natural ventilation, Night free
cooling
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Iﬁ | ! 1 HS Thickness

2 HS Extended Surf
+CONCEPT  Design Strategies UUUUL AAAN A

Component

4 Air Flow
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AN

+CONCEPT  Design Strategies

-

acade

1 Configuration
2 Delivery Method
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+Methodology

General N ,

SIMULATIONS
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Experiments
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+Methodology

Experiment Setup

f1

12 e

t1

Tested Heat Sink Tested Heat Sink Insulation Levelling TEM 1
Cold side Hot side Plate

Tested Component Layer Composition

FRONT VIEW OF BOX

tesf section &

DATALOGGER ? HS + TEM
I EXTERNAL

I
I
I
I
I
PROBE |
I
I
I
I

L

SECTION OF BOX
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PROBE

1
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Specimen construction
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+Strategies
Experiment Baseline

[
4.5 4 - | -
¢ :
4.0
g |
E 3.5 | —
£ 30 ﬂ l ®-DT=11.3
g 5 I* \ : —+—DT=22.5
ﬂ —
% 20 | _ ! —«—DT=33.8
E . J | —#—[T=45.1
R tn“'ii | —&—DT=36.3
E 1.0 { - S L - et DT=67.6
03 f o 4—1*3-51—;:—_.,_- :_"“—
0.0 L—m4 f -"'X& et Ml 2. = =
0.0 5.0 10.0 15.0 20.0
Input Voltage (V)
TEC1 - 12706 Module
| max 6.4 6.4
V max 14.4 16.4
AT 66 75
T hot 25 50
Q max 50 57
AC resistance 1.98 2.3
Number of couples 127
Dimensions 40*40*3.8
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+Strategies

Frozen parameters

Experiment Set-Up: Strategy 1

num TE TE Voltage  Current Power HS Physical Dimensions(mm)  Volume
module  quantity (V) (amps) (W) shape Parameter (mm?3)
tested
1 TEM1 1 5 1.23 6.1 Aluminium thickness 250x250x0.8 50000 | |
Plate
2 TEM1 1 6 1.37 8.16 Aluminium thickness 250x250x0.8 50000
Plate
3 TEMA 1 5 1.22 6.05 Aluminium thickness 250x250x1.0 62500
Plate
- TEMA 1 6 1.41 8.4 Aluminium thickness 250x250x1.0 62500
Plate
Experiment Set-Up : Strategy 2
num TE TE Voltage Current  Power HS Physical Dimensions Volume
module  guantity (V) (amps) (W) shape Parameter (mm) (mm3)
tested
3 TEM1 1 5 1.22 6.05 A Aluminium  thickness 250x250x1.0 62500
Plate AYAVAVA
o TEM1 1 6 1.41 8.4 A: Aluminium  thickness 250x250x1.0 62500
Plate
5 TEM1 1 5 1.51 7.55 B: Origami Shape 250x250x1.0 62500
6 TEM1 1 6 1.77 10.6 B: Origami Shape 250x250x1.0 62500
Experiment Set-Up: Strategy 3
num TE TE Volta  Current Power HS Parameter Dimensions Volume Air Velocity
module  quantity ge (amps) (W) shape tested (mm) (mm3) Flow m/s
(V)
5 TEM1 1 5 1.51 7.55 Origami Shape 250x250x 62500 NC NA
1.0 NC
6 TEMI 1 6 177 106  Orgami  Shape  250x250x 62500  NC  NA FC() P e
1.0
7 TEMA 1 5 1.49 7.45 Origami Shape 250x250x 62500 FC 1.10-
1.0 1.30
8 TEM1 1 6 1.75 10.2 Origami Shape 250x250x 62500 FC 1.10-
1.0 1.30
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+Results
O1 Thickness

ATemperature

T - Shape AD
s AT - Shape A7

0.8 mm 1.0 mm
AT: 1.2 °C AT: 2.5 °C
HS Hot side: 25.04 °C HS Hot side: 26.54°C
HS Cold side: 23.84 °C HS Cold side: 24.04 °C
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AT Comparison

- Shape A

Temperature (°C)

- Shape B

Time

40.3 °CJOC

+Results
02 Shape
Shape B - Origami Shape A — Aluminium Plate
AT: 20.25 °C AT: 2.47 °C
HS Hot side: 39.37 °C HS Hot side: 28.90°C
HS Cold side: 19.13 °C HS Cold side: 31.46 °C
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+Results
O3 Air Flows

AT (°C)

AT Comparison
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Time

40.3 °CjoC
38.4 °CH
b :p3

Natural Convection
AT: 20.13 °C
HS Hot side: 38.95 °C
HS Cold side: 18.82 °C

31.6 °C oC
31.8 °C

Sp3 B

Forced Convection
AT: 24.13°C
HS Hot side: 39.72°C
HS Cold side: 15.58 °C
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T box Comparison

24
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Time

ET 19.7 °CfoC 15.2 °CloC

Sp3 20.6 °C
5p3

o

17.1 °C
Jp3
21

+Results
O3 Air Flows

Natural Convection | | Forced Convection
Min T box;: 22.13 °C Min T box: 21.44 °C
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+Strategies
Simulation Baseline

*when laminar flow was included simulation time was very long
*so an empirical Awas used, based on research
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COMSOL DOMAINS (STRATEGIES 1-3) COMSOL HEAT TRANSFER (STRATEGIES [-3)

HEAT FLUX

THERMAL INSULATION ———
HEAT FLUX
HEAT SOURCE
BOUNDARIES

THERMAL INSULATION ~ THERMAL CONTACT

DOMAIN 2
HEAT SINK COLD

+EVALUATION — Component i
+Methodology

Boundary Conditions
Strategies 1-3

DOMAIN 5 DOMAIN 4 8 6
TEC MODULE ~ ALU PLATES
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COMSOL DOMAINS (STRATEGY 4) COMSOL HEAT TRANSFER (STRATEGY 4)

TEMPERATURE 2

DOMAIN 8 e OUTLET | INTERIOR

AIR FLUID ‘ . ‘ e
DOMAIN 7 ' < | THERMAL INSULATION | =

HEAT SINK COLD ' | | TEMPERATURE |
| SIMMETRY LAYER%\’ ‘ EXTERIOR

DOMAIN 3 | |

INSULATION | | '

|

| |
_I_ M et h Od O | Ogy ZLU PLL/;ET&EZ | [[l | THERMAL CONTACT jﬂ |
B OMAIN | ‘ BOUNDARY
Boundary Conditions e

| HEAT SOURCE '
|

Strategy 4 L ‘ |
| |

DOMAIN 2

! INLET | '
HEAT SINK HOT o : ..II
DOMAIN | A ' < INLET
AIR FLUID
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+Strategies

Simulations — 3D Heat Transfer

‘ -/}[HJ

-
p /
-

3D HEAT TRANSFER STUDY (STRATEGIES 1-3)

mm

90

3D HEAT TRANSFER STUDY (STRATEGY 4)
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Comparison of experiment and Comparison of experiment and

simulation simulation
25 0.92
24.5 0.90
24 v
535 . 0.88
o 23 é 0.86
22.5 . 0.84
22
515 0.82
21 0.80
6.30 6.40 6.50 6.60 4.8 49 5 5.1
4 R |t Qc(W) Voltage (V)
CESUllS
@®@Lxp - NC Sim - NC Exp - FC Sim - FC @®Lxp - NC Sim - NC Exp - FC Sim - FC

Simulation Base
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+Results O1 Thickness . .

PEAK DAY IN SUMMER

| MM o MM oMM &0 MM
= :"i ‘;.— -‘I-‘ )
_ = . | | i = 1
A1 il I il  an N |
N 'H |\f | | e |
| | | h | ‘I | |‘ | | (
] ‘ / | | | || | | |
| . | | 0l | | (
»ll | [ B “ | | LK | |
\
| |
| I N g Sy
| I 1 ' ‘ ! J i} )
C
50
a5
35
30
25
Qc 352 W Q 811 W Q900 W Qc 657 W 20
Qh  10.82 W Qh 1541 W Qh 1630 W Qh  13.87 W
COPh 1.48 COPh 2.11 COPh 2.23 COPh 190 .
COPc 0.48 COPc 1.1 COPc 1.23 COPc 0.90
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+Results O1 Thickness

Qc 811 W
Qh 1541 W
COPh 2.11
COPc 1.11

Qc 9.00 W
Qh 16.30 W
COPh 2.23
COPc 1.23
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+Results 02 Extended Surface

PEAK DAY IN SUMMER

SHAPE B

Qc 811 W
Qh 1541 W
COPh 2.11
COPc 1.11
SA 0063 m2

SHAPE C

Qc
Qh

887 W
1617 W

COPh 2.21
COPc 1.21

SA

0.076 m2

SHAPE D

Qc 1011 W
Qh 1741 W
COPh 2.38
COPc 1.38
SA 0.142 m2

Qc
Qh
COPh 2.67
COPc 1.67

SA

1216 W
19.46 W

1.500 m2

e

40
35

30

20

Qc 11.39 W

Qh 18.69 W
COPh 256

COPc 1.56

SA 1.5/0.136 m2
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+Results 02 Extended Surface ' - AAAN

SHAPE D SHAPE E

Qc 1011 W Qc 1216 W
Qh 1741 W Qh 1946 W
COPh 2.38 COPh 2.67
COPc 1.38 COPc 1.67
SA 0.142 m2 SA 1.500 m2
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+Results O3 Material Exploration | ]

PEAK DAY IN SUMMER

ALUMINIUM A. FOAM A.FOAM + ALU ALU + TERRACOTTA

g

Qc 1216 W Qc 570 W Qc 12.08 W Qc 1216 W
Qh 19.46 W Qh 13.00 W Qh 1938 W Qh 19.46 W

COPh 2.67 COPh 1.78 COPh 2.65 COPh 2.67
COPc 1.67 COPc 0.78 COPc 1.65 COPc 1.67 03 PROCESS 58



+Results O3 Material Exploration | ]

ALUMINIUM

Qc 1216 W
Qh 19.46 W
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+Results

PEAK DAY IN SUMMER

NC BOTH

Qc 11.87 W
Qh 1917 W
COPh 2.63

COPe 1.63

04 Air flows

FC BOTH UP

Qc 1209 W
Qh 1939 W
COPh 2.66
COPc 1.66

FCHUP / NC C

Qc 11.96 W
Qh 19.26 W
COPh 2.64
COPc 1.64

NC H / FC C UP

Qc 12.00 W
Qh 1930 W
COPh 2.64
COPc 1.64

NC H / FC C DOWN

Qc 11.74 W
Qh 19.04 W
COPh 2.61
COPc 1.61

M/S oC
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+Results 04 Air flows

NC H / FC C DOWN

Qc 11.74 W
Qh 19.04 W
COPh 2.61
COPc 1.61

M/S

(<]
O

5C

ac

3C

2C

15
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+Results Summary

STRATEGY 00 0} 02 02 03 03 04 04 04

Ambient 37.8 37.8 37.8 37.8 37.8 37.8 37.8 37.8 37.8
= Temperature
= |Insice 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0
= Temperature

Paramenter Baseline Thickness Shape Area Surface Material Material Combo | Airflows Base Airflows Airflows

HS Hot 56.46 46.51 42.07 41.57 41.57 41.57 41.78 4115 41 .41
CZ) TECH 55.86 49,08 4414 41.40 41.40 41.39 41.49 4115 4112
% TEC C 27.30 29.37 28.60 30.09 30.09 30.07 29.60 29.73 2953
é AT 28.56 19.71 15.54 11.31 11.31 11.31 11.89 11.43 11.59
% COPc 048 1.11 1.38 1.67 1.67 1.67 1.63 1.66 1.64
O Detail - 5 mm 250x200/S.D | 450x450/S.E Aluminium Alu + Terracotta NC/S.E FC/S.E FC C/NCH, S.E

Summary - 130% 24% 21% No Change No Change - 1.8% 0.61%

5 MM

ALUMINIUM

SHAPE |

SHAPE |

SHAPE |
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+Results Conclusions

T

NC

Ol

07

07

07

03

0L

HOT SIDE
COLD SIDE

SIMULATION PATH

SELECTED PATH
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BASEL INE DESIGN COMBINED COMPARE WITH
> . e - —_—
CASE STUDY STRATEGY N STRATEGIES BENCHMARK

+Methodology 1
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+Methodology
Design Builder

Navigate, Site

HEd4 P>

=) Unlitled
E‘a Case Study - Koi Tower
=55 Typical Office Floor
&= Circulation Zone
@ Open Office

Untitled, Case Study - Koi Tower, Typical Office Floor
Layout || Activity || Construction | Openings || Lighting | HVAC | Outputs | CFD

D Generic Office Area

cin [Veme | it | Gt e [ Semiion 50 [ s [ e i cor [N
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Internal Gains + solar - Typical Office Floor
EnergyPlus Output 12 Jul - 12 Jul, Hourly Student

s General Lighting e—essss Computer + Equip ==== Occupancy ——= Solar Gains Exterior Windows - 7one Sensible Cooling

60

40 -

20

20 4

Heat Balance (kW)
[]
|

40

B0 <

=mmm  Total Latent Load

+Methodology

Latent load (ki)

Peak Gains
Summer

100 2:00 300 400 500 600 700 &00 900 10:00 11:00 12:00 1:00 200 300 400 500 600 700 800 900 1000 11:00 13 Sat
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00 O1 02 03 GLASS TYPE 04 05

BASE WWR INSULATON SHADING VENTILATION
20% 50 mm Solarban 3mm clear Exterior Natural
Ventilation
' 30% 75 mm Double, Low-e reflective coatin Interior Night Ventilation
+Strategies ’ ° J
40% 100 mm Double Low- e tint

Peak Gains - Summer
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+Results
Summary
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53.7% ENERGY SAVINGS : 5

+Results
Summary
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+CONCEPT

Chosen Configuration

External Heat Sink,
aluminium

Cladding

Internal Heat Sink,
aluminium

Transition Block, copper
TE module
Transition Block, copper

Interior wall
Internal Air Cavity
Insulation
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Cooling concept
Al 7
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Option 1 Option 2 Option 3
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| EVEL B Facade modules

+RESULTS

Fresh Air Intake

+CONCEPT

4|
L

TEM Quantity based on:

Air cooling

Air Suppy

Required fresh air

Required cooling power

Space Available

3786 TEMs

75

03 PROCESS



04 DESIGN

+CONCEPT
+GUIDELINES

+FACADE DEVELOPMENT
+FACADE TYPES
+EVALUATION

76



HOT DRY &
OFFICE CONTEXT

LEVEL C

COMPONENT

u
E

Balance between total
material usage and

Extended surface
effective closer to heat

Heat sink at cold side

requires smaller dimensions

m

No limit in exterior
cladding so long as

functional thickness source heat sink is Aluminium
o [ Co I C T [
I I I | I mOmMOmMOm |
S L I G 1 BRSOy
[ NC FC [ [ NC FC I [ [
Forced convection Air flow velocity Less turbulence in the
towards the inside between 1.1 m/s air flows with less
and 3.0 m/s abrubt direction change
BUILDING LEVEL A ml —
EW NS
EW Facades 40% WWR Insulation thickness Double Low-E Exterior Shading
NS Facades 62% WWR of 50 mm Glazing type

TT

Natural Ventilation
+ Night ventilation

FACADE

=
i

Air cavity Cooling Concept Four different types of Two different panel size
Requirements facade module (orientation based)
""""""""" (job based)
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+FACADE DEVELOPMENT

2.9
o MTS
FACADE MODULE TYPES
BY SIZE

N R EEREEEEEEEL N

PANEL TYPE 2

PANEL TYPE |
04 DESIGN 79



250 MM

+FACADE DEVELOPMENT

02
FACADE PANEL GRID
BY SPACE

|
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INTERIOR COATING

MAIN INSULATION (EPS)

HEAT SINK INTERNAL

TEM SYSTEM INSULATION
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e —————,

TEM AND TRANSITION PLAQUES

+ FACADE DE\/E |_O PM ENT HEAT SINK SUPPORT PROFILES y / | ‘

/ /
03
FACADE MODULE LAYER HEAT SINK EXTERNAL —/ /
TEM SYSTEM LIGHTWEIGHT CLADDING PANEL/SPANDREL
//

DOUBLE GLAZING, LOW-E COARING, [3MM AIR /

ALUMINIUM FRAMES (SCHUCO USC 65)
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0.40 PA/M
2.12 M/S -

+FACADE DEVELOPMENT |
04 |
FACADE AIR CAVITY |
INTERNAL I
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L1 °C

+FACADE DEVELOPMENT il

05
FACADE EXTERNAL
HEAT SINK VENTILATION

*PEAK VALUES
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FS1

Fresh Air Intake

FACADE MODULE BY FUNCTION

FRESH AIR INTAKE

+FACADE TYPES
06
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Fresh Air Intake

FS1

FACADE MODULE BY FUNCTION
OFFICE AIR INTAKE

+FACADE TYPES
07
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FS1

Fresh Air Intake

w
L

FACADE MODULE BY FUNCTION

AIR CONDITIONING

+FACADE TYPES
08
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Fresh Air Intake

FST
Air recirculation

FS2
Air cooling

Air Suppy

88
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VARIANT

FACADE MODULE BY FUNCTION

AIR SUPPY TO INTERIOR

+FACADE TYPES
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FST
Fresh Air Intake

Air recirculation

FS 2

Air cooling

e
Air Suppy

+FACADE TYPES

06-09
COMPLETE SYSTEM

VARIANT

5.5 °C
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EXTERIOR CLADDING

EXTERNAL HEAT SINK

1

VENTILATION CAVITY
MAIN INSULATION

% /
11 L 7eminsutaTion

" INTERNAL HEAT SINK
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TECHNICAL

FEASIBILITY
+4+
++
AESTHETICS & B PHYSICAL
AVAILABILITY INTEGRATION
+EVALUATION
PERFORMANCE DURABILITY &

MAINTENANCE

*Based on assessment method by Prieto et al. (2019)
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+CONCLUSIONS TEM low capacity requires high quantity of modules

Performance improved but it requires all the fagcade panels having TEMs
Much material usage (heat sinks)

Difference in temperature is small (component level)

Geometry affects thermal performance

[dentified trends (both scales)

Potentiall
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+OTHER POSSIBILITIES

Internal Heat Sink,
aluminium

Transition Block, copper
TE module

Transition Block, copper

Interior wall
Internal Air Cavity

HEAT SINK CHANNELS
- FOR

PCM HEAT STORAGE

OR LIQUID COOLING

External Heat Sink,
aluminium

Cladding

Internal Heat Sink,
aluminium

Transition Block, copper
TE module
Transition Block, copper

Interior wall
Internal Air Cavity

- FORCED CONVECTION
ON EXTERNAL HEAT SINKS

External Heat Sink,
aluminium

Cladding

UO \,Ul\l\,I_UDIUI\lS
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FS3 Fs2 FS 2.1 FS1 . FS 4 '
- Air suppy  Air distribution/cool Air recirculation Fresh air in i AIR EXTRACT i
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+FUTURE WORK -xploration on the TE material

Design possibilities (too many)
Parametrization for the heat sink shape
Material

Other climatic conditions

Other typologies
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