


01 INTRODUCTION 
02 KNOWLEDGE 
03 PROCESS 
04 FINAL DESIGN 
05 CONCLUSION

2



01 INTRODUCTION  

+BACKGROUND

+FOCUS

+OBJECTIVES

+RESEARCH QUESTIONS

+METHODOLOGY

3



4

01 INTRODUCTION  

+BACKGROUND

+FOCUS

+OBJECTIVES

+RESEARCH QUESTIONS

+METHODOLOGY



+BACKGROUND

5

GLOBAL TREND

01 INTRODUCTION  

2017-25 2025-40



6

DEVELOPING

COUNTRIES

01 INTRODUCTION  

+BACKGROUND



7

SPACE COOLING

01 INTRODUCTION  

increase in cdds (compared to historical data)

building electricity demand by end-use

+BACKGROUND



8

01 INTRODUCTION  

+BACKGROUND

+FOCUS

+OBJECTIVES

+RESEARCH QUESTIONS

+METHODOLOGY



+FOCUS Climate

hot-arid climate

Monterrey, México

901 INTRODUCTION  



10

Building Typology

office building

(case-study)
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Building Element

facade system
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System component

heat dissipation for Peltier Module 

1301 INTRODUCTION  

+FOCUS



14

01 INTRODUCTION  

+BACKGROUND

+FOCUS

+RESEARCH QUESTIONS

+METHODOLOGY



15

01 INTRODUCTION  

+BACKGROUND

+FOCUS

+RESEARCH QUESTION

+METHODOLOGY



+RESEARCH QUESTION

16

How could a heat dissipation system for an integrated 

façade with TE active cooling be designed, for it to cover 

the cooling loads of a typical office building?
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k : thermal conductivity, Wm-1K-1
α: Seebeck coefficient, VK-1
R: electrical resistance, ohm

I: current, A

P: electric power, W 

𝑄𝑐 = 𝛼𝐼𝑇𝑐 − 0.5 𝐼2𝑅 − 𝑘(𝑇ℎ − 𝑇𝑐)

𝑄ℎ = 𝛼𝐼𝑇ℎ + 0.5 𝐼2𝑅 − 𝑘(𝑇ℎ − 𝑇𝑐)
𝐶𝑂𝑃𝑐 = Τ𝑄𝑐 𝑃
𝐶𝑂𝑃ℎ = Τ𝑄ℎ 𝑃

PERFORMANCE BOOST

Material design

Current intensity & Voltage

Decrease in temperature difference
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PERFORMANCE BOOST

Lower thermal resistance through:

Base plate thickness

Fin shape/profile

Heat sink material

Cross-cut patters
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CASE STUDY
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Parameters

1 Glazing

2 Insulation

3 Glass Type

4 Shading

5 Ventilation

1 Configuration

2 Integration

1 Thickness

2 Extended Surface

3 Material 

4 Air flows

LEVEL A LEVEL B LEVEL C
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Design Strategies

1 WWR: variations

(20%,30% and 40%) 

4 Shading: internal and external 

3 Glass type:

Clear single glazing, clear double 

glazing, low-e double glazing 

2 Insulation:  thickness

50 mm and 100 mm 

5 Ventilation: 

Natural ventilation, Night free 

cooling 

Building
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Design Strategies

1 HS Thickness

2 HS Extended Surface

4 Air Flow

3 HS Material

Component
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Design Strategies

Façade
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Hot Box Composition / Probe Locations

Tested Component Layer Composition
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0.8 mm

ΔT: 1.2 ˚C
HS Hot side: 25.04 ˚C 

HS Cold side: 23.84 ˚C 

1.0 mm

ΔT: 2.5 ˚C
HS Hot side: 26.54˚C 

HS Cold side: 24.04 ˚C 
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Shape B - Origami

ΔT: 20.25 ˚C
HS Hot side: 39.37 ˚C 

HS Cold side: 19.13 ˚C 

Shape A – Aluminium Plate

ΔT: 2.47 ˚C
HS Hot side: 28.90˚C 

HS Cold side: 31.46 ˚C 
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Natural Convection

ΔT: 20.13 ˚C
HS Hot side: 38.95 ˚C 

HS Cold side: 18.82 ˚C 

Forced Convection

ΔT: 24.13˚C
HS Hot side: 39.72˚C 

HS Cold side: 15.58 ˚C 
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Natural Convection

Min T box: 22.13 ˚C 

Forced Convection

Min T box: 21.44 ˚C 
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*when laminar flow was included simulation time was very long

*so an empirical h was used, based on research
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04 Air flows
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04 Air flows
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Option 1 Option 2
Option 3
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+RESULTS LEVEL B  Facade modules
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TEM Quantity based on: 

Required fresh air

Required cooling power

Space Available

=3786 TEMs
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FAÇADE MODULE TYPES

BY SIZE
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FAÇADE MODULE LAYER

TEM SYSTEM
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+EVALUATION
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*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 façade panels having TEMs

Much material usage (heat sinks)

Difference in temperature is small (component level)

Geometry affects thermal performance

Identified trends (both scales)

Potential!
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+FUTURE WORK Exploration on the TE material

Design possibilities (too many)

Parametrization for the heat sink shape

Material

Other climatic conditions

Other typologies
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