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VALIDATION 
&

INTEGRATION OF 
THERMOELECTRIC 
(TE) FACADE 

SYSTEMS

A N A L Y Z I N G  D A M A G E 
&  I N S P E C T I O N  O F 

C U R R E N T 
C O N D I T I O N S

D E T E C T I O N  & 
L O C A T I O N  O F 

S T R U C T U R E  F O R 
I N E G R A T I O N  O F 

T H E R M O E L E C T R I C  ( T E ) 
F A C A D E  S Y S T E M S

Opaque facade with 
window and vertical shading

Opaque facade with 
window and horizontal shading

Curtain wall facade Rainscreen facade with 
aluminum cladding
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A S S E S M E N T  O F 
P H Y S I C A L  Q U A L I T I E S

S U R V E Y I N G ,  R A S T E R 
S C A N N I N G  & 

T H E R M A L  I M A G I N G

DIAGNOSIS 
&

INSPECTION

step_01
D I A G N O S I S  & 
I N S P E C T I O N 
O F  E X I S T I N G 
B U I L D I N G  S K I N S 
U S I N G  R O B O T I C 
T E C H N O L O G I E S

C O N S T R U C T I O N  & 
I M P L E M E N T A T I O N 
O F  O P T I M A L 
R E T R O F I T 
S O L U T I O N S 
U S I N G  R O B O T I C 
T E C H N O L O G I E S

CONSTRUCTION 
& 

IMPLEMENTATION

step_03

V A L I D A T I O N  O F 
E N E R G Y - E F F I C I E N T 
B U I L D I N G  S K I N 
R E T R O F I T  S T R A T E G I E S 
&  I N T E G R A T I O N  O F 
T H E R M O E L E C T R I C 
F A C A D E  S Y S T E M S  T O 
A C H I E V E  O P T I M A L 
R E T R O F I T  S O L U T I O N S

step_02

D I G I T A L  F A B R I C A T I O N 
O F  B U I L D I N G  S K I N 
P R O T O T Y P E S  W I T H 

I N T E G R A T E D  T E  F A C A D E 
S Y S T E M  C O M P O N E N T S

Case Studies j

207 h

on the temperature difference between the interior and exterior environments to 
operate. It relies on the capabilities of TEs to warm up in heating mode and cool 
down in cooling mode, when exposed to temperature differences between the 
inside and outside. However, a separate ventilation system would still be needed 
for the interior space, which cannot be provided by the stand-alone facade-inte-
grated TEs. Maintenance of TE systems is easier than the conventional HVAC 
systems because they can be treated as individual components, with no need to 
shut down the whole system. Furthermore, they can be used as a personalized 
system which occupants of each room within the same building can use based 
on personal preferences.

Figure 5.56:
Physical full scale, 
working prototypes 
of facade systems 
with integrated 
thermoelectric 
components.
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down in cooling mode, when exposed to temperature differences between the 
inside and outside. However, a separate ventilation system would still be needed 
for the interior space, which cannot be provided by the stand-alone facade-inte-
grated TEs. Maintenance of TE systems is easier than the conventional HVAC 
systems because they can be treated as individual components, with no need to 
shut down the whole system. Furthermore, they can be used as a personalized 
system which occupants of each room within the same building can use based 
on personal preferences.

Figure 5.56:
Physical full scale, 
working prototypes 
of facade systems 
with integrated 
thermoelectric 
components.

R O B O T I C  O F F - S I T E 
C O N S T R U C T I O N  & 

A S S E M B L Y  O F  F U L L 
S C A L E  T E  F A C A D E 

S Y S T E M  M O D U L E S ,  A N D 
T H E I R  I N S E R T I O N  O N 
C O N S T R U C T I O N  S I T E 

E V A L U A T I O N 
O F  P H Y S I C A L  & 

E N V I R O N M E N T A L 
C O N D I T I O N S  D A T A , 

A N D  C O M P U T A T I O N A L 
S I M U L A T I O N S  O F 
E N V I R O N M E N T A L 

C O N D I T I O N S

Existing Typical Concrete Exterior Wall Assembly Cross Section
Simulation of Combined Heat and Moisture Transport

Existing Typical Prism Exterior Wall Assembly Cross Section
Simulatoin of Combined Heat and Moisture Transport
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TIME RANGE: 2 years
CLIMATE ZONE: 5A
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Proposed Typical Concrete Exterior Wall Assembly Cross Section
Simulation of Combined Heat and Moisture Transport
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Proposed Typical Prism Exterior Wall Assembly Cross Section
Simulatoin of Combined Heat and Moisture Transport
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EXISTING PROPOSED

R value (m²-°K/W / ft²-°F/Btu) 

Thickness (cm / in) 

Total Water Content (m/kg² / lb/ft²) 

Moisture Flux Interior (m/kg² / lb/ft²)

SUMMARY

1.83 / 10.40

23.44 / 9.23 

3.71 / 0.76 

0.10 / 0.02

5.00 / 28.37

29.31 /11.54 

3.22 / 0.66

.05 / 0.01

EXISTING PROPOSEDSUMMARY

1.88 / 10.66

29.03 / 11.43

*0.10 / 0.02

0.49 / 0.10

5.04 / 28.60

37.24 / 14.66

3.86 / 0.79

**-.15 / -0.03

R value (m²-°K/W / ft²-°F/Btu) 

Thickness (cm / in) 

Total Water Content (m/kg² / lb/ft²) 

Moisture Flux Interior (m/kg² / lb/ft²)

* This low value under existing conditions is misleading as the moisture is trapped within assembly.
** Negative moisture flux indicates that moisture is evaporating toward the exterior of assembly.

P E R F O R M A N C E 
S I M U L A T I O N S  O F 

E X I S T I N G  B U I L D I N G 
S K I N  C O N D I T I O N S

GoalsVariables Generation Simulation Optimization Result Narrowing Optimal Results
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P A S S I V E  S T R A T E G Y 
I M P R O V E M E N T S  T O  T H E 

B U I L D I N G  S K I N

R E T R O F I T  S O L U T I O N 
O P T I M I Z A T I O N  W I T H 

T H E  I N T E G R A T I O N  O F 
A C T I V E  T E  F A C A D E 
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Opaque facade with 
window and vertical shading

Opaque facade with 
window and horizontal shading

Curtain wall facade Rainscreen facade with 
aluminum cladding
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INTEGRATION OF THERMOELECTRIC FACADE SYSTEMS IN DIFFERENT FACADE TYPES

Our project proposes a 3-step 
process which will integrate 
the currently available 
robotic technologies with 
our extensive research and 
development of a promising 
energy saving facade applicatoin 
technology  using 
thermoelectrics to achieve 
economically feasible, 
energy-efficient, time-
efficient and safe methods of 
building skin retrofits. 

Step 01 utilizes robotic 
technologies for initial data 
collection and inspection of 
the current physical state and 
performance of building 
facades. 

Step 02 integrates our 
current research and 
design solution 
optimization on facade 
retrofits using computational 
software and the UMass developed 
thermoelectric (TE) facade 
system that generates energy 
using thermoelectric modules 
(TEMs)  based on 
environmental factors and 
data from Step 01. 

Step 03 applies robotic 
technologies to fabricate and 
assemble components and 
prototypes of full scale TE 
facade systems based on the 
optimally performing and most 
economic design solution 
determined in Step 02.




