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ThermoVerse, LLC Distributed Thermal Controls™ Newlab, Michigan Central

ThermoVerse | Company

Advanced thermal controls startup developing smart
insulation material systems (SIMs) for application in
buildings, mobility and the energy sectors.
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ThermoVerse, LLC

Distributed Thermal Controls™

Newlab, Michigan Central

ThermoVerse | Concept

An TES-based Smart Insulation Material System (SIMs).
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ThermoVerse, LLC

Distributed Thermal Controls™

Newlab, Michigan Central

ThermoVerse | Tech Validation Status

TRL 3-4 (Simple Embodiment Prototype) —TRL 4-5 (2 ft. x 2 ft. MVP Drop Ceiling Panel)

Valid.

Capabilities TRL

v

smart (intelligent)
load control

v

zone temperadire
control

dyramic thermal
msulation & storage

waste heat recovery
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ThermoVerse, LLC Distributed Thermal Controls™ Newlab, Michigan Central

ThermoVerse | Product Roadmap

Begin with drop ceiling panels and end with retrofiting multifamily buildings.

Q3 2024 Q4 2025 Q2 2026

Milestone | Milestone li
Minimal Viable Product Onsite visible testbed Pilot demo for reducing
(MVP) drop-celing for year-long pilot & thermal EUIl in U.S. multifamily,

panel for lab testing. data acquisition. targetting existing buildings.
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ThermoVerse, LLC Distributed Thermal Controls™ Newlab, Michigan Central

ThermoVerse | TES Challenges & Opportunities
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ThermoVerse, LLC

Distributed Thermal Controls™

Newlab, Michigan Central

ThermoVerse | In-situ R-Value Measurement

ASTM C1155 for evaluating the R-Value of non-homogenous and active materials.
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Challenge: While all
steady state criteria are
met for R-Value
evaluation by ASTM
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ThermoVerse, LLC

Predictive Model for Dynamic Insulation

Newlab, Michigan Central

10 15 20 25 30 35 40 45
Temperature (C)

~ Modelica Model: -- DSC Experiments:_—

o wn

Steady State Tinside TEC/PCM/TEC

\___J
ThermoVerse e
Elevating Comfort | Transfomning Thermal Envirooments % 100
9]
E & s
— E .
B P Hoa'! Pumped (‘Qc)vs Curfcm .g " L=
— ‘;‘ v:l‘() ‘ é' 20 y
o= | L 4
i - 1 2 3 5 6 7
8 . b < CO Voltage (-V)
e 40| = =0 cana / oo W T 1 mp
> - = =gz 10 gata // ¢ b~ oY e onent -
el s [z o M 7
ol 0| - -ai-40 doa 4 ; ]
(=) o= 50 gatal 7 L
b o ; Thermal
q_', 7 -V—> Transducer
% o Combine
Q. p— ﬁ —
— TT —1_ ThermaiErergy
- orT] Stoias2 (TES) - \gischarged:
Current (A) TT when
)
Modelica Model: -- Datasheet spec: — 2 V-0
e o Thermal
[~ . 00 Transducer
1st Cycle of Pure PCM DSC Testing (1st Test) Q
50 - o(\\ =
o Heaung o — T -
o Cooinyg T
Mcueled Heating
- - =Modeled Cooling &
) 7 Steady State Toutside TEC/PCM/TEC
E ) N (Modeled)
m o 8 .E % PR | Y = !
) 20
E 15
‘é 10 - = = Modeled Toutsich
5 feled Tou 1,.,
-50 £ e Experimental Toutside
2

- 5 6 7

Voltage (-V)

Model: --- Experimental: o

PROPERTY OF THERMOVERSE, LLC. INFO@THERMOVERSE.COM

e~ 2D g,

Steady State R Value TEC/PCM/TEC
System (Modeled)

200
S g = — Modeled R Measured
E 150 |
E ® Experimental R
00 |
- \
g a8 Rmees = Tinside - Toutside / q"
(0] [[ e " . el SR R —
S o
O 0 1 2 3 4 5 6
o
o 50

Voltge (-V)
Heat Flux Through TEC/PCM/TEC
- System
0 1 “-a_ 3 4 5 6

-~ ™ - — = Modeled q"
g -10 ~& ‘ odeled q
S ~ ¢ Experimental q*
5¢ -20 T._
- ~
"LL—‘ -30 . ‘\
3
a = \ 1

-50

Voltage (-V)

Takeaway: Dynamic modulation of R is
largely driven by ' = RC.




ThermoVerse, LLC

Distributed Thermal Controls™

Newlab, Michigan Central

ThermoVerse | TES Challenges & Opportunities

Standardized Testing

e Challenge - Lack of

methods for assessing
thermal properties of
active, inhomogeneous
materials (cf. ASTM C177
& C518 vs. C1155 &
1363) and IECC ~tandard-
ization for PCius usage.

Opportunity - Leverage
In-site and HFMA (cf.
Ci/84) for 1-D DIMs —
new IECC standard for
“Latent Mass Walls” (cf.
402.1.2) based on the
f~1 = RC time constant.

e Challenge - PCM
utilization in most
applications relying on
ambient heat or solar
thermal radiation
remains low ~10%.

PCM Utilization
Parametric Control
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¢ Challenge - Difficulty to
establish temperature
control near the PCM
phase transition
temperature (T*).




ThermoVerse, LLC

Distributed Thermal Controls™

Newlab, Michigan Central

ThermoVerse | Selective Tuning of c,,

Using “resonant vibrations” to excite Einstein phonons — increase specific heat (c,,).
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ThermoVerse, LLC

Distributed Thermal Controls™

Newlab, Michigan Central

ThermoVerse | Supplemental Heating/Cooling

Even with material optimization, supplemental heating/cooling is needed for full utilization.

Ragone Plot of TEC/PCM/TEC System
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ThermoVerse, LLC

Distributed Thermal Controls™

Newlab, Michigan Central

ThermoVerse | TES Challenges & Opportunities

Standardized Testing

e Challenge - Lack of

methods for assessing
thermal properties of
active, inhomogeneous
materials (cf. ASTM C1/77
& C518vs. C1155 &
1363) and IECC srandard-
ization for PCwis usage.

Oppceitunity - Leverage
In-_2u and HFMA (cf.
£1784) for 1-D DIMs —
new IECC standard for
“Latent Mass Walls” (cf.
402.1.2) based on the
f~1 = RC time constant.

e Challenge - PCM
utilization in most
applications relying on
ambient heat or solar
thermal radiation
remains low ~10%.

e Opportunity — Increase
nucleation vy either
enhan:ing specific heat
OR tupplementing PCM
charging and discharging
using auxiliary device.

PCM Utilization
Parametric Control
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¢ Challenge - Difficulty to
establish temperature
control near the PCM
phase transition
temperature (T*).




ThermoVerse, LLC

Distributed Thermal Controls™

Newlab, Michigan Central

ThermoVerse | Parametric Control Challenges

Challenges for controlling TES-based systems, such as LATCHES, stems from the following

system classification:
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ThermoVerse, LLC

Distributed Thermal Controls™

Newlab, Michigan Central

ThermoVerse | Establishing Control

Early attempts at establishing temperature control in LATCHES proved difficult for due to
coupling (i.e., internal heat transfer).
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ThermoVerse, LLC

Distributed Thermal Controls™

Newlab, Michigan Central

ThermoVerse | Establishing Control

Even with improved control over the heat transfer rate, poor control over the direction of heat

flow causes the system to lose control.
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better
control over
the rate of
heat transfer

poor
control over
the direction
of heat flow




ThermoVerse, LLC

Distributed Thermal Controls™

Newlab, Michigan Central

ThermoVerse | Establishing Control

Parametric control only possible after establishing control over both heat transfer rate and

direction of heat flow.
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ThermoVerse, LLC

Distributed Thermal Controls™

Newlab, Michigan Central

ThermoVerse | TES Challenges & Opportunities

¢ Challenge — Lack of
methods for assessing
thermal properties of
active, inhomogeneous
materials (cf. ASTM C177
& C518 vs. C1155 &

1363) and IECC standard-
ization for PCNiz usage.

Opportiaity - Leverage
In-sity and HFMA (cf.
C1754)for 1-D DIMs —
aew |ECC standard for
“Latent Mass Walls” (cf.
402.1.2) based on the
B~! = RC time constant.

Standardized Testing

¢ Challenge - PCM
utilization in most
applications relying on
ambient heat or solar
thermal radiation
remains low ~10%.

Opportunity — !ncrease
nucleation bv either
enhancing scecific heat
OR supelamenting PCM
charsing and discharging
using auxiliary device.

PCM Utilization
Parametric Control
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e Challenge - Difficulty to
establish temperature
control near the PCM
phase transition
temperature (T*).

e Opportunity -
Electrical tuning for
precise controi aver the
rate and di-action of heat

flow in’o0 and out of the
PCN .
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Thank You!

Shantonio Birch, Ph.D.

Email: info@thermoverse.com






