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SUMMARY

Oftentimes, the deployment of low-power infrastructure—
specifically systems operating within a sub-20W envelope—in
inaccessible environments is compromised by the unpredictable
decay of electrochemical energy storage. Furthermore, in sub-
arctic climates where thermal variations are extreme, battery
discharge efficiency and cycle longevity are severely degraded,
necessitating frequent and costly field interventions.

By integrating high-efficiency multi-modal energy harvesting
with an intelligent power management abstraction layer, the
InfiniBatt architecture enables a self-sustaining power profile
that effectively mitigates the traditional limitations of primary
cells. This architecture is engineered to negate the manual
maintenance cycle through autonomous energy balancing;
consequently, it reduces long-term operational expenditure
(OPEX) and de-risks the deployment of remote edge facilities. 

Through this integration of power sequencing and environmental
scavenging, InfiniBatt demonstrates how strategic hardware
design can overcome energy bottlenecks of classical
approaches, inspiring a new approach for resilient, autonomous
electronic systems.
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SUMMARY
InfiniBatt is a proof-of-concept demonstrator developed to
validate core architectural assumptions at laboratory
scale. The prototype was setup to aim for wide
temperature conditions across a -20°C to 60°C envelope,
simulation and analysis data were supported by other
models of the temperature as low at -40°C.

Achieving perpetual operation in remote deployments
requires more than high-capacity energy density; it
necessitates a deterministic understanding of
electrochemical behavior under variable temperature
conditions.

Motsai and development team addresses  the engineering
bottlenecks that typically inflate Non-Recurring
Engineering (NRE) costs and compromise long-term
system reliability, the thermal resiliency in extreme
operational envelopes.

Conventional power subsystems often fail to maintain
stable discharge profiles outside of controlled
environments. InfiniBatt showed predictable performance
across a -40°C to 60°C thermal boundary. 
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By utilizing proprietary characterization of cell internal
resistance and capacity fade at these temperature
extremes, Motsai provides the high-fidelity data necessary
to ensure power stability where standard architectures fail.

To mitigate the risks associated with long-term chemical
degradation, our design integrates advanced SOH
prediction indices. SOH prediction converts battery aging
into a manageable telemetry variable, supporting proactive
power-budgeting and maintenance strategies. This
transition from reactive to predictive power management
contributes to mission success and reduces the over-
provisioning of the Bill of Materials (BOM) in battery
capacity.

Empirical Data Integration: 
Where public datasheets lack the granularity required for
mission-critical edge facilities, Motsai’s internal research
provides the empirical datasets required to de-risk the
power path. Through the resolution of these fundamental
electrochemical challenges, InfiniBatt inspires a shift in
edge computing: moving away from battery-limited
lifespans toward truly resilient, self-sustaining
infrastructure.
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InfiniBatt is comprised of an intelligent dual-source energy
architecture engineered for total autonomy in mission-critical,
low-power applications. The hardware is housed in a
ruggedized, thermally-insulated cylindrical enclosure,
featuring integrated high-efficiency photovoltaic (PV) cells for
autonomous energy harvesting. Internally, the system utilizes
a proprietary "sandwich" thermal management core, where a
precision heating element is clamped between two high-
density rechargeable cells to maintain electrochemical
stability.

The heart of the InfiniBatt system is an advanced Battery
Management System (BMS) integrated directly onto the
thermal control substrate. This unified PCBA features a high-
performance MCU for real-time algorithm execution, high-
precision fuel gauges for impedance tracking, and a Bluetooth
Low Energy (BLE) SoC for secure local telemetry. By
orchestrating the duty cycle of the internal heater, the BMS
ensures the cells operate within their optimal thermal window,
effectively neutralizing the degradation risks associated with
sub-zero C environments.
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Cell One

Cell Two

Heater

Solar Panel
+ MPPT Tracker SBL Modulators

Energy flow of InfiniBatt

INFINIBATT CONCEPT &
DESIGN

Normal supply: 5W to 30W
(Under cloud conditions: 100s of mW)

Temp. 15C to 45C
Normal charge: 37W (cell pair)

Temp. 0C to 15C
Slow charge: 7.5W (cell pair)

Temp. -20C to 0C
Cold level charge: 1.4W (cell pair)

Temp. -40C to -20C
Thermal management (TBD)
No charge to the cells 
Energy flow to heat prior
(heater and cell body)

Thermal energy
stores in heater
and battery body,
lose by cold air

LOAD
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This "infinite" capability is achieved through the
seamless integration of energy harvesting, multi-
stage charging profiles, and intelligent load
management, thanks to the telemetry able to
modulate compute loads on external elements.  
Those are typically smart routers and / or periodic
satellite links of telemetry data. 

Beyond local control, InfiniBatt leverages wireless
connectivity for remote parameter tuning, allowing
the system to adapt its power path logic based on
top-level management directives. By solving the
challenges of thermal variations and supporting
predictive maintenance, InfiniBatt aims at a self-
sustaining power solution that de-risks remote
deployments and significantly extends the hardware
lifecycle without the need for manual intervention.

The operational logic of the InfiniBatt system is
governed by a power routing algorithm designed to
maintain electrochemical stability in sub-zero
environments. 
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During diurnal cycles, the system prioritizes cell
health: if internal temperatures breach the -10°C
threshold, the BMS autonomously suspends
charging and redirects harvested PV current to the
integrated heating core. This proactive thermal
recovery brings the cells back towards a 0°C
baseline, ensuring that charging occurs only within
a safe, high-efficiency window.

Navigating nocturnal or low-light conditions
requires a precise trade-off analysis between
thermal preservation and discharge efficiency.
InfiniBatt’s firmware evaluates two primary
strategies: maintaining a constant thermal floor
using stored energy versus allowing a controlled
temperature drop with a high-intensity thermal
recovery at sunrise. 
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This calculation is critical for mission-critical
hardware, such as remote routers, which demand
uninterrupted power throughout the night. By
weighing the internal resistance penalties of "cold-
start" discharging against the energetic cost of
active heating, our algorithms optimize the net
usable capacity of the system while keeping the
router informed of reserve power.

Ultimately, every hardware specification, from the
thermal conductivity of the insulation to the power
density of the heating substrate, is precisely
mapped to the application’s specific power
envelope and environmental extremes.  System
modeling was used to tune the insulation
coefficients.

This holistic engineering approach ensures that
InfiniBatt provides a reliable power foundation that
minimizes NRE and reduces the projected
frequency of field intervention, subject to further
validation at higher TRL.
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DUAL BATTERY
DESIGN

INFINIBATT THERMAL
INSULATION

Oftentimes, early-stage thermal and mechanical modeling is
misconstrued as final compliance documentation; however,
within a Technology Readiness Level 4 (TRL 4) framework,
finite element analysis (FEA) serves a more foundational
purpose. 

By leveraging a coupled SolidWorks and ANSYS workflow,
transient thermal gradients within the insulation architecture
can be modeled to map heat flux and identify potential
localized stress concentrations. Furthermore, these predictive
simulation datasets are integrated directly into the iterative
design loop to inform critical prototype-level material
selection and geometric layout decisions—substantially de-
risking the physical assembly before committing to tooling. 

Ultimately, while these digital validation models do not
constitute production-ready, empirically certified
specifications, they unlock a deeper understanding of system
constraints, allowing the team to optimize the physical
envelope and streamline the subsequent path toward physical
verification.
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DUAL BATTERY
DESIGN
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InfiniBatt represents a useful evolution in autonomous power
systems, utilizing a dual-source energy architecture which the
dual battery can work alternatively as load power supply or
heating source to warm up the battery itself.

The optimized energy saving solution is the key role in this
design. It provides specifically engineered to ensure some
reserve of power for remote, mission-critical infrastructure
monitoring solutions.



SUMMARY
To ensure operational integrity within
extreme thermal boundaries, the system is
encapsulated in a high-durability,
thermally stabilized cylindrical housing. 

This geometry is not merely protective; it
serves as a specialized substrate for
integrated high-efficiency photovoltaic
(PV) arrays (attached on the surface of the
tube), enabling a continuous, high-fidelity
energy harvesting cycle that aims to
sustain the system’s power budget
indefinitely.  The dark colour of the tube
helps with cold temperature mitigation.
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DUAL BATTERY
DESIGN
The insulation material between the tube and battery set are
carefully chosen by optimized solution from the digital modeling
and simulation. To initiate the numerical simulation phase, our
engineering team developed a high-fidelity mode of the
insulation system for InfiniBatt prototype using SolidWorks CAD
software. Then apply this model to ANSYS Simulation Tool to
study the thermal dynamic of batteries inside this insulation box.
Finally it recommend the optimal solutions.  

This modeling process ensures that our subsequent thermal
dynamic simulations mirror physical reality with high precision;
consequently, this alignment allows us to extract deterministic
insights into the battery’s behavior across volatile thermal
envelopes.
By applying multi-variable optimization algorithms to the
simulation data, we mapped critical temperature gradients
across the different insulation materials.

INFINIBATT THERMAL
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DUAL BATTERY
DESIGNBy applying multi-variable optimization algorithms to the

simulation data, we mapped critical temperature gradients
across the cell's internal chemistry. These results provided
the empirical foundation necessary to refine the system's
thermal equilibrium strategies. 

Ultimately, this simulation-led approach yielded several
validated architectural optimizations for the InfiniBatt
insulation stack ranging from enhanced vacuum-sealed
boundaries to optimized aerogel.

By resolving these thermal bottlenecks in a virtual
environment, Motsai de-risks the hardware development
cycle, reducing both NRE costs and the time-to-market for
mission-critical edge infrastructure.

We then explored the use of Phase Change Materials (PCM)
in those applications as a way to retain heat.
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DUAL BATTERY
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Material Selection and Modeling (RT9-HC)

Motsai eBook - “Approaching Optimal Battery Thermal
Conditions  with PCM, Modeling and Simulation  with
ANSYS Tools” has careful study of insulation material, can
be briefly stated here.

Selecting a Phase Changing Material (PCM) requires a
pragmatic balance between phase-transition temperature,
volumetric energy density, and procurement costs. For this
model, we selected Rubitherm RT9-HC, a paraffin-based
PCM with a melting point optimized for sub-zero protection.

The RT9-HC was chosen based on a rigorous cost-benefit
analysis aimed at minimizing the total BOM while
maximizing the "passive-on" time of the system. Its high
latent heat capacity (approx. 230 kJ/kg) allows the system
to withstand prolonged cold soaks with minimal reliance on
active heating elements. By integrating RT9-HC into the
battery enclosure, we provide a robust, low-maintenance
solution that ensures mission-critical reliability in extreme
environments.
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Table 5. Heat Energy Released by PCMs and Steel
___________________________________________________

Material Total Heat Energy Released (kJ)
RT-9 290
E-11 393.8
Steel 9.8

DUAL BATTERY
DESIGN

Material Selection and Modeling (RT9-HC)

Motsai eBook - “Approaching Optimal Battery Thermal Conditions  
with PCM, Modeling and Simulation  with AnSys Tools”, page 27
information:

Table 4. Properties of PCMs and Steel
_________________________________________________________________________

Material Specific     Heat Capacity    Heat storage capacity    Melting point

RT-9                      2kJ/kg.K              250kJ/kg            -9 to -10C

E-11                   4.19kJ/kg.K                310kJ/kg                    -12C

Steel                   0.49kJ/kg.K                   N/A                           NA

Table 5. Heat Energy Released by PCMs and Steel
______________________________________________________________

Material                    Total Heat Energy Released (kJ)

RT-9                                            290

E-11                                              393.8

Steel                                            9.8

While useful for extreme cases, it was found that PCM
material needs to compete with newer LFP and Sodium cell
chemistries to stay relevant.  Its benefits are not guaranteed.

INFINIBATT THERMAL
INSULATION OPTIMIZATION
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InfiniBatt utilizes a natural-source energy architecture
engineered to demonstrate the conditions under which a
self-sustaining power profile becomes achievable in
mission-critical, low-power applications. We believe that by
integrating solar energy with intelligent electrochemical
storage, a system can be specifically optimized for sub-
arctic environments characterized by extreme thermal
volatility and truncated diurnal cycles.

During extended winter periods where daylight is a scarce
resource, InfiniBatt’s power management layer prioritizes
high-rate charge acceptance to maximize energy capture
within narrow windows of solar availability. This strategic
approach to energy harvesting and conservation ensures
that the internal battery stack maintains sufficient reserves
to power edge facilities throughout the most demanding
seasonal stagnations.
 
Solving the fundamental energy-gap challenges of high-
latitude deployments, Motsai de-risks remote infrastructure
and provides a reliable foundation for autonomous, year-
round operation.
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The design methodology provides electrical energy storage
in a way that ensures the battery pack can provide enough
power to the element in the worst case condition. The
special designed in electrical hardware approached a
feasible and low cost solution to the implementation.

Modeling and simulation provide an efficient tool to get
optimized solutions in term of insulation package design.
The experiment test bed and data acquisition system in
Motsai made the prototype to verify the hardware design, as
well as software development, which fit the research
requirements. It has temperature measurements, designed
electric heat parts, wireless data transmission, and upper
level computer data receiving and analysis. 

The InfiniBatt prototype fullfils the main concept and design
of the ‘infinite battery’ concept.

This aligns with system-level challenges that always aim at
improving data collection on edge devices with ample
considerations for energy efficiency.  Working hand-in-hand
with wireless routers and edge devices, many novel use
cases can be supported.
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CURIOUS AND WANT MORE INFORMATION ?

motsai.com

For more information about InfiniBatt- a smart solution
for battery perform in extremely cold conditions,

please visit our website or contact us at
info@motsai.com.

If you would like to discuss specific use cases or
need support with the methodology, our team will be

happy to assist you.

https://motsai.com/
mailto:info@gowinsemi.com
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