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BACKGROUND
Field of the Use

Wearable solar-cell panels

Background

The growing demand for renewable and portable energy
solutions has spurred significant inovation in wearable
technologies. Conventional clothing integrated with elec-
tronic functionalities typically focuses on communications,
health monitoring, or environmental sensing. A need
remains, however, for garments that not only incorporate
clectronic functions but also actively generate and store
clectricity for personal or portable device use. Prior art 1n
wearable solar technology often mnvolves fixed panel con-
figurations that limit user customization, reduce comiort, or
complicate garment maintenance.

Flexible solar cell technology 1s emerging as a transior-
mative solution for wearable and portable energy applica-
tions, driven by the increasing demand for lightweight,
sustainable, and integrated energy sources.

Thin-film inorganic materials are suitable for applications
where higher efliciency 1s prioritized over cost. Maternals
such as amorphous silicon (a-S1), copper indium gallium
selenide (CIGS), and cadmium telluride (CdTe) have been
adapted for flexible substrates. These materials offer higher
clliciencies than Organic Photovoltaics (OPVs), with flex-
ible CIGS cells achieving efliciencies of 15-20%. Fabrica-
tion processes are olten more complex, requiring precise
control over deposition techniques.

Dye-Sensitized Solar Cells (DSSCs) use dye molecules to
absorb light and generate electricity, offering tlexibility and
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low-cost production. They can be produced using simple,
scalable methods. Efliciencies are generally lower, ranging
from 10-12%, and durability under mechanical stress needs
improvement. Research has focused on enhancing flexibility
and durability, making DSSCs increasingly viable for wear-
able applications.

The fabrication of flexible solar cells involves techniques
that ensure compatibility with flexible substrates and tex-
tiles. These methods must balance performance, scalability,
and cost-eflectiveness. Key fabrication techniques include:

Roll-to-Roll (R2R) Processing enables continuous pro-
duction of flexible solar cells on large-area substrates. It 1s
cost-eflective and scalable, making 1t suitable for mass
production. It 1s commonly used for OPVs and thin-film
inorganic cells, R2R processing 1s i1deal for large-scale
clothing integration.

Appropriate printing techniques allow for customization
and seamless integration into textiles. Techniques such as
inkjet printing, screen printing, and spray coating are used to
deposit solar cell materials onto flexible substrates. These
methods offer precision and the ability to create complex
patterns, which 1s essential for itegrating solar cells 1nto
clothing.

Low-Temperature Processing ensures compatibility with
textile substrates, preserving their integrity. Many flexible
substrates, such as plastics, cannot withstand high tempera-
tures, necessitating low-temperature processing techniques.
Solution-based methods for depositing perovskite layers
allow processing at temperatures below 150° C.

Encapsulation ensures the longevity of solar cells 1n
clothing applications. Flexible solar cells require robust
encapsulation to protect them from environmental factors
such as moisture, oxygen, and ultra-violet (UV) light. Flex-
ible barrier films and advanced encapsulation materials have
been developed to enhance durability.

The performance of tlexible solar cells 1s evaluated based
on several key metrics, which are crucial for determining
their suitability for clothing applications:

Efficiency 1s important for wearable solar cells. Power
conversion efliciency (PCE) measures the percentage of

sunlight converted into usable electricity. PCEs range from
10% tor OPVs to over 20% for PSCs and thin-film inorganic
cells.

Wearable solar cells must be flexible and durable. Flex-
ibility 1s assessed by bending radius, number of bending
cycles, and stretchability. Some flexible solar cells can
endure bending radin as small as 1 mm without significant
performance loss and withstand thousands of bending
cycles.

For clothing applications, solar cells must be lightweight
and thin. Typical flexible solar cells have thicknesses of
100-500 micrometers and weigh less than 100 grams per
square meter.

Stability refers to the ability to maintain performance
under real-world conditions, including exposure to UV light,
temperature fluctuations, and humidity. Recent advance-
ments have led to flexible solar cells with operational
lifetimes exceeding 1,000 hours under continuous 1llumina-
tion.

Integrating flexible solar cells into clothing presents
unique challenges that must be addressed for practical and
widespread adoption:

The choice of substrate ensures compatibility with both
solar cell fabrication and textile properties. Polyethylene
terephthalate (PET), polyethylene naphthalate (PEN), and
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flexible glass are commonly used. Substrates must balance
flexibility, durability, and compatibility with fabrication
Processes.

Attaching solar cells to clothing requires methods that
preserve the fabric’s tlexibility, breathability, and comiort.
Zippers, Velcro, snaps, buttons, ties sewing, adhesive bond-
ing, and weaving solar cells into the fabric are being
explored. Ensuring seamless integration without compro-
mising the textile’s properties 1s a significant hurdle.

Efliciently managing the power generated by solar cells 1s
crucial for wearable applications. Integration with flexible
batteries or supercapacitors 1s advantageous to store and
distribute energy. Matching power output to the energy
requirements of wearable devices remains complex.

For consumer acceptance, solar cells must be aesthetically
pleasing and seamlessly integrated into clothing. Develop-
ing cells with customizable colors, patterns, and transpar-
ency 1s desirable, but balancing aesthetics with performance
and durability 1s a key design challenge.

Several innovations have pushed the boundaries of flex-
ible solar cell technology, enhancing its suitability for cloth-
ing applications:

Tandem structures for solar cells combine materials such
as perovskite and silicon to capture a broader spectrum of
light. Flexible tandem solar cells have achieved efliciencies
exceeding 25%. Higher efliciencies make tandem cells
highly promising for wearable applications.

Self-healing maternials enhance the practicality of solar-
powered clothing. Research into self-healing polymers and
encapsulates has shown promise in extending the lifespan of
flexible solar cells. Minor damages can be repaired auto-
matically, improving durability.

The state of the art in flexible solar cell technology for
clothing applications 1s marked by significant advancements
in materials science, fabrication techmques, and integration
strategies. Materials such as OPVs, PSCs, thin-film 1nor-
ganic cells, and DSSCs ofler diverse options, each with
unique advantages and challenges. Fabrication techniques
like R2R processing, printing, and low-temperature methods
ecnable scalable and compatible production, while robust
encapsulation ensures durability. Performance metrics,
including ethciency, flexibility, and stability, continue to
improve, driven by mnovations such as tandem cells, seli-
healing materials, and multi-source energy harvesting sys-
tems.

Despite these advancements, challenges remain 1n sub-
strate compatibility, seamless textile integration, power
management, and aesthetics. Addressing these hurdles 1s
crucial for realizing the full potential of solar-powered
clothing. Continued research and development are expected
to further enhance the performance, practicality, and con-
sumer acceptance of tlexible solar cells, positioning them as
a cornerstone for powering the next generation of wearable
clectronics.

REFERENCE TO A TABLE/PROGRAM
LISTING/OTHER

Briel Summary

The disclosure and claims are directed to a solar jacket
that functions as both a garment and a portable energy
system. The jacket incorporates detachable panels embed-
ded with a plurality of solar cells. These panels are fabri-
cated from flexible materials that conform to the garment’s
shape while withstanding bending and environmental expo-
sure. A plurality of wires iterconnects the detachable pan-
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¢ls. The wiring configuration 1s adaptable, enabling series or
parallel connections at the wearer’s discretion to optimize
energy generation based on environmental conditions and to
match the requirements of the battery to be charged. The
system 1ncludes a battery connected to the solar panels. This
battery 1s capable of storing the electricity generated during,
exposure to sunlight, ensuring that energy can be utilized
when needed. The detachable panels feature multiple attach-
ment points, such as zippers, Velcro, snaps, buttons, or ties,
which allow secure yet easily removable installation on the
jacket. The battery 1s equipped with a connector for trans-
ferring stored electricity to external electrical devices, such
as cell phones or small heaters, thereby extending the
functional utility of the garment.

This combination of features provides a versatile, energy-
harvesting jacket that meets the modern needs of mobile
power generation, personal convenience, and adaptability.

Terms and Definitions

DC 1s a common abbreviation for direct current.

Dolling signifies taking off, as in dofling or taking off a
jacket.

Donning signifies putting on, as in donning or putting on
a jacket.

A parallel configuration 1s an electrical circuit in which
the positive terminal of one device 1n the circuit 1s connected
to the positive terminal of a next device and the negative
terminal of the one device i1s connected to the negative
terminal of a preceding device.

A series configuration 1s an electrical circuit in which the
positive terminal of one device 1n the circuit 1s connected to
the negative terminal of a next device and the negative
terminal of the one device 1s connected to the positive
terminal of a preceding device.

USB 1s a common abbreviation for universal serial bus.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 depicts the front of the jacket.
FIG. 2 depicts a solar panel with 1ts individual solar cells
FIG. 3 depicts the back of the jacket.
FIG. 4 depicts the front of the jacket.
FIG. 5 depicts the back of the jacket.

FIG. 6 depicts the location of the side zippers and sleeve
ZIppers.

FIG. 7 depicts the front and back of the jacket laid flat,
with the zippers and sleeves removed.

FIG. 8 depicts the location of the pouchs containing the
battery and the electronic device.

FIG. 9 depicts the connections among the solar cells, the
switch, the battery, and the electronics device.

FIG. 10 illustrates the steps 1n using the system.

DETAILED DESCRIPTION

Overview

The wearable solar energy system integrated into an nto
an upper body garment, such as a jacket—a “solar jacket”—
1s designed to integrate renewable energy generation seam-
lessly 1nto everyday clothing. In one embodiment, the jacket
comprises a base garment made from durable, weather-
resistant fabric, with strategically placed compartments to
house electronic components. The primary elements of the
system are described below. To permit easy 1dentification of
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any particular element or act, the most significant digit or
digits 1n a reference number refer to the figure number 1n

which that element 1s first introduced.

The system 1s capable of generating and storing suflicient
clectricity to charge a smartphone of a similar electronic
device multiple times while the wearer 1s engaged 1n outdoor
activities, thereby providing a portable and renewable power
SOUrce

Detachable Solar Panels

The panels are constructed from flexible substrates in
which high-efliciency solar cells are embedded. These sub-
strates are designed to be both pliable and robust, allowing
them to conform to the contours of the jacket without
compromising the integrity of the solar cells. The detachable
solar panels are constructed from lightweight, flexible mate-
rials that conform to the shape of the jacket and are resistant
to environmental exposure, including water and dust.

Different embodiments use diflerent maternials for flexible
solar cells. Flexible solar cells require maternials that can
endure mechanical stresses such as bending, stretching, and
twisting while maintaiming high photovoltaic efliciency. The
choice of materials influences performance and compatibil-
ity with clothing applications.

One embodiment uses Organic Photovoltaic (OPV) Mate-
rials. OPVs are made from carbon-based compounds, ofler-
ing nherent flexibility and lightweight properties. They are
cost-ellective to produce and suitable for large-scale manu-
facturing. OPVs generally exhibit lower efliciencies, how-
ever, typically around 10%, compared to morganic counter-
parts. Advances 1n material stability and efliciency have
pushed some OPV cells to efliciencies exceeding 10%,
making them wviable for wearable applications.

Another embodiment uses Perovskite Solar Cells (PSCs).
Perovskites are a class of materials with high efliciency and
the ability to be processed at low temperatures, making them
ideal for flexible substrates. Flexible PSCs have demon-
strated efliciencies exceedmg 20%, rnivaling traditional sili-
con-based cells. Their high efliciency and adaptability make
PSCs a promising option for clothing-integrated solar cells.

In selecting the most suitable photovoltaic technology for
the solar jacket, various factors such as flexibility, efliciency,
durability, and environmental impact must be balanced.
Organic Photovoltaics (OPV) offer superior mechanical
flexibility and light weight properties, making them highly
compatible with wearable applications; they generally

exhibit

lower power conversion efliciencies, however, and
may su

Ter from a shorter operational lifespan under outdoor
conditions. In contrast, Perovskite Solar Cells (PSC) have
demonstrated rapid improvements 1n efliciency and can also
be engineered on ftlexible substrates, though concerns
remain regarding their long-term stability and the potential
environmental risks associated with lead content. Alterna-
tively, thin-film amorphous silicon presents a middle
ground, combining a moderate efliciency with proven dura-
bility and established manufacturing processes. Ultimately,
the choice between OPV, PSC, or another technology will
depend on the specific performance targets and environmen-
tal conditions envisioned for the solar jacket, aiming to
optimize the trade-oil:

s between energy generation, mechani-
cal resilience, and long-term reliability.

One embodiment employs Perovskite Solar Cells (PSC)
for achueving the greatest charging capacity in the field.
PSCs are capable of high power conversion efliciencies—
often surpassing 20%—which 1s advantageous for maximiz-
ing energy harvest from the limited surface area available on
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wearable devices. This efliciency advantage translates
directly to a higher charging capacity under real-world
sunlight conditions, even when panel orientation and envi-
ronmental factors vary. Furthermore, recent advancements
in flexible PSC fabrication allow these cells to be integrated
into the solar jacket without compromising comifort or
durability. While PSCs have faced challenges with long-
term stability, modern encapsulation techniques have sig-
nificantly improved their resilience against environmental
degradation, making them a viable and attractive option for
delivering optimal performance in portable energy-harvest-
ing applications.

Each panel includes integrated attachment points that
enable secure fixation to the garment. These points can be
realized through various means, including a group compris-
ing zippers, Velcro strips, snaps, buttons, or ties. Such
versatility ensures that the panels can be easily attached or
detached, facilitating garment maintenance (e.g., washing)
and allowing the wearer to customize the panel arrangement.

Configurable Wiring System with User Control

A network of wires interconnects the detachable panels.
routed through the jacket’s lining to protect the wires and
maintain the aesthetic appearance. Network flexibility
allows the wearer to adapt the configuration for optimal
performance based on factors such as light intensity and
desired voltage/current output.

The wiring system 1s designed with user-configurable
connections, permitting adjustments without requiring spe-
cialized tools or technical knowledge.

In one embodiment, a voltage matching circuit is 1ncor-
porated between the solar panels and the LiPo battery to
ensure that the voltage output from the panels 1s precisely
aligned with the battery’s charging requirements. This cir-
cuit may include a DC-to-DC converter, such as a buck or
boost converter, to step down or up the voltage as appro-
priate, thereby compensating for any discrepancies between
the solar panels’ natural voltage output and the optimal
charging voltage of the LiPo battery. In addition, the system
may employ maximum power point tracking (MPPT) to
adjust the voltage and current from the solar panels dynami-
cally, optimizing energy transier and ensuring eflicient bat-
tery charging under varying sunlight conditions. This volt-
age regulation strategy not only safeguards the battery from
potential overvoltage or undervoltage conditions but also
maximizes the overall efliciency and reliability of the energy
harvesting system.

The battery comprises a connector for passing electricity
from the battery to electrical devices such as cell phones or
small heaters.

In one embodiment, the system allows the user to elect
between series and parallel configurations for the three solar
panels to match the voltage and current output effectively to
the LiPo battery’s charging requirements. When the panels
are connected 1n series, their individual voltages combine to
produce a higher overall Voltage which can be crucial when
the charging circuit requires an nput voltage that exceeds
that of a single panel. Conversely, a parallel configuration
maintains the same voltage level as one panel while sum-
ming the available current, which 1s beneficial when a higher
current 1s needed for eflicient charging. This selectable
configuration provides ftlexibility to optimize the energy
transier, ensuring that the power output from the solar panels
1s tailored to the specific charging needs of the battery under
varying environmental conditions.
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In one embodiment, the solar jacket 1s further configured
to provide a regulated voltage output that meets the require-

ments for charging electronic devices via USB Type C
connectors. Typically, a nominal output of 5 volts 1s main-
tained to ensure compatibility with the majority of cell-
phones and similar devices. This regulated 3V output 1s
achieved through a voltage regulation circuit that conditions
the battery’s variable output to a stable level, even as the
battery discharges. Moreover, in embodiments supporting,
higher power demands, the system can incorporate USB
Power Delivery protocols to negotiate and deliver elevated
voltages—such as 9V, 12V, or even 20V—while maintain-
ing safe charging currents. This adaptability 1n voltage
regulation not only ensures reliable charging under diverse
conditions but also broadens the range of electronic devices
that can be efliciently powered by the solar jacket.

In one embodiment, the design can be streamlined by
dispensing with a separate jacket battery and instead charg-
ing the battery within an electronic device—such as a
cellphone—directly from the solar panels. In this configu-
ration, a dedicated USB Type C connector 1s provided on the
output switch of the solar panels, which routes the harvested
energy directly to the device. Integrated voltage regulation
circuitry ensures that the output 1s stabilized and maintained
within the appropnate range for sate and eflicient charging.
This approach not only reduces the overall component count
and weight of the system but also enhances energy efliciency
by eliminating the losses typically associated with interme-
diate storage, while maintaimng compatibility with modern

clectronic devices through the universal USB Type C stan-
dard.

Battery Integration

The jacket includes a battery integrated into a discreet
pocket or compartment within the garment, a “jacket bat-
tery.” The battery 1s housed within a dedicated pouch of the
jacket. This battery 1s electrically connected to the solar
panels and stores the energy generated during sunlight
exposure.

In one exemplary embodiment, the solar panels are con-
figured to charge a lithium-polymer (L1Po) battery through
a balanced charger circuit. The balanced charger monitors
the voltage level of each individual cell within the LiPo
pack, ensuring that all cells remain within safe operating
limits. Specifically, the charger includes a control circuit or
microcontroller that measures each cell’s voltage and regu-
lates the current flowing from the solar panels, preventing
overcharging or undercharging. By distributing charge
evenly across all cells, this balanced approach maximizes
battery performance and extends overall battery life. The
system may also include indicators or a user interface to
provide real-time iformation about the battery’s state of
charge, thereby enhancing the safety and reliability of the
solar-powered garment.

The battery features an external connector port that facili-
tates the transfer of stored electricity to external devices, a
USB Type C connector 1n some embodiments. For instance,
a wearer may connect a cell phone, small heater, or other
portable electronic device to access power, thereby enhanc-
ing the jacket’s practicality 1in various scenarios.

A USB Type C connector 1s particularly well-suited for
this application due to 1ts universal adoption across a wide
range of modern cellphones and electronic devices, ensuring,
broad compatibility and user convenience. Its reversible
design not only simplifies connection orientation, but also
enhances durability by minimizing wear from incorrect
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insertions. Additionally, USB Type C supports higher power
delivery and fast charging standards, enabling efhicient
energy transier from the solar jacket’s regulated output to
vartous devices. This connector’s ability to handle both
power and data further extends its utility, making 1t an i1deal
interface for a multifunctional wearable energy solution that

aligns with contemporary technology trends and user expec-
tations.

System Operation

When the solar panels are exposed to sunlight, the embed-
ded solar cells convert solar energy into electrical energy.
This energy 1s then directed through the configurable wiring
to the battery, where 1t 1s stored for later use.

The detachable design of the panels not only simplifies
maintenance but also allows for modularity. Users can
potentially replace or upgrade individual panels or recon-
figure the garment to match different activity requirements
or weather conditions.

The system 1s capable of generating and storing suflicient
clectricity to charge a smartphone multiple times while the
wearer 1s engaged 1n outdoor activities, thereby providing a
portable and renewable power source.

Under ordinary sunlight, the flexible PSC solar panels on
the jacket are estimated to deliver a combined peak output
of roughly 20 to 25 watts. In a series configuration, the
panels might generate a higher voltage—on the order of 12
to 15 volts—while yielding a current of approximately 1.5
to 2.0 amperes, plus or minus 1.0 ampere. Alternatively,
when connected 1n parallel, the voltage may drop to around
6 to 7 volts, but the current output increases, potentially
reaching 3 to 4 amperes. These figures take into account the
total active area of about 0.28 square meters and a realistic
operational efliciency for PSCs under typical sunlight con-
ditions. Such flexibility 1n configuring the solar panels helps
optimize the electrical parameters for charging a LiPo bat-
tery by matching the voltage and current to the requirements
of the onboard charging circuitry.

When this harvested energy 1s stored 1n a LiPo battery—
assumed here to have a capacity of around 11 watt-hours—it
translates directly into extended cellphone usage. For
instance, under optimal sunlight conditions delivering an
average ol 20 watts, the LiPo battery could be recharged 1n
approximately 30 to 40 minutes, plus or minus 20 minutes.
Once charged, and considering that a typical cellphone
draws about 5 watts during standard operation, the battery
could potentially support 2 to 3 hours of active use or
provide multiple partial charges over the course of a day.
This eflicient energy conversion and storage system ensures
that users have access to a reliable power source for their
mobile devices, even 1 conditions where direct sunlight
may not be continuously available.

"y

Additional Considerations

The electrical components are encapsulated within pro-
tective layers to shield them from environmental factors
such as moisture, dust, and mechanical stress.

While functionality 1s paramount, the design of the solar
jacket also considers aesthetic appeal, ensuring that the
integration of technology does not detract from the gar-
ment’s appearance.

The jacket comprises a front with two flaps connected by
a closure 488, a back, side seams and shoulder seams
connecting the front flaps to the back, and sleeve seams
connecting the sleeves to the front flaps and the back.
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FIG. 1 shows the front of the jacket with the left front
panel 178 and right front panel 176 installed.

FIG. 2 shows a solar panel, exemplilying the left front
panel 178, the right front panel 176, and the rear panel 903
with a plurality of solar cells 202 embedded 1n the panel.

FI1G. 3 shows the back of the back with the rear panel 376
installed.

FI1G. 4 shows the front of the jacket with the left side seam
486, the right side secam 484, the left sleeve seam 492, the
right sleeve seam 490, the closure 488, the left sleeve seam
492, the right shoulder seam 494, and the and the left
shoulder seam 496 depicted.

FIG. 5 shows the back 590 of the jacket with the left side
scam 486, the right side scam 484, the left sleeve seam 492,
the right sleeve seam 490 586, the left shoulder seam 496,
and the right shoulder seam 494 depicted.

Can be Laid Flat

In one embodiment, the jacket features side-seam zippers
along the arm regions and additional zippers on the sleeves,
allowing the wearer to remove the sleeves easily. By unzip-
ping the side-seam zippers, the sleeves are detached from the
main body of the jacket, and the sleeve zippers enable
complete removal of the sleeve fabric. This design facilitates
reconfiguring the jacket so that the front and back sections—
cach mcorporating solar panels—can be laid completely tlat
on a surface. Laying the panels tlat maximizes their expo-
sure to sunlight, thereby optimizing energy capture and
charging efliciency even when the jacket 1s not being wom.
In this configuration, the solar panels continue to charge the
integrated battery at high efliciency even when the garment
whom 1s not being worn.

FIG. 6 shows the positions of the left sleeve zipper 680,
the right sleeve zipper 684, the left seam zipper 686, and the
right secam zipper 682 viewed from the rear of the jacket.

FI1G. 7 shows the front of the jacket 522 and the back of
the jacket 724 laid flat after the zippers have been unzipped,
with the left front panel 178, the right front panel 176, and
the rear panel 376 upward, exposed to sunlight. The left
sleeve seam 492 and the night sleeve seam 490 continue to
attach the back 590 to the left flap 482 and the back 590 to
right flap 480 when the jacket 1s laid flat.

Allowing the detachable panels to be arranged flat on a
surface when the garment 1s not being worn maximizes the
panels’ exposure to sunlight, thereby enhancing their energy
harvesting efliciency and allows charging to continue
unabated. By enabling the jacket to function both as a
wearable energy generator and as a stationary solar charging,
station, users benefit from increased flexibility and conve-
nience, ensuring that the battery remains charged even
during periods of inactivity. This dual functionality not only
optimizes energy collection but also extends the utility of the
solar jacket as an always-ready portable power source.

The battery 1s contained 1n a battery pouch 804 affixed to
the 1nterior of a tlap 802 of the jacket, oriented proximate to
the front 806 of the jacket rather than the back 808, making
it convenmient to a user. The electronic device to be charged
1s contained 1n a device pouch 810 aflixed to interior of flap

of the jacket 802. The battery pouch 804 and the device
pouch 810 may be on the same flap or on opposite flaps of
the jacket.

FI1G. 9 shows the basic wiring configuration of the jacket,
with the left front panel 178, the right front panel 176, and
the rear panel 376 interconnected through a switch 905 and
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a balanced charger 910 to a battery 906 with can be
connected to a cellphone 907 or another electrical device via
a connector 912.

FIG. 10 shows how the system 1s used for recharging
clectronics devices while the user 1s engaged in outdoor
activities, comprising:

obtaining a wearable solar energy system integrated into

a jacket, comprising for recharging electronics devices
while engaged in outdoor activities. A user obtains a
wearable solar energy system integrated into jacket
1002, selects a parallel or series connection for the
integrated solar panels 1016, dons the wearable solar
energy system 1004, and engages 1n outdoor activities,
such as running, hiking, bicycling, skiing, sailing,
birdwatching, or working in sunlight 1008. When the
user has completed the outdoor activity, the user
removes wearable solar energy system 1010, unzips
side seams and sholder seams 1012, and lays front and
back flat 1014, with the solar panels upward, facing the
sun.

The system represents a unique and non-obvious integra-
tion of apparel and electronic components, each of which
has traditionally been used separately. While flexible solar
panels, battery charging circuits, and wearable fabrics are
individually known 1n the art, their synergistic combination
into a single, multifunctional garment i1s not taught or
suggested by prior references. By mcorporating detachable,
flexible solar panels that can be reconfigured, a selectable
series/parallel wiring system, and options for either inter-
mediate battery storage or direct device charging via a USB
Type C connector, the system creates a novel solution that
enhances energy harvesting, user convenience, and product
versatility. This mnventive convergence transforms ordinary
clothing into a portable, eflicient energy system, yielding
benelits that exceed the sum of 1ts individual parts.

I claim:

1. A wearable solar energy system integrated into an upper
body garment, comprising:

a plurality of detachable solar panels, each panel of the
plurality of detachable solar panels comprising flexible
materials embedded with solar cells and attachment
points selected from the group consisting of zippers,
Velcro matenal, snaps, buttons, or ties for securing to
the upper body garment;

a configurable wiring system interconnecting the detach-
able solar panels, wherein the configurable wiring
system includes user-accessible connection points that
allows a wearer to control and reconfigure solar panel
conflgurations actively to optimize energy generation
based on environmental conditions including changes
in lighting conditions, partial shading, or specific
power requirements;

an integrated battery electrically connected to the config-
urable wiring system by a balanced charge controller
for storing electrical energy generated by the solar
panels; and

a connector on the battery for transierring the stored
clectricity to electrical devices;

the upper body garment configured to accept the detach-
able solar panels.

2. The wearable solar energy system of claim 1, wherein

the upper body garment comprises a jacket.

3. The wearable solar energy system of claim 1, wherein
the configurable wiring system includes the user-accessible
connection points or switches that enable the wearer to
select manually between series and parallel configurations.
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4. The wearable solar energy system of claim 1, wherein
the battery 1s housed within a dedicated pouch of the upper
body garment, and the configurable wiring system 1s routed
to protect wires and to maintain an aesthetic appearance of
the garment.

5. The wearable solar energy system of claim 1, wherein
the detachable solar panels are constructed from lightweight,
flexible materials that conform to a shape of the upper body
garment and are resistant to environmental exposure, includ-
ing water and dust.

6. The wearable solar energy system of claim 1, wherein
the system 1s capable of generating and storing suilicient
clectricity to charge a smartphone multiple times while the
wearer 1s engaged 1n outdoor activities, thereby providing a
portable and renewable power source.

7. The wearable solar energy system of claim 1, wherein
side seams and sleeve seams comprise Zippers configured to
allow the upper body garment to be opened up and laid flat

to allow continued charging of the solar cells when the upper
body garment 1s not being warn.
8. The wearable solar energy system of claim 1, wherein
the battery comprises:
a lithium polymer battery comprising a plurality of cells;
use of maximum power point tracking to adjust voltage
and current from the solar panels dynamically, opti-
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mizing energy transfer and safeguarding the battery
from potential overvoltage or undervoltage conditions;
and

a balanced charger circuit configured to monitor a voltage

level of each of the plurality of cells within the battery,
ensuring that all the plurality of cells remain within safe
operating limaits.

9. The wearable solar energy system of claim 1, wherein
an output voltage of the battery 1s five volts direct current
(DC).

10. The wearable solar energy system of claim 1, wherein
the battery has a jack for accepting USB Type C connectors.

11. The wearable solar energy system of claim 1, wherein
the solar panels comprise Perovskite Solar Cells (PSC).

12. The wearable solar energy system of claim 1, wherein

the solar panels have a substrate comprising polyethylene
terephthalate (PET).

13. The wearable solar energy system of claim 1, wherein
the solar panels have a substrate comprising polyethylene
naphthalate (PEN).

14. The wearable solar energy system of claim 1, wherein
side seams and sleeve seams comprise Velcro material
configured to allow the upper body garment to be opened up
and laid flat to allow continued charging of the solar cells
when the upper body garment 1s not being warn.
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