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(54) FLAME PRODUCING ASSEMBLIES
(67)  The present disclosure relates to a flame pro-
ducing assembly 1 comprising a main body 10 having a
proximal end 12 and a distal end 14. The flame producing
assembly 1 is configured to produce a flame at the prox-
imal end 12. The flame producing assembly 1 further
comprises a flame signal trigger 20, counting electronics
30, aflame indicator 40 and a power supply 50. The flame
signal trigger 20 is configured to generate an electrical
signal when a flame is currently produced by the flame
producing assembly 1. The counting electronics 30 is
configured to calculate a number of flames and/or use
time of flames produced by the flame producing assem-
bly 1. The flame indicator 40 is configured to output visual
feedback indicative of a number of flames and/or use
time of flames produced or producible by the flame pro-
ducing assembly 1. The power supply 50 comprising a
nanogenerator 52 configured to supply the flame produc-
ing assembly 1 with power by converting thermal or me-
chanical energy into electrical energy during use of the
flame producing assembly 1.
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Description
Technical Field

[0001] The present disclosure relates to the field of
flame producing assemblies.

Background

[0002] Flame producing assemblies (FPA) such as
lighters are typically used for igniting purposes like ignit-
ing tobacco, cigars and/or cigarettes have been devel-
oped over the past years. Butane lighters, for instance,
work by releasing liquid butane, stored in a pressurized
chamber, in a narrow stream of gas. A spark, made by
striking a flint with steel or by compressing piezoelectric
crystal, ignites the gas which burns at about 2000°C
(3600°F). Because butane turns liquid quickly when com-
pressed, and just as quickly returns to gas with reduced
pressure, it makes butane gas an ideal fuel for use in
lighters. Flame producing assemblies comprise a fuel
source of pressurized and liquidized butane.

[0003] Typically, the body of a standard cigarette light-
er is often compact, durable, and unbreakable in order
to maintain the required gas liquification pressures safe-
ly. Therefore, in high quality lighters, special grade
opaque plastic materials are used that possess the re-
quired mechanical properties to provide a safe enclosure
for the liquidized butane. The grade of plastic used for
the body of the lighter being non-transparent makes it
impossible for a user to see, or to estimate, the level of
the liquid fuel quantity remaining inside the plastic con-
tainer. Therefore, a regular lighter user is not able to ver-
ify, easily and accurately, if the lighter contains enough
fuel to last for a desired period of time. This means that
the user of a conventional cigarette lighter cannot ob-
serve the amount of fuel remaining inside a conventional
cigarette lighter by visual inspection of the cigarette light-
er. This leads to conventional cigarette lighters being dis-
posed of before the liquid fuel supply has been fully ex-
hausted.

[0004] The performance of flame producing assem-
blies such as cigarette lighters can, therefore, be further
improved.

Summary

[0005] The present disclosure relates to a flame pro-
ducing assembly according to claim 1. The dependent
claims depict embodiments of the present disclosure.

[0006] The flame producing assembly comprises a
main body which has a proximal end and a distal end.
The flame producing assembly is configured to produce
a flame at the proximal end. Additionally, the flame pro-
ducing assembly comprises a flame signal trigger, count-
ing electronics, a flame indicator, and a power supply.
The flame signal trigger is configured to generate an elec-
trical signal when a flame is currently produced by the
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flame producing assembly. The counting electronics is
configured to calculate a number of flames and/or use
time of flames produced by the flame producing assem-
bly. The counting electronics may be an electronic coun-
ter. The flame indicator is configured to output visual
feedback indicative of a number of flames and/or use
time of flames produced or producible by the flame pro-
ducing assembly. The power supply comprises a nano-
generator which is configured to supply the flame pro-
ducing assembly with power by converting thermal or
mechanical energy into electrical energy during use of
the flame producing assembly.

[0007] An accurate visualisation of the fuel consumed
by a flame producing assembly, or the fuel remaining, is
possible even if the flame producing assembly is opaque.
Furthermore, it may be difficult for users to view the
amount of fuel remaining even with translucent bodies.
Use of aflame indicator as discussed herein can improve
visibility in a flame producing assembly having translu-
cent and opaque flame producing assembly bodies. This
way flame producing assemblies (such as cigarette light-
ers) are not prematurely disposed of by users, thus re-
ducing plastic waste over time. Furthermore, the lighters
that are disposed of can be guaranteed to have exhaust-
ed their liquid fuel supply, thus improving the effect on
the environment. As the power supply makes use of en-
ergy harvesting via the nanogenerator during use of the
flame producing assembly, the user does not need to
separately activate the flame indicator and/or counting
electronics and/or flame signal trigger, and no external
electronics are required. Thereby a self-powered and au-
tonomous system for indication the remaining or elapsed
use of the lighter, specifically lighter fuel, without the re-
quirement of a battery can be provided. Without the need
for a battery, also e-waste can be reduced. Due to the
autonomous system various information can be gathered
and provided to a user, for instance, an estimation of the
lighter fuel consumed or the lighter fuel remaining and/or
and estimation of the number of flames produced or of
the number of flames remaining. The indication of
number of flames/use time to a user reduces the likeli-
hood of a premature lighter disposal. Furthermore, an
increased efficiency can be provided by harvesting me-
chanical and/or thermal energy with the nanogenerator.
[0008] The nanogenerator may comprise a thermoe-
lectric nanogenerator and/or a piezoelectric nanogenera-
tor.

[0009] In aspects, the thermoelectric nanogenerator
may be arranged at the proximal end.

[0010] In aspects, the thermoelectric nanogenerator
may be arranged very close to the flame.

[0011] In aspects, the thermoelectric nanogenerator
may be arranged on a wind guard of the flame producing
assembly. In aspects, the thermoelectric nanogenerator
may be arranged in an interior of a wind guard of the
flame producing assembly. In examples, the thermoelec-
tric nanogenerator may be arranged on an inner surface
of the wind guard. Alternatively or additionally, the ther-
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moelectric nanogenerator may be arranged on an outer
surface of the wind guard.

[0012] The thermoelectric nanogenerator may com-
prise thermoelectric generating material. The thermoe-
lectric generating material may be coated to a wind guard
of the flame producing assembly. Specifically, the ther-
moelectric generating material, may be coated toaninner
surface of the wind guard. Alternatively or additionally,
the thermoelectric generating material, may be coated
to an outer surface of the wind guard.

[0013] The thermoelectric nanogenerator may be con-
figured to convert excess heat energy of a flame pro-
duced during operation of the flame producing assembly
into electrical energy.

[0014] In aspects, the piezoelectric nanogenerator
may be arranged on an outer surface of the main body.
[0015] The piezoelectric nanogenerator may comprise
piezoelectric material. The piezoelectric material may be
arranged on an outer surface of the main body. Specifi-
cally, the piezoelectrical material may be coated to an
outer surface of the main body.

[0016] The piezoelectric nanogenerator may be con-
figured to convert mechanical excess energy exerted by
auser on the main body during use of the flame producing
assembly into electrical energy. For instance, as a user
is holding the flame producing assembly (e.g. a cigarette
lighter), the user could apply more force within their grip
that the amount required for only holding the flame pro-
ducing assembly. In other words, if a user squeezes the
flame producing assembily, they can provide the mechan-
ical pressure required for the piezoelectric generator to
be activated and supply power.

[0017] The nanogenerator may be in electrical com-
munication with the counting electronics. Thereby, power
can be provided to the counting electronics.

[0018] In aspects, the power supply may comprise an
energy storage. The energy storage may be in electrical
communication with the nanogenerator. Additionally, the
energy storage may be in electrical communication with
the counting electronics. In aspects, the energy storage
may be a capacitor. Specifically, the energy storage may
be a supercapacitor.

[0019] The flame indicator may comprise a display.
The display may be arranged on an outer surface of the
main body. The display may cover at least a portion of
the outer surface. In aspects, the display may be of a
substantially rectangular or longitudinal shape. The dis-
play may extend from a distal end to a proximal end, or
vice versa.

[0020] In aspects, the display may be an electronic-ink
display or an electrophoretic bistable display. In exam-
ples, the display may be a TFT or LED display.

[0021] In aspects, the display may comprise a seg-
mented display strip. The display may comprise at least
two segments for indicating a number of flames and/or
use time of flames produced or producible with the flame
producing assembly. Specifically, the display may com-
prise a segmented electronic-ink display strip. Each seg-
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ment may indicate a multiple of number of flames pro-
duced and/or producible or a fractional time interval of
use time of flames produced and/or producible.

[0022] In aspects, the flame indicator may comprise a
protective clear layer. The protective clear layer may be
arranged on the display. The protective clear layer may
be configured to protect the display from wear and deg-
radation through use.

[0023] In aspects, the flame indicator may be in elec-
trical communication with the counting electronics. The
counting electronics may be configured to provide the
flame indicator with an input signal for outputting visual
feedback indicative of a number of flames and/or use
time of flames produced or producible by the flame pro-
ducing assembly.

[0024] In aspects, the flame signal trigger may com-
prise a sensor. The flame signal trigger may be config-
ured todetect an ignition of a flame produced by the flame
producing assembly.

[0025] In aspects, the sensor may be a magnetic sen-
sor. The magnetic sensor may be arranged in proximity
to a spark wheel of the flame producing assembly and
may be configured to generate an electrical signal upon
rotation of the spark wheel. Thereby the rotation of the
spark wheel may be used as an indicator of an ignition
process.

[0026] Inaspects, the sensor may be arranged in prox-
imity to a gas release actuator of the flame producing
assembly. In other words, the flame signal trigger may
be operably coupled to the gas release actuator. The
sensor may be configured to generate an electrical signal
upon actuation of the gas release actuator. Specifically,
an electrical signal may be generated for as long as the
gas release actuator is actuated, for instance, for as long
as the gas release actuator pushed distally. The sensor
may be a mechanical switch. The sensor may be ar-
ranged distally below the gas release actuator. Specifi-
cally, the sensor may be arranged distally below the gas
release actuator such that an actuation of the gas release
actuator, for instance, by pushing the gas release actu-
ator distally down, is detected by the switch. In some
aspects, the sensor may be a force sensor, an optical
Sensor, a pressure sensor, or a piezoelectric sensor.
[0027] In aspects, the flame signal trigger may be in
electrical communication with the counting electronics to
provide the electrical signal to the counting electronics.
[0028] In aspects, the flame signal trigger may com-
prise a thermoelectric nanogenerator configured to de-
tect an ignition of a flame produced by the flame produc-
ing assembly. The thermoelectric nanogenerator may be
arranged at the proximal end and configured to convert
excess heat energy of a flame produced during operation
of the flame producing assembly into electrical energy.
The thermoelectric nanogenerator may be in electrical
communication with the counting electronics. The count-
ing electronics may be configured to determine an igni-
tion of a flame produced by the flame producing assem-
bly, when the electrical energy received from the ther-
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moelectric nanogenerator exceeds a predetermined
threshold. In examples, the predetermined threshold
may be set at a minimum level of electrical energy which
is present when a flame is ignited.

[0029] In aspects, counting electronics may be in elec-
trical communication with the power supply, with the
flame signal trigger and with the flame indicator.

[0030] In aspects, the counting electronics may com-
prise a processor unit. The processor unit may be con-
figured to receive and process electrical signals gener-
ated by the flame signal trigger. The processor unit may
be configured to count the number flames of produced
by the flame producing assembly based on the received
electrical signals. Alternatively or additionally, the proc-
essor unit may be configured to count the use time of
flames produced by the flame producing assembly based
on the received electrical signals. Alternatively or addi-
tionally, the processor unit may be configured to calculate
the number of flames producible by the flame producing
assembly based on the received electrical signals. Alter-
natively or additionally, the processor unit may be con-
figured to calculate the use time of flames producible by
the flame producing assembly based on the received
electrical signals.

[0031] In aspects, the processor unit may be config-
ured to drive the flame indicator to output visual feedback
indicative of a number of flames and/or use time of flames
produced or producible by the flame producing assembly.
Specifically, the processor unitmay be configured to gen-
erate drive signals which can be used by the flame indi-
catortodisplay elapsed or remaining flame events and/or
elapsed or remaining flame use time.

[0032] Inaspects, the counting electronics may further
comprise a memory for storing the number of flames
and/or the use time of flames calculated by the processor
unit. The memory may be flash memory. Specifically, the
memory may be configured as an ultra-low power flash
memory. For instance, the memory may be a NOR flash
memory. The memory may be configured to consume
less than 50uW for a complete cycle of read and write.
In some aspects, the memory may be configured to con-
sume between 10pW and 500u.W for a complete cycle
of read and write, specifically between 25uW to 250W.
[0033] In aspects, the counting electronics may com-
prise a power regulator. The power regulator may be in
electrical communication with the power supply, the
flame signaltrigger and with the flame indicator. The pow-
er regulator may be configured to regulate and distribute
power to the flame indicator and within the counting elec-
tronics.

[0034] In aspects, the counting electronics may be ar-
ranged on the main body. In some aspects, the counting
electronics may be embedded to the main body.

[0035] In aspects, the main body may be made of an
opaque material.
[0036] In aspects, the flame producing assembly may

be configured as one of a lighter, a butane gas cylinder,
a gas-powered soldering iron, or a utility blowtorch for
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paint stripping. Specifically, the flame producing assem-
bly may be configured as one of a cigarette lighter, a
cigar lighter, a domestic gas ring lighter.

Description of the Drawings

[0037] Other characteristics will be apparent from the
accompanying drawings, which form a part of this disclo-
sure. The drawings are intended to further explain the
present disclosure and to enable a person skilled in the
art to practice it. However, the drawings are intended as
nonlimiting examples. Common reference numerals on
different figures indicate like or similar features.

FIG.1 shows aschematicillustration of the flame pro-
ducing assembly having a piezoelectric nano-
generator with a detailed section showing the
structure of the piezoelectric nanogenerator;
FIG.2 shows aschematicillustration of the flame pro-
ducing assembly having a thermoelectric na-
nogenerator;

FIG.3 shows a schematic diagram of the flame pro-
ducing assembly;

FIG.4 shows exemplary method steps of using the
flame producing assembly according to Fig. 1;
FIG.5 shows exemplary method steps of using the
flame producing assembly according to Fig. 2.

Detailed Description

[0038] According to the present disclosure, the term
"flame producing assembly" may refer to a cigarette light-
er, cigar lighter, domestic gas ring lighter, butane gas
cylinder (for example, as used in a camping stove or Bar-
beque), a gas-powered soldering iron, or a utility blow-
torch for paint stripping, as examples. Flame producing
assemblies are commonly handheld devices, for in-
stance small devices for providing a flame for a cigarette,
a candle, or the like.

[0039] According to the present disclosure, the term
"proximal" refers to the end of a substantially longitudinal
body such as a flame producing assembly that, in use,
is closer to an element being lit by the flame producing
assembly, such as a cigarette. The term "distal" refers to
the end of a substantially longitudinal body such as a
flame producing assembly that, in use, is further from
element being lit by the flame producing assembly than
the "proximal" portion. Thus, proximal can be seen as
opposing to distal.

[0040] According to the present disclosure, the term
"number of flames" can generally be understood as the
estimated, specifically counted, number of flame events,
e.g. lighting events, which were carried out (consumed
or elapsed number of flames) since initially using the
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flame producing assembly, or the estimated, specifically
calculated, number of flame events, e.g. lighting events,
which still can be carried out with respect to a maximum
number of flames which can be carried out based on the
maximum capacity, particularly maximum fuel capacity,
of the flame producing assembly (remaining number of
flames). The consumed or elapsed number of flames
may also be referred to as number of flames produced.
The remaining number of flames may also be referred to
as number of flames producible.

[0041] According to the present disclosure, the term
"use time of flames" can generally be understood as the
estimated, specifically counted, time elapsed for produc-
ing a flame (consumed or elapsed use time of flame)
since initially using the flame producing assembly, or the
estimated, specifically calculated, time remaining for pro-
ducing a flame (remaining use time of flame) with respect
to a maximum time for producing a flame based on the
maximum capacity, particularly maximum fuel capacity,
of the flame producing assembly. The consumed or
elapsed use time of flame may also be referred to as
number of flames produced. The remaining use time of
flame may also be referred to as number of flames pro-
ducible.

[0042] Figs.1 and 2 show two different embodiments
of the presently disclosed flame producing assembly 1.
Whereas Fig. 1 depicts a schematic illustration of the
flame producing assembly 1 having a piezoelectric na-
nogenerator 52b, Fig. 2 depicts a schematic illustration
of the flame producing assembly 1 having a thermoelec-
tric nanogenerator 52b. Although some elements of the
flame producing assemblies are not visible in Figs. 1 and
2, the skilled person will understand that these features
may also be comprised in the respective flame producing
assembly. In this regard, Fig. 3 shows a schematic dia-
gram of the flame producing assembly 1 mainly including
elements which are not visible in the illustrations of Figs.
1and 2.

[0043] As mentioned in the foregoing paragraph, the
exemplary embodiments shown in Figs. 1 and 2 mainly
differ with regard to the type of nanogenerator used. Al-
though if some features of the flame producing assembly
may only be described with respect to one of the figures,
it should be understood that these explanations may in
part or fully be applicable to the respective other embod-
iment.

[0044] As illustrated in Fig. 1, the flame producing as-
sembly 1 comprises a main body 10 which has a proximal
end 12 and a distal end 14, and an outer surface 16. The
main body 10 is made of an opaque material. It is to be
understood, the main body 10 may alternatively be made
of a translucent material. The flame producing assembly
1 is configured to produce a flame at the proximal end
12 (see, for instance Fig. 2). The flame producing as-
sembly 1 comprises a spark wheel 17 and gas release
actuator 18 to produce the flame. Furthermore, the flame
producing assembly 1 comprises a wind guard 12a which
is arranged at the proximal end 12 and configured to pro-
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tect the flame from outer influences, e.g. dirt or wind. The
wind guard 12a is usually provided in proximity to a fuel
release assembly to prevent the rapid extinguishment of
the flame by strong wind incident on the lighter. Specifi-
cally, the wind guard 12a may be formed of a metal ma-
terial. It should be understood that the flame producing
assembly 1 comprises all other elements which are typ-
ical for flame producing assemblies 1 and known to those
skilled in the art, inter alia a fuel tank, a fuel valve, how-
ever, these standard elements are not relevant to the
present disclosure and therefore, are not described in
detail. It should be understood that neither the wind guard
12a is essential to the invention, nor the spark wheel 17
or the gas release actuator 18, as various other tech-
niques of igniting a flame of a flame producing assembly
are known to those skilled in the art. Although, the flame
producing assembly 1 depicted in the figures is config-
ured as a cigarette lighter, in alternative embodiments,
the flame producing assembly 1 may be configured as
one of a lighter, a butane gas cylinder (for example, as
used in a camping stove or Barbeque), a gas-powered
soldering iron, or a utility blowtorch for paint stripping.
[0045] The flame producing assembly 1 comprises a
flame signal trigger 20, counting electronics 30, a flame
indicator 40, and a power supply 50. The flame signal
trigger 20 is configured to generate an electrical signal
when a flame is currently produced by the flame produc-
ing assembly 1. This electrical signal can be processed
by the counting electronics 30 which is configured to then
determine a number of flames, by for instance adding
one count to a memory, or to determine a use time of
flames produced by the flame producing assembly 1. The
flame indicator 40 is configured to output visual feedback
indicative of a number of flames and/or use time of flames
produced or producible by the flame producing assembly
1.

[0046] The power supply 50 comprises a nanogenera-
tor 52 which is configured to supply the flame producing
assembly 1 with power by converting thermal or mechan-
ical energy into electrical energy during use of the flame
producing assembly 1. A nanogenerator 52 can be un-
derstood as a technology that converts mechanical or
thermal energy as produced by small-scale physical
change into electricity. According to the present disclo-
sure, the nanogenerator 52 can be thermoelectric nano-
generator 52a or a piezoelectric nanogenerator 52b.
[0047] In the example of Fig. 1, the nanogenerator 52
is a piezoelectric nanogenerator 52b (also referred to as
PE nanogenerator) which is arranged on the outer sur-
face 16 of the main body 10. More specifically, the na-
nogenerator 52b comprises piezoelectric material (also
referred to as PE material) which is coated on the outer
surface 16 of the main body 10. The PE material may
comprise, for instance, cellulose microfiber or flexible lig-
uid metal-tin sulfide. The PE material may be configured
to generate a voltage of, for instance 50mV to 120mV
with a power output of several wW. A PE nanogenerator
is an energy harvesting device capable of converting ex-
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ternal kinetic energy into electrical energy via action by
a nano-structured piezoelectric material. In the case of
the flame producing assembly 1 a film-like PE material
is covering at least a portion of the main body 10. The
action of holding the flame producing assembly 1 will
induce forces on said film. These forces will physically
apply pressure on the film which will cause it to shift in-
ternally. In detail, the crystal structure is under mechan-
ical stress, e.g. squeezed (see, detailed section of Fig.
1), causing a transient flow of electrons driven by a pie-
zoelectric potential. Thereby, the piezoelectric nanogen-
erator 52b is configured to convert mechanical excess
energy exerted by a user on the main body 10 during use
of the flame producing assembly 1 into electrical energy.
For instance, as a user is holding the flame producing
assembly 1 (e.g. a cigarette lighter), the user could apply
more force within their grip than the amount required for
only holding the flame producing assembly 1. In other
words, if a user squeezes the flame producing assembly
1, the user can provide the mechanical pressure required
for the piezoelectric generator 52b to be activated and
supply power. The piezoelectric nanogenerator 52b may,
for instance, be attached to the main body 10 mechani-
cally, for instance via adhesives. In general, the piezoe-
lectric material may be arranged on an outer surface 16
of the main body 10, where the user holds or touches the
main body 10. Specifically, the piezoelectric material may
be arranged at finger/palm holding positions of the main
body 10. An electrical connection may be provided to the
counting electronics 30, the flame indicator 40 and/or the
flame signal trigger 20, if necessary.

[0048] The structure of the PE nanogenerator 52b may
forinstance be designed as a sandwich of materials com-
prising a top film, a middle piezo-crystal structure in the
middle, and a bottom film. Further information regarding
piezoelectric nanogenerators is described, for instance,
by S. Chandrasekaran, C. Bowen, J. Roscow et al.: "Mi-
cro-scale to nano-scale generators for energy harvest-
ing: Self powered piezoelectric, triboelectric and hybrid
devices", Physics Reports (2019) (ht-
tps://doi.org/10.1016/j.physrep.2018.11.001.), by Khan,
H., Mahmood, N., Zavabeti, A. et al.: "Liquid metal-based
synthesis of high performance monolayer SnS piezoe-
lectric nanogenerators.”" Nat Commun 11, 3449 (2020).
(https://doi.org/10.1038/s41467-020-17296-0), or by
Md. Mehebub Alam and Dipankar Mandal, "Native Cel-
lulose Microfiber-Based Hybrid Piezoelectric Generator
for Mechanical Energy Harvesting Utility", ACS Applied
Materials & Interfaces 2016 8 (3), 1555-1558 DOI:
10.1021/acsami.5b08168, all of which are hereby incor-
porated by reference.

[0049] Nanogenerator can be a TEG or a piezolectric
coating. TEG converts flame’s thermal energy to elec-
tricity. Piezoelectric converts user’s finger/palm mechan-
ical pressure on the body of the lighter to electrical energy
even when lighter is not in use and user just holds it.
[0050] Inthe example of Fig. 2, the nanogenerator 52
is a thermoelectric nanogenerator 52a (also referred to

10

15

20

25

30

35

40

45

50

55

as TE nanogenerator or TEG) which is arranged at the
proximal end 12 of the main body 10. Specifically, the
thermoelectric nanogenerator 52a comprises thermoe-
lectric generating material (also referred to as TEG ma-
terial) which is coated to the wind guard 12a. Inexamples,
the thermoelectric generating material is coated to an
inner surface of the wind guard 12a. By arranging the
TEG 52a on the inside of the wind guard 12a, the TEG
52a is in close proximity to the flame and thus, the ex-
ploitation of thermal energy can be increased in compar-
ison to, for instance arranging the TEG on an outer sur-
face of the wind guard 12a or elsewhere on the flame
producing assembly 1. The TEG material may comprise
adoped iron thin film and function based on Nernst effect.
Thereby, the thermoelectric nanogenerator 52a is con-
figured to convert excess heat energy of a flame pro-
duced during operation of the flame producing assembly
1 into electrical energy. An electrical connection may be
provided to the counting electronics 30, the flame indi-
cator 40 and/or the flame signal trigger 20, if necessary.
In some examples, TEG material may comprise 75 per-
cent iron and 25 percent aluminum (Fe3Al) or gallium
(Fe3Ga). Specifically, the TEG material may be coated
to atleast to a portion of the wind guard 12a. In examples,
the wind guard 12a may be fully coated, at least on an
inner surface with the TEG material. In examples, the
thermoelectric generating material, may be coated addi-
tionally or alternatively to an outer surface of the wind
guard 12a.

[0051] In examples (not depicted in the figures), the
nanogenerator 52 may comprise both, a PE nanogen-
erator 52b and a TEG 52a as mentioned above. They
may both be utilized for energy harvesting. In some ex-
amples, the TEG 52a may be configured to serve as a
flame signal trigger 20, for instance for detecting when
there is a flame and how long it has been on, which will
be explained in further detail below.

[0052] Insome examples (see, Fig. 3), the power sup-
ply 50 may comprise an energy storage 54. The energy
storage 54 may be in electrical communication with the
nanogenerator 52 and with the counting electronics 30,
the flame indicator 40 and/or the flame signal trigger 20.
In aspects, the energy storage 54 may be a capacitor.
Specifically, the energy storage 54 may be a superca-
pacitor. In a supercapacitor, energy may be stored elec-
trostatically on the surface of the capacitor material with-
out involving chemical reactions. A supercapacitor can
be charged quickly, leading to a very high-power density
and does not lose its storage capabilities quickly over
time.

[0053] Inthe examples of Figs. 1 and 2, the flame sig-
nal trigger 20 may comprise a sensor 22 which is ar-
ranged in proximity to the gas release actuator 18. Spe-
cifically, the sensor 22 may be arranged distally below
the gas release actuator 18 and configured as a mechan-
ical switch such that an actuation of the gas release ac-
tuator 18, for instance, by pushing the gas release actu-
ator 18 distally down, is detected by the switch. In other
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words, the flame signal trigger 20 is operably coupled to
the gas release actuator 18. The sensor 22 may be con-
figured to generate an electrical signal upon actuation of
the gas release actuator 18. Specifically, an electrical
signal may be generated for as long as the gas release
actuator 18 is actuated, for instance, for as long as the
gasrelease actuator 18 pushed distally. In some aspects,
the sensor 22 may be a force sensor, an optical sensor,
a pressure sensor, or a piezoelectric sensor. In aspects,
the flame signal trigger 20 is in electrical communication
with the counting electronics 30 to provide the electrical
signal to the counting electronics 30.

[0054] In examples (not depicted in the figures), the
sensor 22 may be a magnetic sensor. Additionally or al-
ternatively, the magnetic sensor may be arranged, for
instance in proximity to the spark wheel 17 of the flame
producing assembly 1. The magnetic sensor may be ar-
ranged and configured to generate an electrical signal
upon rotation of the spark wheel 17. Thereby the rotation
of the spark wheel may be used as an indicator of a ig-
nition process.

[0055] In examples, the flame signal trigger 20 be
formed by a thermoelectric nanogenerator 52a which is
configured as the thermoelectric nanogenerator 52a
mentioned above with respect to Fig. 2. In some exam-
ples, the thermoelectric nanogenerator 52a of Fig. 2 may
serve as both the flame signal trigger 20 and the power
supply 50. In examples, thermoelectric nanogenerator
52a of Fig. 2 may serve as the flame signal trigger 20
and the piezoelectric nanogenerator 52b may serve as
the power supply 50. The thermoelectric nanogenerator
52ais configured to detect an ignition of a flame produced
by the flame producing assembly 1. This is possible by
arranging the thermoelectric nanogenerator 52a close to
a flame as mentioned above, for instance, by arranging
the thermoelectric nanogenerator 52a at the proximal
end 12. The thermoelectric nanogenerator 52a is config-
ured to convert excess heat energy of a flame produced
during operation of the flame producing assembly 1 into
electrical energy. The thermoelectric nanogenerator 52a
is in electrical communication with the counting electron-
ics 30 which receives the electrical signal from the ther-
moelectric nanogenerator 52a. The counting electronics
30 is configured to determine an ignition of a flame pro-
duced by the flame producing assembly 1, when the elec-
trical energy received from the thermoelectric nanogen-
erator 52a exceeds a predetermined threshold. The pre-
determined threshold may be set at a minimum level of
electrical energy which is present when a flame is ignited.
For instance, the predetermined threshold may be con-
figured as a direct function of the generating capacity of
the TEG 52a. Based on the type, configuration and ma-
terials used for the TEG 52a, a different voltage will be
generated for the same temperature. It is clear however
that when a flame is present the TEG 52a will produce
an impulse voltage as it will have the greatest tempera-
ture difference when the flame is lit. For instance, the
threshold voltage can be within about 30% to 70% of the
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maximum output voltage of the specific TEG 52a. Spe-
cifically, the threshold voltage may be about 55% or more
of the maximum output voltage of the specific TEG 52a
[0056] The counting electronics 30 is in electrical com-
munication with the power supply 50, with the flame sig-
nal trigger 20and with the flame indicator 40 and com-
prises a processor unit 32. The processor unit 32 is con-
figured to receive and process electrical signals gener-
ated by the flame signal trigger 20. The processor unit
32 is configured to count the number of flames produced
by the flame producing assembly 1 based on the received
electrical signals. For instance an electrical signal may
represent one countof aflame. If further electrical signals
are received, the processor unit 32 may for eachreceived
signal add one count the previously counted number. Ad-
ditionally or alternatively, the processor unit 32 may be
configured to count the use time of flames produced by
the flame producing assembly 1 based on the received
electrical signals. Forinstance, the processor unit 32 may
count the time during an electrical signal is received. The
flame time may be calculated based on the time of elec-
trical signals (e.g. signals received above the predeter-
mined threshold in the case of TEG trigger) being re-
ceived from the flame signal trigger by the processor unit.
If further electrical signals are received, the counted time
may be added to the previously counted time. In other
words the processor unit 32 counts the number/use time
already produced with the flame producing assembly 1
since the initial use. In order to add the count of flames
and/or the counted time to the previous values, the count-
ing electronics 30 comprises a memory 34 for storing the
number offlames and/or the use time of flames calculated
by the processor unit 32. The memory 34 may be flash
memory. Specifically, the memory 34 may be configured
as an ultra-low power flash memory. For instance, the
memory 34 may be a NOR flash memory, see, for in-
stance, Qing Dong et al.: "A 1Mb embedded NOR flash
memory with 39uW program power for mm-scale high-
temperature sensornodes", February 2017, Conference:
2017 IEEE International Solid- State Circuits Conference
- (ISSCC) (DOI:10.1109/1ISSCC.2017.7870329). The
memory 34 may be configured to consume less than
50pW for a complete cycle of read and write. In some
aspects, the memory may be configured to consume be-
tween 10pW and 500uW for a complete cycle of read
and write, specifically between 25uW to 250 W. In other
words, the processor unit 32 stores on the memory 34
the accumulated number of flames and/or the remaining
number of flames, i.e. maximum number of flames minus
the accumulated number of occurred flames. If the use
time of flames is obtained, the processor unit 32 may
alternatively or additionally store on the memory 34 the
accumulated flame use time and/or the remaining flame
use time, i.e. maximum time for how long a flame can be
produced with the maximum capacity of the flame pro-
ducing assembly 1 minus the accumulated time already
used for flame production.

[0057] The processor unit 32 may be configured to cal-



13 EP 4 141 323 A1 14

culate the number of flames producible by the flame pro-
ducing assembly 1 based on the received electrical sig-
nals. Alternatively or additionally, the processor unit 32
may be configured to calculate the use time of flames
producible by the flame producing assembly 1 based on
the received electrical signals. In this regard, the memory
34 may comprise a predetermined storage entry of max-
imum number of flames producible with the fuel capacity
of the flame producing assembly 1. In case of the use
time of flames, the memory 34 may comprise a prede-
termined storage entry of maximum use time of flame
producible with the fuel capacity of the flame producing
assembly 1. The processor unit 32 may be configured to
calculate the number of flames and/or use time of flame
which still can be produced and/or used with the flame
producing assembly 1 based on a maximum capacity
present at initial use. For instance, the processor unit 32
may be configured to subtract a counted use time from
the maximum capacity. The processor unit 32 may com-
prise one or more logic circuits to perform the required
mathematical operations.

[0058] The processor unit 32 is configured to drive the
flame indicator 40 to output visual feedback to a user
indicative of a number of flames and/or use time of flames
produced or producible by the flame producing assembly
1. Specifically, the processor unit 32 is configured to gen-
erate drive signals which can be used by the flame indi-
catortodisplay elapsed or remaining flame events and/or
elapsed or remaining flame use time.

[0059] In some aspects, the counting electronics 30
may comprise a power regulator 36. The power regulator
may be in electrical communication with the power supply
50, the flame signal trigger 20 and with the flame indicator
40. The power regulator 36 is configured to regulate and
distribute power to the flame indicator 40 and within the
counting electronics 30. "Within the counting electronics"
can be understood as regulating and distributing power
to the memory 32 and, the power regulator 36 itself and
the processor unit 32. The skilled person will understand
that the power regulator 36 is also in electrical commu-
nication with the memory 34 and the processor unit 32,
and, in examples, with any other power requiring device
of the flame producing assembly 1, e.g. the flame signal
trigger 20 if it is of a type requiring electrical power.
[0060] The counting electronics 30 are embedded to
the main body 10. In aspects, the counting electronics
30 may be arranged on or inside the main body 10.
[0061] As illustrated in Figs. 1 and 2, the flame indi-
cator 40 comprises a display 42. The display 42 is ar-
ranged on an outer surface 16 of the main body 10. The
display 42 has a substantially longitudinal shape and ex-
tends from a distal end 14 end to a proximal end 12. The
display 42 covers a portion of the outer surface 16. In
examples, the display 42 may have a different shape,
may be arranged at a different portion of the main body
10, and/or may cover more or less of the outer surface
16. The display 42 comprises a segmented display strip
with a plurality of segments 44 for indicating a number
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of flames and/or use time of flames produced or produc-
ible with the flame producing assembly 1. Each segment
44 may indicate a fractional time interval of use time of
flames producible. In examples, additionally or alterna-
tively, each segment 44 may indicate a multiple of
number of flames produced and/or producible and/or a
fractional time interval of use time of flames produced.
Specifically, the display 42 may comprise a segmented
electronic-ink display strip. The flame indicator 40 com-
prises a protective clear layer 46. The protective clear 46
layer is arranged on the display 42. The protective clear
layer 46 is configured to protect the display 42 from wear
and degradation through use.

[0062] Inaspects, the display 42 may be an electronic-
ink display or an electrophoretic bistable display. In ex-
amples, the display 42 may be a TFT (TFT= thin film
transistor display) or LED (LED = light emitting diode dis-
play) display. Specifically, the display 42 may be a low
power TFT orlow power LED display. In some examples,
the display may be a zenithal bistable display, a bistable
liquid crystal display or an electrochromic display.
[0063] In some aspects, an electrophoretic bistable
display 42 comprises micrometer sized titanium dioxide
particles which are, for instance filled with charged pig-
ments (e.g. black and white pigments positively and neg-
atively charged, respectively). In configurations, the tita-
nium particles may be treated to have electrically charg-
ing properties. The titanium dioxide particles may be dis-
persed in a hydrocarbon oil and placed between two con-
ductive plates. One plate may be clear, while the other
may be opaque. When a voltage is applied between the
two, the particles move to the plate that they are attracted
to. When the particles are located at the front side of the
display 42, i.e. the clear plate, it appears white, and black
when they are located at the rear side of the display, i.e.
the opaque plate.

[0064] The display 42 has a thickness between 0.2mm
to 2.0mm. Specifically, the display 42 may have a thick-
ness between 0.5mm to 1.5mm. In particular examples,
the display 42 may have a thickness between 0.6 mm to
1.2mm. This enables the display 42 to be integrated in
small and thin structures, such as a housing of the flame
producing assembly 1, specifically its main body 10. Spe-
cifically, the display 42 may be flexible. Thereby, the dis-
play 42 can be adapted to the contours, e.g. rounded
contours of the flame producing assembly 1. In some
examples, the display 42 may be configured to display
colored contents. In examples, the display 42 may be
configured to display only greyscale contents.

[0065] The flame indicator 40 is in electrical commu-
nication with the counting electronics 30. The counting
electronics 30 is configured to provide the flame indicator
40 with an input signal for outputting visual feedback in-
dicative of a number of flames and/or use time of flames
produced or producible by the flame producing assembly
1.

[0066] Bythe provisionofthe presently disclosed flame
producing assembly 1, an accurate visualisation of the
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fuel consumed by a flame producing assembly 1, or the
fuel remaining, is possible even if the flame producing
assembly 1 is opaque. Furthermore, it may be difficult
for users to view the amount of fuel remaining even with
translucent bodies. Use of a flame indicator 40 as dis-
cussed herein can improve visibility in a flame producing
assembly 1 having translucent and opaque flame pro-
ducing assembly bodies 10. A further effect is that flame
producing assemblies 1 (such as cigarette lighters) are
not prematurely disposed of by users, thus reducing plas-
tic waste over time. Furthermore, the lighters that are
disposed of can be guaranteed to have exhausted their
liquid fuel supply, thus improving the effect on the envi-
ronment. As the power supply 50 makes use of energy
harvesting via the nanogenerator 52 during use of the
flame producing assembly 1, the user does not need to
separately activate the flame indicator 40 and/or counting
electronics 30 and/or flame signal trigger 20, and no ex-
ternal electronics are required. Thereby a self-powered
and autonomous system for indication the remaining or
elapsed use of the lighter, specifically lighter fuel, without
the requirement of a battery can be provided. Without
the need for a battery, also e-waste can be reduced. Due
to the autonomous system various information can be
gathered and provided to a user, for instance, an estima-
tion of the lighter fuel consumed or the lighter fuel re-
maining and/or and estimation of the number of flames
produced or of the number of flames remaining. The in-
dication of number of flames/use time to a user reduces
the likelihood of a premature lighter disposal. Further-
more, an increased efficiency can be provided by har-
vesting mechanical and/or thermal energy with the na-
nogenerator 52.

[0067] Figs.4 and 5 depict exemplary methods of us-
ing the flame producing assemblies according to Figs. 1
and 2 comprising a piezoelectric nanogenerator and a
thermoelectric nanogenerator, respectively.

[0068] Accordingtothe method of Fig. 4,the userholds
his lighter in his hand pushing the plastic body. The PE
nanogenerator produces electrical energy to refresh e-
ink display and store excess energy in a supercapacitor.
The user presses the gas pusher and lights a flame. The
pusher sensor senses the flame lighting action, adds one
countto the counter and sets start of flame use time coun-
ter in the chip. The user lets the pusher and the flame is
extinct. The pusher sensor stops sensing the flame light-
ing action and sets end of flame use time counter in the
chip. The indicator strip increases/decreases proportion-
ally the flame count or the flame use time counter.
[0069] Accordingtothe method of Fig.5,the userholds
his lighter in his hand and lights a flame. The Thermoe-
lectric generator material absorbs part of the flame’s heat
and generates electrical current to refresh e-ink display
and store excess energy in a supercapacitor. Once the
TEG current is over the set threshold, one countis added
to the counter and start of flame time counter is setin the
chip. The user lets the pusher and the flame is extinct.
The Thermoelectric generator material stops absorbing
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flame’s heat energy and electric current decreases below
set threshold setting end time of the flame use time coun-
ter in the chip. The indicator strip increases/decreases
proportionally the flame count or the flame use time coun-
ter.

[0070] Ingeneral, a method of using a flame producing
assembly is disclosed which comprises: Igniting a flame
by an actuator and detecting the ignition by a sensor.
Adding one count to a flame counter and counting the
flame time until the flame extinguishes, specifically until
the actuator is released. Updating a display indicating a
remaining or counted number of flames and/or flame
time. Harvesting electrical energy during use of the flame
producing assembly by one of: mechanical force exerted
on a main body of the flame producing assembly by a
user holding the flame producing assembly, wherein the
mechanical force is converted into electrical energy by
piezoelectric material applied on the main body (10), or
thermal energy which is emitted by the flame during op-
eration of the flame producing assembly, wherein the
thermal energy is converted into electrical energy by ther-
moelectrical material applied on awind guard in proximity
of the flame.

[0071] Itshould be understood that the present disclo-
sure can also be defined in accordance with the following
configurations:

1. A flame producing assembly (1) comprising:

- amain body (10) having a proximal end (12) and
a distal end (14), wherein the flame producing
assembly (1) is configured to produce a flame
at the proximal end (12),

- aflamesignaltrigger (20) configured to generate
an electrical signal when a flame is currently pro-
duced by the flame producing assembly (1),

- counting electronics (30) configured to calculate
a number of flames and/or use time of flames
produced by the flame producing assembly (1),

- aflameindicator (40) configured to output visual
feedbackindicative of a number of flames and/or
use time of flames produced or producible by
the flame producing assembly (1), and

- apower supply (50) comprising a nanogenera-
tor (52) configured to supply the flame producing
assembly (1) with power by converting thermal
or mechanical energy into electrical energy dur-
ing use of the flame producing assembily (1).

2. The flame producing assembly (1) of configuration
1, wherein the nanogenerator (52) comprises a ther-
moelectric nanogenerator (52a).

3. The flame producing assembly (1) of configuration
2, wherein the thermoelectric nanogenerator (52a)
is arranged at the proximal end (12) and configured
to convert excess heat energy of a flame produced
during operation of the flame producing assembly



17 EP 4 141 323 A1 18

(1) into electrical energy.

4. The flame producing assembly (1) of any one of
configurations 2 or 3, wherein the thermoelectric na-
nogenerator (52a) comprises thermoelectric gener-
ating material, which is arranged on a wind guard
(12a) of the flame producing assembly (1).

5. The flame producing assembly (1) of any one of
the preceding configurations, wherein the nanogen-
erator (52) comprises a piezoelectric nanogenerator
(52b).

6. The flame producing assembly (1) of configuration
5, wherein the piezoelectric nanogenerator (52b) is
arranged on an outer surface (16) of the main body
(10) and configured to convert mechanical excess
energy exerted by a user on the main body (10) dur-
ing use of the flame producing assembly (1) into elec-
trical energy.

7. The flame producing assembly (1) of any one of
configurations 5 or 6, wherein the piezoelectric na-
nogenerator (52b) comprises piezoelectric material,
which is arranged on an outer surface (16) of the
main body (10).

8. The flame producing assembly (1) of any one of
the preceding configurations, wherein the nanogen-
erator (52) is in electrical communication with the
counting electronics (30).

9. The flame producing assembly (1) of any one of
the preceding configurations, wherein the power
supply (50) comprises an energy storage (54) which
is in electrical communication with the nanogenera-
tor (52).

10. The flame producing assembly (1) of configura-
tion 9, wherein the energy storage (54) is in electrical
communication with the counting electronics (30).

11. The flame producing assembly (1) of any one of
configurations 9 or 10, wherein the energy storage
(54) is a capacitor, specifically a supercapacitor.

12. The flame producing assembly (1) of any one of
the preceding configurations, wherein the flame in-
dicator (40) comprises a display (42) which is ar-
ranged on an outer surface (16) of the main body
(10).

13. The flame producing assembly (1) of configura-
tion 12, wherein the display (42) is an electronic-ink
display or an electrophoretic bistable display.

14. The flame producing assembly (1) of configura-
tion 12, wherein the display (42) is a TFT or LED
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display.

15. The flame producing assembly (1) of any one of
configurations 12 to 14, wherein the display (42)
comprises a segmented display strip with at least
two segments (44) for indicating a number of flames
and/or use time of flames produced or producible
with the flame producing assembly (1).

16. The flame producing assembly (1) of any one of
configurations 12 to 15, wherein the flame indicator
(40) comprises a protective clear layer (46) arranged
on the display (42).

17. The flame producing assembly (1) of any one of
the preceding configurations, wherein the flame in-
dicator (40) is in electrical communication with the
counting electronics (30) and wherein the counting
electronics (30) is configured to provide the flame
indicator (40) with an input signal for outputting visual
feedback indicative of a number of flames and/or use
time of flames produced or producible by the flame
producing assembly (1).

18. The flame producing assembly (1) of any one of
the preceding configurations, wherein the flame sig-
nal trigger (20) comprises a sensor (22) configured
to detect an ignition of a flame produced by the flame
producing assembly (1).

19. The flame producing assembly (1) of configura-
tion 18, wherein the sensor (22)is a magnetic sensor
which is arranged in proximity to a spark wheel (17)
of the flame producing assembly (1) and which is
configured to generate an electrical signal upon ro-
tation of the spark wheel (17).

20. The flame producing assembly (1) of configura-
tion 18, wherein the sensor (22) is arranged in prox-
imity to a gas release actuator (18) of the flame pro-
ducing assembly (1) and configured to generate an
electrical signal upon actuation of the gas release
actuator (18).

21. The flame producing assembly (1) of any one of
configuration 18 to 20, wherein the sensor (22) is a
mechanical switch arranged distally below the gas
release actuator (18).

22. The flame producing assembly (1) of any one of
the preceding configurations, wherein the flame sig-
nal trigger (20) is in electrical communication with
the counting electronics (30) to provide the electrical
signal to the counting electronics (30).

23. The flame producing assembly (1) of any one of
the preceding configurations, wherein the flame sig-
nal trigger (20) comprises a thermoelectric nanogen-
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erator (52a) configured to detect anignition of aflame
produced by the flame producing assembly (1).

24. The flame producing assembly (1) of configura-
tion 23, wherein the thermoelectric nanogenerator
(52a) is arranged at the proximal end (12) and con-
figured to convert excess heat energy of a flame pro-
duced during operation of the flame producing as-
sembly (1) into electrical energy.

25. The flame producing assembly (1) of any one of
configurations 23 or 24, wherein the thermoelectric
nanogenerator (52a) is in electrical communication
with the counting electronics (30) and wherein the
counting electronics (30) is configured to determine
an ignition of a flame produced by the flame produc-
ing assembly (1), when the electrical energy re-
ceived from the thermoelectric nanogenerator (52a)
exceeds a predetermined threshold.

26. The flame producing assembly (1) of any one of
the preceding configurations, wherein the counting
electronics (30) is in electrical communication with
the power supply (50), with the flame signal trigger
(20) and with the flame indicator (40).

27. The flame producing assembly (1) of any one of
the preceding configurations, wherein the counting
electronics (30) comprise a processor unit (32) con-
figured to receive and process electrical signals gen-
erated by the flame signal trigger (20).

28. The flame producing assembly (1) of configura-
tion 27, wherein the processor unit (32) is configured
to count the number of flames and/or the use time
of flames produced by the flame producing assembly
(1) based on the received electrical signals.

29. The flame producing assembly (1) of any one of
configurations 27 or 28, wherein the processor unit
(32) is configured to calculate the number of flames
and/or the use time of flames producible by the flame
producing assembly (1) based on the received elec-
trical signals.

30. The flame producing assembily (1) of any one of
configurations 27 to 29, wherein the processor unit
(32) is configured to drive the flame indicator (40) to
output visual feedback indicative of a number of
flames and/or use time of flames produced or pro-
ducible by the flame producing assembly (1).

31. The flame producing assembily (1) of any one of
configurations 28 to 30, wherein the counting elec-
tronics (30) further comprises a memory (34) for stor-
ing the number of flames and/or the use time of
flames calculated by the processor unit (32).
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32. The flame producing assembly (1) of configura-
tion 31, wherein the memory (34) is flash memory,
specifically an ultra-low power flash memory.

33. The flame producing assembly (1) of any one of
the preceding configurations, wherein the counting
electronics (30) comprises a power regulator (36)
which is in electrical communication with the power
supply (50), the flame signal trigger (20) and with the
flame indicator (40), and which is configured to reg-
ulate and distribute power to the flame indicator (40)
and within the counting electronics (30).

34. The flame producing assembly (1) of any one of
the preceding configurations, wherein the counting
electronics (30) is arranged on or embedded to the
main body (10).

35. The flame producing assembly (1) of any one of
the preceding configurations, wherein the main body
(10) is made of an opaque material.

36. The flame producing assembly (1) of any one of
the preceding configurations, wherein the flame pro-
ducing assembly (1) is configured as one of a lighter,
a butane gas cylinder, a gas-powered soldering iron,
or a utility blowtorch for paint stripping.

Reference signs

[0072]

1

10
12
12a
14
16
17
18
20
22
30
32
34
36
40
42
44
46
50
52
52a
52b
54

Flame producing assembly
Main body

Proximal end

Wind guard

Distal end

Outer surface

Spark wheel

Gas release actuator
Flame signal trigger
Sensor

Counting electronics
Processor unit

Memory

Power regulator

Flame indicator

Display

Display segment
Protective layer

Power supply
nanogenerator
Thermoelectric nanogenerator
Piezoelectric nanogenerator
Energy storage
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Claims

1.

A flame producing assembly (1) comprising:

- a main body (10) having a proximal end (12)
and a distal end (14), wherein the flame produc-
ing assembly (1) is configured to produce a
flame at the proximal end (12),

- a flame signal trigger (20) configured to gen-
erate an electrical signal when a flame is cur-
rently produced by the flame producing assem-
bly (1),

- counting electronics (30) configured to calcu-
late a number of flames and/or use time of
flames produced by the flame producing assem-
bly (1),

- a flame indicator (40) configured to output vis-
ual feedback indicative of a number of flames
and/or use time of flames produced or produci-
ble by the flame producing assembly (1), and

- apower supply (50) comprising a nanogenera-
tor (52) configured to supply the flame producing
assembly (1) with power by converting thermal
or mechanical energy into electrical energy dur-
ing use of the flame producing assembly (1).

The flame producing assembly (1) of claim 1, where-
in the nanogenerator (52) comprises a thermoelec-
tric nanogenerator (52a).

The flame producing assembly (1) of claim 2, where-
in the thermoelectric nanogenerator (52a) is ar-
ranged at the proximal end (12) and configured to
convert excess heat energy of a flame produced dur-
ing operation of the flame producing assembly (1)
into electrical energy.

The flame producing assembly (1) of any one of the
preceding claims, wherein the nanogenerator (52)
comprises a piezoelectric nanogenerator (52b).

The flame producing assembly (1) of claim 4, where-
in the piezoelectric nanogenerator (52b) is arranged
on an outer surface (16) of the main body (10) and
configured to convert mechanical excess energy ex-
erted by a user on the main body (10) during use of
the flame producing assembly (1) into electrical en-

ergy.

The flame producing assembly (1) of any one of the
preceding claims, wherein the flame indicator (40)
comprises a display (42) which is arranged on an
outer surface (16) of the main body (10).

The flame producing assembly (1) of claim 6, where-
in the display (42) comprises a segmented display
strip with at least two segments (44) for indicating a
number of flames and/or use time of flames pro-
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10.

1.

12.

13.

14.

15.

duced or producible with the flame producing assem-
bly (1).

The flame producing assembly (1) of any one of the
preceding claims, wherein the flame indicator (40)
isin electrical communication with the counting elec-
tronics (30) and wherein the counting electronics
(30) is configured to provide the flame indicator (40)
with an input signal for outputting visual feedback
indicative of a number of flames and/or use time of
flames produced or producible by the flame produc-
ing assembly (1).

The flame producing assembly (1) of any one of the
preceding claims, wherein the flame signal trigger
(20) comprises a sensor (22) configured to detectan
ignition of a flame produced by the flame producing
assembly (1).

The flame producing assembly (1) of any one of the
preceding claims, wherein the flame signal trigger
(20) comprises a thermoelectric nanogenerator
(52a) configured to detect an ignition of a flame pro-
duced by the flame producing assembly (1).

The flame producing assembly (1) of claim 10,
wherein the thermoelectric nanogenerator (52a) is
in electrical communication with the counting elec-
tronics (30) and wherein the counting electronics
(30) is configured to determine an ignition of a flame
produced by the flame producing assembly (1), when
the electrical energy received from the thermoelec-
tric nanogenerator (52a) exceeds a predetermined
threshold.

The flame producing assembly (1) of any one of the
preceding claims, wherein the counting electronics
(30) comprise a processor unit (32) configured to
receive and process electrical signals generated by
the flame signal trigger (20).

The flame producing assembly (1) of claim 12,
wherein the processor unit (32) is configured to count
the number of flames and/or the use time of flames
produced and/or producible by the flame producing
assembly (1) based on the received electrical sig-
nals.

The flame producing assembly (1) of any one of
claims 12 or 13, wherein the processor unit (32) is
configured to drive the flame indicator (40) to output
visual feedback indicative of a number of flames
and/or use time of flames produced or producible by
the flame producing assembly (1).

The flame producing assembly (1) of any one of
claims 13 or 14, wherein the counting electronics
(30) further comprises a memory (34) for storing the
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number of flames and/or the use time of flames cal-
culated by the processor unit (32).
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The user holds his lighter in his hand pushing the plastic body.

l

The PE nanogenerator produces electrical energy to refresh e-ink
display and store excess energy in a supercapacitor.

I

The user presses the gas pusher and lights a flame.

l

The pusher sensor senses the flame lighting action, adds one count to
the counter and sets start of flame use time counter in the chip.

y

The user lets the pusher and the flame is extinct.

The pusher sensor stops sensing the flame lighting action and sets end
of flame use time counter in the chip.

The indicator strip increases/decreases proportionally the flame count
or the flame use time counter.

Fig. 4
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The user holds his lighter in his hand and lights a flame.

The Thermoelectric generator material absorbs part of the flame's heat
and generates electrical current to refresh e-ink display and store
excess energy in a supercapacitor.

l

Once the TEG current is over the set threshold, one count is added to
the counter and start of flame time counter is set in the chip.

'

The user lets the pusher and the flame is extinct.

l

The Thermoelectric generator material stops absorbing flame's heat
energy and electric current decreases below set threshold setting end
time of the flame use time counter in the chip.

The indicator strip increases/decreases proportionally the flame count
or the flame use time counter.

Fig. 5
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