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In the new era of industry 4.0, improving the energy efficiency and safety is of vital importance for the con
struction of intelligent building. Here, we report a strong and flame-retardant wood-based triboelectric nano
generator (FW-TENG) for self-powered building fire protection. Based on a three-step method involving
delignification, infiltration with bentonite nanosheets, followed by hot-pressing, the mechanical strength and
flame retardancy can be greatly improved. Compared to the natural wood, the flame-retardant wood exhibits a
7.7-fold enhancement in strength, 32% reduction in peak heat release rate, as well as self-extinguishing property.
The resulting FW-TENG is further used to develop the self-powered intelligent wireless fire monitoring and
escape route guidance system for fire rescue and evacuation. This work extends the application area of selfpowered systems to building fire protection, and may greatly promote the development of intelligent build
ings and smart cities.

1. Introduction
With the rapid development of internet of things (IoT) [1,2], artifi
cial intelligence [3,4], and cloud computing [5,6], the smart city has
become increasingly important in optimizing urban management and
improving the quality of life for citizens [7–9]. As an essential part of
smart city applications, the construction of intelligent building mainly
focuses on improving energy efficiency and safety in buildings. Fire
hazard is one of the most common disasters that are threatening public
safety, property, and environment. According to the World Fire Statistics
for 2021, a total of 100.2 million fire incidents were reported from 1993
to 2019, resulting in more than 1.1 million fire deaths [10]. In fire ac
cidents, traditional rescue electronics will be out of service due to power
outages. In this context, it is highly desirable to develop
environmental-friendly and flame-retardant materials for reducing the
damage caused by fire hazards, as well as self-powered fire rescue
electronics for improving fire safety in buildings.

Recently, based on the coupling effect of contact electrification and
electrostatic induction, triboelectric nanogenerator (TENG) has been
developed as a powerful technology to convert distributed, irregular,
and low-frequency mechanical energy into electric power [11–13].
Benefitting from the unique merits of simple structure, low cost, high
efficiency, and versatile choices of materials [14–16], TENGs are able to
harvest various kinds of mechanical energy in our living environment
for realizing the large-scale self-powered electronics networks [17–27].
Additionally, by directly converting mechanical stimuli to electrical
signals, TENGs can also be used as self-powered sensors for tactile,
pressure, acceleration, or motion sensing, which is crucial for the
development of sustainable and maintenance-free sensing systems
[28–33]. Considering the limited lifetime, high replacement costs, and
environmental issues of traditional electronics, the TENG technology
will have broad and bright application prospects in the field of smart
cities, where large amounts of IoT devices should be applied.
As one of the most abundant natural materials on earth, natural
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wood has attracted tremendous attention due to its outstanding ad
vantages, including sustainability, renewability, and biodegradability
[34–37]. Various approaches have been demonstrated to improve the
functionalities and properties of wood for a wider range of applications
such as water purification, bioscience, energy storage, electronics, and
environmental remediation [38–46]. Moreover, wood has been used in
the building industry for thousands of years as thermal insulation ma
terial [47,48]. However, due to its insufficient mechanical strength and
flammability, it is not widely used in the construction field currently.
Therefore,
simultaneously
improving
the
mechanical
and
flame-retardant properties of wood materials is of great significance for
energy-efficient building applications.
Here, we report a simple and effective three-step strategy to fabricate
wood material with excellent and mechanical strength and flame resis
tance, enabling strong and flame-retardant wood-based triboelectric
nanogenerators (FW-TENGs). The flame-retardant wood exhibits a high
tensile strength of 323.1 MPa that is about 8 times higher than the
natural wood. Flame retardant tests also show the peak heat release rate
of the flame-retardant wood is reduced by more than 30% compared
with the natural. The FW-TENG is capable of outputting a peak power
density of 24.2 mW/m2, and maintaining more than 60% of original
electrical output under 250 ◦ C, as well as self-extinguishing when
removed from the open fire. Owing to its excellent performance, the FWTENG is utilized to construct a self-powered intelligent wireless fire
monitoring system, which can accurately locate the fire position and
send alarm signals to personal electronics. Additionally, a self-powered
escape route guidance system for pointing out escape direction is
demonstrated. This work may provide a promising way for self-powered
fire rescue and the construction of energy-efficient buildings toward
smart cities.

2.4. Fabrication of the flame-retardant TENG
The obtained flame-retardant wood was used as the dielectric elec
trification layer. Then, a layer of Cu film with the same size was pasted
on the flame-retardant wood as the electrode to fabricate the singleelectrode mode flame-retardant TENG. Finally, a Cu wire was attached
to the Cu film for electric connection.
2.5. Characterization and measurements
The flame-retardant test for the wood samples (100 × 100 × 3 mm3)
was determined using a cone calorimeter (6810) under a heat flux of 35
kW/m2 according to the ISO 5660-1 standard to determine the time to
ignition (TTI), effective heat combustion (EHC), heat release rate (HRR),
and total heat release (THR) values of the samples. Thermogravimetric
analysis of the wood samples under air and nitrogen atmosphere were
carried out with a range of 30–800 ◦ C and a ramping rate of 10 ◦ C/min
(TGA 4000, Perkin Elmer). The flammability of the natural wood and
flame-retardant wood (50 × 50 × 2 mm3) were conducted by the candle
flame. The samples were fixed on the iron rack and ignited by the candle
flame. The exposure time is up to the flame resistance of samples, we
recorded the combustion behavior of the sample until it can burn itself.
The morphology and structure of the basswood, delignified wood, and
delignified wood with bentonite nanosheets were observed on a scan
ning electron microscope (SEM, Hitachi SU1510). The size and thickness
of the bentonite nanosheets were determined by atomic force micro
scopy (AFM, Bruker Icon). A Fourier transform infrared spectroscope
spectrometer (VERTEX80v, Bruker) was used to measure the FTIR
spectrum. For electrical measurements, the TENG device was driven by a
linear motor (Linmot E1100). Unless otherwise specified, the frequency
and pressure were respectively constrained in 1 Hz and 3 kPa, and the
size of the TENG device was set into 50 × 50 × 2 mm3. The open-circuit
voltage and short-circuit current were measured with a programmable
electrometer (Keithley 6514).

2. Experimental section
2.1. Materials and chemicals
Basswood was used for the fabrication of flame-retardant wood.
Sodium hydroxide (>97%, Sigma-Aldrich), sodium sulfite (>98%,
Sigma-Aldrich), bentonite (Sigma-Aldrich), and hydrogen peroxide
(30% solution), and deionized (DI) water were used for processing the
wood.

3. Results and discussion
3.1. FW-TENG for self-powered building fire protection
Fig. 1a shows the schematic of the three-step fabrication process of
the flame-retardant wood. The natural basswood was first chemically
treated for partially removing the lignin and hemicellulose. Subse
quently, the delignified wood was immersed in the bentonite nanosheet
suspension to enable infiltration throughout the wood structure. The
strong and flame-retardant wood was finally achieved by hot-pressing
the bentonite-infiltrated wood and then used for fabricating the TENG
device (see Experimental section). Considering the various advantages
and the widespread use of wood materials in the building industry, the
FW-TENG will have great potential for constructing self-powered sys
tems for building fire protection. As schematically represented in
Fig. 1b, the FW-TENG can be utilized to establish a self-powered intel
ligent fire monitoring system for pinpointing the fire location and
sending wireless alarm signals. By harvesting the mechanical energy
from human motion, indicator lights can also be lightened by the FWTENG for escape route guidance, which is essential for effective crowd
evacuation under extreme fire conditions.
In consideration of the suitability for harvesting the mechanical
energy from human activities in the building environment, singleelectrode mode TENG was fabricated based on the strong and flameretardant wood as dielectrics. The structure diagram of the FW-TENG
is shown in Fig. 1c. Taking PTFE as the free-moving object, the work
ing mechanism of the FW-TENG is illustrated in Fig. 1d. When the PTFE
film contacts with the flame-retardant wood, negative triboelectric
charges are generated on the PTFE film while positive ones are gener
ated on the wood film (i). During the separation process of the PTFE and
wood film, the potential difference between the two surfaces will

2.2. Lignin removal from wood
The lignin removal solution was prepared by dissolving 2.5 M NaOH
and 0.4 M Na2SO3 in DI water. Basswood slices (50 × 50 × 5 mm3) were
immersed in the lignin removal solution and kept boiling for 10 h, then
soaked in the boiling deionized water for several times to remove the
residual chemicals. The woodblocks were then placed in the bleaching
solution (2.5 M H2O2 in DI water) and kept boiling without stirring.
When the yellow color of the sample disappeared, the samples were
removed and rinsed with cold water.
2.3. Flame-retardant wood
First, a 6 wt% bentonite dispersion was prepared by stirring at 600
rpm for 7 days, followed by ultrasonication for 30 min. To remove
microbubbles and aggregates, the bentonite suspension was then
centrifuged at 7000 rpm for 5 min. Subsequently, the delignified wood
was immersed in the prepared bentonite nanosheet solution for bulk
infiltration under 200 Pa. Finally, the flame-retardant wood with a
thickness of 2 mm was obtained by hot-pressing the wet bentoniteinfiltrated delignified wood at 100 ◦ C under the pressure of ~10 MPa
for 1 day.
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Fig. 1. Fabrication and schematic of the strong and flame-retardant wood-based TENG for self-powered fire alarm and escape route guidance. (a) Diagram of the
process for fabricating the flame-retardant wood. (b) Schematic illustration of the FW-TENG for self-powered fire alarm and escape route guidance. (c) Structure
diagram of the FW-TENG. (d) Operating principle of the FW-TENG.

gradually increase, leading to an instantaneous electron flow from the
ground to the Cu electrode in the external circuit (ii). This transient flow
of the electrons continues until the PTFE and wood film are completely
separated (iii). Once the PTFE film approaches the wood film again, the

electrons will be repelled back from the Cu electrode to the ground
through the external load (iv). By repeating the contact-separation
movement between the moving dielectric object and the FW-TENG, an
alternating current will be produced. Corresponding simulations of
3
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potential distribution in three different states by COMSOL are presented
in Fig. S1.

cell walls. Further chemical treatment with H2O2 continuously removes
the hemicellulose and lignin, leading to a more porous structure, which
is important for the infiltration of nanostructured materials in the next
step. As shown in the cross-sectional scanning electron microscopy
(SEM) images, the delignified wood cell walls become more porous and
less rigid compared with the natural wood (Fig. 2d–e). The dimension of
the bentonite nanosheet was characterized by Atomic Force Microscope
(AFM). As shown in Fig. S2, the thickness and lateral size of the
bentonite nanosheet are about 4.3 nm and 75 nm. In this respect, it is
easy for the bentonite nanosheet to infiltrate into the delignified wood as
a result of its increasing porosity. After the infiltration by the bentonite

3.2. Wood treatment and properties improvement
Fig. 2a–c shows the photographs of the natural basswood after
delignified and flame-retardant treatment. Chemical treatments play a
vital role in improving the mechanical and flame-retardant properties of
natural wood. For the first step of the chemical treatment, NaOH/
Na2SO3 solution was used for the partial delignification, removing the
tight connection between cellulose nanofibers that compose the wood

Fig. 2. Evolution of the natural basswood upon delignified and flame-retardant treatment. (a–c) Photographs of the (a) natural wood, (b) delignified wood, and (c)
flame-retardant wood. (d–f) Cross-sectional SEM images of the natural wood (d), delignified wood (e), and flame-retardant wood (f). (g) FTIR spectra of the natural
wood, flame-retardant wood, and bentonite nanosheet. (h) Tensile stress-strain curves of the natural wood and flame-retardant wood. (i) Comparison of the TTI
between natural wood and flame-retardant wood at a heat flux of 35 kW/m2 (j,k) HRR (j) and THR (k) curves of the natural wood and flame-retardant wood at a heat
flux of 35 kW/m2 (l) TGA curves of the natural wood and flame-retardant wood under the air atmosphere.
4
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nanosheets without hot-pressing, the cell walls become thicker and
rougher, indicating that bentonite nanosheets are well attached and
infiltrated into the wood structure (Fig. 2f). The longitudinal SEM im
ages of wood samples also exhibit the rougher surface after infiltration
of bentonite nanosheets (Fig. S3). To further validate the successful
infiltration of bentonite nanosheets in the delignified wood, Fourier
transform infrared spectroscopy (FTIR) of the wood samples before and
after infiltration treatment was carried out. The flame-retardant wood
shows a weak peak at about 840 cm− 1 corresponding to the vibration of
Al–O–C covalent bonds, which is formed via the hydroxyl groups of the
cellulose nanofibers with the Al of the bentonite nanosheets (Fig. 2g)
[49–51]. Meanwhile, the weight changes after chemical and
flame-retardant treatment also indicate the removal of the lig
nin/hemicellulose component and the infiltration of bentonite nano
sheets (Fig. S4).
The treated wood exhibits superior mechanical properties than that
of the natural wood. For comparison, we measured the tensile stressstrain curves of the natural wood and flame-retardant wood. Both
curves show a linear deformation behavior before tensile failure. The
flame-retardant wood demonstrates an outstanding tensile strength of
323.1 MPa, which is 7.7 times that of the natural wood, which can be
attributed to the enhanced hydrogen and Al–O–C bonding between the
bentonite nanosheets and nanocellulose (Fig. 2h, and Fig. S5) [50,52,
53]. To systematically evaluate the flammability of the flame-retardant
wood, several key parameters were measured by cone calorimetry,
including the TTI, EHC, HRR, and THR. Fig. 2i compares the TTI of the
natural wood and flame-retardant wood at a heat flux of 35 kW/m2. It
can be seen that the TTI of the flame-retardant wood (89 s) is much
higher than that of the natural wood (39 s). Moreover, the EHC of the
flame-retardant wood (21 kJ/g) is much lower than that of the natural
wood (24.7 kJ/g), indicating the reduction of heat emission ability of
the flame-retardant wood during combustion (Fig. S6). The delayed
ignition time and reduced heat emission of the flame-retardant wood
benefit from the efficient thermal and oxygen barrier of the bentonite
nanosheets, combined with its dense structure. As shown in Fig. 2j, the
peak HRR of the flame-retardant wood (240.8 kW/m2) not only
decreased by about 32% than the natural wood (164.9 kW/m2), but also
shifted to a longer exposed time, which indicates the formation of
insulating surface char layer and a lower fire growth rate. Owing to the
presence of the bentonite nanosheets coating on the flame-retardant
wood, an insulating surface char with high thermal stability will be
generated in the burning process, which could effectively inhibit the
transfer of heat and oxygen.
THR is another important parameter for evaluating the influence of
the fire hazard. To evaluate the fire behavior of the natural wood and
flame-retardant wood, we studied their THR using the wood samples
with the same thickness. It’s worth noting that the original thickness of
the flame-retardant wood before densification is about 2.5 times larger
than the natural wood. Considering that the flame-retardant wood
contains more cellulose, it may show an increase in THR compared with
the natural wood. However, as can be seen in Fig. 2k, the THR of the
flame-retardant wood is apparently lower than that of the natural wood,
indicating its excellent flame retardancy. The thermal stability of the
wood samples is also measured by the thermogravimetric analysis (TGA)
under the air atmosphere. As shown in Fig. 2l, the flame-retardant wood
exhibits a higher decomposition temperature than that of the untreated
natural wood. In addition, the flame-retardant wood still maintains a
residual mass fraction of about 23%, while the natural wood is almost
completely decomposed at 460 ◦ C. Moreover, the TGA curves in the
nitrogen atmosphere also reveal a similar result (Fig. S7). These results
reveal that the three-step treatment method can simultaneously endow
the wood materials with excellent mechanical and flame-retardant
properties.

3.3. Electrical performance of the FW-TENG
To quantify the electrical output performance of the FW-TENG, a
commercial PTFE film was used as the moving object to produce contactseparation movement relative to the FW-TENG (area, 5 × 5 cm2). The
thickness of the flame-retardant wood is first optimized, since it plays a
crucial role in the electrical output and fire-retardant performance of the
FW-TENG. As shown in Fig. 3a–c, the open-circuit voltage (VOC), shortcircuit current (ISC), and transferred charge (ΔQ) of the FW-TENG
decrease with the increase of the thickness of the flame-retardant
wood, which can be ascribed to the reduction of the electrostatic
induced charges. Fig. S8 compares the TTI between TENGs fabricated
with natural wood and flame-retardant wood of different thicknesses. It
can be observed that the TTI of the FW-TENG improves as the thickness
increases, and has a significant improvement (2100%) when the thick
ness is 3 mm. When using different kinds of wood, similar flameretardant property improvement could be observed, proving the uni
versality of our wood treatment method (Fig. S9). Additionally, the
electrical output of the TENGs based on natural wood and flameretardant wood is comparable, indicating that our wood treatment
method can effectively improve the flame retardancy of the wood-based
TENG without sacrificing its electrical output performance (Fig. 3d).
To evaluate the effective output performance of the FW-TENG, the
output voltage was measured with various resistances applied as the
external load. The relationship between the output voltage/power and
the resistance is plotted in Fig. 3e. Under an external load resistance of
50 MΩ, the maximum peak output power density of 24.2 mW/m2 can be
achieved. To further evaluate its charging ability, the FW-TENG is used
to charge different capacitors (1–10 μF) with a linear motor under a
frequency of 4 Hz (Fig. 3f). The charging rate decreases with the increase
of the capacitance, and the voltage of the 10 μF capacitor can be raised to
2 V within 195 s. As shown in Fig. 3g, the output voltage of the FWTENG only has a little decay in the continuous operation of 50,000 cy
cles, confirming the superior stability and durability of the FW-TENG.
The output performance of the FW-TENG at different humidities is
also investigated (Fig. S10). Fig. S11 presents a general study of outputs
of the FW-TENG in response to various materials that are commonly
used, which reveals the widespread applicability of the FW-TENG in a
variety of circumstances.
Owing to its excellent output performance, the FW-TENG can also be
utilized as a self-powered pressure sensor. Fig. 3h shows the relationship
between the output voltage signal and applied pressure ranging from
0 to 15 kPa. It is worth noting that the curve can be divided into two
distinct regions. When the applied pressure is less than 2 kPa, a high
sensitivity of 20.55 V/kPa is achieved with excellent linearity. In the
high-pressure region (>2 kPa), the pressure sensitivity drops to 1.69 V/
kPa, but still has good linearity. Moreover, the self-powered pressure
sensor exhibits a rapid response time of about 50 ms (Fig. 3i). These
results indicate that the FW-TENG possesses superior electrical perfor
mance and will have great potential in self-powered sensing and selfpowered systems.
3.4. Flame-retardant property of the FW-TENG
In order to evaluate the burning behavior of the TENGs fabricated
with flame-retardant wood and natural wood, we exposed the TENG
devices to an open flame. As shown in Fig. 4a, the natural wood-based
TENG was quickly ignited within 26 s, resulting in a strong flame at
40 s. In comparison, the FW-TENG began to burn after being exposed to
the candle flame for 95 s, and rapidly self-extinguished after a few
seconds when removed from the igniting flame (Fig. 4b). The delayed
time to ignition and self-extinguishing effect of the FW-TENG could be
attributed to the 3D volumetric infiltration of the bentonite nanosheets,
forming an inorganic framework through the wood structure. In addi
tion, the densely packed structure of the flame-retardant wood also
contributes to the enhanced flame resistance, reducing the
5
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Fig. 3. Electrical output performance of the FW-TENG. (a–c) VOC (a), ISC (b), and ΔQ (c) of the FW-TENG fabricated with flame-retardant wood of different
thicknesses. (d) Comparison of the output performance between TENGs based on natural wood and flame-retardant wood with thickness of 2 mm. (e) Dependence of
the output voltage and peak power of the FW-TENG. (f) Charging curves of the FW-TENG for different capacitors. (g) Stability and robustness measurement of the
FW-TENG. (h) The summarized relationship between output voltages and pressures. (i) Real-time fast response (50 ms) of the FW-TENG as a self-powered pres
sure sensor.

concentration of oxygen necessary for the fire to burn. Fig. 4c shows the
inner structure of the burned flame-retardant wood. It can be observed
that the hierarchical wood structure was preserved after burning, and
the bentonite nanosheets remained on the wood surface. DEX mapping
of the burned flame-retardant wood further verified the presence of Al
and Si elements, which are derived from the bentonite nanosheets
(Fig. 4d and e). The detailed combustion processes of the TENGs fabri
cated with natural wood and flame-retardant wood are shown in Videos
S1 and S2.
To further evaluate the flame retardancy of the FW-TENG, we
measured its electrical output performance after different combustion
experiments. Fig. 4f shows the normalized output voltage of the FWTENG after burning different areas. Although a part of the FW-TENG
was burnt down, the undamaged part can still be used for converting
mechanical energy into electricity. The influence of the temperature on
the electrical output of the TENGs fabricated with natural wood and
flame-retardant wood is also studied. Fig. S12 illustrates the schematic
diagram of the corresponding measurement platform. As shown in
Fig. 4g, the output power of two types of TENGs both declines with the
increase of the temperatures, which is due to the decrease of surface
charge density by electron thermionic emission [54]. However, the
FW-TENG exhibits an obviously larger output power than the natural
wood-based TENG when the temperature is higher than 150 ◦ C. Even

under 250 ◦ C, 60.5% of its initial electrical output can still be retained,
indicating the excellent heat resistance of our FW-TENG. Fig. 4h com
pares the output voltage of the TENGs after different burning times. The
electrical output of the natural wood-based TENG decreases rapidly with
the increase of the burning time. After burning 40 s, the TENG was
completely damaged and unable to generate electric output. In contrast,
the FW-TENG can maintain a 68% electrical output even after burning
60 s, indicating its outstanding flame resistance.
3.5. Self-powered fire monitoring and escape route guidance
Owing to its superior electrical output performance and flameretardant property, the FW-TENG has great application potential in
the building fire protection field, where traditional power supply is
likely to collapse. For demonstration, a self-powered intelligent wireless
fire monitoring system was first constructed using the FW-TENG as a
self-powered tactile sensor. Fig. 5a illustrates the working mechanism of
the self-powered system. While tapping the FW-TENG by the human
hand, the mechanical energy can be transformed into electrical signal.
After multi-channel signal acquisition and processing, real-time fire
alarms with accurate position information can be displayed in the pro
gram and wirelessly sent to personal electronics. The conceptional
application of the FW-TENG used in self-powered fire monitoring is
6
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Fig. 4. Flame-retardant property of the FW-TENG. (a,b) Photographs showing the combustion process of the TENG fabricated with natural wood (a) and flameretardant wood (b). (c) SEM image of the flame-retardant wood after combustion, showing the preserved hierarchical wood structure. (d,e) EDX mapping of the
flame-retardant wood after combustion, showing the presence of the bentonite nanosheets in the infiltrated wood structure. (f) Normalized voltage of the FW-TENG
after burning different areas. (g) Normalized voltage of the TENGs fabricated with natural wood and flame-retardant wood under different temperatures. (h)
Normalized voltage of the TENGs fabricated with natural wood and flame-retardant wood under different burning times.

shown in Fig. 5b. Fig. 5c demonstrates the self-powered intelligent
wireless fire monitoring system, containing 6 FW-TENG units repre
senting different rooms. The small circuit boards of the signal acquisi
tion, processing, and WIFI transmission modules are shown in Fig. 5d.
The enlarged view of this self-powered system is shown in Fig. 5e. When
tapping the FW-TENGs representing different rooms by human hand, the
corresponding fire alarm was raised in the program for alerting the ac
curate fire position. Meanwhile, an alerting email was wirelessly sent to
the mobile phone via WIFI transmission, which is significant for fire
fighters in search and rescue activities when a fire happens (Fig. 5f and
Video S3).
Determining the correct direction of the escape route is essential to
reduce unnecessary injuries and deaths in fire accidents. However,
traditional electronic escape instructions generally rely on external

power sources, which cannot normally work without electricity under
extreme fire situations. As an energy harvester, the FW-TENG was also
used to construct a self-powered escape route guidance system. Fig. 5g
depicts the conceptional application of the FW-TENG for realizing selfpowered escape route guidance inside a building. As demonstrated in
Fig. 5h and Video S4, by harvesting the human walking and running
energy, the FW-TENG embedded on the floor was successfully used to
drive the indicator lights, which will be helpful to display the escape
direction for people under fire conditions. To verify the durability of the
self-powered escape route guidance system, the ΔQ of the FW-TENG was
measured under continuous stepping motion for 30 min. As shown in
Fig. S13, there is almost no significant drop in the transferred charge
signal after continuously stepping on the FW-TENG for 30 min at a
frequency of about 1 Hz. Besides, the indicator lights can still be lighted
7
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Fig. 5. Application of the FW-TENG in self-powered fire alarm and escape route guidance. (a) Schematic diagram of the self-powered intelligent wireless fire
monitoring system. (b) Schematic illustration of the FW-TENG used in self-powered fire alarm. (c) Demonstration of the self-powered intelligent wireless fire
monitoring system. (d) Photograph of the signal acquisition, processing, and wireless transmission circuit board. (e) Screenshot showing the fire alarm of the selfpowered system. (f) Screenshot of the mobile phone showing the fire alert email. (g) Schematic illustration of the FW-TENG used in self-powered escape route
guidance. (h) Photograph of the indicator lights for route guidance powered by the FW-TENG.
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up normally after 30 min, confirming the superior stability of the selfpowered system (Video S5). Overall, these results clearly demonstrate
the practicability of our FW-TENG in self-powered building fire pro
tection and can provide effective solutions for public safety and emer
gency management.
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