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Power lithium–ion batteries retired from the electric vehicles (EVs) are confronting many problems such as environment
pollution and energy dissipation. Traditional photovoltaic (PV) battery systems are exhibiting many issues such as being bulky
and expensive, high working temperature, and short service span. In order to address these problems, in this study, a novel
PV–battery device integrating PV controllers and battery module into an independent device is proposed. Phase change
material (PCM) as the energy storage material has been utilized in battery module, and the aluminum honeycomb is combined
with PCM to improve the heat conductivity under natural convection conditions. Three types of PV battery systems including
the general PV–battery integrated system (G–PBIS), honeycomb PV–battery integrated system (H–PBIS), and honeycomb–
paraffin PV–battery integrated system (HP–PBIS) have been investigated in detail. The results reveal that the maximum
temperature of the HP–PBIS coupling with the double–layer 10 × 165 × 75mm3 PCM was reduced to 53.72°C, exhibiting an
optimum cooling effect among various PV battery systems. Thus, it can be concluded that the aluminum honeycomb provides
the structural reliability and good thermal conductivity, and the PCM surrounding battery module can control the temperature
rising and balance the temperature uniformly. Besides, the optimum PV–battery integrated system performs a promising
future in energy storage fields.

1. Introduction

With the global shortage of fossil fuels and the aggravation
of environmental pollution, countries are vigorously pro-
moting the use of renewable energy and improving the
energy efficiency such as solar energy and wind power
[1, 2]. The photovoltaic (PV) power generation has been
regarded as an inventible source of green energy owing
to its natural advantages such as low operational cost,
low maintenance, high availability, and reliability. How-

ever, the use of solar energy depends on weather condi-
tions to a large extent, which are intermittent and
unstable. Hence, a power storage device such as a battery
is required to store excessive power during off-peak hours
and supplied to power electrical equipment during peak
hours to ensure that a reliable power source [3, 4]. Many
challenges have been encountered in traditional PV energy
storage applications and their manufacturing processes,
such as connecting PV systems with battery modules,
installation locations, high installation cost, maintenance
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cost, and structural reliability issues. The aforementioned
problems are urgently needed to solve for speeding up
the PV system development [5, 6].

In recent years, some investigations have focused on
integrating photovoltaics with batteries into a system. To
provide a scalable and compact power supporting solution
to the system, there are many endeavors that have been car-
ried out for designing and exploring corresponding portable
electronic devices. Ravi et al. [7] conducted an optimized
solar PV/battery energy storage off-grid integrated renew-
able energy system. The proposed energy system exhibited
a remarkable energy-saving effect. Li et al. [8] proposed a
small hybrid power system of PV cell and sodium borohy-
dride hydrolysis-based fuel cell. The experimental results
indicated that the aforementioned system could switch the
power supply automatically and timely under various emer-
gency conditions, and the output voltage remains stable all
the time. Fang et al. [9] developed a two-layer game theoretic
microgrid capacity optimization scheme considering uncer-
tainty of renewable energy. The corresponding data con-
firmed the effectiveness of the proposed model. Solomon
et al. [10] utilized triple-junction thin-film silicon solar cell
connecting directly to a lithium ion battery to realize the
charging of the battery and in turn discharging the battery
through the solar cell, which showed that an appropriate
voltage matching the solar cell provided efficient charging
for lab-format lithiumion storage battery, and this simple
integrated device performed good sustainability. Grzesiak
et al. [11] put forward a portable PV module that was com-
bined with the battery and innovative system for power
management. It was an innovative system that quickly and
accurately supporting the elevation and declination angle
and monitoring the state of charge (SOC) and discharge of
the module. Besides, Vega-Garita et al. [12] proposed a
device combining all the components of a solar-battery
system in one device, and the results revealed that a thermal
analysis using finite element method models and prototype
experiments could confirm its feasibility. However, few
studies have investigated the controlling-temperature per-
formance of the battery in the PV-battery integrated equip-
ment. Besides, the temperature of the silicon layer and the
structural strength of the device are also rarely mentioned
in the present research.

Phase change material (PCM) has been widely utilized in
heat storage owing to the capability of releasing and storing
large amount of latent heat during melting and solidification
process [13, 14]. Bouadila et al. [15] presented new solar air
collectors with a packed-bed latent heat storage system using
PCM spherical capsules. Kabeel et al. [16] investigated the
parameters that could affect the thermal performance of
the flat and v-corrugated plate solar heat collectors with/
without using built-in PCM as thermal energy storage mate-
rial. Khadraoui et al. [17] studied solar collectors with/with-
out PCM, which is aimed at evaluating the thermal
performance of PCM unit, and the results revealed that
PCM in solar collectors could increase the outlet air temper-
ature of the collector. Besides, it had desirable temperature
range for battery thermal management, which could also
be applied in PV-battery integrated equipment.

Recently, honeycomb structure materials have attracted
much attention in many fields. Honeycomb with light-
weight loading structure can not only provide various sizes
and thickness according to the device but also support
with good mechanical and thermal performance. Besides,
installing a honeycomb core between materials can obvi-
ously improve crash resistance and stable deformation per-
formances [18, 19]. The honeycomb structure fin structure
in a heat storage panel can be benefit for improving the
thermal conductivity of PCM for increasing the thermal
management effectiveness [20–22]. Abuska et al. [23]
investigated the effect of honeycomb core on the latent
heat storage with PCM in solar air heater. The experimen-
tal data showed that the daily efficiency was improved by
2.6–22.3 and charge-discharge times was significantly
shortened owing to the participation of honeycomb. Hasse
et al. [24] presented that honeycomb panels with PCM,
which could improve the thermal conductivity and avoid
the leakage phenomenon. Xie et al. [25] put forward a
composite material combined the shape–stabilized PCM
with aluminum honeycomb applied in thermal controlling,
and the results demonstrated that the participation of alu-
minum honeycomb structure could maintain the tempera-
ture variation of the heating source within a much smaller
range. Abuşka et al. [26] proposed a novel solar air collec-
tor consisting the PCM–Rubitherm RT54HC of aluminum
honeycomb, furtherly focused on effect of using honey-
comb core on the collector thermal performance regarding
heat storage with PCM under natural convection condi-
tion. Nevertheless, the PCM–honeycomb structure has
already been utilized; it should be further exploring a PV
device with battery module to obtain much longer and
more stability lifetime in practical application.

(a) G-PBIS (b) H-PBIS

(c) HP-PBIS (d)

PV module

Battery

Aluminum honeycomb

PCM

Aluminum plate

Figure 1: Geometric model designs of PBIS: (a) G–PBIS, (b) H–
PBIS, (c) HP–PBIS and (d) Description of PBIS components.
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Power lithium–ion batteries retired from electric vehi-
cles (EVs)/hybrid electric vehicles (HEVs) always bring
about many severe issues, such as environment pollution
and energy waste [27–30]. On the contrary, if the retired
batteries could be utilized furtherly, they not only provide
a circular economy possibility but also improve the effi-
ciency of energy. PV–battery system is a promising
research orientation because it can absorb the heat energy
from solar and storage the energy in batteries. Until now,
there are few researches on the thermal management of
heat storage equipment including battery module with alu-
minum honeycomb and PCM. In this study, a novel PV–
battery system integrating PV controllers and battery
module into an independent device is proposed. Moreover,
the aluminum honeycomb and PCM are combined for
carrying out thermal management and the evaluation of
heat dissipation performance. Hence, this study is aimed
at investigating the thermal behaviors of the PV–battery
integrated system.

2. Model and Solution

2.1. Designs for the Geometric Model. There were two basic
geometric model designs of PV–battery integrated system
(PBIS) with a PV module as outer shell in this study. As shown
in Figure 1(a), it was the general PV–battery integrated system
(G–PBIS) and the air domain with the size of 3000 × 1200 ×
600mm3 (length × width × height). The PV module size was
3000 × 1200 × 600mm3 (length × width × height), which con-
tained 2 × 7 battery arrays, a controller, and a junction box.
The sizes of the single battery, the controller, and junction box
were 160 × 75 × 10mm3 (length × width × height), 100 × 200
× 15mm3 (length × width × height), and 100 × 100 × 15mm3

(length × width × height), respectively. From Figure 1(b), it
showed the honeycomb PV–battery integrated system (H–
PBIS) and the air domain. It could be observed that the H–PBIS
with several additional aluminum honeycombs surrounds the
batteries as their array. Besides, the controller and the junction
box are put inside of H–PBIS. Additionally, Figure 1(c)
describes the structure of honeycomb–paraffin PV–battery inte-
grated system (HP–PBIS).

It is worth noting that the differences between G–PBIS
and H–PBIS were that several additional aluminum honey-
combs filled with space other than the battery array, the
controller, and the junction box in H–PBIS, as shown in
Figure 2. Moreover, the flow of wind during natural cooling
is described in Figure 2. The size of aluminum honeycomb
was 60 × 0:1 × 30mm3 ðlength × width × heightÞ. Addition-
ally, the physical property parameters used in the simulation
are shown in Table 1.

2.2. Governing Equations and Boundary Conditions. The
boundary conditions of the inlet and outlet were set as veloc-
ity–inlet and pressure–outlet, respectively. The thermal con-
tact resistance should be neglected owing to its high heat
transfer efficiency inside of the device. The inlet water tem-
perature was equal to ambient temperature, as shown in
Figure 2, where air entered (inlet) with a certain velocity at
the right and left (outlet) at the left.

There were two main heat transfer models in this study,
and the heat transfer in solids was given by the diffusion
equation as follows:

ρcp
∂T
∂t

= ∇∙ k∇Tð Þ + _Q, ð1Þ

Wind

Air PV module Battery Controller Junction box

x
z

y

(a)

Aluminum honeycomb

Air PV module Battery Controller Junction box

Wind

x
z

y

(b)

Figure 2: The schematic of the PV–battery integrated systems: (a) G–PBIS, and (b) H–PBIS.

Table 1: Physical property parameters used in the simulation.

Materials ρ (kg·m-3) c (J·kg-1·k-1) k (W·m-1·k-1) μ (Pa·s)
Aluminum 2719 871 202.4 —

Battery 2705 1756 2 —

EVA 960 2090 0.35 —

Glass 3000 500 1.8 —

Si 2330 677 148 —

Junction box 1760 1.463 0.1 —

Converter 1100 1300 0.3 —

Air 1.169 1.004 0.02 17:9 × 10−6

PCM 1355 1975 1.5 —
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Figure 3: Continued.
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where k was the thermal conductivity (W·m-1·k-1), T stood
for temperature vector, _Q was heat generation rate (W), ρ
was density (kg·m-3), cp was specific heat (J·kg-1·k-1), and t
was time (s). And Equation (1) is applied to the PV module,
the batteries, the controller, the junction box, and the PCM.

The heat transfer in fluids was calculated using

ρcp
∂T
∂t

+ ρcp u∇Tð Þ = ∇∙ k∇Tð Þ + _Q, ð2Þ

where u presented the velocity vector of air.
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Figure 3: Initial weather data: (a) wind speed, (b) air temperature, and (c) irradiation intensity.
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Figure 4: The current of the PV energy storage system.

Table 2: Technical parameters of the retired LiFePO4 power
batteries.

Items Technical parameters

Nominal voltage/capacity (V/Ah) 3.2/20

Cutoff voltage of charge (V) 3.65

Cutoff voltage of discharge (V) 2.0

Max charge current (A) 100

Max discharge current (A) 100

Size (mm) 152 × 120 × 22
Operating temperature range (°C) 25–50
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The momentum conservation equation for air was as
follows:

μ∇2−∇p = ρ u∙∇Tð Þ + ρ
∂u
∂t

: ð3Þ

The continuity equation for air was given by

∇∙u = 0, ð4Þ

where μ stood for viscosity and p for pressure in all direc-
tions. Equation (2) and (3) were completely coupled since
both equations include the velocity term u.

The irradiance (G) would cause heat generation of the
glass layer and the silicon layer of PV module. The glass
layer generates little heat, which had a small impact on the
overall calculation and could be ignored. Hence, the heat
production of the silicon layer in the PV module was only
considered in this study. The contribution of the heat gener-
ated in the silicon layer was defined as follows [31]:

Qsi =
G 1 − Rð Þ 1 − Aglass

� �
1 − ηPVð Þ

tsi
, ð5Þ

where R = 7% was the reflectivity of glass layer, Aglass was
glass area, ηPV = 0:162 was efficiency of PV panel, and tsi
was silicon layer thickness.

2.3. Input Environment Data. In order to improve the
authenticity of the research, the data of the Shunde Sun
Yat-sen University Institute for Solar Energy (N 22°54′
27.55″, E 113°12′1.22″) were selected. The data of wind
speed, air temperature, and irradiation from 5 am to 18
pm were recorded from the first day to the sixth day, as
shown in Figure 3. Besides, the current of the PV energy
storage system for six consecutive days was detected, which

are shown in Figure 4. The significance of the data in
Figure 4 is to obtain the heat production of the battery in
the subsequent in order to ensure more accurate original
input data of the simulation.

2.4. Thermal Behaviors of Power Batteries. In order to verify
the feasibility of decommissioned power batteries that have
been retired from EVs/HEVs after two years of use, some
decommissioned lithium iron phosphate power batteries
(3.2V/20Ah) of the same batch were selected for experi-
mental research. It is worth noting that the technical param-
eters of the retried batteries were described in Table 2. The
schematic diagram of the experimental platform for heat
generation testing is shown in Figure 5. To measure the heat
generation behaviors of the battery during charging and dis-
charging electrochemical reaction processes, a battery was
enclosed in a thermostat (BTH–800, Dongguan Bell Co.
Ltd., China) maintaining a constant ambient temperature
of 30°C. The temperature variations of the battery were col-
lected by a temperature acquisition instrument (Agilent
34970 A, Agilent Technologies Inc. China) through connect-
ing with thermocouples (OMEGA type TT–T–30–SLE–1M,
Norwalk, CT, USA; accuracy of ±0.1°C). Besides, the charge
and discharge experiments were carried out by employing a
battery testing equipment (BTS–50V/120 A–NTF, Shenzhen
Neware Electronics Co. Ltd., China). From Table 3, the heat
production behaviors of aforementioned power batteries at
different discharge rates could be obtained.

As described in Figure 5, both of the data logger and bat-
tery testing equipment were connected with a computer. The

Thermostat

Battery testing equipment Computer

Battery

Temperature date logger

Thermocouple
Signal transfer
Charge/discharge
Place in

Figure 5: Battery heat production test experimental platform.

Table 3: Heat production rate of LiFePO4 batteries at different
discharge rates.

Discharge rate (C) 1.0 1.5 2.0 3.0 4.0 5.0

Heat production (W) 1.26 12.77 14.42 25.81 132.37 212.49
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Figure 6: Continued.
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battery was conducted for 1.5C high-rate charge experiment
and discharged at 1.0C, 2.0C, 3.0C, 4.0C, and 5.0C rates,
respectively and the temperature variations are shown in
Figure 6(a). Figure 6(b) presents the average temperature
of the battery when discharged at 3.0C rate and the T ∼ t
curve fitted by the polynomial method. The fitting formula
can be expressed as follows:

T = at + b, ð6Þ

dT
dt

= a: ð7Þ

In the formula, a = 0:00985, b = 31:645, T was the aver-
age temperature of the battery at 3C discharge rate, and t
is the discharge time. Then, the average heat generation rate
of the battery at 3C discharge rate could be expressed as fol-
lows:

q3C = Cpma ≈ 25:81W: ð8Þ

3. Results and Discussions

Three types of PBIS containing of G–PBIS, H–PBIS, and
HP–PBIS were studied in this research. Considering the
higher ambient temperature in the daytime than the night,
furtherly affecting the battery in the PBIS, this research
focused on the temperature changes of the PBIS when there
was solar radiation during the specific time period of the

day: from 5 am to 18 pm, and the research time range con-
verted into the transient model was 0–46800 s.

3.1. Independence Test of Grid Number. To make sure the
calculation accuracy of the transient simulation, the inde-
pendence test of grid number was performed. As presented
in Figure 7(a), the temperature of the middle face of the
two batteries in 40000 s was used to measure the indepen-
dence of the grid number, and the testing results are exhib-
ited in Figure 7(b). When the grid number increased from
465094 to 1710940, the temperature variation rate was only
0.076%. Hence, the grid number of 465094 was utilized in
this study.

3.2. Temperature Analysis of G–PBIS. As shown in Figure 8,
in order to study the changes of the internal temperature
of G–PBIS under the natural environment condition, the
temperature nephograms at 15000 s, 25000 s, 35000 s, and
45000 s were selected as representatives. It should be
known that the highest temperature zone at the G–PBIS
usually changed from PV panel to the battery areas. In
order to further illustrate the temperature changes inside
the G–PBIS, the temperatures of the points Psi1 – Psi7
described in Figure 9(a) were taken in the silicon layer
of the G–PBIS, and the temperature measuring results
are shown in Figure 9(b). Additionally, the temperature
point arrangement of the eight upper surfaces Pb1 – Pb8
and one lower surface Pb9 of the battery are described in
Figure 9(c), and the temperature curves are shown in
Figure 9(d). From Figure 9(b), it could be seen that the
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Figure 6: Battery heat generation behaviors: (a) experiment data, (b) simulated data, and (c) input data.
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maximum temperature of the silicon layer in a day
reached 84.95°C, and the maximum temperature difference
was maintained within 24.82°C. The working efficiency of
solar cells would decrease as the temperature increased.
At the same time, due to the thermal expansion properties
of the material, the existence of temperature differences
also led to the generation of internal thermal stress in
PV modules, which furtherly accelerated the aging and
performance degradation of PV modules. Simultaneously,
it could be observed that the maximum temperature of
the battery also reached the maximum value of 87.93°C,
and the maximum temperature difference came to
17.96°C. This would greatly reduce the operating perfor-
mance and shorten the service life of lithium–ion batteries
with an operating temperature range of 25–50°C. What
was more, high temperature would easily give rise to ther-
mal runaway (TR). Therefore, in order to assure the device
more secure and durable, exploring an effective structure
and design for PBIS for controlling its internal tempera-

ture and stretching the temperature distribution is very
necessary.

3.3. Temperature Analysis of H–PBIS. The temperature con-
tours of the H–PBIS at 15000 s, 25000 s, 35000 s, and 45000 s
are shown in Figure 10. It could be seen that the temperature
of the H–PBIS was obviously lower than that of the G–PBIS
after laying out the aluminum honeycomb. At the same
time, the highest temperature area inside the H–PBIS could
be also gathered to the batteries. Around the battery array, it
could be obviously seen that the high thermal conductivity
of aluminum honeycomb reduced the internal temperature
of the PBIS to a certain degree. Moreover, the battery tem-
perature variations of H–PBIS were also collected. As could
be seen in Figure 11, the maximum battery temperature of
H–PBIS reached 78.48°C, and the maximum temperature
difference was decreased to 16.36°C, which was obviously
lower than that of G–PBIS.
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Figure 7: Details and results of grid independence tests: (a) detection point diagram and network and (b) independence verification results.
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Nevertheless, in order to obtain more excellent thermal
management effect, the structure of aluminum honeycomb
was valuable and worthy for improving furtherly. The H–
PBISs with various side lengths such as 45mm, 75mm,
90mm, and 105mm were designed, respectively. In addi-
tion, the thickness and height of the aluminum honeycomb
were also maintained at 0.1mm and 30mm, respectively.
As the operating conditions of the H–PBIS with a side
length of 60mm, the temperature cloud diagrams had been
taken at 25000 s. As shown in Figure 12, the maximum
temperatures reached 78.9°C, 78.5°C, 77.4°C, 75.6°C, and
76.5°C, when the side lengths of aluminum honeycombs
are 45mm, 60mm, 75mm, 90mm, and 105mm, respec-
tively. It showed that the temperature of the H–PBIS grad-
ually decreased as there is an increase of the side length of
the aluminum honeycomb. Surprisingly, it rose when it
came to the highest value of 105mm. Thus, it could be
concluded that 90mm was the optimal side length design
of H–PBIS. However, the maximum temperature of battery
in H–PBIS still reached a relative temperature of 75.6°C
with 90mm aluminum honeycomb side length, which
would bring out severe safety issues and risks for lith-
ium–ion batteries. Thus, it is essential to design a more effi-
cient heat dissipation approach to make the battery module
operating within a reasonable temperature range.

3.4. Temperature Analysis of HP–PBIS. Considering the par-
ticular advantages of PCM, such as high latent heat, low

cost, and suitable phase transition temperature, it was
selected and utilized for absorbing the heat generated from
the battery module in the device. The battery module was
designed and investigated with three different types of
PCM (melting point: 35–45°C; latent heat: 165 J/g; thermal
conductivity: 1.5W/m·k) for thermal management, includ-
ing single layer with the size of 5 × 165 × 75mm3; single
layer, 10 × 165 × 75mm3; and double layers, 10 × 165 × 75
mm3. The above-mentioned composite PCMs are com-
posed of 78% paraffin, 5% expanded graphite, 5% flame
retardant, and 12% polyethylene glycol. What is worth
noting is that the thickness and volume of the PCM are
determined by the size of the battery, the heat generation
of the PCM battery, and the thickness of the photovoltaic
module.

As shown in Figure 13, H–PBIS coupled with three
types of PCM structures were marked as HP–PBISa,
HP–PBISb, and HP–PBISc, respectively. The temperature
cloud diagrams of the aforementioned three structures at
the time of 25000 s are described in Figures 13(d)–13(f),
respectively. Testing results indicated that the highest tem-
peratures of HP–PBISa, HP–PBISb, and HP–PBISc were
68.3°C, 64.7°C, and 58.1°C, respectively, which were lower
than the lowest temperature (75.6°C) of H–PBIS at
25000 s. It could be concluded that compared with H–
PBIS with single aluminum honeycomb structure, the hon-
eycomb–PCM coupling structure played a vital role in
slowing down the temperature rising rate.
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Figure 8: Temperature contours of G–PBIS under air convection mode: (a) 15000 s, (b) 25000 s, (c) 35000 s, and (d) 45000 s.
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The temperature changes of the maximum temperature
points of the batteries among the three types of HP–PBIS
are exhibited in Figure 14(a). When the temperature
increased to 35°C, the PCM started to change from solid to
liquid, and most of the heat generated by the battery was
absorbed by the PCM in the form of latent heat, effectively
reducing the battery temperature rise gradient and control-
ling the peak temperature. As could be seen from
Figure 14(a), the maximum temperatures of the internal
batteries of HP–PBISa, HP–PBISb, and HP–PBISc were
69.11°C, 65.42°C, and 53.72°C, respectively. Besides, the tem-
perature changes of the internal batteries and the maximum
temperature difference in HP–PBISc are also analyzed in

Figure 14(b), the maximum temperature was 53.72°C, and
the maximum temperature difference was 8.34°C, which
were obviously lower than that of the G–PBIS and H–PBIS.
These corresponding results furtherly confirmed that H–
PBIS coupling with PCM would greatly improve thermal
performance.

3.5. Validation of the Simulation Model. In this section,
referring to the research results of numerical simulation,
three sets of testing experiments were carried out. As
shown in Figure 15, two retired lithium iron phosphate
power batteries with a nominal capacity of 20Ah and
50% SOC were connected in series. Then, we attached
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Figure 9: Schematic and measuring results of G–PBIS: (a) detection point diagram of silicon layer in G–PBIS, (b) temperature variations of
silicon layer in G–PBIS, (c) detection points distribution of batteries in G–PBIS, and (d) temperature variations of batteries in G–PBIS.
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the thermal conductive silica gel for the battery to the alu-
minum plate, referred to the G–PBIS model and named it
PBIS–a. After that, on the basis of PBIS–a, some alumi-
num honeycomb structures were added to fill the space
except the battery and the junction box, which was
PBIS–b. Next, based on PBIS–b, adding two PCM plates
(thermal conductivity: 1.65W/(m·k); latent heat: 153.19 J/
g) to the upper and lower surfaces of each battery, which
was named PBIS–c. After the aluminum plate assembly
was finished, the polycrystalline PV module with a rated
power of 50W was connected to one end of the solar con-
troller with maximum power point tracking. Simulta-
neously, the other end of the solar charge controller was
connected in series with the battery, and then two thermo-
couples were connected to the front and back of the
selected battery.

After connecting all the components and measuring
equipment, three PV energy storage integrated systems
were placed under a small solar simulator, which gener-
ated a constant radiation of 400W, and then tested under
the ambient temperature of 20°C.

After an hour of testing, the lighting simulator was
turned off and the infrared camera images of each experi-
mental group were recorded at the end. As shown in
Figure 16, the highest point temperature of PBIS–a,
PBIS–b, and PBIS–c reached 42.9°C, 41.2°C, and 38.0°C,
respectively. The average temperature changing curves of
the two battery surfaces are exhibited in Figure 17. As
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Figure 10: Temperature contours of H–PBIS under air convection condition: (a) 15000 s, (b) 25000 s, (c) 35000 s, and (d) 45000 s.
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expected from the results of the numerical model, the
experimental group integrating the PCM and the alumi-
num honeycomb presented a lower temperature and a
slower temperature rise gradient, finally exhibiting the out-
standing heat dissipation effectiveness under the same light

conditions, ambient temperature, and natural convection
environment. This result further verified that the combina-
tion of aluminum honeycomb and PCM could play a
significant role in controlling the temperature rise of the
PBIS.
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Figure 12: Temperature contours of H–PBIS with different side lengths of aluminum honeycomb: (a) 45mm, (b) 75mm, (c) 90mm, and
(d) 105mm under air convection condition at 25000 s.
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4. Conclusions

The integration system of solar energy and lithium ion bat-
tery without any extra control electronics attracted much
attention, which was regarded as a compact and longtime
service solution for portable electronic devices and energy
storage fields. In this paper, three finite element models of
PV–battery integrated systems containing of G–PBIS, H–

PBIS, and HP–PBIS were particularly proposed and investi-
gated. For G–PBIS, the maximum temperature of the battery
reached 87.93°C. For comparison, the maximum tempera-
ture of the battery in H–PBIS filled with 90mm aluminum
honeycomb came to 78.48°C. In order to further reduce
the battery temperature, a structural model of the battery
coupling with PCM was developed. The results revealed that
the maximum temperature of the HP–PBISc battery
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combining with the double layer 10 × 165 × 75mm3 PCM
was decreased to 53.72°C. Compared with G–PBIS, the max-
imum temperature of HP–PBISc was decreased to 34.21°C.
Moreover, the temperature consistency was greatly pro-
moted with the peak temperature difference reducing from
17.06°C to 8.34°C. Hence, it could be concluded that the
optimum PV–battery integrated system could not only
maintain the battery module within a relative suitable oper-
ating temperature range but also provide an effective and
feasible system for renewable energy solution in practical
application.
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