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Abstract: Through experiments and numerical simulation, this paper studies the related performance
of a photovoltaic thermoelectric radiation cooling window structure, verifies the accuracy of the
established solar thermoelectric radiation window calculation model, and analyzes the cooling
performance of different parameters of thermoelectric sheet, radiation plate, and photovoltaic panel.
On the basis of considering the relationship between the power generation and power consumption
of the structure, the numerical calculation results show that the solar thermoelectric radiation window
with non-transparent photovoltaic module (NTPV) has a total cooling capacity of 50.2 kWh, power
consumption of 71.8 kWh, and power generation of 83.9 kWh from June to August. The solar
thermoelectric radiation window with translucent photovoltaic module (STPV) has a total cooling
capacity of 50.7 kWh, power consumption of 71.7 kWh, and power generation of 45.4 kWh from June
to August. If the operation time of the thermoelectric module is limited, when the daily operation
time of TEM is less than 8 h, the power generation of STPV can meet the power consumption demand
of the thermoelectric radiation window from June to August.

Keywords: photovoltaic; radiation cooling; thermoelectric cooling; performance analysis

1. Introduction

In order to achieve the national energy conservation and emission reduction grand
goal of “peak carbon dioxide emissions before 2030 and achieve carbon neutrality be-
fore 2060”, renewable energy utilization and building energy conservation are the two
main ways to achieve zero carbonization in the construction field [1]. Solar photovoltaic
thermoelectric refrigeration technology combines photovoltaic power generation with ther-
moelectric refrigeration technology to improve building energy efficiency and reduce fossil
energy consumption. Thus, solar photovoltaic thermoelectric refrigeration technology is
expected to be used in low-energy buildings [2].

He et al. studied the application of building-integrated solar photovoltaic in low-
carbon buildings, cooling rooms by a thermoelectric cooling mode powered by photovoltaic
modules [3,4]. The study found that a room with a volume of 0.125 m3 could reduce the
indoor temperature to 17 ◦C in summer with solar power, and the COP of the system
could reach up to 0.45 [5]. Shen et al. proposed a new thermoelectric radiant air condi-
tioning system (TE-RAC) which uses thermoelectric modules as radiation panels instead
of traditional ones. They studied the performance parameters of the new system [6] and
found that the thermoelectric sheet model TEC-12706 is highly feasible for application
in this system, with a maximum COP of 1.77 when the current is 1.2 A and the cold end
temperature is 20 ◦C [7]. Liu et al. developed a system consisting of a photovoltaic system,
airflow channels, and a thermoelectric radiation cooling system [8]. They evaluated the
performance of the active solar thermoelectric wall system [9], showing that the indoor
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temperature under the operation of this system is about 13.2 ◦C and the heating capacity is
111 W/m2 with a system COP of about 2.0 during a clear daytime in winter [10]. The above
studies have proven the possibility of application for thermoelectric cooling in buildings.
However, limited by the development of materials, this technology can only be used as an
aid in engineering practice. For this reason, based on the model developed by Liu et al.,
the transparency of the PV module is improved and the height of the aluminum radiation
panel is appropriately reduced to conduct a preliminary study for a translucent solar PV-
thermoelectric radiation window, as shown in Figure 1. The non-transparent PV module
(NTPV) is replaced by a semi-transparent PV (STPV) module, the height of the radiant
plate is changed, and the ordinary glass is spliced with the thermoelectric structure to
form a structure of equal height to the PV module, forming the PV-TEC (photovoltaic-
thermoelectric) window structure discussed in this paper. The advantages of the structure
include simple mechanical moving parts, a self-sufficient system energy, and partial indoor
lighting effect [11].
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Figure 1. Structure of PV-TEC radiant window. 

The translucent thermoelectric radiant panel structure shields a portion of the solar 
radiation passing through the translucent photovoltaic module. The thermoelectric mod-
ule (TEM) connected to the back of the metal aluminum plate absorbs heat from the panel. 
Thus, the surface temperature can be kept lower than the ambient temperature. The out-
door air passes through the air channel sandwich between the PV panel and the envelope 
to carry away the heat from the hot end of the TEM. Heat sinks are installed at the hot end 
of the TEM to increase the efficiency of heat dissipation by expanding the area for heat 
exchange. The thermal barrier is attached between the metal aluminum plate and the heat 
sink to prevent heat transfer between the two that could lead to degradation of the sys-
tem’s performance. DC fans are installed above the heat sink and air channel respectively 
to change the airflow rate on the heat exchange surface, thus enhancing the heat dissipa-
tion performance at the hot end. The schematic structure of the whole device is shown in 
Figure 1. 

Figure 1. Structure of PV-TEC radiant window.

The translucent thermoelectric radiant panel structure shields a portion of the solar
radiation passing through the translucent photovoltaic module. The thermoelectric module
(TEM) connected to the back of the metal aluminum plate absorbs heat from the panel. Thus,
the surface temperature can be kept lower than the ambient temperature. The outdoor
air passes through the air channel sandwich between the PV panel and the envelope to
carry away the heat from the hot end of the TEM. Heat sinks are installed at the hot end
of the TEM to increase the efficiency of heat dissipation by expanding the area for heat
exchange. The thermal barrier is attached between the metal aluminum plate and the heat
sink to prevent heat transfer between the two that could lead to degradation of the system’s
performance. DC fans are installed above the heat sink and air channel respectively to
change the airflow rate on the heat exchange surface, thus enhancing the heat dissipation
performance at the hot end. The schematic structure of the whole device is shown in
Figure 1.
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2. Mathematical Model

A heat balance model of the PV-TEC radiation window is established to calculate
the temperature of the translucent PV module, transparent glass, thermoelectric module,
and radiation panel. The overall translucent photovoltaic module is divided into trans-
parent and non-transparent parts according to whether it is covered by photovoltaic cells.
Among them, the opaque part is the core of the translucent photovoltaic window, which
is structurally divided into five main layers, namely, outer glass layer, outer EVA layer,
photovoltaic cell layer, inner EVA layer, and inner glass layer. The transparent part has only
outer glass layer, EVA layer and inner glass layer. According to the heat transfer boundary,
the heat transfer process of the opaque part can be divided into five parts. The heat storage
in the glass layer is not considered, and the heat transfer is assumed to be a quasi-steady
state process [12].

Outer glass boundary layer:

Gαgla1 = hc,pvgla1out

(
Tpvgla1,o − Te

)
+

λgla1

dgla1

(
Tpvgla1,o − Tpvgla1,i

)
+ εgla1hr,pvgla1out

(
Tpvgla1,o − Te

)
(1)

Outer glass layer-outer EVA layer:

Gτgla1αEVA1 +
λgla1

dgla1

(
Tpvgla1,o − Tpvgla1,i

)
=

λEVA1

dEVA1

(
Tpvgla1,i − Tpv

)
(2)

Outer EVA layer-Inner EVA layer:

Gτgla1τEVA1αpv +
λEVA1

dEVA1

(
Tpvgla1,i − Tpv

)
= Eout +

λEVA2

dEVA2

(
Tpv − Tpvgla2,o

)
(3)

Inner EVA layer-Inner glass layer:

λEVA2

dEVA2

(
Tpv − Tpvgla2,o

)
=

λgla2

dgla2

(
Tpvgla2,o − Tpvgla2,i

)
(4)

Inner glass boundary layer:

λgla2

dgla2

(
Tpvgla2,o − Tpvgla2,i

)
= ha

(
Tpvgla2,i − Tair

)
+ εgla2hr,pvgla2in

(
Tpvgla2,i − Troom

)
(5)

where Tpvgla1,o, Tpvgla1,i, Tpv, Tpvgla2,o, and Tpvgla2,i denote temperature at the nodes of the
outer surface of the outer glass layer, the inner surface of the outer glass layer, the PV
cell, the outer surface of the inner glass layer, and the inner surface of the inner glass
layer of the translucent PV module PV cell cover part; Te, Tair represent outdoor ambient
temperature and air temperature in the air channel; hc,pvgla1out, ha represent convective heat
transfer coefficient of the outer and inner surfaces of the translucent PV module; hr,pvgla1out,
hr,pvgla2 denote radiative heat transfer coefficient of the outer and inner surfaces of the
PV cell-covered part of the translucent PV module; εgla1 and εgla2 represent the surface
emissivity of the glass on the outer and inner surfaces of the translucent PV module; λgla1,
λEVA1, λEVA2, and λgla2 represent the thermal conductivity of the glass on the outer surface,
the outer EVA laminate, the inner EVA laminate, and the inner glass of the PV cell covering
part of the translucent PV module; dgla1, dEVA1, dEVA2, and dgla2 represent the thickness of
the outer surface glass, outer EVA laminate, inner EVA laminate, and inner surface glass
at the PV cell-covered part of the translucent PV module; G denotes the amount of solar
irradiation irradiating the surface of the translucent PV module; Eout represents the amount
of solar irradiation irradiating the surface of the translucent PV module power generation
per unit area of the translucent PV module; αgla1, αEVA1, and αpv represent the radiation
heat absorption coefficients of the outer surface glass, outer EVA laminate, and PV cell of
and the translucent PV module; τgla1 and τEVA1 represent the radiation heat absorption
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coefficients of the outer surface glass, outer EVA laminate, and PV cell of the translucent
PV module; and the radiation penetration coefficient of the glass and EVA laminate on the
outer surface of the translucent PV module.

The energy balance equation in the air channel between the translucent PV module
and the envelope is:

ρDAcp
dTa

dt
= ha Apv(TPV − Tair)− ρVaDcp

dTa

dX
+ Qdis (6)

where ρ, Cp, and Va represent density, specific heat and velocity of air; D, A represent
width and surface area of air channels; Tpv represent working temperature of translucent
photovoltaic glass.

The translucent thermoelectric radiation plate is divided into two parts. The up-per
part is a transparent glass structure, without considering the heat storage of the glass
structure. The heat transfer to the room is solar radiation and convective heat transfer. The
lower part is the thermoelectric radiation plate part. The surfaces of the radiation plate on
the outside of the room are coated with heat insulation material. The heat dissipation on
the outside of the room is the heat dissipation process of the hot side. The heat balance
equation of the air channel is [13].

Qdis = (Th − Tair)/Rz = N
[
αITh + 0.5I2R− K(Th − Tc)

]
(7)

The heat transfer from the cold side of the thermoelectric module is:

Qtec = N
[

αITc −
1
2

I2R− K(Th − Tc)

]
(8)

The cooling efficiency of thermoelectric modules:

COP =
Qtec

(Pz + W)
(9)

where Th and Tc represent temperature of the hot and cold ends of the thermoelectric
module; Rz represents the combined heat transfer coefficient between the hot end of the
thermoelectric module and the air channel; N represents the number of thermoelectric
cells in the thermoelectric module; α, R, and K represent the Seebeck coefficient, resistivity
and thermal conductivity of the thermoelectric cells; I represents the current through the
thermoelectric cells; Qdis and Qtec represent the heat transfer at the hot and cold sides of
the thermoelectric module; Pz represents electrical energy consumed by the thermoelec-
tric module.

The cooling of the radiant metal panels in the thermoelectric radiant windows includes
convective heat transfer with the indoor air. The radiant heat transfer with the inner
surfaces of the surrounding envelope and between the surfaces of other objects in the room.
Referring to the formula given by ASHRAE for calculating the heat transfer from radiant
panels [8], the following formula was determined.

Qpanel = 2.13
∣∣∣Tr − Tpanel

∣∣∣1.31
+ εσ

(
T4

r − T4
panel

)
(10)

where Tr represents indoor temperature; Tpanel represents average temperature of metal
radiation panel; ε represents emissivity of metal radiation panel.

3. Numerical Calculation Process and Experimental Validation
3.1. Numerical Calculation Process

In the above energy balance equation of the PV-TEC radiation window, the operating
temperature of the translucent PV cell is used as a common input parameter for the
generation and heat transfer of the PV glass. The air channel is used as an intermediate
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medium connecting the translucent PV glass and the thermoelectric radiation structure.
The heat dissipation of the thermoelectric module is used as an intermediate variable to
solve the coupled iterative energy balance equation of the entire PV-TEC radiation window
to obtain the temperature of each part. The solar heat gain coefficient (SHGC value)
and the integrated heat transfer coefficient (U value) of the PV-TEC radiation window
are solved according to equations [14], and the calculated heat gain is coupled with the
cooling capacity of the radiation panel, and then the temperature of the radiation panel is
determined. A flow chart of the solution is shown in Figure 2.

SHGC = τglassτEVAτglass(1− PVR)τglass (11)

U =
1

1
hout,c

+ 1
ha

+ 2d1
λ1

+ d2
λ2

+ 1
hin

+
dglass
λglass

(12)

where hin denotes the integrated heat transfer coefficient of the thermoelectric radiation panel
on the indoor side, W/(m2·K); dglass and λglass represent the thickness and thermal conductivity
of the transparent glass on the thermoelectric radiation panel (m, W/(m2·K), respectively).

Figure 2. Flow chart of the numerical calculation of the PV-TEC radiant window.

3.2. Experimental Validation

The experimental platform PV-TEC radiation window was built and a schematic
diagram is shown in Figure 3. In this experiment, a semi-transparent crystalline silicon
photovoltaic glass with a peak power of 150 W produced by Solar Module was selected.
The photovoltaic glass has a width of 0.95 m, a height of 1.65 m, a total thickness of 8 mm,
and a monocrystalline silicon cell coverage rate (PVR) of 46.3%.
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3.3. Experimental Validation and Error Analysis

Based on the above mathematical model analysis, the time period with sufficient sun-
light on 13 October 2020 was selected as the continuous collection time period to validate
the computational model. Figure 4a shows the measurements of indoor and outdoor dry
bulb temperature and solar irradiance during this time period, and the simulation results
are evaluated using the correct rate (PAE).
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The experimental test method is real-time measurement and analysis, in line with the
method of Daghigh’s method [15]. Figure 4b shows a comparison between the simulated
and measured values of the average temperature of the radiation panel in the PV-TEC
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radiation window during this time period. Figure 4c shows a comparison between the
simulated and measured values of the temperature of the hot and cold ends of the ther-
moelectric module. Figure 4d shows a comparison between the simulated and measured
values of the average temperature in the air channel. From the comparison results of the
three sets of temperatures, we can see that the correct rate PAE reaches 0.98 for all of them,
and the errors of both the simulated and measured values are within 1 ◦C, thus indicating
that the model has some accuracy.

4. Parameter Optimization of PV-TEC Radiation Window
4.1. Optimization of Thermoelectric Module

In the design of thermoelectric radiation panels, it is usually recommended that
the maximum temperature difference between the high and low temperature regions on
the surface of the radiation panel should be within 3 ◦C [16]. The dimensions of the
thermoelectric radiant panel are optimized by the simulation of the MATLAB program.
According to the design conditions for summer air conditioning, the indoor and outdoor
air temperatures are set to 26 ◦C and 34.8 ◦C, respectively [17]. The surface temperature
of the metal radiation plate is set to a minimum of 17 ◦C [18]. The input parameters used
for the calculation of the temperature distribution of the thermoelectric radiation plate are
shown in Table 1.

Table 1. Thermal parameters of thermoelectric radiation panels.

Parameter Name (Unit) Numerical Value

Thermal conductivity of metallic radiation panels (W/(m·K)) 273
Specific heat capacity of metal radiation plate (J/(kg·K)) 880

Density of metal radiation plate (kg/m3) 2730
Thickness of metal radiation plate (m) 0.004

Integrated heat transfer coefficient of insulation material (W/(m2·K)) 0.109

The main objective of this part is to investigate the desirable arrangement and spacing
of thermoelectric modules (TEMs) to obtain a uniform temperature distribution on the
surface of a thermoelectric radiant cooling panel [19].

Figure 5 shows a cloud plot of the surface temperature distribution of the thermo-
electric radiation plate when the spacing between thermoelectric sheets (TECs) is varied
from 0.28 m to 0.38 m at an interval of 0.2 m. From the figure, it can be seen that the sim-
plified 1/4 TEC radiation area temperature distribution shows a fan-shaped change, TEC
as a heat source in the starting position has the greatest impact, gradually away from the
starting position after the surface temperature of the thermoelectric radiation plate began
to gradually increase. When the spacing between TEC is 0.38 m, the average temperature
difference of the surface temperature of thermoelectric radiation plate is 4.40 ± 0.30 ◦C
(as shown in Figure 5a). As the spacing between TECs decreases at 0.02-m intervals, it
can be observed that the average temperature difference of the surface temperature of the
thermoelectric radiation plate also decreases gradually. When the spacing between TECs is
0.28 m, the average temperature difference of the surface temperature of the thermoelectric
radiation plate is 2.86 ± 0.21 ◦C (as shown in Figure 5f). The results of this simulation
are consistent with Han’s conclusion [20]. The recommendations of the American Society
of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) for radiant cooling
panels are satisfied under this thermoelectric radiant panel sizing condition. Therefore,
the ideal spacing between TECs on the proposed thermoelectric radiant panel is 0.28 m
according to the above analysis. The optimized TEC spacing on the thermoelectric radiant
panel is 0.28 m, which also indicates that 12 TEC cooling sheets should be placed on each
square meter of radiant panel (i.e., 0.08 m2 per TEC cooling influence range).
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4.2. Optimization of Radiation Plate Thickness

The metallic aluminum radiant plate is the terminal device for achieving cooling in a
radiant air conditioning system. The metallic aluminum radiant plate in a thermoelectric
radiant plate cooling system is not different from the aluminum plate in a conventional
radiant air conditioning system. In this subsection, the effect of the thickness of the metallic
aluminum radiant plate on the system cooling capacity and cooling performance COP is
tested by means of numerical simulations.

Figure 6 shows the cooling capacity qpanel and COP of the system under different
thicknesses of the metal aluminum radiant plate when the temperature Ta in the air channel
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varies from 30 ◦C to 40 ◦C. From the dotted line graph of the unit cooling capacity qpanel
and COP of the cooling performance in the cooling mode, we can see that the qpanel and
COP are decreasing as the thickness of the metal aluminum radiant plate increases. This
phenomenon indicates that the increase of the thickness of the metal aluminum radiant
plate greatly impairs the cooling capacity and COP of the system. This law also conforms to
the law of heat balance. Thicker radiant plates need more cooling to counteract the change
of internal energy of radiant plates. The results show that the smaller the thickness of metal
aluminum radiant plate as heat exchanger, the better the heat dissipation performance. At
the same time, this discovery helps to improve the cooling capacity and COP of the system.
From the results of numerical simulation, it can be found that as the thickness of the metallic
aluminum radiant plate increases from 1 mm to 10 mm, the cooling capacity and system
COP decrease by 40–60%. From the point of view of heat transfer, it is recommended
to choose a thickness of the metal aluminum radiation plate in the PV-TEC radiation
cooling system around 1–3 mm. However, in the actual process, the structural mechanical
characteristics such as the weight-bearing of the metal radiation plate should be considered,
so it is more appropriate to choose 4-mm thick metal aluminum radiation plate.
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4.3. Optimization of Radiation Plate Thickness

In comparison with other scholars’ studies, the non-transparent PV modules conven-
tionally used in photovoltaic power generation were improved by changing the original
non-transparent crystalline silicon PV modules to translucent crystalline silicon PV mod-
ules for power generation, with the aim of being able to increase the light transmission in
the room. However, during the implementation process, it was found that when the PV
module was combined with a thermoelectric radiation panel, the size of the radiation panel
was equivalent to about 60% of the PV module in order to ensure a certain cooling capacity.
In this way, the area of light transmission will be greatly reduced, and the original intention
of structural improvement is somewhat affected. Therefore, this subsection analyzes the
advantages and disadvantages of the two combined forms in terms of thermal and electrical
performance for both types of photovoltaic modules.

The selected non-transparent photovoltaic module is a polycrystalline silicon photo-
voltaic module of model TZY270P-01 with a length of 0.99 m and a height of 1.64 m. The
selected semi-transparent photovoltaic module is the same as the experimental module,
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and the nameplate parameters of the two materials are shown in Table 2. The typical
meteorological year in Nanjing was used as the meteorological input parameter, and the
solar thermal radiation window with semi-transparent photovoltaic modules (STPV for
short) and non-transparent photovoltaic modules (NTPV for short) as the power generation
system were tested separately. The thermal and electrical performance of the PV-TEC win-
dow of the system is analyzed in summer. In the simulations, the thermoelectric radiation
panels are constructed as described in the previous section, the total current passed through
the thermoelectric modules is 3A, and the set temperature of the room is 26 ◦C. Figure 7
shows the outdoor temperature and the intensity of solar radiation in the vertical plane on
a typical summer day (20 July).

Table 2. Nameplate parameters of PV.

Parameter Name (Unit) NTPV STPV

Short-circuit current(A) 9.22 8.88
Open-circuit voltage(V) 37.9 21.3

Max. power point current(A) 8.73 8.38
Max. power point voltage(V) 30.9 17.9

Current temperature coefficient −0.06% −0.06%
Peak power(W) 270 150

Area of solar cells(m2) 1.46 0.69
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In terms of the power generation of PV modules, the program simulated the working
conditions throughout the summer (1 June–31 August) and calculated the time-by-time
power generation of the two PV modules. In order to visually compare the power genera-
tion efficiency of the two PV modules, the ratio of the real-time power generation and the
peak power was chosen as the benchmark amount. The time-by-time power generation
per unit peak power is shown in Figure 8. It can be seen from the figure that the variation
of power generation of PV modules is consistent with the variation of solar irradiation
intensity (combined with Figure 7). The comparison of the two PV modules shows that
the power generation of non-transparent PV module NTPV is higher than that of translu-
cent PV module STPV. Throughout the summer, the total power generation of NTPV is
83.9 kWh, and the power generation per square meter of solar cell area is 57.4 kWh/m2.
The total power generation of STPV is 45.4 kWh, and the power generation per square
meter of solar cell area is 65.8 kWh/m2.



Energies 2021, 14, 6645 11 of 15Energies 2021, 14, x FOR PEER REVIEW 12 of 16 
 

 

 
Figure 8. Power generation of the two modules. 

In addition, temperature comparisons of different components of the PV-TEC radia-
tion window under two different PV modules were also compared, as shown in Figures 
4–5. The hot end temperature Th, the average temperature Ta inside the air channel and 
the average temperature Tp of the radiation panel are compared in Figure 9, respectively. 
The average temperature of the radiant panel basically remained between 20.5 and 23.0 
°C throughout the day, showing a slow increase followed by a slow decrease. th and Ta 
were directly exchanged with the outdoor environment, and the temperature changes of 
both were related to the outdoor temperature and remained consistent. Th and Ta kept 
increasing until 15:00 h, reaching 42.3 °C (STPV), 42.8 °C (NTPV), 40.3 °C (STPV), and 40.9 
°C (NTPV), decreasing thereafter. The comparison of the two PV modules shows that the 
different PV module configurations have little effect on the temperature of the compo-
nents, and the temperature difference between the two conditions is within 0.5 °C. 

 
Figure 9. Temperature of different components under two types of component power generation. 

Figure 8. Power generation of the two modules.

In addition, temperature comparisons of different components of the PV-TEC radiation
window under two different PV modules were also compared, as shown in Figures 4 and 5.
The hot end temperature Th, the average temperature Ta inside the air channel and the
average temperature Tp of the radiation panel are compared in Figure 9, respectively. The
average temperature of the radiant panel basically remained between 20.5 and 23.0 ◦C
throughout the day, showing a slow increase followed by a slow decrease. th and Ta were
directly exchanged with the outdoor environment, and the temperature changes of both
were related to the outdoor temperature and remained consistent. Th and Ta kept increasing
until 15:00 h, reaching 42.3 ◦C (STPV), 42.8 ◦C (NTPV), 40.3 ◦C (STPV), and 40.9 ◦C (NTPV),
decreasing thereafter. The comparison of the two PV modules shows that the different PV
module configurations have little effect on the temperature of the components, and the
temperature difference between the two conditions is within 0.5 ◦C.
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Considering the cooling capacity and power consumption of the system, the analysis
turns to how STPV and NTPV affect the cooling capacity qpanel of the radiation panel and
the power consumption P of the thermoelectric module. The energy consumption usage on
a typical day in summer was therefore focused on, as shown in Figure 10. As can be seen
from the figure, the different types of PV modules have little effect on the variation of the
power consumption of the thermoelectric module, which stays between 57 and 59 W on a
typical day. The impact of different types of PV modules on the system cooling capacity has
a slight effect in the afternoon hours, but the difference between the two is also controlled
within a 2 W error.
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Figure 11 shows a comparison of the total system power generation, power consump-
tion, and cooling capacity when using two PV modules (STPV and NTPV) to power the
thermoelectric window throughout the summer. As shown in the figure, the power con-
sumption of the thermoelectric window with both modules was 71.7 kWh and 71.8 kWh,
and the cooling capacity was 50.7 kWh and 50.2 kWh, respectively, for a daily cooling
duration of 14 h throughout the summer, so the cooling performance COP of the thermo-
electric window powered by STPV and NTPV was 0.71 and 0.70, respectively, throughout
the summer, indicating that the PV module type does not have a major effect on the per-
formance of the thermoelectric window. From the perspective of the power generation of
photovoltaic modules and the power consumption of thermoelectric radiation window, the
power generation of NTPV is enough to bear the power consumption of the thermoelectric
radiation window, while the power generation of STPV can only bear 63.3% of the power
consumption of thermoelectric radiation window. This result shows that, despite the real-
time power generation per unit peak power and the power generation per square meter
of solar cell area, STPV performs better than NTPV. However, the power supply of STPV
cannot supply power to the thermoelectric radiation window cooled continuously for 14 h
a day. Figure 12 shows the relationship between daily cooling time and power consumption
of thermoelectric radiation window under STPV power supply in the whole summer. As
shown in the Figure 12, the red solid line indicates that the total power generation of
STPV module is 45.4 kWh. As can be seen from the figure, when the daily cooling hours
are less than 8 h, the power generation of STPV can meet the power consumption of the
thermoelectric window throughout the summer.
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5. Conclusions

The PV-TEC radiation window, a novel building integrated photovoltaic device is
studied. The practicability and related optimization parameters of this device are verified
through experiments and simulation, which provide reference data for further application
in building energy saving, and it may also make strong a contribution to the realization of
the goal of “carbon peaking and carbon neutralization”.

For PV-TEC radiation windows, the performance of thermoelectric radiant windows
under different combinations of parameters is studied and the following conclusions
are obtained:

(1) In the solar thermal radiation window, the ideal spacing of the thermoelectric sheet
installed on the thermoelectric radiation plate is 0.28 m. After considering the heat
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transfer and load-bearing characteristics of the metal radiation plate, 4-mm thick
metal aluminum radiation plate is selected as more appropriate.

(2) Comparing the effects of different PV modules on the PV-TEC window, numerical
simulations were conducted for non-transparent photovoltaic modules (NTPV) and
semi-transparent photovoltaic modules (STPV). The simulation results showed that
different PV modules had little effect on the temperature of the components in the
thermoelectric window, and the temperature difference was within 0.5 ◦C. The NTPV
with a peak power of 270 W can meet the operating demand of the thermoelectric
window, while the STPV with a peak power of 150 W can only meet the power
consumption of the thermoelectric window with an operating time of less than 8 h.
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