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• Solar thermoelectric generator is passively cooled by a radiative cooler. 

• Ambient temperature has a positive influence on the cooling power. 

• Wind speed has a negative influence on the cooling power. 

• An increase in the relative humidity reduces the generator’s output power. 
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ABSTRACT: A comprehensive analysis of solar thermoelectric generators integrated with radiative 

cooling technology (STEG-RC) is presented in this study. Basically, the STEG-RC operates outdoors; 

therefore, the effects of various weather parameters on the output performance of the STEG-RC are 

determined. The results reveal that the most efficient way of enhancing the output performance of the 

STEG-RC is by concentrating solar energy. The radiative cooling power increases linearly with the 

ambient temperature achieving the maximum cooling power of 135 W/m2 and 232 W/m2 at solar 

concentration ratios of C = 1 and C = 5, respectively. The maximum output power of 1.5 mW and 459.6 

mW at the optimum wind speeds of 3 m/s and 2 m/s are obtained for C = 1 and C = 5, respectively. There 

were no significant changes in the power output and radiative cooling power when relative humidity 

was varied. The cooling power is linearly proportional to solar irradiance for both concentrated and 

unconcentrated cases. 

 

Keywords: Cooling power, Passive cooling, Radiative cooling, Renewable energy, Thermoelectric generator 

1. INTRODUCTION 

The high cost of fossil fuels and the increase in the greenhouse effect are some of the reasons that 

necessitate the search for other alternative energy sources [1]. Solar energy is the most abundant free 

energy on earth, and if harnessed efficiently, the greenhouse effect can be alleviated. A thermoelectric 

generator (TEG) is one of the energy harvesters that converts thermal energy directly into electrical 

energy [2]–[5]. A selective absorber exposed under the sun can absorb solar radiation energy and convert 

it into thermal energy for TEG, leading to a solar TEG (STEG). A TEG does not only operate in the 

daytime but also at nighttime; it has no moving parts, no noise, or vibration [6]. In the last decade, 

research interest in solar TEGs (STEGs) has increased significantly; this is to ensure optimum utilization 

of the solar spectrum. For example, Bekele and Ancha [7] proposed a solar concentrator integrated with 

Stirling and TEG to power a water pump for irrigation purposes. The TEG achieved a maximum output 

power of 5.2 W and an energy conversion efficiency of 2.78%. Although the system is capable of 

powering a water pump, the authors suggested that the system needs further optimization. Liu et al. [8] 

developed a solar selective absorber (CuCrMnCoAIN-based) to enhance the performance of a STEG. The 

as-synthesized solar selective absorber has an absorptivity of 95.2% and emissivity of 10.9%. Integrating 

the solar absorber with a commercial STEG results in an output power of 1.99 mW. Sun et al. [9] 

developed a transient model of STEG using a three-dimensional numerical model. For a solar 

concentration ratio of 150, the annual energy production of the developed model was 49.79 kW/h, and 

the cost-recovery cycle was found to be 1.61 years. Alobaid et al. [10] compared the thermo-mechanical 

performance of frustrum-shaped, trapezoidal-shaped, and rectangular-shaped thermoelectric legs using 

a three-dimensional finite element model. The study also reveals that the output performance prediction 

using a neural network is 702 times faster than the performance prediction using the numerical analysis 

method. 

STEGs like photovoltaics operate only during the day; however, nighttime operation can be achieved by 

coupling phase change material (PCM) on the hot side of the STEG. The PCM absorbs and stores a large 

amount of solar energy until phase transformation is completed [11], [12]. Thus, the PCM provides 
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stable and uniform thermal energy to the STEG during and after the sunshine hours. Since most of the 

commercial PCMs have poor heat transfer due to low thermal conductivity, the thermal performance 

can be increased by mixing metal particles with the PCM [13]. PCM can also serve as a heat sink when 

integrated on the cold side of the STEG [14]. In this manner, the PCM absorbs and stores the heat from 

the cold side of the STEG. 

Using a different approach, radiative cooling (RC) can be employed to achieve 24-hour power 

generation of the STEG  [15]. Radiative cooling passively cools the cold side temperature of the STEG in 

the daytime, nighttime, and a combination of the two [16]. The RC reflects the solar energy in the 

daytime and emits radiation at nighttime through a sky window (wavelength between 8 – 13 µm) [17].  

An ideal RC for 24-hour operation should have high solar energy reflectivity in the daytime and high 

emissivity at nighttime. However, an ideal radiative cooling material has not been found yet. In the past, 

radiative cooling technology has been used in the cooling of photovoltaics, buildings, power plant 

condensers, and dew water harvesting [18]. The radiative cooling technology is capable of lowering the 

temperature of a surface to 14 ̊C and 12 ̊C below the ambient temperature in laboratory and outdoor 

tests, respectively [19]. This indicates that RC can significantly enhance the output performance of a 

STEG. To validate that, Liu et al. [20] developed a model of TEG integrated with a heat sink – RC (TEG-

HS-RC) and another model consisting of only TEG-HS. The analysis revealed that the TEG-HS-RC 

model is superior to the TEG-RH model by about 32%. 

Although STEG has been extensively studied, the integration of radiative cooling with the STEG has 

only been recently considered; hence, many research gaps need to be addressed. Most importantly, the 

STEG-RC operates outdoors; therefore, its operation can be influenced by weather parameters. In line 

with that, this study is carried out to determine the influence of ambient temperature, wind speed, 

relative humidity, and solar irradiance on the output performance of the STEG-RC. Additionally, the 

influence of concentrating solar energy on the operation of the STEG-RC is investigated. 

2. MATERIAL AND METHODS 

The model presented in Figure 1 consists of a solar concentrator (reflective mirror), an STEG coated 

with a selective absorber on the hot side, and a radiative cooler on the cold side. Solar energy is 

concentrated on the hot side of the STEG where the energy is absorbed by the selective absorber. On the 

hot side, both radiation and convection losses occur, and eventually, the STEG converts part of the 

absorbed energy into electrical power while the rest is transferred to the cold side via conduction. The 

balanced energy transfer process is mathematically given as: 

 

 𝐴𝑇𝐸𝐶𝐺𝜏𝑔𝛼𝑠𝑎 =  𝐴𝑇𝐸𝜀𝜎𝑠(𝑇ℎ
4— 𝑇𝑠𝑘𝑦

4 ) +  𝐴𝑇𝐸ℎ𝑐𝑜𝑛𝑣(𝑇ℎ  — 𝑇𝑎) +
𝑁[𝑆(𝑇ℎ−𝑇𝑐)]2

4 𝑅 
+

𝑇𝑐 — 𝑇𝑟𝑐

𝑅𝑐−𝑟𝑐
             (1) 

 

where the term on the left-hand side is the energy input, the first and second terms on the right-hand 

side are the radiation and convection losses, and the third and fourth terms are the maximum output 

power and energy transferred by conduction. C and G are the concentration ratio and solar irradiance, τg 

and αsa are the transmissivity of glass and absorptivity of the selective absorber, ε and σs are the 

emissivity of the hot side and Stefan Boltzmann constant, N is the number of thermocouples, Tsky is the 

temperature of the sky, Th and Tc are the temperatures of hot and cold sides, Trc and Rc-rc are the 

temperature of the radiative cooler and the thermal resistance between the cold side and the radiative 

cooler, S, ATE, R are the Seebeck coefficient, surface area, and internal resistance of the STEG, 

respectively. A windshield cover is not integrated into this model; therefore, the convective heat transfer 

coefficient can be given as [21]: 

 

ℎ𝑐𝑜𝑛𝑣 = 8.3 + 2.5𝑣                    (2) 
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Figure 1. Solar-concentrated thermoelectric generator  

 

The density of the energy transferred by conduction from the hot side to the cold is the same as the 

density of the energy transferred from the cold side to the radiative cooler and is given as: 

 

𝑃𝑐𝑜𝑛𝑑 =
𝑇ℎ — 𝑇𝑐

𝐴𝑇𝐸𝑅𝐾𝑇𝐸
=

𝑇𝑐 — 𝑇𝑟𝑐

𝐴𝑇𝐸𝑅𝑐−𝑟𝑐
                    (3) 

 

At a steady state, the sum of the energy radiated by the radiative cooler and the convection loss 

should be equal to the sum of the energy absorbed by the radiative cooler, atmospheric energy 

absorption by the radiative cooler, and the energy absorbed through the conduction: 

𝑃𝑟𝑎𝑑 + 𝑃𝑐𝑜𝑛𝑣 = 𝑃𝑠𝑢𝑛 + 𝑃𝑎𝑡𝑚 + 𝑃𝑐𝑜𝑛𝑑                   (4) 

 

The energy radiated by the radiative cooler also known as the cooling power is [22]:    

                                                    

𝑃𝑟𝑎𝑑(𝑇𝑟𝑐) = ∫ 𝑑𝜑
2𝜋

0
∫ sin 𝜃 𝑐𝑜𝑠𝜃𝑑𝜃

𝜋

2
0

∫ 𝐼𝑏𝑏(𝜆, 𝑇𝑟𝑐)𝜀𝑟𝑐(𝜆, 𝜃, 𝜑)𝑑𝜆
∞

0
                      (5)  

 

where φ is the solid angle, θ is the zenith angle, λ is the wavelength, εrc (θ, λ) is the emissivity of 

radiative cooler, the spectral radiance of a blackbody Ibb (λ, Trc) at temperature Trc is defined as [23]: 

 

𝐼𝑏𝑏(𝜆, 𝑇𝑟𝑐) =
2ℎ𝑐2

𝜆5(𝑒

ℎ𝑐
𝜆𝑘𝑇𝑟𝑐−1)

                                  (6)  

                                                                                                                             

where Planck`s constant h = 6.626 × 10-34 J s, Boltzmann constant k = 1,381 × 10-23 J/K, speed of light c = 

2,998 × 108 m/s. 

The convection density is thus given as:                
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𝑃𝑐𝑜𝑛𝑣 = ℎ𝑐𝑜𝑛𝑣(𝑇𝑟𝑐 − 𝑇𝑎)                             (7) 

  

The sun energy absorbed by the radiative cooler can be calculated from:  

 

𝑃𝑠𝑢𝑛 = ∫ 𝐼𝑠𝑜𝑙𝑎𝑟(𝜆)𝜀𝑟𝑐(𝜆)𝐶𝑜𝑠𝜃𝑑𝜆
∞

0
                                       (8)    

                                                                                                                       

where Isolar (λ) is the solar spectral irradiation intensity. 

The atmospheric power absorbed by the radiative cooler is given as: 

 

 𝑃𝑎𝑡𝑚(𝑇𝑎) = ∫ ∫ ∫ 𝛼𝑟𝑐(𝜆, 𝜃, 𝜑)𝐼𝜆,𝑏(𝑇𝑎, 𝜆)𝜀𝑎𝑡𝑚(𝜆, 𝜃) sin 𝜃 𝑐𝑜𝑠𝜃𝑑𝜆𝑑𝜑𝑑𝜃
𝜋

2
0

2𝜋

0

∞

0
                 (9) 

 

where Ta is the ambient temperature, Iλ,b (Ta, λ) is the spectral irradiance of a blackbody at the ambient 

temperature, αrc (λ,θ,φ) is the absorptivity of the radiative cooler, εatm (λ,θ) is the atmospheric emissivity 

given as [24]: 

 

𝜀𝑎𝑡𝑚 = 0.727 + 0.006𝑇𝑑𝑒𝑤                  (10) 

 

where Tdew ( ̊C) is the dew point temperature, which is calculated from: 

 

𝑇𝑑𝑒𝑤 =
243.12[𝑙𝑛(

𝑅𝐻

100
)+

17.62𝑇𝑎
243.12+𝑇𝑎

]

17.62−[𝑙𝑛(
𝑅𝐻

100
)+

17.62𝑇𝑎
243.12+𝑇𝑎

]
                 (11) 

 

where the unit of Ta in Eq. 11 is ̊C. The relationship between the temperature of the sky and the 

emissivity of the sky is: 

 

𝑇𝑠𝑘𝑦 = 𝜀𝑎𝑡𝑚
4 𝑇𝑎                   (12) 

 

The thermal resistance between the cold side and the radiative cooler is: 

𝑅𝑐 =
𝐿𝑐

 𝐾𝑐𝐴𝑐  
                   (13) 

 

where Lc is the thickness of the cold side, Kc and Ac are the thermal conductivity and surface area of the 

cold side. 

The internal resistance of a unicouple STEG, which is used to calculate the output power is: 

𝑅 =
𝐿𝑝

𝜎𝑝𝐴𝑝
+ 

𝐿𝑛

𝜎𝑛𝐴𝑛
                                      (14) 

where L is the length of the TE leg, A is the cross-sectional area of the TE legs, σ is the electrical 

conductivity, k is the thermal conductivity, subscripts p and n represent the type of TE materials. 

The thermal resistance of the STEG is one of the factors that affects the temperature gradient of the 

STEG. The temperature gradient increases with an increase in the thermal resistance. As given in 

equation 15, the longer the leg length, the higher the thermal resistance.  

 

𝑅𝐾𝑇𝐸 =
𝐿

𝑁(𝐴𝑛𝑘𝑛 + 𝐴𝑝𝑘𝑝)
                                  (15) 

 

Herein, the adopted radiative cooler (TiO2 + SiO2) has a reflectivity in the solar spectrum of 90.7% 

and an emittance of 90.11% in the sky window [25]. Likewise, Al2O3-filled nanocavity photonic crystal is 

the adopted selective absorber with an average solar absorptivity of 0.8 in the solar spectrum [26]. The 



1138 A. YUSUF 

transport properties of the TE materials are given in Table 1 and the parameters of STEG are given in 

Table 2.  

Table 1. Thermoelectric properties of the chalcogenides [27] 

Property Expression 

Sp  (1.023898 – 7.301×10-3 T + 2.22834×10-5 T2 – 2.24407×10-8 T3) ×10-3 V/K 

Sn (-9.54589 ×10-4 + 6.203×10-6 T – 1.77163×10-8T2 + 1.68178×10-11 T3) V/K 

σp 

σn 

(1.60117×10-5 – 0.01853×10-5T + 7.77051×10-10T2 – 7.75456×10-13T3) S/m 

(2.11951×10-5 – 1.715×10-7T + 6.09155×10-10T2 – 6.04782 ×10-1+T3) S/m 

kp  

kn 

(8.726 – 0.05011T +1.03491×10-4T2 – 5.82609×10-8T3) W/(m K) 

(5.09531 – 0.02057T +2.81722×10-5T2 + 3.76869×10-9T3) W/(m K) 

 

Table 2. Parameters of the STEG 

Parameter value 

TE leg 1 × 1 × 1.5 mm3 

Number of TE couples 127 

Thickness of Al2O3 substrate 0.5 mm3 

Thickness of copper electrode 50 µm 

Thickness of radiative cooler 10 µm  

Thickness of selective absorber 10 µm 

Thickness of glass cover 1 mm 

Module size 40 × 40 × 2.6 mm3 

 

The above equations are solved in MATLAB to determine the cooling performance of the radiative 

cooler and the output power of the STEG. Unlike stated otherwise, the ambient temperature of 23 ̊C, 

relative humidity of 30%, solar radiation of 1000 W/m2, and wind speed of 2 m/s are used. 

3. RESULTS AND DISCUSSION 

To determine the effect of solar concentration on both the performance of the radiative cooler and 

the STEG, the performance of concentrated (C = 5) and unconcentrated (C = 1) STEGs is investigated. The 

operation of both the radiative cooler and STEG strongly depends on weather parameters such as 

ambient temperature, relative humidity (RH), wind speed, and solar irradiance. The influence of these 

parameters, one at a time, is parametrically investigated. 

3.1. Influence of ambient temperature on the output performance of the STEG-RC 

As shown in Figure 2, the ambient temperature is varied from 5 °C to 45 °C to cover four weather 

seasons of a typical city in the Mediterranean region (Antalya, Türkiye). Figure 2a presents the hot and 

cold side temperatures of the STEG and the temperature of the radiative cooler at C = 1. The 

temperatures monotonically increase with the increase in the ambient temperature. The temperature 

gradient of the STEG decreases with the increase in the ambient temperature, and at a particular point, 

the temperature gradient approaches zero. The temperatures of the cold side and the radiative cooling 

surface are almost identical because the thermal resistance between the two surfaces is very low. Figure 

2b presents the output power of the unconcentrated STEG and the radiative cooling power. The output 

power decreases with the increase in the ambient temperature due to the decrease in the temperature 

gradient. At Ta = 5 °C, the STEG generates an output power of 4 mW, while it reduces to zero at Ta = 45 

°C. On the contrary, the radiative cooling power increases with the increase in the ambient temperature; 

this is mainly due to the increase in spectral radiance. At Ta = 5 °C, the RC cooling power is about zero, 

while it increases to 135 W/m² at Ta = 45 °C. Figure 2c presents the variation of the temperatures of the 

hot and cold sides and the temperature of the RC surface at C = 5. The temperatures increase with the 



Theoretical Analysis of Solar Thermoelectric Generators Integrated with Radiative Cooler              1139 

  

 

increase in the ambient temperature. Unlike in Figure 2a, where the temperature gradient approaches 

zero with the increase in the ambient temperature, a substantive temperature gradient is maintained in 

Figure 2c because the hot side kept increasing due to the concentration of solar energy. Figure 2d shows 

the output power of the STEG and the cooling power of RC at C = 5. The output power reduces from 510 

mW to 30 mW, while the cooling power increases from 160 W/m² to 230 W/m² as the ambient 

temperature increases from 5 °C to 45 °C. These results indicate that the ambient temperature has a 

negative impact on the output performance of STEGs while it has a positive influence on the cooling 

performance of the RC. It can also be seen that by concentrating the solar energy by a ratio of 5, the 

cooling power is enhanced by 70.4%, and the output power is enhanced by more than 500%, indicating 

that concentrating the solar energy is the best way of enhancing the output performance of the STEG-

RC. 
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Figure 2. Effect of ambient temperature on a) temperatures of unconcentrated STEG, b) output power of 

unconcentrated STEG, c) temperatures of concentrated STEG, d) output power of concentrated STEG 

 

3.2. Influence of relative humidity on the output performance of the STEG-RC 

Figure 3 shows the effect of variations in relative humidity (RH) on the temperatures, output power, 

and cooling power for both concentrated and unconcentrated STEGs. As RH is varied from 10% to 90%, 

temperatures of both the STEG and RC slightly increase, as shown in Figure 3a. This result indicates that 

RH does not have much influence on the temperatures because its primary effect is on atmospheric 

emissivity through the dew point temperature. Figure 3b presents the output power of the STEG and the 

cooling power of the RC at C = 1. The output power reduces with the increase in RH from 10% to 60%, 

after which it remains almost stable at about 1.2 mW. The cooling power, on the other hand, shows only 

a slight increase over the range of RH variation. A maximum cooling power of 106.8 W/m² is achieved at 

RH = 90%. Figure 3c presents the variation of the temperatures of the STEG and RC at C = 5. Over the 

range of RH variation, the temperature of the hot side remains almost constant, while the temperatures 
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of the cold side and RC surface slightly increase. This means that the temperature gradient of the STEG 

decreases with the increase in RH, as can be understood from the output power in Figure 3d. The output 

power reduces by about 1.5%, while the cooling power increases by 0.84% as RH is increased from 10% 

to 90%. In summary, RH has an insignificant influence on the output performance of both the STEG and 

RC for the concentrated and unconcentrated cases. 
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Figure 3. Effect of Relative humidity on a) temperatures of unconcentrated STEG, b) output power 

of unconcentrated STEG, c) temperatures of concentrated STEG, d) output power of concentrated STEG 

 

3.3. Influence of wind speed on the output performance of the STEG-RC 

The variation in temperatures of the unconcentrated STEG and RC surface with wind speed is shown 

in Figure 4a. Wind speed is associated with convection energy, and as wind speed increases, convection 

cooling also increases. Convection cooling affects both the hot and cold sides of the STEG, leading to a 

decrease in temperatures with an increase in wind speed. As wind speed is varied from 0 to 8 m/s, the 

temperature gradient increases from 1.9 to 2.5 K, resulting in the enhancement of output power as 

shown in Figure 4b. It can be observed that the output power starts decreasing once the optimum wind 

speed is exceeded. Determining the optimum wind speed is crucial to achieve the best output 

performance of a STEG. It should be noted that wind speed has a different impact on the cooling power 

of the RC. As per Equation 4, it is obvious to see that as wind speed increases, convection losses increase, 

which, in turn, decreases radiative cooling power. As wind speed increases from 0 to 8 m/s, the radiative 

cooling power decreases from 116 W/m² to 96 W/m², indicating that wind speed has a negative influence 

on cooling power. This is why a wind shield is usually employed in radiative cooling applications. 

Figure 4c presents the temperatures of the STEG and RC surface at C = 5. Figure 4c and Figure 4a show a 

similar trend, indicating that wind speed has the same effect on both concentrated and unconcentrated 

solar energy. Initially, the output power in Figure 4d increases and then decreases with the increase in 

wind speed. As mentioned earlier, the output power has a maximum value at the optimum wind speed. 

Herein, a maximum output power of 459.6 mW is achieved at the optimum wind speed of 2 m/s. As seen 
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in Figure 4b, the radiative cooling power in Figure 4d also decreases with the increase in wind speed for 

the same reasons mentioned earlier. As wind speed increases from 0 to 8 m/s, the radiative cooling 

power decreases from 255.7 W/m² to 128 W/m². In summary, wind speed has a negative effect on the 

radiative cooler; however, the optimum wind speed enhances the output power of a STEG. 
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Figure 4. Effect of wind speed on a) temperatures of unconcentrated STEG, b) output power of 

unconcentrated STEG, c) temperatures of concentrated STEG, d) output power of concentrated STEG 

 

3.4. Influence of solar irradiance on the output performance of the STEG-RC 

Figure 5a presents the variation in temperatures of the STEG and RC surface with the variation in 

solar irradiance for the unconcentrated STEG. For a typical winter case (low solar irradiance), the surface 

temperature of the RC is higher than the temperature of the hot side. As solar irradiance increases from 

100 W/m² to 700 W/m², the temperature of the hot side increases and becomes equal to the surface 

temperature of the RC. A further increase in solar irradiance leads to a further increase in the hot side 

temperature above the surface temperature of the RC. Figure 5b presents the output power of the STEG 

and the radiative cooling power of the RC at C = 1. Typically, a negative output power is expected when 

the temperature of the cold side is higher than that of the hot side due to the reverse current flow. 

However, in this analysis, absolute values of the output power are considered. Having said that, the 

output power decreases from 7.1 mW to 0 mW as solar irradiance increases from 100 W/m² to 700 W/m², 

after which the output power slightly increases. On the contrary, the radiative cooling power increases 

linearly with the increase in solar irradiance, in agreement with equation 5. 

Figure 5c shows the temperatures of the STEG and the surface of RC with the variation of solar 

irradiance at C = 5. At a solar irradiance of 100 W/m², the temperatures have the same values; however, 

as solar irradiance increases, the hot side temperature becomes increasingly higher than the other 

temperatures. This is because the hot side receives 5-fold more energy than the cold side/RC. Figure 5d 
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presents the output power and the radiative cooling power at C = 5. The output power exponentially 

increases from 0 to 375 mW as solar irradiance increases from 100 W/m² to 900 W/m². Similarly, the 

radiative cooling power increases linearly with solar irradiance. A maximum radiative cooling power of 

180 W/m² is achieved at a solar irradiance of 900 W/m². In summary, the unconcentrated STEG should 

not be operated at low solar irradiance to avoid reverse current flow. On the other hand, solar irradiance 

has a positive influence on the output power of the concentrated STEG. In both concentrated and 

unconcentrated cases, the radiative cooling power linearly increases with solar irradiance. 
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Figure 5. Effect of solar irradiance on a) temperatures of unconcentrated STEG, b) output power of 

unconcentrated STEG, c) temperatures of concentrated STEG, d) output power of concentrated STEG 

 

The average cost of the unconcentrated and concentrated STEG-RC systems is about $10 and $50, 

respectively [28, 29]. A typical thermoelectric generator with chalcogenide TE materials operates in a 

temperature range of 300 – 500 K, which is the temperature range covered by this study. When operated 

properly, it can have a lifespan of 20 years or more [30], indicating its suitability for long-term energy 

harvesting applications. This also means a relatively competitive levelized cost of energy. 

4. CONCLUSIONS 

This study presents a steady-state theoretical analysis of STEG-RC for both concentrated and 

unconcentrated cases. Since the STEG-RC is expected to operate outdoors, the effect of weather 

parameters on the system's output performance needs to be determined. Based on the results presented, 

the main findings can be summarized as follows:  

• Concentrating solar energy is the most effective way to enhance the output performance of 

STEG-RC. 

• Ambient temperature negatively affects the output of the STEGs. At C = 5, the output power 

reduces from 510 mW to 395 mW when the ambient temperature increases from 5 °C to 45 °C. 
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Similarly, the output power of the unconcentrated STEG reduces from 4 mW to 0 mW when the 

temperature changes from 5 °C to 45 °C. 

• Relative humidity has an insignificant influence on both the output power and the radiative 

cooling power. 

• An optimum wind speed is required to achieve the maximum output power of STEG-RC. The 

optimum wind speed is found to be 3 m/s and 2 m/s for C = 1 and C = 5, respectively. 

• Solar irradiance has a negative influence on the output power of the unconcentrated STEG; 

however, it has a positive influence on the output power of the concentrated STEG. The 

radiative cooling power also increases linearly with solar irradiance for both concentrated and 

unconcentrated cases. 

Although the concentrated STEG-RC has higher output performance compared to the 

unconcentrated case, long-term exposure to the sun may lower the output performance due to the low 

cooling performance of the radiative cooler. This limitation can be clearly seen in transient analysis, 

which is considered one of the future research directions of this study. It should also be noted that in 

practice, a single or dual-axis solar tracker is needed for the concentrated STEG-RC system, which means 

additional energy consumption for the system. Having said that, these two limitations are minimal for 

the unconcentrated STEG-RC system. Therefore, by integrating a heat sink with the radiative cooler, the 

output performance of the unconcentrated STEG-RC can be further enhanced. 
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