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Abstract— Using Semi-transparent PV (STPV) as glazing in 

buildings might improve the building's energy profile. However, 

the characterization method has to be identified. This work aims 

to establish the experimental methodology utilized in 

characterizing various glazing SPTV samples and draw its 

potential impact on buildings. The results indicate that STPV-

based CdTe solar cells tend to reduce the amount of natural light 

that can enter the indoor environment, therefore, increasing the 

lighting demands and reducing the passive heating element, which 

would increase the heating demand. Furthermore, it minimizes the 

heat gain caused by solar radiation passing through the glazing. 

This suggests that CdTe STPV glazing samples can serve as 

effective shading devices, ultimately reducing the cooling 

requirements of buildings. Finally, the CdTe STPV glazing 

systems exhibit better insulation properties compared to 

conventional single and double-glazing samples, regardless of 

their structure. 
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I. INTRODUCTION 

As the global population continues to grow, the need for 

energy sources, particularly electricity, is on the rise. This 

demand is largely driven by the building sector, which accounts 

for approximately 20% of the world's economy. However, the 

building sector is faced with a myriad of challenges related to 

energy supply, resources, the environment, and climate change. 

As a result, there is a growing movement to lower energy 

consumption levels and shift towards renewable energy 

sources. Recent studies have shown that the building sector 

consumes roughly 30% of the world's electricity, primarily to 

meet the heating and cooling requirements. In the United States, 

for example, 61% of the energy consumed in commercial 

buildings is attributed to the heating and cooling demands of 

glazing systems. In 2010, the building sector was responsible 

for utilizing more than 40% of the energy generated in the US, 

with approximately 50% of it directed towards meeting the 

heating and cooling requirements [1]-[5]. 

 In order to tackle the energy consumption issues, it is 

imperative to conduct a thorough analysis of the underlying 

sources and factors. After extensive research, glazing systems 

have been identified as a crucial area that requires 

improvement. These systems play a pivotal role in regulating 

heat transfer within the building's structure, thus exerting a 

significant influence on its overall thermal performance [4], [6]. 

 The demand for photovoltaic technologies has been on the 

rise, mainly because of their adaptability. Their remarkable 

flexibility makes them an ideal option for urban areas and cities, 

where they can be fitted onto building roofs or even integrated 

into the building structure.  

Integrating solar cells into glazing systems presents a 

potential solution for decreasing overall energy consumption in 

buildings. However, before implementing such technology, 

several crucial factors must be taken into account, such as the 

climate profile of the location and the surrounding structures 

that may cast shadows. The integration of solar cells not only 

produces electricity but also enhances the building's thermal 

performance, rendering semi-transparent photovoltaic (STPV) 

glazing systems a highly appealing option. 

It is crucial to conduct a thorough analysis and evaluation 

when planning to utilize STPV glazing systems in a building. 

These systems incorporate solar cells that regulate the amount 

of solar radiation that penetrates the building, thereby reducing 

the amount of natural daylight and outdoor views. This, in turn, 

can have a significant impact on the lighting demand and 

thermal performance of the building's interior. Therefore, 

careful consideration and appropriate design adjustments must 

be made to ensure optimal outcomes [7], [8]. 

The objective of this work is to establish the experimental 

methodology utilized in characterizing various glazing samples 

examined in this research. The characterization process will 

delve into the physical properties of the samples used in the 

study and provide details on the experimental setup employed 

to obtain the different properties of these samples. 
 

TABLE I 

 GLAZING SAMPLES 

Sample Sample type Solar cells 

materials 

S1 STPV CdTe 

S3 Double glazing 

STPV 

CdTe 

DG1 Double glazing N/A 

SG1 Single glazing N/A 



II. METHODOLOGY 

A. Glazing samples 

Various samples of CdTe STPV glazing, a clear double-

glazing sample, and one clear single-glazing sample, were 

utilized. Table I shows the glazing samples that are being tested 

in this paper. 

B. Indoor experimental set-up 

To evaluate the impact of CdTe STPV glazing systems on 

energy efficiency, a series of experimental tests were performed 

to determine their key attributes. These tests took place in a 

controlled environment, utilizing the Guarded Hot Box 

technology designed by Fung et al. [9] and the Mobile Window 

Thermal Test (MoWiTT) developed by Robinson and Littler 

[10]. 
1) Guarded Hot Box and Mobile Window Thermal Test 

A guarded hot box is an experimental setup designed for the 

calculation of U-values of specific samples. This setup 

comprises three distinct compartments: the guard box, the 

metering box, and the sample under investigation, which is 

positioned between the cold box and the metering box. The cold 

box is responsible for regulating low temperatures to simulate 

the cooling system in use, while the guard box functions as a 

temperature controller to prevent heat loss and maintain optimal 

conditions. The metering box features a heater that facilitates 

the transfer of heat from the metering box to the cold box 

through the sample under examination [9] as shown in Fig. 1. 

 
Fig. 1. Guarded Hot Box [9]. 

 

The Mobile Window Thermal Test (MoWiTT) is an 

experimental setup designed to measure the U-value, much like 

the Guarded Hot Box. However, MoWiTT offers the added 

benefit of examining how the surrounding environment affects 

the tested sample’s thermal performance. 

 

2) Enclosure testbed setup and Attributes 

Experimental tests conducted within enclosed spaces often 

require a controlled indoor temperature. To achieve this, 

heating and/or cooling systems are managed within the testbed 

setup. In order to collect essential data required for creating 

electrical, thermal, and optimal profiles for various CdTe STPV 

samples, a testbed was constructed. The tests were conducted 

in a controlled environment at the power and transmission lab 

in Sheaf Building, Sheffield Hallam University, Sheffield, 

United Kingdom. Standard testing conditions (STC) were 

maintained throughout the experiments, including an ambient 

temperature of 25°C, air mass of 1.5, wind speed of 1 m/s, and 

solar irradiance of 1000 W/m². The building's central heating 

system was utilized to regulate the temperature, while a 

mechanical ventilation system was used to control air mass and 

wind speed. Furthermore, to ensure consistent irradiance, a 

solar simulator was developed. The enclosure consisted of 

thermo-electric coolers (Peltier unit) that were used to maintain 

ambient temperature. The enclosure testbed structure is made 

of insulated Polyisocyanurate and laminated with aluminium 

foil for temperature control. It measures 0.3m x 0.3m x 0.225m, 

with minimal thermal disturbances, as shown in Fig. 2. The 

used testbed includes three pelters units and two thermo-

couplers for accurate and reliable testing. 

 

 
Fig. 2. The Developed Enclosure Testbed 

3) Optical Characterisation Testing Setup 

When evaluating the optical characteristics of a glazing 

sample, the interaction with solar irradiance is a key factor. A 

transparent sample can allow solar irradiance to penetrate the 

indoor environment while absorbing some of it. The 

fenestration of the sample can also reflect a percentage of the 

solar irradiance. It's essential to take into account the glazing 

sample's transmittance, absorbance, and reflectance since these 

three attributes can significantly affect its performance. 

According to (1), the sum of these three attributes is equal to 

unity. 

 

𝜌(𝜆, 𝜃) + 𝜏(𝜆, 𝜃) + 𝛼(𝜆, 𝜃) = 1 (1) 

 

Where:  

𝜌:  The reflected solar irradiance (unitless). 

𝜏:  The Transmitted solar irradiance (unitless). 

𝛼:  The absorbed solar irradiance (unitless). 

𝜆:  The spectrum of the solar irradiance (nm). 

𝜃:  The incident angle of the solar irradiance (degree).  

 

The acquisition of data was performed using a spectrometer 

from Avantes (Avaspec-ULS-EVO-RS) model, which is 

capable of covering the wavelength range from 200-1100 nm. 



In conjunction with this, a Lightsource (Avalight-DHc) was 

utilized, providing both deuterium and halogen light sources 

with a wavelength range of 200-2500 nm. To record the results, 

the Avasoft software was utilized. The optical characterization 

testing setup can be seen in Fig. 3, while Fig. 4 displays the SG1 

sample being tested at a 0° angle. Each sample has been 

subjected to multiple iterations of the optical testing under 

different incident angles, specifically from 0° to 40° due to the 

testing setup limitation. 

 

 
 

Fig. 3. Spectrometer (Avaspec-ULS-EVO-RS) along with a 

Lightsource (Avalight-DHc) 

 
Fig. 4. The optical Characterisation testing for SG1 at 0° 

1) Thermal Characterisation Testing Setup 

 

The Thermal Characterisation Testing Setup aims to assess 

the thermal properties of CdTe STPV glazing samples through 

the U-value and SHGC metrics. 

 

a) SHGC Characterisation Testing Setup  

The SHGC metric is determined by the optical properties of 

CdTe STPV glazing systems, specifically the levels of solar 

irradiance that are transmitted and absorbed [14]. Additionally, 

SHGC is a metric that measures the amount of solar irradiance 

that enters the indoor environment through the glazing system. 

It also measures the solar heat gain through the glazing 

structure.[15]. SHGC can be calculated according to equation 

(2) [16]. 
 

SHGC(λ, θ) = τ(λ, θ) + N ∗ α(λ, θ)  (2) 

 

Where: 

𝜏:  The Transmitted solar irradiance (unitless). 

𝛼:  The absorbed solar irradiance (unitless). 

𝜆:  The spectrum of the solar irradiance (nm). 

𝜃:  The incident angle of the solar irradiance (degree). 

𝑆𝐻𝐺𝐶: The Solar Heat Gain Coefficient (unitless). 

𝑁 : The inward-flowing fraction of the absorbed radiation 

(unitless). 

 

The inward-flowing fraction of the absorbed radiation (𝑁) is 

a unitless ratio between the U-value and the external heat 

transfer, were both measured in (W/m2), 𝑁 = 𝑈 ℎ𝑒⁄   [17]. 

 

a) U-value Characterisation Testing Setup  

The U-value is used to measure the energy transmitted 

through the glazing system by considering both the exchange 

of irradiation and convective heat between the inner and outer 

surfaces of the glazing [18]. The heat transfer coefficient is 

determined by the heat flux (W/m2) and the temperature 

difference between the inner and outer surfaces of the glazing 

system (Kelvin). This can be calculated using an equation (3) 

below [19]-[21].  

 

𝑈 =  𝑄 ∆𝑇⁄     (3) 

 

Where: 

U: the heat transfer coefficient (W/m2.K) 

Q: The heat flux (W/m2) 

∆T: The temperature difference between the glazing system's 

inner and outer surface (Kelvin). 

 

To determine the U-value of various glazing samples, it is 

necessary to measure the heat flux value and the inner and outer 

surface temperatures. The g-SKIN U-VALUE KIT 2615C from 

greenTEG is a specialized kit that includes a heat flux sensor, 

two thermocouple sensors, and a data logger shown in Fig. 5 to 

obtain these values. The data collected from the experiments 

are then analysed using the greenTEG Logger 1.02.10 software.  

 

 
Fig. 5. g-SKIN U-VALUE KIT 2615C 

In the experiment, the U-Value metric for various glazing 

samples was measured using the practical setup depicted in Fig. 

6. It's important to note that Peltier units were employed to raise 

the ambient temperature of the testbed enclosure above the lab 

ambient temperature. This facilitated heat flux from indoor to 

outdoor environments through the glazing sample, similar to 

Fang et al. [9] work.  



III. RESULT AND DISCUSSION  

A. The Optical Characteristics 

The optical test results are shown in Fig.  7 and Fig. 8, and 

the average values are shown in Table II. The results indicate 

that CdTe solar cells tend to reduce the amount of natural light 

that can enter the indoor environment. Integrating the CdTe 

STPV glazing systems into buildings would increase the 

lighting demands and reduce the passive heating element, 

which would increase the heating demand.  

 

 
Fig. 6. The Practical Setup of U-Value Measurement 

 
TABLE II 

THE AVERAGE VALUES FOR THE OPTICAL TEST 

Sample Transmittance% Absorbance% Reflectance% 

S1 26.24 6.23 67.53 

S3 23.20 5.64 71.16 

DG1 69.83 14.97 15.20 

SG1 74.00 15.81 10.19 

 
TABLE III  

THE SHGC AVERAGE VALUES 

Sample SHGC 

DG1 0.91 

SG1 0.92 

S1 0.36 

S3 0.32 

 

B. The Thermal Characteristics  

1) SHGC Results 

As stated in the methodology the SHGC metric is dependent 

on the optical characteristics of the glazing samples according 

to equation (2).  

The findings indicate that CdTe STPV glazing systems 

minimize heat gain caused by solar radiation passing through 

the glazing. This suggests that CdTe STPV glazing samples can 

serve as effective shading devices, ultimately reducing the 

cooling requirements of buildings. The results are shown in Fig. 

9, and the average values are shown in Table III. 

 

 

  

 

 
Fig.  7. The absorbance test results for the samples. 



 

 

 

 
Fig. 8. The transmittance test results for the samples. 

 

 
Fig. 9. SHGC Results 

TABLE IV 
 THE AVERAGE U-VALUE 

Sample U-Value (W/m2.K) 

DG1 3.78 

SG1 6.21 

S1 4.36 

S3 2.93 

 

 

 

2) U-Values Results 

As mentioned earlier, the U-Value assesses the amount of 

energy that passes through the glazing system by taking into 

account both the transfer of radiation and convective heat 

between the inner and outer surfaces of the glass. A lower U-

value indicates a better insulating capacity for the glazing 

system. 

According to the experimental findings, both tested samples 

of the CdTe STPV glazing system exhibit better insulation 

properties compared to conventional single and double-glazing 

samples, regardless of their structure. This leads to reduced 

heating load when incorporated into buildings, as evident by 

Fig. 10 and the sample’s average U-Values as shown in Table 

IV. 

It needs to be noted that the existence of solar cells adds a 

new dimension to the glazing systems. The S1 and S3 samples 

have an electrical profile that needs to be identified. The open 

circuit voltage for S1 is 10.17 volts, whereas the open circuit 

voltage for S3 is 9.95 volts. The short circuit current for S1 is 

122.10 m. Amps. Whereas the short circuit current for S3 is 

95.7 m. Amps.  

 



 
Fig. 10. U-Value Results for all samples 

IV. CONCLUSION  

This work thoroughly demonstrated the experimental approach 

to measure the thermal and optical properties in a controlled 

setting, using two CdTe STPV glazing samples. The findings 

from these samples are then compared to single and double-

glazing reference samples. The thermal characteristics are 

classified into two metrics the U-Value and the SHGC. The U-

value results for STPV samples are similar to the double-

glazing system or better, where the U-Value for the DG sample 

is 3.8 W/(m2.K), whereas the U-Value for S1 and S3 are 4.36,  

2.93 W/(m2.K)  respectively. As for the SHGC, the results 

indicate that utilising STPV glazing systems would reduce the 

cooling demand as it restricts the amount of solar irradiance 

entering the indoor environment reducing the passive heating 

element that glazing systems provide. 
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