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STUDY OF OPTICAL TRANSMISSION LOSSES 

OF SATINATED PV GLASS 
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ABSTRACT: Satinated glass is an increasingly important component of PV modules, especially in the building 

integrated (BIPV) sector, where it can contribute to more uniform appearance as well as significantly reduce the risk 

of glare. Different satination methods, such as wet chemical etching or mechanical abrasion, are available, which can 

impact the PV-relevant optical parameters in different ways. In order to characterize the associated performance 

losses, in this study eight different satinated glass types are compared in terms of spectral transmittance, surface 

morphology, relative transmission loss and angular dependent reflection losses. 

Measurements show only insignificant transmission losses of < 1 % for acid-etched glass compared to reference PV 

glass at normal incidence, with significant gains at high incidence angles > 60°. No significant differences between 

different acid-etched samples can be observed, all featuring homogeneous appearance. Other satination technologies, 

such as sandblasting or laser-etching show significantly higher transmission and reflection losses at low incidence 

angles, making them less viable for use in PV applications. 

Keywords: Optical Losses, Performance, PV Materials, Texturisation 

 

 

1 INTRODUCTION 

 

Satinated glass is becoming an increasingly used 

component in PV modules, especially for building-

integrated photovoltaics (BIPV). [1] Compared to 

standard PV cover glass with either a smooth or lightly 

textured surface, AR-coated glass or even deeply 

structured glass, satinated glass can significantly reduce 

specular reflections responsible for glare. [2] 

Additionally, satination of the glass surface can lead to a 

more uniform appearance. In colored PV products based 

on thin-film interference coatings, satinated glass is even 

an essential component to reduce iridescence and achieve 

a homogeneous appearance. [3] 

Apart from its effect on reflections and appearance, 

satinated glass also has an impact on the angular 

dependent performance measured through the incidence 

angle modifier (IAM). Especially at high incidence 

angles, satinated glasses are known to show higher IAM 

values than standard PV cover glasses. On the other hand, 

at lower incidence angles, satinated glasses are usually 

slightly outperformed by standard glass solutions. At 

normal incidence, textured glass has been shown to have 

increased light transmission compared to smooth glass, as 

reflected light can have a second chance to enter the glass 

and be transmitted to the cell. [4] 

While satinated glass can be produced through either 

mechanical abrasion (i.e. sandblasting) or wet chemical 

etching, the latter method is the more commonly used. 

Nevertheless, even this method can employ a variety of 

HF-based acids, etch rates and environmental conditions, 

leading to significant variation in surface morphology. 

[5][6] 

Nevertheless, the specific effects of different 

satination methods on the PV-relevant optical properties 

of glass have not been investigated until now. This study 

presents a comparison of transmission loss in a number of 

acid-etched samples as well as satinated glasses produced 

from alternative methods, both at normal incidence and 

higher incidence angles. 

 

 

2 METHODOLOGY 

 

A total of fourteen different glass types are sourced 

from the market and compared using total transmittance 

measurements, short-circuit current (Isc) measurements 

before and after encapsulation in PV mini-modules to 

determine relative transmission losses, as well as 

incidence angle modifier (IAM) measurements. An 

overview of the samples with short descriptions can be 

seen in Table I. Sample #1 is considered a good example 

of standard PV cover glass and is subsequently used as a 

reference when comparing satinated glasses. Glass types 

#2-6 are standard acid-etched samples sourced from 

different manufacturers, while glass types #7-10 are 

provided by a single manufacturer. 

 

Table I: Glass types and number of individual samples 

tested 

 

# Description Samples 

1 Lightly structured low-iron float glass 4 

2 #1 sandblasted 3 

3 #1 laser-satinated 3 

4 Acid-etched low-iron float glass 3 

5 Acid-etched low-iron float glass 3 

6 Acid-etched float glass 3 

7a Flat low-iron float glass 1 

7b Flat float glass 1 

8a #7a lightly acid-etched 1 

8b #7b lightly acid-etched 1 

9a #7a acid-etched variant 1 1 

9b #7b acid-etched variant 1 1 

10a #7a acid-etched variant 2 1 

10b #7b acid-etched variant 2 1  

 

 

2.1 Glass characterization 

Total spectral transmittance measurements on glass 

samples are carried out by illuminating samples with 

collimated light from a laser-driven light source (LDLS) 

in front of a 6” integrating sphere coupled to an 

OceanOptics QE65000 spectrometer using an optical 

fiber. An OceanOptics DH2000 halogen-deuterium light 

source is used as a correction light source (CLS) to 

compensate for back-reflections from the glass sample to 

the inside of the integrating sphere. This setup and the 
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required correction procedure have been described in 

greater detail in earlier publications. [7][8] 

In order to characterize the surface structure of 

different samples, through-light optical microscopy is 

carried out perpendicular to the glass surface. 

 

2.2 Relative transmission losses 

PV mini-modules are laminated from the glass 

samples using 2-busbar mono-Si cells (Al-BSF), EVA as 

encapsulant as well as a polymeric black backsheet. 

To determine the PV-relevant relative transmission 

losses, IV curves are measured on all cells before and 

after lamination using a Pasan cell tester. Subsequently, 

short-circuit currents (Isc) are extracted and compared to 

determine the relative transmission losses, and EL images 

are taking throughout the process to ensure no processing 

damage. 

 

2.3 Angular dependent reflection losses 

To determine angular dependent reflection losses, 

measurements of the incidence angle modifier (IAM) are 

performed on the mini-modules. For these measurements, 

the collimated light from the LDLS is contained within 

the cell area and Isc is measured for incidence angles in 

5° steps and subsequently averaged over positive and 

negative angles. This methodology and its validation 

have also been described in previous publications. [7] 

Finally the relative Isc losses are multiplied with the 

measured IAM to determine the angular dependent 

effective transmittance of different glass types, in order to 

enable a direct comparison. 

 

 

3 RESULTS 

 

 
Figure 1: Total transmittance spectra of all glass samples 

 

3.1 Glass characterization 

 Figure 1 shows the total transmittance spectra of all 

glass samples, with average transmittance between 78-

92 %. While the highest values conform to the expected 

Fresnel reflection losses of glass in air (approximately 

4 % for each air-glass interface), the lower values 

indicate significant additional reflection or absorption 

losses. 

However, due to the strong scattering of light in case 

of highly satinated glass, some amount of transmitted 

light may not be captured by the integrating sphere in the 

total transmittance measurements, leading to higher 

uncertainty regarding the magnitude of the measured 

optical transmittance. Subsequent analysis therefore 

focuses on the spectral shape rather than magnitude. 

 Samples #6 and #7b, #8b, #9b, #10b show near-

infrared transmission losses characteristic for iron-

containing float glass, normally not used in PV 

encapsulation. Conversely, sandblasted glass (#2) shows 

a transmittance spectrum weighted more towards the 

near-infrared, however with overall significantly reduced 

transmittance compared to the reference. This relative 

increase in near-infrared transmittance is in line with 

literature. [B] 

 The surface structure of the different glass types is 

shown in Figure 2, featuring through-light microscopy 

images of four selected samples at varying 

magnifications. The images show significant differences 

in the surface structure, with acid-etched glass featuring 

quasi-circular dips surrounded by higher ridges, while 

sandblasted glass has a highly irregular surface structure 

with sharp peaks and ridges as well as small patches of 

almost smooth glass. 

 

 
Figure 2: Surface microscopy of samples #4, #2 (~ 43x 

and 216x optical magnification) and #3, #8a (~ 43x 

optical magnification) 

 

No significant differences can be observed between 

the individual acid-etched glass samples (#4-6, #9-10), 

neither upon visual inspection nor under through-light 

microscopy. While the size of microstructures varies 

slightly, no clear change in morphology is apparent. 

Sandblasted glass (#2), however, has a significantly 

less uniform appearance, looking generally more white 

and opaque. Furthermore, continuous abrasion of the 

sharp surface structures leads to a perpetual dirty-white 

appearance. 

The laser-satinated samples (#3), while uniform, 

exhibit a slightly glittery appearance, most likely due to 

the deep wells in the glass leading to a limited number of 

characteristic reflection angles. Glass #8 only features 

very light satination leading to a slightly hazy appearance 

with a surface structure characterized by wide, shallow 

dips. 

 

3.2 Relative transmission losses 
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 The relative loss in short circuit current (Isc) of the 

mini-modules compared to the unencapsulated PV cells is 

shown in Figure 3. For glass types #1-6, the μ ± 3σ 

interval over all samples is shown, whereas for glass 

types #7-10 data points represent individual samples. 

 

  

 
Figure 3: Relative loss in short-circuit current compared 

to unencapsulated PV cells 

 

 While the acid-etched glass types show relative Isc 

losses of < 1 p.p. beyond that of the lightly textured 

reference glass, losses are significantly higher and more 

varying for the sandblasted glass. Similarly, the laser-

etched glass shows additional losses of > 5 p.p. beyond 

the reference. Due to the limited number of samples for 

glass types #7-10, accuracy of these measurements 

cannot be ascertained, however the individual data points 

indicate that satinated glass performs similar or even 

better than completely flat glass. 

 

3.3 Angular dependent losses 

The relative incidence angle modifier (IAM) compared to 

reference glass #1 is shown in Figure 4 for the different 

glass types. 

 

 
Figure 4: Relative IAM 

 

The measurements show a significant increase in 

angular dependent transmittance at incidence angles 

> 55° for acid-etched samples compared to the lightly 

structured reference glass. Differences in IAM between 

these samples can only be observed at incidence angles 

> 70° and are within the measurement uncertainty of the 

setup. 

Both the sandblasted and laser-etched glasses only 

show a higher IAM compared to the reference at 

significantly higher incidence angles, performing 

especially badly in the case of the laser-satinated glass. 

The lightly satinated glass (#8a) also slightly outperforms 

the reference at high incidence angles without reductions 

in IAM at lower angles. 

 Combining the measured IAM with the relative Isc 

loss results in the graph shown in Figure 5, giving the 

effective relative transmittance compared to 

unencapsulated cells at normal incidence. It shows 

beneficial irradiance conditions for acid-etched glass for 

incidence angles > 60°, with only minor reductions in 

effective transmittance at lower angles. Due to their low 

transmittance at normal incidence, both sandblasted and 

laser-etched glasses surpass the reference only at > 70° 

and 80°, respectively. 

 

 
Figure 5: Angular dependent effective transmittance 

relative to unencapsulated cells at normal incidence 

 

 

4 DISCUSSION 

 

 The results in Figure 5 indicate that while having 

slightly lower transmittance at low incidence angles, 

acid-etched satinated glass does not perform substantially 

worse than standard PV glass with slightly structured 

surfaces. For fixed tilt installations with frequent 

occurrence of high incidence angles and/or large fractions 

of diffuse light, satinated glass can actually be beneficial 

for the overall annual yield. This is for example the case 

in building-integrated (BIPV) installations, where non-

optimal orientations are quite common. 

 Regarding the uncertainty of the presented results, 

due to the limited number of samples per glass type, a 

full statistical analysis could not be performed. The 

measurements indicate, however, that there is a 

significantly higher variance between samples for the 

sandblasted and laser-satinated glass compared to the 

references and acid-etched glass. 

 

 

5 CONCLUSIONS 
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In general it can be concluded that all acid-etched 

glass samples investigated in this study very closely 

resemble each other both in appearance and performance, 

indicating that manufacturer or specific product choice is 

of secondary concern when selecting satinated glass for 

PV applications. 

From relative transmittance and IAM measurements 

the following conclusions can be made regarding 

different glass satination techniques for PV applications: 

 Acid-etched glass performs best, with transmittance 

losses < 1 p.p. compared to standard PV glass at normal 

incidence, surpassing the reference at incidence angles 

> 55°. Sandblasted glass has lower visual uniformity and 

higher variance in transmission losses, possibly leading 

to increased cell and module mismatch. The relative IAM 

gain is also lower than that of acid-etched glass. Due to 

the jagged surface structure, continuous abrasion leading 

to dirty-white appearance can also be observed. 

 Laser-satinated glass is unsuitable for PV 

applications due to very high transmission and IAM 

losses, most likely due to the deep wells in the glass 

surface. 

Further studies will be required to verify the 

measurement accuracy, however this work indicates that 

acid-etched satinated glass leads to insignificant 

performance reductions at low incidence angles and 

significant gains at high incidence angles. Its use can 

therefore be generally recommended for PV applications, 

especially in non-optimal fixed-tilt orientations and glare 

sensitive areas, such as in building integration. Satinated 

glass produced by other technologies, such as 

sandblasting or acid-etching, should be advised against, 

however. 
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