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ABSTRACT: The necessity to reduce carbon emissions has pushed European institutions to foster the adoption - for new 

buildings - of Nearly Zero Energy Buildings, which need to minimize energy consumption with energy generated on site. 

This opens up an enormous potential for the integration of renewable energy sources in the built environment. However, a 

massive introduction of PV into buildings should be accompanied by an increased sensitivity in terms of the aesthetic 

appeal of the modules. Inks masking the metallic interconnects in building integrated photovoltaic (BIPV) elements might 

be an attractive option to produce more aesthetically pleasant modules. In this work, we investigate the stability of three 

commercial inks (1 solvent based and 2 UV curable) using two common PV configurations (glass-EVA-glass and glass-

EVA-backsheet). We lay down a testing protocol to screen the stability of inks supplied by different manufacturers using 

damp heat (DH 85°C, 85%RH) and ultraviolet exposure conditions (UV 65°C, 60 W/m2). Preliminary results show a halo 

in the surroundings of the coated metallic interconnects for UV curable inks when exposing these samples to direct UV, 

while no halo is observed when damp heat is performed first and for the solvent-based ink indicating that it is more stable.  
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1 INTRODUCTION 

 

 There is still huge area of opportunity to implement 

renewables in buildings. Worldwide, buildings account for 

33% of the final energy demand, with 86.4% of it coming 

from non-renewable energy and traditional biomass [1]. 

Thanks to the great technological advances of the recent 

years, solar energy is nowadays competitive and one of the 

cheapest sources for generating electricity, compared to 

more conventional power generation technologies [2]. 

International governments target to reduce greenhouse 

gases emissions by lowering pollution from buildings. 

Some of the European Union (EU) initiatives are the 

Building Energy Performance Directive [3] and the 

Directive on Renewable Energy [4]. Such actions aim 

ambitious objectives and renewable energy, principally 

solar, are necessary to achieve them. Incorporating solar 

energy into constructions is an attractive way to generate 

self-sustaining buildings and use on a wise manner the 

space to generate electricity cleanly. 

Unfortunately, as of today several factors affect the 

integration of BIPV into the built-environment such as the 

skepticism about the PV technology from architects and 

other stakeholders, the lack of tools to help the 

implementation (i.e. Building Information Modeling), and 

the high manufacturing costs compared to mainstream 

modules, [5], [6]. Additionally, when integrating PV in the 

built environment, aesthetics may play a major role, as 

particularly architects may be extremely sensitive to this 

aspect. To boost the adoption of BIPV, it is therefore 

necessary to address these different issues simultaneously. 

As an example, when choosing modules for façades (or for 

other installations that may be visible by a broader public) 

the visual appearance of the PV module is often judged as 

a critical element by architects. Multiple solutions have 

being used to camouflage the presence of PV modules into 

the built-environment, these include, colorizing foils, 

ceramic printed glass covers and spectral-selective 

photonic morpho structures. These solutions, which allow 

in some cases to completely mask the presence of the PV 

modules, lead however frequently to a considerable 

decrease of the module power output [7].  

In this work, we focus on masking the metallic 

interconnects (also called metallic ribbons) used to contact 

the different solar cells and strings in a PV module. In the 

past solar cells made use of three to four ribbons to contact 

adjacent cells. In recent years, this number is increasing 

considerably from five metallic ribbons per solar cell to 

nine or even more.  

Ribbons have a metallic and reflective appearance that 

sometimes is not judged as attractive. For this reason, we 

try to mask their presence by using an ink, which should 

increase the uniform visual appearance of the modules. 

In this work, we lay down a protocol to screen the stability 

of the inks used for masking metallic ribbons interconnects 

in BIPV modules. 

The long-term goal of this research project is to 

manufacture an ink-dispensing tool to mask ribbons in a 

cost and time efficient way. 

 

 

2 EXPERIMENTAL 

 

 We prepare samples with a usual PV configuration 

(glass-EVA-glass and glass-EVA-backsheet) with 

encapsulated ink coated metallic ribbons and we perform 

a protocol to assess the stability of the inks. Reflectance 

measurements on the masked metallic ribbons and visual 

inspection are performed to assess the appearance of the 

samples. 

 

2.1 Sample preparation 

 Two usual PV configurations are prepared with 

commercial materials (see figure 1). 

Squared sized pieces of 5 cm x 5 cm glass, EVA and 

backsheet (PPE) are cut and 3 cm x 0.5 cm metallic 

interconnects are coated with three different black colored 

commercial inks (A, B and C).  

The stack of materials are formed, positioning the coated 

metallic ribbons in a centered place, and laminated with a 

standard recipe for the used EVA which involved 

maximum temperatures of 150°C.  

 

 



 
Figure 1: sketch of the samples structures configurations 

used to test the effect of the ink after accelerated aging 

tests. (1) glass-glass (G/G) and (2) glass-backsheet (G/Bs) 

configurations. 

2.2 Testing sequences 

 The samples are aged following two main sequences 

shown in figure 2. 

 
Figure 2: Followed accelerated aging tests sequences. (1) 

Damp heat (DH) for 1000h and then ultraviolet (UV) 

exposure aiming for 240 KWh /𝑚2 and (2) only UV 

exposure for the same dose. 

All sample configurations were subjected to sequence 

DH+UV or UV, test are ongoing for ink C (see table 1). 

The idea behind these two sequences is to identify if 

humidity in G/G and G/Bs configurations produces a 

different effect in the samples with masked metallic 

ribbons after UV conditions. 

 

 

 

 

Table I: status of the followed sequences and type of ink 

Ink 

Status 

Sequence 

DH+UV 

Status 

Sequence 

UV 

Type of ink 

A Performed Performed 
Solvent 

based 

B Performed Performed UV curable 

C Ongoing Ongoing UV curable 

 

The IEC 62788-7-2 [8] standard is followed for all the 

samples aiming for a total duration of at least 4000 hours. 

A Q-Sun Xenon chamber (Q-Lab) is used with the 

following exposure conditions: 

 

- UV dose: 60 W/𝑚2 

- Chamber air temperature: 65°C  

- Black panel temperature: 90°C 

- Irradiance: 0.8 W/𝑚2at 340 nm 

- Relative humidity: 20% 

 

After 4000 hours of aging test, a total UV dose of 240 

kWh/𝑚2 will be reached. This corresponds roughly to an 

outdoor exposure of ~4 years in a Central European 

temperate climate. This is the UV reached on the front 

glass of the samples, not the UV reaching the ink inside 

the samples. The glass absorbs a small fraction of around 

10% of the total UV dose. 

Damp Heat (DH, at 85°C, 85% of relative humidity) is 

performed according to the IEC 61215-2 standard [9], 

using a Weiss-Voetsch C 180, -40 chamber. 

 

2.3 Sample characterization techniques  

 The goal of using ink in PV is to change the aesthetics 

of the modules. The measurements involved in this work 

are aiming to examine if the ink is preserving its 

appearance and if a visual change is occurring over time in 

the samples. 

 

 UV-Vis-NIR spectroscopy 

Ultraviolet(UV)/visual (Vis)/near IR (NIR) spectroscopy 

is used to study the optical properties of the metallic 

ribbons, but only the reflectance from 300nm to 900nm is 

measured. A UV-Vis-near-infrared spectrophotometer 

Lambda 950 from Perkin Elmer (Waltham, USA) is used 

to perform the measurements. Spectra are recorded from 

300 to 900 nm with a measurement increment of 10 nm 

using an integrating sphere from Labsphere (North Sutton, 

USA) in order to measure reflectance. As the measuring 

aperture of this equipment has a diameter of 3cm and the 

metallic ribbons have a rectangular shape of 3cm x 0.5cm 

a mask was manufactured to be positioned on the 

equipment with the same dimensions of the metallic 

ribbons. As a mask is used post data treatment is done to 

obtain the corrected data using the following formula: 

 

 𝑅𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 =
(𝑅𝑠𝑎𝑚𝑝𝑙𝑒+𝑚𝑎𝑠𝑘−𝑅𝑚𝑎𝑠𝑘)∗𝑅𝑟𝑒𝑓

𝑅𝑚𝑎𝑠𝑘+𝑟𝑒𝑓−𝑅𝑚𝑎𝑠𝑘
          (1) 

Where: 

-𝑅𝑠𝑎𝑚𝑝𝑙𝑒+𝑚𝑎𝑠𝑘: reflectance of the coated metallic ribbon 

with the mask 

-𝑅𝑚𝑎𝑠𝑘: reflectance of only the mask 

-𝑅𝑟𝑒𝑓: reflectance of a high reflective surface (reference 

spectralon) 

-𝑅𝑚𝑎𝑠𝑘+𝑟𝑒𝑓: reflectance of the mask with the reference 

spectralon 

1) 

2) 

1) 2) 



-𝑅𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑: corrected reflectance of the coated metallic 

ribbon 

 

 Visual inspection 

Periodic visual inspections were performed at high and 

constant illumination to minimize artefacts. 

 

 

3 RESULTS 

 

 All coated metallic ribbons, irrespective of the ink 

used, endured a lamination process used for PV modules 

without any modification to their visual appearance, 

showing that all inks are compatible with conventional 

lamination processes. Due to the mechanical stresses 

caused by the thickness of the metallic ribbons, which is 

of 0.4mm, some of the G/G configuration samples were 

cracked or after lamination presented some bubbles, this 

was not the case for G/Bs configuration. 

Performing reflectance measurements before and after 

stress testing the samples (sequence UV and DH+UV), 

showed no change in the reflectance (between 300nm and 

900nm). This is true for all inks and both G/G and G/Bs 

samples, as can be seen in figures 3 to 5. The masked 

metallic ribbons have preserved up to now their black 

colored appearance.  

As the non-coated metallic ribbons are highly reflective if 

the ink covering them was disappearing, an increase in 

reflectance would be noticed in the measurements, which 

we did not observe. 

Presently the full testing sequence has been applied to ink 

A and B. For ink C, measurements are still ongoing. 

Figures 3 to 5 contain as well the results of the visual 

characterization performed on the different samples before 

and after the stress tests sequences. 

 
Figure 3: Reflectance and visual inspection of ink A, 

before and after performing the different stress test 

sequences (UV and DH+UV). The reflectance does not 

change , G/G do not present any significant change besides 

a light yellowing of the EVA and G/Bs generate a square 

shaped yellow effect in the inner position of the samples 

after exposing the samples to UV.  

All samples with G/Bs configuration show a yellowing 

effect after UV exposure following both sequences, this 

effect is also shown in the work of J. H. Kim et al. [10], 

DH does not seem to contribute to this effect as it only 

appears on UV exposure conditions. Furthermore, none of 

the G/G configuration samples presents it. 

A halo is observed in the surroundings of the ribbon in all 

configurations of ink B and C, which are UV curable, 

being more noticeable for ink C, following the sequence 

that only involves UV exposure (see figures 4 and 5). The 

halo has not appeared up to these exposure conditions 

following the sequence of DH+UV exposure, tests are 

ongoing. It is believed that ink B and C are causing this 

effect because the halo is observed in all configurations 

when these inks are present after the sequence with only 

UV exposure. G/Bs configuration samples were 

manufactured with and without unmasked metallic 

interconnects to compare effectively the different effects 

(see figure 6).   

Ink C produces a larger halo than ink B in the surroundings 

of the metallic ribbon, while it is inexistent with ink A 

indicating that the solvent based ink is more stable. 

The change in appearance might be caused by ink 

migration to the encapsulant, further investigation will be 

performed in order to understand this mechanism and the 

reason why the halo is produced with UV exposure but not 

with DH and then UV exposure. 

  
Figure 4: Reflectance and visual inspection of ink B, 

before and after performing the different stress test 

sequences (UV and DH+UV). The reflectance does not 

change and G/Bs generate a square shaped yellow effect 
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in the inner position of the samples after exposing them to 

UV. All samples following the UV sequence present a 

slight halo in the surroundings of the metallic ribbon, 

while samples following the DH+UV sequence do not 

present it. 

  
Figure 5: Reflectance and visual inspection of ink C, 

before and after performing the different stress test 

sequences (UV and DH+UV). The reflectance does not 

change and G/Bs generate a square shaped yellow effect 

in the inner position of the samples after exposing them to 

UV. All samples following the UV sequence present a halo 

in the surroundings of the metallic ribbon, while samples 

following the DH+UV sequence do not present it. Tests 

are ongoing. 

 
Figure 6: Samples in a G/Bs configuration exposed to a 

UV dose of 120 kWh/m2 (a) without metallic interconnect 

(b) with an uncoated metallic interconnect and (c) with 

masked metallic interconnect using ink C. The yellowing 

effect shown in (a), (b) and (c) does not depend on the 

ribbon nor the ink and the halo visible only in (c) is related 

to the ink. 

 

There are two main effects which can be observed in figure 

6:  (1) the yellowing effect for the G/Bs configurations; 

and (2) the appearance of the halo surrounding the metallic 

ribbon. The halo appears for both in the G/G and G/Bs 

configurations, being slightly milder for the G/G 

configuration. Both effects appear after UV exposure 

conditions. We observe that following the DH+UV 

exposure sequence the halo is not observed up to now. The 

exact reason for this is not clear and further investigation 

is ongoing to explain this behavior. 

 

 

4 CONCLUSION 

 

 The purpose of this work is to investigate the stability 

of three commercially available black inks used to mask 

the metallic ribbons employed to connect the solar cells 

and strings in a PV module. All inks were compatible with 

the conventional lamination process. The samples were 

exposed to 1000h of DH (85°C, 85%RH) and then to 240 

kWh/𝑚2 (corresponding to approximately 4 years of 

operation in a Central European temperate climate) in 

DH+UV sequence and only to 240 kWh/𝑚2 in UV 

sequence, tests are still ongoing for ink C. 

Up to this exposure conditions two main effects are seen. 

One is the change in color in the surroundings of the coated 

metallic ribbons, this halo occurs on ink B and C, which 

are both UV curable inks, being more present on ink C, 

while it is not present on ink A, a solvent-based ink, 

indicating that it is more stable. The halo is observed 

following the sequence that only involves UV exposure. 

Up to these exposure conditions, in the samples following 

the sequence DH+UV the halo is not observed, this might 

be because the ink could increase its adhesion with time. 

Ongoing experiments will provide a deeper understanding 

on the underlying degradation mechanism for the halo 

effect that might be caused by ink migration to the 

encapsulant. The other effect is a square shaped yellowing 

that appears after UV exposure conditions in all G/Bs 

samples. DH and the inks do not seem to contribute to this 

yellowing effect in the G/Bs samples.  

The reflectance is remaining constant indicating that the 

metallic ribbons have preserved their aesthetics.  

These preliminary results suggest that the ink choice to 

modify the visual appearance of BIPV modules need to be 

considerate and it is important to have a protocol to assess 

the stability of the inks and screen them. The testing 

protocol used in this work shows the importance of long-

term UV exposure to screen inks. 

We are continuing this research activity by exposing the 

samples to further accelerated aging conditions and testing 

other material configurations. The long-term goal of this 

research project is to manufacture an ink-dispensing tool 

to mask ribbons in a cost and time efficient way. 
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