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Abstract – With the effect of the use of non-renewable energy sources, our world is facing the danger of 

global warming. The use of fossil fuels increases the rate of carbon dioxide emitted into the atmosphere, 

and thus, global warming, unfortunately, brings climate changes with it. Minimizing this danger can only 

be achieved by turning humanity towards renewable energy sources. Solar energy is a reliable, 

environmentally friendly and inexpensive source. The aim of this study is to perform the electrochromic 

glass by using solar energy without any electricity costs and thus to encourage people to more renewable 

energy technologies. In this study, it is desired to present a new technology design that is an alternative to 

the classical window glasses used in our country by using solar energy. The solar panel converts the sun's 

energy into electrical energy by using solar energy, and with this electrical energy, the opaque 

electrochromic glass changes color and becomes transparent. Thus, the glass makes the interior of the room 

show with this color change. This system, which works with a photovoltaic panel, operates the 

electrochromic glass with solar energy without the need for extra energy. For example, with this system, it 

also eliminates the need for curtains or roller blinds used in working and living areas and provide ease of 

use according to the desired conditions. This system can be used not only for this purpose, but also 

anywhere that is required for smart glass design and has solar energy potential. For this study, 

electrochromic smart glass obtained by placing polymer dispersed liquid crystal (PDLC) smart material 

and this material was sandwiched between indium tin oxide window films with the help of Polyvinyl butyral 

(PVB) layer. This electrochromic glass system is designed by connecting the connection cable and the on-

off switch cable to the photovoltaic panel. In this study, electrochromic glass performance was tried to be 

analyzed depending on the exposure time of the photovoltaic panel in the sun. 
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I. INTRODUCTION 

The increase in the world population, 

technological developments and industrialization 

intensify the demand for energy. Energy, which is 

used as a basis in production, is an important 

element for raising the living standards of societies, 

and it appears in many places in our daily lives [1-

3]. Energy is often defined as the ability to do work. 

Because it exists in many forms such as magnetic, 

electrical, mechanical, heat, chemical and nuclear, 

and it never disappears. Energy can be transformed 

from one type to another with appropriate methods 

and can be grouped in different ways. Energy 

resources are mostly classified according to their 

recyclability and use. In the classification made 

according to their convertibility, primary and 

secondary energy sources are named. Based on their 

use, they are classified as renewable and non-

renewable energy sources. The state of energy that 

has not been transformed or changed is called 

primary energy. Primary energy sources; coal, 

natural gas, petroleum, hydraulic, biomass, nuclear, 

wave-tide, wind and solar. The energy that emerges 

as a result of the conversion of primary energy is 
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secondary energy. Diesel, gasoline, electricity, 

secondary coal, diesel oil, coke, pet coke, liquefied 

petroleum gas (LPG) and air gas constitutes such 

energy sources. There are two types of non-

renewable energy sources, core-based and fossil-

based. Oil, coal and natural gas are considered as 

fossil-based non-renewable energy sources. 

Thorium and uranium are classified as non-

renewable energy sources of nuclear origin. 

Renewable energy sources include hydro, solar, 

wind, geothermal, biomass, wave-tide and 

hydrogen. Fossil fuels, which constitute the majority 

of energy sources, cause emissions of some 

substances harmful to human health and the 

environment. The dispersion of such substances in 

the environment. It causes not only environmental 

damage such as air and water pollution, but also 

climatic variations that have a global impact [4]  

Solar energy is a very powerful energy formed as 

a result of the fusion reaction that converts hydrogen 

gas in the sun's core into helium.  Technologies such 

as solar cells (photovoltaic batteries), solar power 

plants and solar collectors (collector) are being 

developed to benefit from this energy that reaches 

our world through the sun's rays. Photovoltaic 

phenomenon, which is one of the ways of obtaining 

electrical energy from the sun, has been widely used 

in recent years. Photovoltaic solar cells (PV, solar 

panels, solar cell, PV, solar panel) are electronic 

devices that consist of semiconductor materials and 

emit electricity when sunlight hits them. Solar 

energy in photon character is transferred to 

photovoltaic material. All photons transfer the 

necessary energy to photovoltaic particles for 

electron vibration. By connecting the part of the 

permeable lattice that is illuminated by the sun to the 

permeable at the back, free electrons provide the 

direct current to the outer permeable. All free 

electrons have a voltage of almost 0.6 V. Panels 

generally consist of 30-36 cells. They are connected 

in series to create an open circuit voltage from 18 to 

22 V DC, that is, direct current voltage. The highest 

theoretical efficiency in this cycle, which converts 

light energy into electrical energy, is almost 28%. 

Electrochromism is the situation in which a 

voltage is applied to an electrochromic material, 

resulting in differences in its physical and chemical 

structure. With electrochromism, the color of the 

electrochromic material can be changed. In 

addition, optical qualities such as light 

transmittance, light reflection and light absorption 

undergo differentiation. Electrochromic devices 

generally consist of two electrodes (anode and 

cathode), at least electroactive layer with an 

electrolyte. For coloration to occur, coloration 

occurs in at least one or both of these electrodes or 

in the electrolyte. In order for the color change to 

occur in electrochromic devices, some reactions 

(reduction and oxidation) are required. A voltage is 

applied to the system for the operation of 

electrochromic devices [5-10]. Thanks to this 

voltage, mobile ions (which can be H+, Li+ or Na+) 

are transported between the electrochromic active 

layer and the ion storage layer. When 

electrochromic material is electrified, the material 

stores or loses electricity. As the given electricity 

increases, the color of the material changes and 

becomes transparent and its light transmittance 

increases. When it decreases, the color becomes 

darker and the light transmittance decreases [11-15]. 

Smart glass technologies are used extensively in 

the residential sector. It is very important to evaluate 

energy in the most efficient way by looking at 

today's rising energy need and issues in energy 

resources. At the same time, the welfare of the 

working and living spaces is given importance for 

the people [16-20]. Therefore, the areas where smart 

glass technologies (electrochromic glass coatings in 

general) are used a lot are building applications [21-

22]. Although their use is limited, another area of 

use for smart glasses is the aerospace industry [23]. 

The level of sunlight to which airplanes are exposed 

also changes as they fly at various altitudes [24]. In 

order for travelers to be comfortable during their 

flights, the use of smart glass technologies on their 

planes has increased by world-renowned 

companies. Another use of smart glass technologies 

is in the automotive segment [25]. Some companies 

supply manufacturers with materials with smart 

glass technology for mirrors in cars. The reflection 

of the light at different angles in the mirrors used in 

the vehicles in general can disturb the people around 

them and the driver. Therefore, smart glass 

technologies are important in terms of security in the 

automotive industry. We also encounter smart 

glasses in screen science today. With the 

advancement of technology, there are many smart 

glass coating technologies in tablets, computers and 

mobile phones. Likewise, OLED and active host 

liquid crystal science is utilized in high-scale digital 

indications [26-28]. 
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Among the renewable energy sources, solar 

energy is the type of energy with the largest 

capacity. All energy sources in our world have come 

from the sun. However, fossil fuels are coming to 

the point of depletion. At the same time, fossil 

resources are not preferred because of the damage 

they cause to the environment. Solar energy is 

reliable, environmentally friendly and cost-

effective. At the same time, this energy can be 

renewed again. Solar energy reduces carbon dioxide 

emissions, reduces energy costs and provides 

prosperity to our environment with clean energy. In 

this study, it is to ensure that the energy required for 

color change is obtained from solar energy by 

integrating electrochromic glass device that can be 

used in smart glass technology by using the clean 

and free solar energy with the help of photovoltaic 

panel. 

 

II. MATERIALS AND METHOD 

In this designed project, photovoltaic panel (A 22 

W Polycrystal (42x36 cm) Lexron LXR-022), 

PDLC film ((15x30 cm) Mectech.), ITO glass, key 

switch and cable were used as materials. H05VV-F 

2 x 0.75 mm2 300/500 V cable is used for the 

connection. The maximum short circuit temperature 

of the cable is 160 oC, the maximum operating 

temperature is 70 oC and the rated voltage is 

300/500, 450/750 V. It can be used in closed and dry 

places and tools where mechanical stresses are low. 

As a result of the sunlight coming to the 

photovoltaic panels, the photovoltaic cells present in 

the panels convert the sun rays into electric current. 

Therefore, light energy is converted into electrical 

energy. The layers in the structure of the 

photovoltaic panel are as follows: Aluminum frame, 

air glass, EVA (encapsulant), solar cells, EVA 

(encapsulant), back cover and electrical junction 

box. 

By being absorbed into the photovoltaic panel, the 

sunlight coming to the photovoltaic cells detaches 

electrons from the p-type semiconductor material at 

the bottom of the cells and the ejected electrons 

move towards the n-type semiconductor material at 

the top. Therefore, the unilateral and continuous 

electron flow from the p-type semiconductor 

material to the n-type semiconductor material is 

converted to direct current (DC).  

PDLC class window films are smart materials that 

are transparent when electric current is applied and 

opaque (frosted glass) when electric current is not 

applied. The liquid crystal droplets in its structure 

allow the optical properties of the PDLC film to be 

controlled by electric current. PDLC films are in a 

sandwich structure. This structure consists of a 

highly optically permeable polymer layer with 

liquid crystal droplets placed between two 

transparent conductive layers (ITO-PET film). 

When electric current is applied to ITO-PET films, 

the liquid crystals are polarized in one direction and 

allow the incoming light to pass. When the electric 

current is interrupted, the liquid crystals are 

randomly oriented and scatter the passing light. 

Smart film is an LCD product based on PDCL 

technique and two-layer soft ITO film as electrode. 

Its transparency can be adjusted by AC power. It 

draws 5 W of power. 
. 

III. RESULTS AND DISCUSSION 

The electrochromic glass design project, which 

works with a solar cell, converts solar energy into 

electrical energy with the help of a solar panel on it. 

 

Fig. 1 The prototype of this study  

 

The converted electrical energy is transmitted to 

the PDLC smart window film by means of a 

connector and a cable, allowing the film to change 

from opaque to transparent. Since the project is 

aimed to serve as a curtain, it was designed 

accordingly. Therefore, it is necessary to let light 

into the house during daylight hours. Therefore, 

electrochromic glass should be transparent during 
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the daytime and opaque at night. In order for the 

electrochromic glass to be transparent, the solar 

panel should be placed in a sunny place. The solar 

panel converts the solar energy into electrical 

energy and transmits this electricity to the 

electrochromic glass when the adapter is in the on 

position.  
 

Experiment data conducted in partly cloudy 

weather at 18 oC between 12:00 and 13:00 hours are 

available in Table 1. The solar panel was kept in the 

sun for certain minutes, then it was put into the 

shade and it was tried how many times the 

electrochromic glass could be switched On/Off. 

When this process is repeated, it is observed how 

long the electrochromic glass works. This test was 

carried out again under the same weather conditions, 

at 21 oC, between 17:00 and 18:00, and the test 

results are shown in Table 2. As a result of the 

observation results, it has been observed that the 

longer the solar panel stays in the sun, the longer the 

switching and operating time of the electrochromic 

glass. At the same time, the increase in air 

temperature also showed an increase in the effect of 

electrochromic glass on the switching and operating 

time. 
 

 

Table 1. Experimental data recorded during  partly cloudy 

weather at 18 oC between 12:00 and 13:00 hours  

exposure 

time for 

solar panel 

(min) 

the 

number 

of 

switches 

the working time (s) 
(when the electrochromic 

glass is switched once) 

1  6 90 

5 32 314 

10 86 503 

20 46 1060 

 

Table 2. Experimental data recorded during  partly cloudy 

weather at 21 oC between 17:00 and 18:00 hours 

exposure 

time for 

solar panel 

(min) 

the 

number 

of 

switches 

the working time (s) 
(when the electrochromic 

glass is switched once) 

1  20 128 

5 49 507 

10 203 1013 

20 384 1500 

 

 

 

 

 

 

 

 

 

 
Fig. 2  (a) Display of the system in daylight (b) image of electrochromic glass when the switch is OFF (c) image of the 

electrochromic glass when the switch is ON

In order to show the working logic of the system, 

after designing the system in a sunny weather, a 

switching experiment was performed to show the 

potted flower electrochromically (Figure 2a). The 

solar panel was sufficiently exposed to the sun and 

then it was observed that the electrochromic glass 
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changed to transparent color before the switch was 

left open (opaque) (Figure 2b) and after the switch 

was turned on, and the pot flower could be seen 

clearly (Figure 2c). 

IV. CONCLUSION 

While designing this study, a method was 

followed in order to present a different design that 

is both environmentally friendly and practical. In 

order for the world to be a more livable environment 

in the coming years, it is necessary to turn to 

renewable energy sources instead of energy sources 

that harm the environment. The device system 

obtained as a result of this study is aimed to use the 

electrochromic glass as a curtain by utilizing the 

energy of the sun, which is a renewable energy 

source, without any electricity costs. The system 

was designed by connecting the solar panel to the 

PDLC smart window film with the help of an 

intermediate switch and cable and creating a system. 

Experiments have tried to show how much such a 

system can be switched under different weather 

conditions and how long it has an electrochromic 

memory. This study is important as it will form a 

basis for our future studies and more detailed studies 

are continuing in our laboratory. 

 

ACKNOWLEDGMENT 

This study is a part of Senem Düzgün's 

undergraduate thesis. 

REFERENCES 

 
[1] Hussain, M., & Dogan, E. (2021). The role of 

institutional quality and environment-related 

technologies in environmental degradation for 

BRICS. Journal of Cleaner Production, 304, 127059. 

[2] Jahanger, A., Ozturk, I., Onwe, J. C., Joseph, T. E., & 

Hossain, M. R. Sustainable Energy Technologies and 

Assessments. 

[3] Mukhtarov, S., Aliyev, F., Aliyev, J., & Ajayi, R. (2023). 

Renewable Energy Consumption and Carbon Emissions: 

Evidence from an Oil-Rich 

Economy. Sustainability, 15(1), 134. 

[4] Erdem, K. O. Ç., & Şenel, M. C. (2013). Dünyada ve 

Türkiye’de enerji durumu-genel 

değerlendirme. Mühendis ve Makina, 32-44. 

[5] Mortimer, R. J. (1997). Electrochromic 

materials. Chemical Society Reviews, 26(3), 147-156. 

[6] Somani, P. R., & Radhakrishnan, S. J. M. C. (2003). 

Electrochromic materials and devices: present and 

future. Materials chemistry and physics, 77(1), 117-133. 

[7]  Granqvist, C. G. (Ed.). (1995). Handbook of inorganic 

electrochromic materials. Elsevier. 

[8] Lampert, C. M. (1984). Electrochromic materials and 

devices for energy efficient windows. Solar Energy 

Materials, 11(1-2), 1-27. 

[9] B. Carbas (2016). İletken  Polimerler ve  Enerji 

Uygulamaları. Küresel Mühendislik Çalışmaları 

Dergisi, 3(1), 46-60. 

[10] Granqvist, C. G. (2005). Electrochromic devices. Journal 

of the European Ceramic Society, 25(12), 2907-2912. 

[11] Mortimer, R. J., Dyer, A. L., & Reynolds, J. R. (2006). 

Electrochromic organic and polymeric materials for 

display applications. Displays, 27(1), 2-18. 

[12] Beaujuge, P. M., & Reynolds, J. R. (2010). Color control 

in π-conjugated organic polymers for use in 

electrochromic devices. Chemical reviews, 110(1), 268-

320. 

[13] Cai, G., Wang, J., & Lee, P. S. (2016). Next-generation 

multifunctional electrochromic devices. Accounts of 

chemical research, 49(8), 1469-1476. 

[14] Rowley, N. M., & Mortimer, R. J. (2002). New 

electrochromic materials. Science progress, 85(3), 243-

262. 

[15] Rauh, R. D. (1999). Electrochromic windows: an 

overview. Electrochimica Acta, 44(18), 3165-3176. 

[16] Huang, L. M., Hu, C. W., Liu, H. C., Hsu, C. Y., Chen, 

C. H., & Ho, K. C. (2012). Photovoltaic electrochromic 

device for solar cell module and self-powered smart glass 

applications. Solar Energy Materials and Solar Cells, 99, 

154-159. 

[17] Lampert, C. M. (2003). Large-area smart glass and 

integrated photovoltaics. Solar energy materials and 

solar cells, 76(4), 489-499. 

[18] Wong, K. V., & Chan, R. (2014). Smart glass and its 

potential in energy savings. Journal of Energy Resources 

Technology, 136(1). 

[19] Xu, J. W., Chua, M. H., & Shah, K. W. (Eds.). 

(2019). Electrochromic smart materials: fabrication and 

applications. Royal Society of Chemistry. 

[20] Makaryan, I. A., Efimov, O. N., & Gusev, A. L. (2014). 

At the world market of smart electrochromic 

devices. Alternative Energy and Ecology (ISJAEE), (3), 

81-93. 

[21] Cannavale, A., Ayr, U., Fiorito, F., & Martellotta, F. 

(2020). Smart electrochromic windows to enhance 

building energy efficiency and visual 

comfort. Energies, 13(6), 1449. 

[22] Sbar, N. L., Podbelski, L., Yang, H. M., & Pease, B. 

(2012). Electrochromic dynamic windows for office 

buildings. International Journal of sustainable built 

environment, 1(1), 125-139. 

[23] Wang, Y., Niu, H., Lu, Q., Zhang, W., Qiao, X., Niu, 

H., ... & Wang, W. (2020). From aerospace to screen: 

Multifunctional poly (benzoxazine) s based on different 

triarylamines for electrochromic, explosive detection and 

resistance memory devices. Spectrochimica Acta Part A: 

Molecular and Biomolecular Spectroscopy, 225, 117524. 

[24] Harris, C. S., & Greenberg, C. B. (1989). Electrochromic 

Windows: Applications for Aircraft. SAE Transactions, 

246-249. 

[25] Lynam, N. R. (1987). Electrochromic automotive 

day/night mirrors. SAE Transactions, 891-899. 



 

131 
 

[26] Cao, X., Lau, C., Liu, Y., Wu, F., Gui, H., Liu, Q., ... & 

Zhou, C. (2016). Fully screen-printed, large-area, and 

flexible active-matrix electrochromic displays using 

carbon nanotube thin-film transistors. ACS nano, 10(11), 

9816-9822. 

[27] Aller-Pellitero, M., Fremeau, J., Villa, R., Guirado, G., 

Lakard, B., Hihn, J. Y., & del Campo, F. J. (2019). 

Electrochromic biosensors based on screen-printed 

Prussian Blue electrodes. Sensors and Actuators B: 

Chemical, 290, 591-597. 

[28] Freitag, K., Brooke, R., Nilsson, M., Åhlin, J., Beni, V., 

& Andersson Ersman, P. (2023). Screen Printed 

Reflective Electrochromic Displays for Paper and Other 

Opaque Substrates. ACS Applied Optical 

Materials, 1(2), 578-586. 

 


