
THERMOCHROMIC PHOTOVOLTAIC

What is thermochromic photovoltaic?

The technology, termed "thermochromic photovoltaic," allows the window to change color  to block glare and

reduce unwanted solar heating when the glass gets warm on a hot,  sunny day. This color change also leads

to the formation of a functioning solar cell  that generates on-board power.

Can a thermochromic solar cell be used for smart photovoltaic window applications?

Here,we demonstrate a thermochromic solar cell for smart photovoltaic window applicationsutilizing the

structural phase transitions in inorganic halide perovskite caesium lead iodide/bromide.

How do thermochromic Photovoltaic windows work?

This color change also leads to the formation of a functioning solar cell  that generates on-board power.

Thermochromic photovoltaic windows can help buildings  turn into energy generators, increasing their

contribution to the broader energy grid's  needs.

Do thermochromic windows regulate solar radiation?

However,most of the state-of-the-art thermochromic windows can only regulate solar radiation. Vanadium

dioxide (VO 2) and hydrogel are the two most widely investigated materials for thermochromic windows (6,7).

Is photovoltachromic technology a good solution for smart windows?

The latest photovoltachromic technology has been regarded as one of the most ideal solutions,however,to

achieve full-frame size (100% active area) and high-contrast ratio (&gt;30% variable in visible wavelength) for

smart window applicability is still a challenge.

Do thermochromic windows save energy?

Among them,thermochromic windows by spectrum regulation according to the environmental temperature

match the switching demands in cold and hot weather,therefore offering the great potential of energy

saving(2 - 6). However,most of the state-of-the-art thermochromic windows can only regulate solar radiation.
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The integration of photovoltaic technologies into

greenhouse envelopes appears to be an innovative

and environmentally-friendly way to supply their

various energy demands. However, the effect on the

i  "Passive Heating and Cooling of Photovoltaic

Greenhouses Including Thermochromic Materials,"

Energies, MDPI, vol. 14(2), pages 1-22, January.

The thermochromic coating PV/T system can

flexibly adjust the use of photovoltaic power and

thermal energy. When the water temperature is

lower, the thermochromic coating PV/T system

mainly collects heat and generates electricity as a

supplement. After reaching the hot water

requirement, the system reduces heat-collecting

function and improves 

The photovoltaic windows showing both

photoactivity and thermochromic features represent

key stepping-stones for integration with buildings,

automobiles, information displays, and potentially

many 
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Lance Wheeler has begun working to improve his

thermochromic window technology. Photo by

Wayne Hicks / NREL.  From Wheeler's initial

discovery to integrating it into a photovoltaic (PV)

device took about 18 months. Now, with three years

of funding, the focus is on making sure that the

device is the best it can be. 

Much progress has been made in photovoltaic

material science, where smart window development

has evolved in areas such as semi-transparent PV,

electrochromic and thermochromic materials,

luminescent solar concentrator and the integration

of each of the latter technologies to buildings,

specifically windows. This paper presents a review

on 

In imaging and treatment, BODIPYs/aza-BODIPYs

had been extensively investigated and utilized.

There are also some researches in non-cellular

applications such as photocatalytic reactions,

photocatalytic hydrogen generation, photovoltaic

materials, organic light-emitting diode OLED, and

thermochromic.
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Further research has shown the potential of

integrating both photoactivity and thermochromic

features for smart photovoltaic windows

applications. Lin et al. demonstrated a smart

photovoltaic window using an inorganic halide

perovskite, cesium lead iodide/bromide (CsPbI 3-x

Br x ) ( Lin et al., 2018 ).

But imagine that when the window is darkened, it

simultaneously produces electricity. Such a material

a?? a photovoltaic glass that is also reversibly

thermochromic a?? is a green technology

researchers have long worked toward, and now,

scientists at Lawrence Berkeley National Laboratory

(Berkeley Lab) have demonstrated a way to make it

work.

The technology, termed "thermochromic

photovoltaic," allows the window to change color to

block glare and reduce unwanted solar heating

when the glass gets warm on a hot, sunny day. This

color change also leads to the formation of a

functioning solar cell that generates on-board

power. Thermochromic photovoltaic windows can

help buildings turn 

(C) 2026 Solar Energy Resources 4 / 9 Web: https://www.gebroedersducaat.nl



THERMOCHROMIC PHOTOVOLTAIC

The technology, termed "thermochromic

photovoltaic," allows the window to change color to

block glare and reduce unwanted solar heating

when the glass gets warm on a hot, sunny day. This

color 

photovoltaic panels. 4.1 Thermochromic smart

window: Vanadium dioxide (VO2) structures were

developed for glass surfaces to enhance their

thermal insulation properties in smart windows. VO2

thermochromic material exhibits a notable optical

change from transparent to reflecting in the infrared

upon a semiconductor to metal phase

Perhaps the most interesting feature of MHPs as

thermochromic materials is the opportunity to

combine chromism with photovoltaic energy

generation [15, 16, 18] to bypass the fundamental

tradeoff between visible transmittance (VT) of a a?|
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Such a material - a photovoltaic glass that is also

reversibly thermochromic - is a green technology

researchers have long worked toward, and now,

scientists at Lawrence Berkeley National 

The integration of photovoltaic technologies into

greenhouse envelopes appears to be an innovative

and environmentally-friendly way to supply their

various energy demands.  energies Article Passive

Heating and Cooling of Photovoltaic Greenhouses

Including Thermochromic Materials Javier Padilla 1,

*, Carlos Toledo 2,3, Rodolfo Lopez 

The effect of using different reversible

thermochromic coatings on the PV/T system was

investigated in detail. Section snippets PV/T system

description. In this study, a comprehensive

performance test platform with PV/T system was

built to understand the performance of PV/T system

based on reversible thermochromic coating. A

separate PV cell 
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Transparent photovoltaic technology provides an

effective way to fabricate power generation smart

windows, building integrated photovoltaics,

agricultural greenhouses, and other fields 9.

However 

Photovoltaic Windows. NREL pioneered the

development of combined

thermochromic-photovoltaic windows capable of

converting sunlight into electricity at a high

efficiency. Called SwitchGlaze TM, the technology

relies on materials called perovskites, which are

highly efficient at converting sunlight to electricity.

The new technology responds to 

Xiao Liu in Britain has proposed a new

multifunctional window named building integrated

photovoltaic smart window combined with the

thermochromic glass and photovoltaic. The

research results show that the smart window can

provide 47.7% annual energy-saving and improve

indoor lighting environment compared with ordinary

windows.
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Gorgolis and Karamanis (2016) reviewed different

solar energy materials for window-glazing

technologies, including insulating, reflecting,

electrochromic, thermochromic, photovoltaic, water

flow-based and emerging innovative materials. And

the results indicated that glazing integrated PVs, are

among the most promising solutions due to heating 

To combine PV output with the color changing

properties of an electrochromic, photochromic or

thermochromic organic molecules have been used

in dye-sensitized solar cells and organic

photovoltaics. This design has distinct benefits

versus traditional static windows or even

electrochromic windows, but also comes with the

challenges of 

Thermochromic solar cells are devices that allow

color tunability and reduce thermal load, while at the

same time generating energy as solar cells. These

materials undergo crystallographic a?|
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The photovoltaic thermochromic smart window,

which combines perovskite with thermochromic and

photovoltaic properties, can not only control the

solar transmittance at different temperatures, but

also convert the absorbed light energy into usable

electric energy.

thermochromic PV windows which can adjust the

transparency of the device by temperature.

Therefore, higher PCE can be obtained at low light

transmission, and higher AVT can be obtained at

low efficiency. Based on the good PV properties and

thermochromic properties of perovskite materials

[18,19],
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