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Abstract: Smart windows are based on innovative composite glasses and allow to automatically adapt the characteristics of light and heat transmission to different external circumstances. For energy efficiency Smart window are a promising technology since they may shield direct sunlight through the windows and thus save energy for air-conditioning. Cleaning window treatments can be a hassle. In this regard Smart windows are an easy alternative. When summer sun is bathing our house in rays things can really heat up inside room. Smart window can be used to block that extra heat. By blocking UV radiations, Smart windows can protect paintings and furnishings in our home or office. Although thermo tropic and photo chromic technology can be used in Smart windows, both applications are ultimately impractical as energy saving devices because they cannot be manually controlled. Photo chromic technology is most commonly used in sunglasses. Photo chromic material darkens with respect to sunlight. Thermo tropic material responds to heat. Currently liquid crystals suspended particle devices & electrochromics are being touted as the latest and greatest technologies with reflective hybrids closely at their heels. 
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I.   INTRODUCTION 

I
magine turning a knob and controlling the amount of light passing through a window. Several technologies for such switchable glazing are available or under development. One such technology is called Smart window where the user can actually control the amount of light passing through the glass. They can also regulate the amount of solar energy transmitted thorough them. There are presently three types of smart window technologies (SPD), liquid crystal and electro chromic. 
They are characterized by their ability to vary the throughput of radiant energy by electrical low voltage pulses. Apart from energy saving aspects the possibility to vary the transmittance also results in increased comforts. With the glass it will be a lot easier to keep offices cool in summer. They can also save money. 

II.   TECHNOLOGIES USED 

Smart windows are based on innovative composite glasses and allow to automatically adapt the characteristics of light and heat transmission to different external circumstances. For energy efficiency Smart window are a promising technology since they may shield direct sunlight through the windows and thus save energy for air-conditioning. There are several technologies used in Smart windows. They are 
• Thermotropics 
• Photochromics 
• Liquid crystals 
• Suspended particle Displays 
• Electrochromics 
	Cleaning window treatments can be a hassle. In this regard Smart windows are an easy alternative. When summer sun is bathing our house in rays things can really heat up inside room. Smart window can be used to block that extra heat. By blocking UV radiations, Smart windows can protect paintings and furnishings in our home or office. Although thermo tropic and photochromic technology can be used in Smart windows, both applications are ultimately impractical as energy saving devices because they cannot be manually controlled. Photochromic technology is most commonly used in sunglasses. Photochromic material darkens with respect to sunlight. Thermotropic material responds to heat. Currently liquid crystals suspended particle devices & electrochromics are being touted as the latest and greatest technologies. 

III.   TYPES OF WINDOWS 

1.   ELECTROCHROMIC WINDOWS 

Electrochromic window system consists of 7 layers of materials. They are 
• Glass or plastic panel 
• Conducting oxide 
• Electro chromic layer such as tungsten oxide 
• Ion conductor / electrolyte 
• Ion storage 
• A second layer of conducting oxide 
• A second glass or plastic panel 
Electro chromic window consists of up to seven layers of materials. The essentials function of the device results from the transport of hydrogen or lithium ions from an ion storage layer and through an ion conducting layer. 
The electrochemical layer is typically tungsten oxide(WO). The presence of the ions in the electro chromic layer changes its optical properties causing it to absorb visible light. The large scale result is that the window darkens. The central three layers are sandwiched between two layers of a transparent conducting oxide material. To protect the five layers of materials, they are further sandwiched between two layers of glass. All of the layers, of course, are transparent to visible light. 
The electro chromic (EC) window consists of a series of thin conducting layers that change optical properties when an electrical voltage is applied. Each layer is thinner than a sheet of paper, and together the layers support the transport of electrons and ions. One layer of the film- colorless lithium metal – oxide – acts as the positive electrode, another layer- tungsten – oxide – acts as the negative electrode. When voltage is applied, lithium ions begin to traverse from the positive electrode to the negative electrode, a process that turns the tungsten oxide to lithium tungstate (a light absorbing, blue – gray substance), formed by the chemical addition of ions. The longer the voltage is applied, the more ions are transferred, and the darker the window becomes. During the production process, ceramic thin-film layers containing the electrodes are deposited with great precision on to a transparent substrate primarily by a vacuum coating technique. The multilayered electro chromic device is then mounted inside a conventional glass frame. The conducting layers are connected to a power supply, controlled by a switch. The switch allows the number of the ions and thus the amount of light transmitted in the electro chromic film, to be varied incrementally by a simple on- off switch, a user – adjustable rheostat to meet individual user performance of heat and sunlight, or an automatic system driven by sensors or timing devices. 

2.   LIQUID CRYSTAL WINDOWS 

The first commercially available “smart window”, liquid crystal windows are used for privacy control. They do not provide energy savings.In this window’s normal “off” condition, glazing is a translucent milky white. When an electric current is applied, however, it turns slightly hazy clear. The switch between the two states is nearly instantaneous. 
The technology works this way: two layers of film enclose a layer of tiny liquid crystals. This assembly is laminated between two pieces of heat – treated galss. Both face of the film are covered with a transparent, electrically conductive metal coating. These conductive coatings are wired to a power supply. 
When the power is off, the liquid crystals are randomly scattered. Light entering the glazing does not have a clear path out, and the window is a translucent milky white. When an electric current is applied between the two conductive coatings, the liquid crystals align neatly and you can see through the window. Other than the diffusion of light, the optical properties of the two states nearly identical – the window lets in nearly the same amount of light solar heat whether it’s on or off. Because there is little change in performance properties and because it requires constant energy to maintain its clear state, this liquid crystal window provides no energy to maintain its clear state, this liquid crystal window provides no energy saving benefits. 

3.   THERMOCHROMIC WINDOWS 

As the prefix thermo-implies, heat causes thermochromic windows to alter their properties. In response to changes in the ambient temperature, clear thermochromic glazings become diffused.Several thermochromic technologies are being explored, but gel-based coatings seem to be the  most   promising. “Cloud Gel”, a product now on the market, a thin plastic film that can be incorporated into almost any window assembly. The response temperature of “Cloud gel” can be adjusted depending on need and location. 
In additional to automatically changing from clear to diffused in response to heat, the glazing also turn white and reflective, reducing the transmission of solar heat. That can reduce air conditioning costs significantly when it’s hot outside. Because you can no longer see through the window once it loses its transparency, this glazing is probably best suited for skylights rather than view window. 
4.   PHOTOCHROMIC WINDOWS 

Still in the development stage, photochromic windows respond to changes in light, much like sunglasses that darken when you move from a dim light to a bright one. 
While this type of technology may seem like a good idea, it has its drawbacks for saving energy. Photochromic windows work well to reduce glare from the sun, but they don’t control heat gain. That’s because the amount of light that strikes a window doesn’t necessarily correspond to the amount of solar heat it absorbs. Because the sun is lower in the sky during in the winter months , for example , it rays may strike a window more intensely in the cold season than in the summer, when the sun is higher in the sky. In this case, a photochromic window would darken more in the winter than in the summer, although winter is the time when solar heat would be beneficial. Another problem is that, while this technology works fine on small, eyeglass- sized piece of glass, it has yet to be done successfully on a large scale, commercial level for window- sized pieces. 

5.   SPD WINDOWS 
Windows serve an important function in homes and commercial buildings. They not only let light  in to cut down on electricity use for lighting, but the coming through the window also provides the heat. However, windows are not something people typically associate with being a cutting edge technology. One tenacious company is trying to change that by offering anywhere in between with the flip of a switch. 
Conventionally, curtains and mini-blinds have been used to block out light and give us privacy, but they don’t block out all of the light, Research Frontiers has developed a new type of window that uses small light absorbing microscopic particle known as suspended particle devices (SPD) or light valves to make it go from clear to dark in a matter of seconds. Here’s a breakdown of the parts that make up SPD light-control window: 
• Two panels of glass or plastic 
• Conductive material- used to coat the panes of glass 
• Suspended particle devices – millions of these black particles are placed between the two panes of glass 
• Liquid suspensions or film – allows the 
                   particles to float freely between the glass 
• Control device-automatic or manual. 
 How the SPD windows works is very simple, if you think of SPDs as light valves. In an SPD window, millions of these SPDs are placed between two planes of glass or plastic, which is coated with a transport conductive material. When electricity comes into contact with the SPDs via the conductive coating, they line up in a straight line and allow light to flow through. Once the electricity is taken away, they move back into a random pattern and block light. When the amount of voltage is decreased, the window darkens until it’s completely dark after all electricity is taken away. Users apply a moderate amount of voltage to the conductive material on the Windowpanes through control methods that are offered with the SPD light-control windows, including remote and automatic devices. The windows can be controlled manually with a rheostat or remote or photocells and other sensing devices could be used to sense the level of light automatically.

IV.   COMPARISON BETWEEN WINDOWS 

The switchable glazing use both active and passive switchable glazing. The former includes SPD, Liquid crystals and Electrochromics where the passive switchable glazing includes thermotropic and photochromic technologies. The liquid crystal custom windows offer only two positions-on and off-and are hazy and expensive. As compared to liquid crystal windows SPD technology permits the production of a window with no noticeable change when activated, which would also provide intermediate levels of light transmission and should conserve energy. Also SPD windows can be used in glass applications for homes, buildings and vehicles. Another technology which uses electro chromic technology operates by using a direct current voltage to cause a chemical reaction in the electrochromic materials, causing the materials to darken. Compared with Electrochromic technology, Smart windows using SPD technology have shown (1) much faster response time (2) darker “off” states, (3) lower estimated costs (4) more reliable performance over a wider temperature range (5) lower current drain. 
With respect to passive suitable glazing technologies such as photochromic or thermotropic technology which just reacts to ambient environmental conditions such as ultra violet radiation or temperature, SPD technology offers the user control over the amount of light transmission and also much faster switching speeds.
V.   RATINGS 

ABC RATINGS 

A: AIR TIGHTNESS
 Air Tightness test measures the volume of air that would pass through a closed window at an air pressure differential that represents a wind speed of 40kph.Performance is indicated by a number rating from A1 to A3 

B: WATER TIGHTNESS 
Water tightness testing involves applying a uniform water spray increasing air pressure (to simulate wind- driven rain) until water penetrates the window performance is indicated by a number rating from B1 toB7 

C: WIND LOAD RESISTANCE 
Wind Load Resistance is a measure of the product’s structural strength and is tested by applying increasing levels of air to simulate the wind force. There are up to five levels of wind resistance (C1 to C5).The higher the number, the better the performance.

VI.   ADVANTAGES AND DISADVANTAGES 

These are many advantages and disadvantages for Smart windows. These technologies can be used to control and vary the amount of light transmission and can be used in home, office building windows, skylights and sunroofs. Some of their benefits to glass industry include 
1. High profit margin and revenue growth potential 
2. The ability to sell in innovative new paths rather than commodity products 
3. Enhanced ability to cell other invisible windows products such as low E-coating and UV protective coating in conjunction with main feature of controlling light. 
The benefit to end – users includes. 
1. Ability to eliminate the need of curtains, shade and blinds 
2. Pleasing aesthetics, privacy comfort and control environment. 
3. Energy conservation by reducing heating, lighting and air conditional costs 
4. Blockage of UV radiations, which can be harmful to furniture, carpets, artwork and people. 
Other advantages include 
1. Fights Convection: Seals gaps that may exist between the window and window frame, blocking the natural airflow and keeping warmer air during winter and outside during summer 
2. Fights Conduction: Energy smart cellular shades create an effective barrier between the glass window and your room, preventing heat transfer with the no-woven polyester fabric and double-honey comb cell structure. 
3. Fights Radiation: symphony and matinee cellular shades trap heat between the window and the closed shade, making your room more comfortable. 
With this glass it will be a lot easier to keep offices cool in summer. These glasses would also save money. Energy costs for a building would be reduced because less air- conditioning would be required. 
Besides the advantages the only disadvantage for these smart window technologies are it’s high costs. 

VII.   APPLICATIONS 

Electrochromic technology is appealing as a potentially broad – based area that promises to be useful not only in windows in buildings, but also for adhesive tape films for automotive windows, electrically adjustable eyewear, advanced flat batteries, and other applications. The potential for multiple applications and broad benefits of thin film electrochromics has made it one of the most intensely researched areas of material science around the world. 
Smart windows will allow ambulance crews to instantly and precisely control the shading of vehicle glass manually or automatically. Road rescue’s rear- door and side – patient compartment windows will be outfitted with the technology, increasing privacy inside the ambulance, helping control and block out excess heat from outside, and reducing glare so rescue workers can better focus on patients. 
Smart technology is currently used in variety of applications in the marine and aircraft markets, as well as in vehicles, residential and commercial buildings, and consumer products such as flat panel computer screens, mobile phones and sunglasses. 
Smart aircrafts windows, sun visors and cabin partitions provide users with instant light and glare control thus improving overall comfort and safety. Passengers enjoy greater comfort, and centralized control can also be provided for flight crews. With no moving parts, Smart cabin windows minimize maintenance and cleaning requirements and are a cost – effective solution compared to other shading mechanisms. Also the weight savings from adopting SPD aircraft windows can result in better fuels efficiency and greater flying range. 
Results suggest that compared to more conventional glazing the Electrochromic window reduced the need for artificial lighting and could be dynamically managed to greatly improve the visual environment for performing computer tasks. 
Other applications for Smart window technology include contrast enhancement filters for video display terminals , automatically self- dimmable automotive mirrors and sun visors, variable light transmission eyewear (such as sunglasses and ski goggles), and high contrast flat panel information displays for devices such as computers, televisions, telephones and other electronic instruments. 

VIII.   ADVANCEMENT IN TECHNOLOGY 

              1.   BETTER THAN BLINDS 
These windows are better than blinds or shades. Because unlike blinds it cut out 50 percent of the light but we don’t lose field of view, it just dims. Once the price of these windows goes down, they could offer significant savings in air conditioning bills. More savings could be made if the window systems are linked up with special lighting that automatically dims when natural light is flooding into the room. These kinds of windows look good but it will be hard to justify the cost until they reach the level where owners will be saving money. This technology so called smart windows is in competition with at lest five other companies seeking to fill what many think will be profitable niche of the window making industry. 

2.    WINDOWS WITH A SLOWER DIM 
Most prominent are several companies, including Gentex and Sage Electrochromics that have developed electro chromic dimmable windows. These windows use a gel or ceramic layer that operate like batteries and dim when electricity is applied. 
Sage Electrochromics president John Van Dine claims these windows consume less electricity than SPDs, offer a clearer view and he claims are more durable. 
Sage argues his products would be less expensive and SPDs also take less time to dim. But Van Dine argues changing a window hue more gradually reduces stress on the glass and ensures it lasts longer. 
In tests last year Selkowitz, head of window and building technologies at California and his colleagues outfitted an entire test building in Oakland California with Electrochromic dimmable windows and found when clear the windows had a slightly yellowish tint and when tinted offered a sleek blue high – tech look.

3.   ADJUSTABLE GLASSES
Both SPD and Electrochromic glass won’t only be limited to pane glass. They could also be placed in car windshields sunroofs and even glasses. Now some glasses use photochromic glass that dim according the amount of light in the environment. But photochromic glass does not have high durability and does not offer wearers the ability to walk outside and immediately dim their glasses to shades. 
Selkowitz expects dimmable windows may be the first dimmable items consumers will actually be able to find at their local hardware stores later this year. 

IX.   CONCLUSION 

Thus Smart Window Technology promise to reduce energy use in buildings up to 40%. They know when to shut off the heat. These window save energy cost. Choosing a system for each window is important because windows can significantly affect our home’s heating and cooling cost. For energy efficiency Smart Windows are a promising technology maybe since they ought to direct sunlight through the windows and then save energy for air conditioning. 
Important achievements have been made in several different areas such as durability, transmittance range, Switching speed and large scale plan. For smart windows the lifetime must be at least 10 years. These Smart windows are a promising technology for energy efficiency maybe since they ought to direct sunlight through the window and thus save energy for air conditioning .
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