Należy najpierw przekartkować pracę Physics of Energy Efficient Buildings, nastepnie te dwa problemy pokazane poniżej i wybrać 3 elementy oszczędnego budynku, które chce się omówić (jednak mniej opisowo i reklamowo jak to jest poniżej, a bardziej fizycznie).

‘Super window’ uses krypton to reduce energy costs

26 Jun 2018




Cooling off: large quantities of heat are lost through windows. (Courtesy: iStock/gabort71)
The Lawrence Berkeley National Laboratory (Berkeley Lab) has joined forces with window companies Andersen Corporation and Alpen High Performance Productsto resurrect its “thin triple” super window design, first patented in 1991. The new collaboration aims to commercialize the super window, which is at least twice as insulating as 98% of the windows for sale today – potentially halving the estimated $20 billion in heating energy lost every year by windows in the US.

Window of opportunity

The new design is an evolution of the common double-glazed window. It has two layers of 3 mm thick glass that sandwich a third layer of very thin glass that is less than 1 mm thick. A standard low-emissivity coating that helps to block long-wave infrared rays is applied to the thin central glass. Finally, argon that would usually fill the double-glazed window cavity to reduce heat transfer is replaced by krypton, which has superior insulating properties.
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Ahead of its time in 1991, the super window garnered “little commercial interest,” according to recently retired Stephen Selkowitz, former leader of the Windows and Daylighting research group at Berkeley Lab. But after gathering dust for 22 years, rising public awareness of climate change and green technology prompted the researchers to revisit the concept five years ago. In the 1990s, the costs of both the thin central glass and krypton were too high to be viable. Now however, market forces have seen these prices dramatically fall, convincing the window companies to invest in technology.

Unlike other highly insulating designs that have struggled – such as triple, vacuum and aerogel glazing – the super window is almost the same thickness and weight as a double-glazed window, requiring no costly redesign of window frames. What is more, only small changes in the window manufacturing process are needed.


READ MORE
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Energy savings go through the roof



“The key here is to provide a path for window manufacturers to make the transition to dramatically new product capabilities, but without the cost and risk of a full production line makeover,” adds Selkowitz. “We call it a ‘drop in’ replacement for the existing insulating glass unit.”

Although Selkowitz warns that “it will likely be a year before we collectively have done enough ‘due diligence’ for the window companies to decide to invest in creating of a marketable product”, simulations and prototypes built and tested in the lab suggest widespread adoption of the super window could have a significant impact on home energy efficiency. Indeed, the windows exceed the performance of a well-insulated wall over the course of a year, and can even help heat homes located in colder climates by locking in heat from the Sun.

To na gorze odwolywalo sie do badan w Berkeley:
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‘Super Window’ Could Save $10 Billion Annually in Energy Costs

Berkeley Lab works with industry to push superinsulating windows into marketplace
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About $20 billion worth of energy leaks out of windows in the United States each winter – and that’s with double-paned insulating windows installed on a majority of buildings. The Department of Energy’s Lawrence Berkeley National Laboratory (Berkeley Lab) is now working with manufacturers to bring to market a “super window” that is at least twice as insulating as 99 percent of the windows for sale today and will be ready to achieve mass-market status.

The “thin triple” super window design doubles the thermal performance of current Energy Star-rated double-glazed windows and is seven times more insulating than a single-glazed window. Berkeley Lab scientists have built and tested prototypes in the lab and are now working with Andersen Corporation, the largest window and door manufacturer in the country, and separately with Alpen High Performance Products, which specializes in energy-efficient doors and windows. Both efforts are looking to build and test enhanced prototypes suitable for large-scale manufacture.

“Our approach is to attack the problem from two sides: to develop both ‘market pull’ and ‘technology push’ forces,” said Berkeley Lab researcher Steve Selkowitz, one of the inventors of the super window concept. “We are working with manufacturers to assist them with their technology challenges while also working with Energy Star, supply-chain companies, and utilities, which can offer rebates and incentives for consumer purchase. Our role is to be a catalyst in facilitating technological innovation and an evangelist in promoting DOE’s energy-efficiency mission.”

Berkeley Lab has a long history of innovation in green building technologies; for example, it recently demonstrated the use of controlled lighting and shading to save energy and is working to make net-zero energy homes a reality. Its work on high-performance windows dates back to the late 1970s when the oil crisis catalyzed new ways to save energy. Berkeley Lab researchers at the time provided the technical support for a brand-new product – a low-emissivity (or low-e) window coating that helps to block long-wave infrared rays – to reach mass-market status. Low-e coatings have gone on to save the country billions of dollars in energy costs.

Selkowitz believes the new thin triple super window could save even more. Current double-glazed windows consist of two layers of glass with a low-e coating and argon gas in the gap between the glass layers to further reduce heat transfer. The innovation of the Berkeley Lab super window is threefold: It inserts a third layer of very thin glass sandwiched between the two layers of a double-glazed window, adds a second low-e coating, and replaces the argon gas with krypton gas, which is much more insulating than argon in the very narrow space between the panes.

While there are other triple-glazed windows on the market, the virtue of this one is that it is the same width and virtually the same weight as existing double-glazed windows. This avoids having to redesign the window sash and frame, which would pose a significant cost obstacle to market penetration.

Visionary goal: better than walls

Energy use associated with all aspects of window performance, including heating and cooling, costs U.S. building owners about $50 billion annually. The single largest contributor to building energy use is heat loss in colder climates. In warmer climates, uncontrolled sunlight transmitted through windows adds to air conditioning costs.

For years, the ultimate dream for Berkeley Lab researchers was to get to the point where windows could outperform insulated walls in winter. With their thin triple super window, they believe that goal may now be within reach. “A single layer of glass has an R-value, which is its resistance to heat conduction, of R1; double glazing is R2, and the low-e double is R4,” said researcher Charlie Curcija. “Our thin triple glazing is R8 to R10, or about twice as good as the best low-e double glazing today.”




Berkeley Lab researcher Steve Selkowitz, 1989 (Credit: Berkeley Lab)

The super window was in fact invented and patented by Berkeley Lab more than 20 years ago. But at the time, there were no viable sources of large sheets of very thin glass, and the cost of the materials made it prohibitively expensive.

“The thin glass is 0.7 mm thick,” Curcija said. “Twenty years ago we couldn’t find any companies that could make thin glass sheets in volume. Now the flat screen TV industry has pushed the glass industry to create precisely the glass we need for windows, and at a price the window market can afford.”

Katherine Graham, Andersen’s Glass Competency Team Leader, said: “Andersen Corporation worked together with Berkeley Lab in the 1980s to advance low-e technology, and our team is excited about the opportunity to collaborate again with Berkeley Lab to explore whether this super window prototype can become a market-viable product that we can offer to our customer base.”

Berkeley Lab’s history of window innovation

While the main focus of the super window is to save on winter heating costs, the low-e coating can be tuned to make it more useful for summer cooling purposes. “For northern climates you want the coating to be as transparent as possible,” said researcher Robert Hart. “For the same window in Phoenix, you want a spectrally selective coating that keeps out the heat from sunlight, but that you’re still able to see through. Berkeley Lab manages a global database of 5,000 glazings and coatings on the market today; one of our tasks for DOE is to come up with the optimal selection for a super window in each climate.”

The super window is different from “smart windows,” such as electrochromic windows, which automatically tint in response to sunlight in order to prevent building interiors from overheating and thus reduce cooling costs. Berkeley Lab has also made advances on this technology, including a nanocrystal material that can dynamically manage sunlight intensity as it passes through a window, an innovation now being developed by a startup, Heliotrope.

Still, electrochromic windows, at about five to eight times the cost of the super window, are considered a high-end specialty item and are just beginning to enter markets. The low-e coating, on the other hand, is now in nearly 90 percent of all windows sold.

The challenge in getting there, Hart said, was not only the scientific innovation in coating design but also overcoming marketplace barriers. To make the case, Berkeley Lab researchers created lab and field test facilities to measure window energy efficiency, and also provided design and validation software tools used by industry and a nonprofit organization, the National Fenestration Rating Council, to rate windows. Low-e coatings have saved the country $150 billion in energy costs in homes, compared to a base case with conventional double glazing.

Now Berkeley Lab researchers are hoping to replicate or even outstrip that impact. “We helped create a multibillion-dollar per year market in high-performance windows with huge energy savings,” Selkowitz said. “Now we hope to make another leap in window efficiency and extend our past success.”

The Department of Energy’s Building Technologies Office helped to support this project.

# # #

Lawrence Berkeley National Laboratory addresses the world’s most urgent scientific challenges by advancing sustainable energy, protecting human health, creating new materials, and revealing the origin and fate of the universe. Founded in 1931, Berkeley Lab’s scientific expertise has been recognized with 13 Nobel Prizes. The University of California manages Berkeley Lab for the U.S. Department of Energy’s Office of Science. For more, visit www.lbl.gov.

DOE’s Office of Science is the single largest supporter of basic research in the physical sciences in the United States, and is working to address some of the most pressing challenges of our time. For more information, please visit science.energy.gov.

Energy savings go through the roof
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New building materials and a holistic approach to architecture are dramatically lowering domestic energy consumption. Valerie Jamieson surveys recent projects.


Hot spot

From the outside, Sabine Glaser’s apartment block in Ludwigshafen looks like any other building in the street. But there is more to the 70-year-old property than meets the eye – it is the first old building in Germany to be converted from a draughty energy-guzzling residence to energy-efficient homes. Dubbed the “3 litre house”, the heating bills for Glaser’s 100 m2 apartment have been slashed from €700 a year to just €100 thanks to the latest advances in insulation and building technology.

Heating an old house consumes the equivalent of 20 litres of oil per square metre each year and leads to the production of 60 kg of carbon dioxide per square metre. As its name suggests, the fuel consumption of the 3 litre house is significantly lower. And with at least 24 million apartments in Germany in urgent need of renovation to improve their thermal insulation, it is clear that the potential energy savings are massive.

New legislation that forces every new house in Germany to consume less than 7 litres of oil per square metre came into effect earlier this year. However, the chemical company BASF set itself the more ambitious goal of bringing an older property, just outside the gates of the company’s offices in Ludwigshafen, to well beyond modern standards.

The renovations were completed last year and nine families – including Glaser’s – have moved into apartments that contain a raft of sensors installed by Hermann Heinrich, a building physicist at Kaiserslautern University. Over 150 sensors monitor aspects such as the temperature of the rooms, the energy flux into the building and the air quality to shed light on the energy consumption and heat losses.

The measurements are being made over three years so that Heinrich and co-workers can understand how energy usage changes, for example when the residents go on holiday. “After one year of measurements, we have hints that the energy consumption is, in fact, lower than 3 litres per square metre,” says Heinrich. “The building appears to have fulfilled the architects’ plans.”

Changing rooms

Insulation has played the biggest role in dramatically cutting the fuel consumption of the property. The façade of the building is clad with 20 cm thick panels of NEOPOR, a new type of thermal insulator developed by researchers at BASF. The polystyrene-based material contains microscopic flakes of graphite that reflect heat, making it difficult for thermal radiation to penetrate. Indeed, the thermal conductivity of NEOPOR is significantly lower than that of expanded polystyrene, a common insulator in homes.

As a result, only half the amount of NEOPOR is needed to provide the same level of insulation as conventional polystyrene, making it ideal for old buildings that have little space between cavity walls. The existing insulation in the roof, ceiling and cellar of the building has also been replaced with NEOPOR. About 10 litres of crude oil are needed to produce a NEOPOR panel with an area of 1 m2 and a thickness of 20 cm, but estimates show that this will save some 1200 litres of heating oil over a period of 50 years.

The interior walls of the building are coated with a special plaster that helps to keep rooms cool in summer without air conditioning. Also designed by BASF, the plaster contains microcapsules filled with wax particles that store latent heat – if it is very warm outside, the wax melts, thereby soaking up heat without raising the temperature of the room. Tests have shown that a 2 cm thick layer of the new plaster has the same heat absorption capacity as a 20 cm thick timber-bricked wall.

Knocking down bridges

As well as focusing on good insulation, the designers have also reduced the influence of “thermal bridges”, such as thick bolts and screws that can conduct heat past the insulation. For example, to minimize heat losses, the apartment balconies are built as separate free-standing structures that just touch the house instead of being bolted directly onto the building. In addition, the windows are triple-glazed to cut the heat loss by a factor of five compared with a single pane of glass, while the window frames are made of a plastic that is insulated with a polyurethane core. But the large windows play another important role – as well as improving the amount of natural light entering the lounge and bedrooms, they allow solar radiation to heat south-facing rooms.

Although the building is virtually airtight, an energy-saving ventilation system provides residents with fresh air. Warm, stale air is drawn up from the kitchens and bathrooms to a heat exchanger in the attic, which transfers 85% of the heat to the incoming air. This fresh air is then heated further before being pumped into the living rooms and bedrooms. Heinrich and co-workers at Kaiserslautern also monitor the amount of carbon dioxide breathed out in some of the apartments to tell how well the ventilation system is working. “If the levels of carbon dioxide are too high, the ventilation rate needs to be increased,” explains Heinrich, “but if they are too low then the ventilation can be decreased to save even more money.”

Next year BASF plans to install a polymer-electrolyte-membrane fuel cell in the basement to generate electricity with fewer greenhouse-gas emissions. The miniature power plant will first convert natural gas into a more hydrogen-rich gas, which will then be pumped into the fuel cell to produce an electric current (see pages 30-31). BASF has invested €500 in every square metre of the 3 litre house in Ludwigshafen. But with signs that a market for the renovation of old buildings worth over €400bn is beginning to emerge, the company clearly views their investment as money well spent.

Cool in summer, warm in winter

BASF is not the only organization developing energy-saving building materials. Norbert König, a building physicist at the Fraunhofer Institute for Building Physics in Stuttgart, Germany, and colleagues have developed a new type of double-glazing, called T-OPAL, which turns opaque at high temperatures to prevent buildings from overheating in the summer. Many glass buildings – including greenhouses, conservatories and offices – currently have blinds or air conditioning installed to keep their interiors comfortable in hot weather.

T-OPAL has been designed to be a cheaper alternative, costing just one-tenth of the price of shutters with the same area. The insulating gap in the new type of double glazing is filled with a “thermo-optical polymer”, which has optical properties that change with temperature. On cool days, the polymer exists in its crystalline form and transmits light. However, on hot days, the polymer undergoes a phase transition into a melted state that reflects more light and infrared radiation than its transmits. The glass, which has been patented by the Fraunhofer Institute, is currently in the early stages of production and should be on the market next year.

König’s colleagues in Stuttgart have also developed an inorganic thermal insulator made from recycled glass as an alternative to polystyrene and mineral wool, which can cause respiratory problems if used incorrectly. Shards of glass are ground down and mixed with an expanding agent to create a granular material that can be moulded into shape. During a final stage of heat treatment, the expanded glass granules bond together at certain points to produce a porous insulator with a low thermal conductivity. Known as REAPOR, the new material can withstand high pressures so that it can be integrated with other fixtures and fittings. It is important, says König, for building physicists to develop materials that will work in practise, satisfying both building regulations and construction companies’ budgets.

So, is it possible to build environmentally friendly homes for about the same price as conventional residences? Architect Bill Dunster believes that it is possible. The key, he says, is to include renewable-energy devices and energy-saving features at every decision in the design process, rather than bolt them on as an expensive afterthought. His company has already developed detailed designs, tracked down high-quality building materials and tested them in existing energy-saving buildings, thereby reducing the cost for future developments.

One of Dunster’s most ambitious projects is the Beddington Zero Energy Development (BedZED) – the first large-scale “carbon neutral” housing development situated in Sutton, south west of London. Built on the site of a reclaimed sewage works, the 82 homes are a mixture of apartments, maisonettes and town houses made from reclaimed bricks, timber and steel. The homes are heated by a combined heat and power plant that is fuelled by wood chips from local tree surgeries, which would otherwise be sent to a landfill site, while photovoltaic panels mounted in the cladding and roofs provide additional electricity (see Solar power to the people, pages 35-36 print version only). Some of this electricity will soon be used to power a fleet of electric vehicles belonging to a car pool.

Like the 3 litre house in Ludwigshafen, the south-facing rooms have large triple-glazed windows to benefit from the warmth of the Sun, and insulation with a low thermal conductivity is fitted to all the external walls, roofs and ground floors to reduce heat losses. Meanwhile, each kitchen is equipped with the latest energy-efficient appliances and waste water from the sink and the bath is recycled for use in the toilet and to water the roof gardens – thus cutting water consumption by one-third. All 57 of the houses that are for sale have been snapped up – the remaining 25 will be rented out – and the first residents moved in a few weeks ago.

Flower power

Many of the energy-saving features of BedZED are incorporated in another of Dunster’s designs, the FlowerTower – so-called because it comprises four petal-shaped towers arranged like a flower. Still firmly rooted to the drawing board, the high-rise block is expected to generate all its electricity from a combination of photovoltaic panels and a wind turbine housed in the gap between the towers.

The plans have been developed so that the towers channel the wind, boosting its speed by a factor of four and making wind power possible in urban areas. Dunster believes that the same vertical-axis turbines found on oil rigs are ideal for the project because they are almost silent and only need maintenance once every five years.

Whether the FlowerTower design takes off remains to be seen, but it is clear that architects and building physicists can play an important role in producing environmentally friendly buildings that will help to reduce our impact on the planet.

