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Building with solar; Expensive, awkward infrastructure has long cast a cloud over sun power Now flexible cells built into construction materials promise a breakthrough 
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CAMBRIDGE -- As Milfred Hammerbacher drives his Toyota Prius to and from work, he imagines a day when the sun, its rays beating down hard on the roof of his car, will play a key role in powering hybrid-electric cars of tomorrow. 
Not today, of course. The thought of securing heavy and rigid solar panels on the roof of any vehicle is laughable. Not only would it be unsightly, it would be downright expensive. 
"You're not going to take a square glass panel with a heavy aluminium frame and put it on your Cadillac or Mercedes," says Hammerbacher, president of Spheral Solar Power, which in June opened Canada's first solar mass-production manufacturing facility. 
"But if you have something that's flexible and can be moulded into the shape of your car, and if you can make it basically any colour . . . you may just have something." 
Spheral Solar's goal is to turn that vision into a reality, and at the same time tackle a problem that has prevented past solar photovoltaic (PV) products, despite their obvious environmental appeal, from entering the mainstream. They may be clean, renewable sources of energy, but after decades of innovation the high cost of these technologies continues to hold back mass commercialization. 
Using solar PV technology originally developed by Texas Instruments Inc. in the early 1990s, Spheral Solar has designed an automated process for manufacturing flexible solar modules at dramatically lower cost. 
It hopes to meet growing demand for solar products - spurred by rising energy prices, deteriorating air quality, and aggressive government policies in Japan, Germany and California - by making the technology economically palatable for a price-sensitive population. 
The potential isn't limited to cars. A nearer-term plan is to integrate the technology into building materials, such as metal siding, flat-roof membranes and roofing shingles for homes. The process has even attracted some attention from the Canadian and U.S. militaries, who could some day use the material to make solar-powered tents and soldiers' uniforms that can keep mobile electronics gear fully charged. The term "solar-powered jeans" has been bandied around. 
"There's literally an infinite number of applications for solar," says Hammerbacher, a former executive at Texas Instruments who joined Spheral Solar after it purchased the technology. 
It's fair to say that Spheral Solar's approach is unique in the industry. About 90 per cent of solar photovoltaic cells are based on crystalline silicon wafers, which are generally costly and slow to produce, while the rest are based on newer thin-film technologies, which are flexible but tend to be half as efficient and often contain harmful substances. 
Finding affordable methods of mass production for these two technologies has been a barrier for the industry. 
"I really feel we take the best of both," says Hammerbacher, who pegs his solar cells at 10 or 11 per cent efficiency, compared to as much as 15 per cent for crystalline wafers and 7 per cent for thin film. "You get the consistency and reliability of silicon and the flexibility of thin film." 
You also get the opportunity for large-scale manufacturing. As one analyst said, "It's like making bread. What you want to do is make it continually like a process. That's always cheaper to do." Whereas older PV technologies are like making batches of bread, Spheral Solar is going after an assembly-line approach. "Fundamentally, their process is oriented toward mass production." 
At the heart of Spheral Solar's technology are tiny silicon balls that look like poppy seeds. The "seeds" come from scrap silicon used by the semiconductor industry, and each one is capable of capturing sunlight and converting it into electricity. 
A unique property of silicon is that, when melted, tiny spherical balls are naturally formed. Spheral Solar takes those mini-spheres and drops them into holes that have been punched into a flexible aluminium sheet. It then bonds another aluminium sheet to the top and coats the whole strip with a Teflon-protected plastic coating. 
Hammerbacher estimates that a 900 square centimetre module contains about 85,000 spheres. The company's 193,000 square foot facility in Cambridge, when humming at full capacity, expects to go through 250 billion spheres a year, "give or take one or two," jokes Hammerbacher, adding that the total energy output of these tiny power plants is equivalent to about 20 megawatts annually. 
Existing solar panels are typically purple or bluish. The spheres, however, can be painted blue, green, brown, or any dark colour other than black. This distinguishing feature appeals to building supply companies, which can integrate the technology into their roofing and siding material and have the option of offering customers a selection of popular colours. 
Last November, Spheral Solar announced a partnership with Elk Premium Building Products Inc., one of the largest building product companies in the world. Elk did not return calls from the Star, but Hammerbacher said testing is going well and there is "tremendous" interest coming from other building suppliers. 
"What we've done is just laminated our solar cells into some of those materials," he says, adding there will be a slight price premium to solar shingles and siding but it will be cheaper than buying two products and paying for two separate installations. 
"You just roll it out on the roof, seal it down, and it is both your roof and your power generation," he explains. "It's probably the lowest cost way to generate PV electricity." 
Installation costs are often half the total cost of installing a photovoltaic system on a home or building, says MacMurray Whale, an energy technology analyst with National Bank Financial in Toronto. He says any kind of building product embedded with solar cells can lead to significant savings. 
"The guys installing these systems are contractors. It's like putting in a new kitchen or putting a new addition onto your house, and those guys get paid well to do it. So if you want to drop the total cost of a system, one of the biggest targets is to reduce that cost of installation - and that's what Spheral is doing." 
Whether home developers are ready to jump on the bandwagon is another issue. 
GreenPark Homes, one of the country's largest homebuilders, says government policies that are contributing to the rising cost of homes put solar technology, even when integrated into building supplies, low on its list of priorities. 
"Our mandate is to bring to market the best home for the best price possible," wrote GreenPark spokesperson Susan Crangle in an e-mail message. "The integration of solar technology to various building components would add additional costs." 
But homebuilders in California, the solar capital of North America, and some smaller developers in Canada have shown strong interest, including Thomasfield Homes in Guelph. With the right combination of government incentives and market demand - and assuming people start paying the real cost of electricity - there's no reason the rest of the pack shouldn't follow, industry experts say. 
Making a product that works reliably enough and can survive 15-, 20- and 25-year roof warranties is part of the challenge. It requires precision at the manufacturing level, and that's where Spheral Solar's parent company, ATS Automated Tooling Systems Inc., brings an edge. 
ATS is a specialist in manufacturing automation. When companies have invented a new gadget or piece of equipment and want to make millions from them, ATS will custom-build a manufacturing process that gets the job done. 
In the early 1990s, lab technicians at Texas Instruments still used tweezers to manually insert each sphere onto an aluminium sheet. They were thinking, "Gee, it may not be practical to have thousands of people tweezering these things," says Hammerbacher, recalling the days. 
Texas Instruments, which aimed to build a large-scale factory, approached ATS for ways to improve the assembly process. Efforts were cut short in 1995 when funding for the initiative fell through. Seeing the potential in the technology, ATS made a bid to purchase it but lost out to an unlikely rival from down the highway, the old Ontario Hydro. 
"They were trying to green their image and nuclear was a bad word," says Hammerbacher. 
"But right after they bought it, the provincial government changed (from NDP to Conservative), they were no longer green, nuclear was back and they had this new asset that ATS was able to take off their hands." 
He won't say how much ATS paid, but hints at a fire sale. "We felt we got a good deal," he says, smiling. "It's kind of ironic, though. Two companies trying to buy the technology were both from Ontario." 
It's probably better that ATS ended up with the prize, considering its assembly-line expertise. For example, the sole purpose for one machine it developed is to sort bad from perfect spheres. It's a slightly tilted metal platter that vibrates aggressively. 
Somehow, ATS figured out that perfectly round spheres will roll off the platter in one direction, and imperfect spheres will vibrate in the opposite direction into a reject bin. Those rejects are then melted down again and the process is repeated until perfection is reached. It's simple, elegant, effective and something that could never been done manually. 
In another machine, the perfect spheres are poured into a pre-punched aluminium sheet. A vacuum is placed under the sheet, which is slightly vibrated, and the spheres are sucked into place. The vibration assures each hole is filled and a laser verifies the fact. The excess spheres are tilted off and collected again for the next sheet down the line. 
"We've got about 26 workstations out here, and each one of them was a custom-made machine built by ATS," says Hammerbacher, adding that the machines and processes continue to be fine-tuned and the company expects more products to trickle out of the factory throughout the year. 
ATS became a full-fledged supplier to the solar industry in 1997 when it purchased Photowatt International SA of France. The acquisition turned the Canadian company into one of the largest solar panel producers in Europe. It's about 10th in the world, behind market leaders such as Sharp, Kyocera, BP Solar and Shell Solar. 
Whale from National Bank Financial says Photowatt and Spheral Solar are complementary businesses, allowing ATS to generate revenues from an existing market while nurturing a business for next-generation solar products. 
"They're essentially building the whole market for that kind of technology, so that's going to require capital and there are risks involved," says Whale. 
ATS expects to spend about $100 million on the Spheral Solar operation, with a little less than a third coming from Technology Partnerships Canada, an agency of Industry Canada that helps fund research and development. 
The facility has fallen several months behind its commercial production schedule, but Hammerbacher is satisfied with how everything is progressing. He says the main goal is to start churning out product so the company can take advantage of a global photovoltaic shortage, caused mainly by high demand in Germany and Japan. Expansion is underway at Photowatt and ATS is considering doubling its capacity at Spheral Solar to a product output of 40 megawatts a year. 
"The market is just phenomenal right now," he says. "It's an exciting time for us to enter with this new technology." 
And what about that solar-powered car? 
"The automotive world is a tough market to crack," he says. "But if you can offer them a way to save money, they're certainly a lot more interested in that than a new gadget that's going to increase the cost of the car. 
"It's all about integration ... but it has to look nice." 
