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FEED at UCLA



The Forum for Energy Economics and Development (FEED) is a student-led organization whose mission is to learn about renewable energy resources. The group is interdisciplinary with fields including Chemistry, Engineering, Physics, Politics, Environmental Science, and Business. We meet weekly at UCLA and are proud to publish our first academic journal. FEED Journal Staff and Contributors Igor Bogorad, Editor-in-Chief, Webmaster Maurice Diesendruck, Editor-in-Chief, Layout Design/Production Manager Danielle Perrot, Editor Monica So, Editor Edo Konrad, Editor Dr. James Liao, UCLA Faculty Adviser Jeremy Ephrati Reeve Zemel Reider Larsen Greg Soulages Adam Sorensen David Goldenberg Eli Rubin Jack Moxon Shyaam Subramanian 



Kartik Atyam Eddison Lai Alex Chapman Daniel Nomanim Joseph Patterson Adam Brown Sachin Goel Sam Feinberg Maya Benari



Industry Contributors Bertrand Vick, Aurora Biofuels Betsey Fleischer, Materials Research Society John Ziagos, LLNL Al Darzins, DOE-NREL Stephen Thomas, Ceres Inc. Matthew Peters, Gevo Paul Glenney, AeroVironment Vasilios Manousiouthakis, UCLA Contact Information Editor-in-Chief, Hedrick Hall Room 656 FEED Journal 250 De Neve Drive Los Angeles, CA 90024 Visit FEED’s web site at http://renewablefeed.googlepages.com or email at [email protected] or [email protected] Cover photo: Courtesy of Bill Dunster Architects. London, UK. Back cover photo: Poem by Jon Shapiro, Artwork by Greg Soulages



Dr. James Liao, UCLA Professor, Department of Chemical and Biomolecular Engineering



Thank you so much for giving your time in helping with our project. Without your initial support, FEED would not have had the opportunity to publish this journal.
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SOLAR ENERGY: PHOTOVOLTAICS Scientific 



however, offer an alternative route to solar cell technology. Since these plastic materials can be processed from solution and even printed onto “The future of solar cells will be very bright. No plastic substrates, they offer the promise of being pun intended. As global oil prices continue to climb, lightweight, flexible, and inexpensive, compared to and countries worldwide face the issues of global their inorganic counterparts. warming, solar will become an increasingly important Of course, this appears to be promising, but energy,” observes Bertrand de Villers, a UCLA graduate the major challenge for large-scale OPV application student of physical chemistry. is the considerably lower Indeed. Among the public, efficiency. While inorganic energy and environment solar cells can afford an have become two of the most efficiency of anywhere popular topics. With over from 12% to 40%, organic 80% of today’s world energy ones can only produce a coming from the combustion maximum 5.5% efficiency of fossil fuels, it is no surprise rate. This may be attributed that environmental pollution to the mechanism of PVs; and unsustainability issues the cell becomes activated have become important. Given when light in the form of a that fossil fuel deposits on photon hits a semiconductor, earth are limited and that our releasing electrical energy in demands for energy supplies the form of an electron. The are insatiable, many people AeroVironment, Inc developed the Helios solar unmanned aircraft prototype more complicated issue is in are now turning to renewable, under NASA’s Environmental Research Aircraft and Sensor Technology harnessing these displaced environmentally friendly, and (ERAST) Program. Courtesy of AeroVironment. electrons. Generally, this is sustainable energy as a possible solution. resolved by combining two carefully crafted layers One alternative that many people and of organic substances. Other elements have been governments are seriously considering is solar energy. added to these layers, so that one layer is conducive With its power production potentially emitting zero of electron mobility and the other layer is electroncarbon emissions, solar energy is a clean alternative. deficient. When an electron is created at the interface Furthermore, sunlight of these two layers, the electron ideally flows through is essentially an unlimited and accessible energy the layer with high electron mobility to the electronsource, which can be exploited even at remote sites deficient layer. However, this is not always the case, where the generation and distribution of electric power and facile electron transport is the obstacle that present a challenge. Solar power has tremendous many researchers in the scientific community are capabilities to bring electricity to underdeveloped attempting to resolve in OPVs. countries throughout the world, of which there Despite this mechanistic challenge, the efficiency are many. In some areas, there are no light sources can be improved through systematic molecular after sunset aside from generator-powered lamps, engineering and the development of architecture kerosene lamps, or candles. With the hope that solar that is optimally matched to the properties of these energy will become increasingly more cost effective new PV materials. and affordable, an alternative energy system in the “Organic chemists have gotten very good at form of solar energy has the potential of raising the tweaking molecules in small ways to produce large standard of living for people all over the world in a changes in their bulk material properties,” says Alex sustainable and environmentally-friendly way. Ayzner, a colleague of de Villers’. “I think it’s likely that composites of organic and inorganic materials Photovoltaics 101 will gain a more prominent role in the photovoltaic Out of the various solar technologies that exist research community as we all struggle to produce today, photovoltaics (PVs) have shown great promise cheap yet durable solar cells in the coming future.” in common applications. If you have ever used a Ayzner believes that the big puzzle that remains light-powered calculator to do your math homework, is the tradeoff between efficient light absorption and you have already seen PVs in action. Essentially, PV facile charge transport in organic photovoltaics. It is cells produce electricity directly from sunlight. What only a matter of time before this will happen. makes photovoltaic devices unique is that it utilizes the sun’s visible light to convert sunlight directly into Solar: A Bright Future electric power. Because the hardware needed for this Though these challenges continue to boggle is entirely based on solid-state electronics, PV cells scientists and researchers alike, they are still are extremely low-maintenance and have very long enthusiastic about the potential of solar cells and its lifespans. Although PV technology has already been potential for domestic applications. widely used and established, the major obstacle “I feel that small, electronic applications that still hinders its development and large-scale and individual home uses will see the soonest application is the high cost of commercially available commercialization for solar. Pretty soon, cell phones, inorganic semiconductor based solar cells. PDAs, and perhaps laptop computers will be powered Recently developed organic photovoltaics (OPVs), 4



by Monica So
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SOLAR ENERGY: PHOTOVOLTAICS by solar cell or battery combos, much like some of our common pocket calculators are today. At home, solar panels are already finding use in outdoor lighting, water heating, and daytime use of electric appliances,” says de Villers. Solar panels, employing PV technology, have been gaining popularity in recent years. In fact, this past March, Southern California Edison announced their plan to build the world’s largest solar cell project in the Inland Empire (near San Bernadino County, CA) that will place 250 megawatts of advanced PV generating technology on 65 million square feet of roofs of Southern California commercial buildings3. Ultimately, the goal of this notable undertaking is to encourage other institutions and companies to adopt similar plans. So as more commercial systems are installed, PV technology will become more cost effective. Solar, however, will not be the only solution to the world’s insatiable hunger for energy, says de Villers. It will take combined progress among solar, wind, nuclear, and geothermal energy harvesting technologies, as well as some as-yet discovered sources, to continue to drive global growth. Regardless, the solar cell field continues to show great promise. “I cannot guarantee that it will become the perfect sustainable solution,” explains Darcy Wanger, a fourth year undergraduate and researcher of the materials science and physical chemistry department. “But the hours of research I have devoted to research in this field are an indicator of my trust in increased scientific understanding to positively affect the state



of science and sustainable technology.” Ayzner agrees. “At this point the only clear prediction is that the solar cell field is not going to get less active any time soon.”



Political 



by Reider Larsen



 Political influence has been responsible for both periods of great advancement, and stagnation in the development and use of solar technologies in the United States. While true action to promote these technologies did not take hold until the mid 70s, the first introduction for a solar energy research and development bill happened almost two decades earlier in 1959. Unfortunately, without a clear necessity for the technology and with the aid of corporate lobbyists, this bill and all similar attempts at solar legislation proposed throughout the 60s and early 70s failed passage. Yet with the occurrence of the OPEC oil embargo in 1973, the necessity for renewable forms of energy became painfully apparent. In order to combat such an extreme shortage in supply, oil prices were raised dramatically and gasoline had to be rationed. Through this confrontation with the severity of the nation’s petroleum dependence, the government started taking immediate action to find renewable sources of energy, focusing most of their funding on solar energy. In a very proactive response to the crisis, the government became strongly involved in the



Increasing efficiencies of solar photovoltaic technologies from 1976 to 2007. Courtesy of NREL.
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SOLAR ENERGY: PHOTOVOLTAICS photovoltaics. This can be considered solar power’s golden age, when funding and interest was at a level ambitious enough to provide 20% of the nation’s energy through solar power by the end of the 20th century. In a show of his support for the technology, President Carter installed solar panels on the roof of the White House. However, the decreased oil consumption that was encouraged throughout the 70s met with overproduction of oil in the 80s that resulted in a great decrease in oil prices. The increased supply of cheap oil led to a massive drop in interest towards the proliferation of solar technologies. Once again the country lost sight of the Energy information Administration (EIA) analysis of global energy markets in 2007. Courtesy of DOE. necessity for alternative forms of energy. Under President development of alternative forms of energy and the Reagan, the funding for research and development first two major pieces of solar legislation were both of solar technologies suffered massive cuts that enacted in 1974: The Solar Heating and Cooling would make it impossible to achieve the ambitious Demonstration Act of 1974 and the Solar Energy goals embodied by the first solar legislation of the Research, Development and Demonstration Act of 1970s and, in a move that characterized the general 1974. disinterest in solar technologies, the solar panels were In only a few years, the government was not stripped from the White House roof. only funding research and development of solar Sadly the trend remained greatly unchanged technologies, but was implementing tax credits for throughout the 90s. It was not until recently that installations of solar equipment on both the state government interest in promoting solar development and federal level. California, especially, was one of piqued once again. Of course it is only in the face the most active states in providing financing for solar of another oil “crisis” in which prices have escalated energy by offering income tax credits. California’s to levels as high as those following the oil crisis of first solar energy tax credit was implemented in 1976, 1973 that such a dramatic increase in interest in solar a year before the federal government’s, and offered technology occurs. a 10% tax credit for the purchase and installation of Although the funding for alternative energy solar technologies. research and development (specifically solar energy) This first program proved to be very successful is much less than it was in 1979, most of that spending and in 1977 California greatly increased its solar had been directed toward photovoltaics. This area tax credit to 55% of all installations that cost less has made huge progress and will continue to grow, than $12,000 and 25% of all the costs of a system allowing solar panels to be made and installed at a installed that cost more than $12,000. The Federal lower cost than ever before. Because of this, most of government’s tax credit was established the same the government’s funding for solar energy today is year but was not quite as generous as California’s. allocated to tax credits and programs that promote The Federal government’s program provided 30% the installation of solar equipment. of the first $2,000 of expenditures and 20% of the Instead of one general tax credit as there was expenditures between $2,000 and $10,000. in the 70s, today there is a wide variety of tax credits, Though it was just beginning, the funding clean renewable energy bonds, and energy efficient for research and development and tax credits for mortgages available to those who install solar installation of solar technologies that the United technologies on a commercial, industrial, agricultural, States was supplying proved to be a greatly effective or residential level provided by both state and federal solar energy policy. Interest in solar energy rose governments. triumphantly throughout the 70’s and allocations for Governmental support for solar power also solar energy made up the greater part of all funding occurs by through the creation of programs to install for alternative energy research and development, solar panels. The Federal government has recently with over half of its funding dedicated specifically to 6



 SOLAR ENERGY: PHOTOVOLTAICS



Exero 01, 5555  BLA BLA BLA  7



announced the Solar America Initiative that plans to install solar technologies on rooftops throughout 25 cities. In a similar action, Southern California Edison has recently made plans to install an array of photovoltaic cells covering two square miles of rooftops which will help achieve the governor’s goal of providing 20% of the state’s power through renewable energy sources. Overall what the history of solar policy in the United States has revealed is that the government’s relationship to solar power is symbiotic. Solar power is one of the most promising renewable energy resources but it needs the support of the government in order to grow. Without an increased cost in oil, the necessity for solar power has been quickly forgotten thereby damaging the development and proliferation of solar technologies through lack of support. Because the price of oil today is the highest it has been since the oil crisis, the country is presented with a great opportunity to promote the incorporation of solar power with the same enthusiasm that was present in the 70s, when governmental support exemplified the possibility of rapid progress in the development of solar power.



President George Bush recently set 2015 as the goal for grid parity in America and pledged 170 million dollars over the next three years to help producers make it happen. Although solar power is still two to three times more expensive than energy derived from fossil fuels, solar prices have declined steadily. In 1980, the cost of generating solar power with a silicon cell was about $30 per watt; today it averages $3 to $4 a watt. Bush’s goal is to bring the cost down to $1 per watt to make it competitive with conventional power sources. Already, subsidies exist in California to achieve grid parity through tax rebates, feed in tariffs, and renewable energy credits. The California Solar Initiative was implemented in 2006, as a part of the three billion dollar Million Solar Roofs program, to generate 3000 megawatts of new solar power by 2017. Other government policies could have a positive effect on solar grid parity, including forcing carbon taxes or tradable carbon permits that would increase the price of traditional power production. In addition to support from the government, companies can count on more cost-efficient methods of silicon production, which is a necessary ingredient in the manufacturing of photovoltaic cells. This in combination with economies of scale captured by by Greg Soulages large production makes grid parity look like a reality. To aid this process, rising oil prices will begin to have The sun has long been recognized as a clean an impact on investors’ decisions, as they will look and unlimited source of power, prompting the use of to alternative energy sources to step up. Looking photovoltaics in cars, houses, and even skyscrapers. overseas can provide America with inspiration and But what ever became of the goals set by Carter to a jumpstart on the solar market, which has been have renewable energy be twenty percent of the experiencing tremendous growth. nations’ energy supply by 2000? Today, photovoltaic The solar energy market has been making its solar power represents only eleven billion of the presence felt on Wall Street in recent years, averaging one trillion dollar power industry, even though the annual growth of around 30-40 percent. The growth in sun provides enough energy in one day to meet the market is representative of increases in worldwide the energy needs of the world’s solar production, which has population for twenty-seven years. increased 50 percent from 2006 It seems as though the conversion to 3,800 megawatts in 2007. to cleaner energy sources has been According to Jonathan Dorn of slower than expected, and despite the Earth Policy Institute, solar economic justification for the production has been “growing reluctance, it looks as though the by an impressive average of 48 time is right for change in America. percent each year since 2002… Already the Chinese, making it the world’s fastestEuropeans, and Japanese have growing energy source.” The successfully established solar power increases have not been without as a competitive source of energy; market volatility though, they represent two thirds of the Cost-efficiency for first (crystalline Si materials), second (thinwith the industry on average global market while America holds film, solar concentrations, solar thermal conversions, and organics), increasing around 150 percent third generation (high efficiency multijunction thin-film) PV only ten to fifteen percent. These and in 2007, and decreasing 30 technologies. Courtesy of MRS Bulletin. nations have implemented similar percent since then. The factors incentives to promote the production of solar power, that play into investors’ decisions are the same forces though high energy prices explain the difference that affect when solar power will reach grid parity. in market share. The combination of subsidies and Investors have recently been reluctant to invest due to traditional energy prices a weak economy and low oil prices at the beginning determines the level at which solar power will reach of the year. Solar stocks have proved to be resilient what is called “grid parity.” This is the point at which during tough economic times, though, as was the solar power is no more expensive than electricity case during the 2001 recession, so now may be the produced by other sources for the gird. Foreign nations time to buy. With the recent spike in oil prices, solar have already been able to achieve solar grid parity stocks will gain ground as government support of due to higher energy costs, though the changing producers remains the norm and the shift away from market conditions could make it a reality in America. carbon-based energy becomes a reality.



Economics 
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SOLAR ENERGY: PHOTOVOLTAICS Social 



landscape and would hate to see it covered with glass and metal. Interesting to this issue is the question of, “Who would more readily install home solar panels?” Social momentum is important to the “green Would a family living in a contemporary San Francisco revolution.” Imagine, for example, the way celebrities apartment be more willing to install them have used their popularity to push than one living in an 80 year old Victorian environmental goals by driving to the home in Boston? Do solar panels only fit with Emmy’s in Prius’s and hydrogen-powered the “modern” image, or is it acceptable to put cars. The way we interact with renewable them on an old, more “classic” home? energy technologies in society plays an As mentioned previously, location affects important role in the way and the extent how willing people are to building solar to which they become incorporated into projects—location also regulates the size of our lives. PV technologies exist on both system that can be installed. Although the idea residential and industrial scales; this of energy independence is largely a bipartisan article will focus mostly on residential issue, areas of more liberal leanings may be implementation. Social factors that more likely to adopt solar, e.g. California’s influence the acceptance of energy leadership in solar implementation relative technology include price, aesthetic, to other states. Location also matters when location and size, fad or style, emissions, deciding between utility-scale solar power Photovoltaic technology provides and industry growth. this building at Oberlin College plants in remote areas and much smaller Price is one of the main driving with electricity. Courtesy of NREL. residential solar systems. While some may factors in choosing whether or not to prefer isolating PV so it cannot be seen, purchase a PV system for a household. If the pay-back it is important to note that PV has the potential to time for a roof-mounted PV system is 15 years, it is benefit from positive side effects of public use. This unlikely that a family will choose to buy one, as few is, of course, assuming that the owner of a solar panel people make the commitment to be in one place for gets some social or moral boost when his neighbor an extended period of time. Pay-back times should compliments his solar array. ideally settle around two years—an estimate that Fad and style can allow solar PV technology to will continue to decrease with cheaper, improving PV grow quickly, and can bring about fast change. While technologies. Still, home systems can range in price the scientific evidence supporting PV’s usefulness is from two to twelve thousand dollars, making the powerful, it does not have the power to create “social investment out of reach for some people. buzz.” As celebrities, actors, and other people in the Aesthetics is another issue of PV systems. In order public eye increasingly espouse renewable energy, for consumers to continue purchasing PV systems, the “green revolution” grows as a social movement they have to feel confident that the huge black panel allowing it to reach every one from elementary school on their roof doesn’t destroy the look of their prized students to senior citizens. Having PV technology Victorian home. For industrial scale projects (many of can become something commendable and people which are in the desert), aesthetics seems to play less can strive for social admiration. A neighborhood of a role in the decision of whether or not to build. In competition may even emerge, as people try to contrast, many people admire the beauty of desert by Maurice Diesendruck



This zero energy home was built by NREL and Habitat Metro Denver in 2005. Courtesy of Pete Beverly/NREL.
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have the newest, most socially conscious sunpowered homes. In contrast, if PV arrays are viewed as ugly and represent a radical or political idea, then it may well flop and lose popularity. The advantage of lower emissions is an inherent quality of PV systems that allows each of the previous points to work in society. If the technology was not really advantageous, the social buzz might have carried it out for a short period of time. The extent of this wave of green technology, however, has lasted because Role of Renewable Energy Consumption in the Nation’s Energy Supply, 2006. Courtesy of of its scientific integrity. People understand The Energy Information Agency/DOE. that if they want to cut down on electricity and is relatively small (5-10g/m2). The cadmium can be resource dependence, PV panels will do it. controlled with proper emission control techniques Finally, increased popularity of PV technology that reduce the cadmium emission to almost zero. has the potential to create new jobs in a growing In comparison, cadmium emissions contain only 0.3solar industry. People can continue to favor using a 0.9 micrograms/kWh, while coal contains 3.1, lignite new technology if it means they will have a job, gain 6.2, and natural gas 0.2 micrograms/kWh. Use of skills, and work in a progressive, cutting-edge field, as photovoltaic cells in place of other energy sources opposed to sitting in a cubicle pushing papers. will actually decrease cadmium emissions. In the field of sociology, there is an idea that each of us is born into the womb of society. What implications does this have? It means that all our actions are made in the context of our social groups by Daniel Nomanim and social roles. The potential for PV technology is dependent on whether or not it continues to “sit well” Just a few years ago many researchers and with the people. academics argued that photovoltaic (PV) cells were only economical for small scale applications and would never become a major source of renewable by David Goldenberg energy, especially where there is no established electrical grid. In addition to the small systems that Energy from photovoltaic cells, which offer have cropped up around the world to help countries tremendous environmental benefits, has long been like Kenya have electrical power, PV cells have considered an alternative to carbon-emitting fossil become a much more viable competitor to other fuels. However, the benefit gained from this type of renewable energies. By taking the familiar idea of fuel can be lessened if placed in areas that where concentrating light from solar thermal, large scale photosynthetic plants reduce carbon dioxide in the PV plants have become much more efficient and environment. Ideally, photovoltaic cells would be the industry is booming. With an impressive 33% placed in areas not suitable for plant growth (roofs, average growth in the solar electricity market per sides of buildings, or in deserts). Deserts make for a year from 1997 to 2005 (according to author Winfried particularly advantageous site for photovoltaic cells. Hoffman), the industry is experiencing rapid growth, In order to assess and compare the not only from off grid implementations, but mostly environmental advantages of photovoltaic energy, from grid tied PV cells. This suggests that while PV it is useful to compare the energy pay-back times will continue to play an important role in areas where of the different techniques. Crystalline silicon PV grid systems are not feasible or for residential uses, systems currently have an energy pay-back time of there will be greater market growth for PV cells in 1.5-2 years in South Europe and 2.7-3.5 years in the industrial countries for large scale power generation. Middle East. Silicon technology prospects for further This trend is supported by the financial support of energy reduction within several years that would many countries’ governments, the rapid growth of decrease pay back time to as little as one year. Thin technology, and the rising cost of more conventional film technologies have energy pay-back time in the sources of energy. range of 1-1.5 years (S. Europe). Greenhouse gas To understand the position of solar PV in the emissions are now approximately 25-32 g/kWh and energy market it is important to know the current could decrease to 15 g/kWh in the future. production capacity, the future applications and Photovoltaic cells have often been the source uses of the energy, and the planned investments in of environmental concern due to the amount of the construction of the PV cells. Countries like India cadmium (a heavy metal) in Cadmium telluride (CdTe). and China have seen a rise in the number of solar Heavy metals, such as mercury, can be absorbed by PV firms and although only slightly over a million the blood stream and potentially accumulate in the homes have been equipped with PV cells, growth bodies of primary consumers. As organisms move up rates seem extremely promising. These systems the food chain, each of these heavy metals becomes are used for better quality writing, access to better more concentrated. communication systems, distance education, pump The amount of cadmium used in thin-film PV



World Implementation



Environmental 
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SOLAR ENERGY: PHOTOVOLTAICS and purify water, and for television. Recent satellite linkages have also made monitoring and upkeep much cheaper and more efficient. In more developed countries like the United States, many residential applications are similarly growing because of net metering laws, which force electric companies to buy back power at the same price they sell it, as well as other financial and social incentives. Currently California is the nations leader in the use of this new technology with about 200 MW of solar PV and is only behind Germany and Japan internationally. New plans and projects will soon enlarge this number because PV has become a competitive method for mass energy production. In Courtesy of NREL fact, the world’s largest projected solar power plant in Victoria, Australia that will supply about 154 MW of electricity will use concentrated PV instead of solar thermal. Further plans to expand output include a 1.5 GW production plant in Singapore by the Renewable Energy Corporation, a 75 MW production plant in Devens Massachusettes by Evergreen Solar, and 8.9 MW will be installed on 28 Macy’s stores in California by SunPower Corporation. These examples are indicative of the larger trend of solar companies around the world. Both small and large plants are being integrated into homes, businesses, and for larger commercial use. These systems not only promise for future utility savings, but also boast architectural value and may even add to the aesthetic value of buildings. As new technologies arise to make PV cells even more efficient and as the silicon market becomes more competitive this market will continue to expand. Although it will take a few decades, solar technologies will become one of the major suppliers of clean renewable power.



UCLA Implementation 



by Eddison Lai



 As a world leader in research, the University of California at Los Angeles ought to be a leader in photo-voltaic solar panel implementation. UCLA has a great location in sunny Southern California just inland of Santa Monica, meaning fewer clouds that lessen efficiency of solar panels. There are hundreds of thousands of square feet of flat roof space across campus which could potentially generate thousands of mWh of energy per year. In applying PV panels on campus, not only would the university benefit from the publicity, but also inspire other universities and institutions to follow suit. And in the process, UCLA would help lower America’s reliance on foreign oil. To some people, the sight of PV panels are aesthetically unpleasing, however, I move that PV panels be put on top of UCLA’s parking structures since parking structures aren’t meant to have much eye appeal anyways. There is plenty of space available and virtually all structures have enough space to host cost-effective systems. Robert Gilbert and colleagues 10



of UCLA Sustainability Committee say that P6, P8 and P9 structures would be the best candidates to support PV systems due to the fact that they could share an inverter to maximize energy production and minimize extra costs,. The three structures would total to over 350,000 square feet and could produce over 3.5 mWh of energy per year. Along with providing clean energy, PV systems like carports, or raised PV panels, would also provide shade to cars on sunny days much like the systems at Cal State Northridge and the Santa Monica Civic Center Parking Structure. UCLA parking structures could join the trend of sustainability and fully utilize solar potential, saving money and further upholding its image of environmental responsibility in the process. If PV solar panels are so great, why hasn’t UCLA already implemented them on campus? Well, large PV systems can add up to millions of dollars and the UC system’s poor state funding is contributing to a low-budget for UCLA. Of course, there are ways to help save money in sustainable energy purchases. According to Gilbert, one way to help finance the purchase of solar panels would be through LADWP, UCLA’s power company. LADWP has cash incentives for the construction of new PV panels that can amount to 50% of the system cost, however, the University would have to pay the remaining cash due up front. On the other hand, Power Purchasing Agreements help customers save money by associating the purchase with federal tax credit, paying for the system over time. Bryan Gates of Sunpower Corp estimated that a 1mWh PV system that covers 100,000 square feet could produce about 1,806 mWh per year. Gilbert and his colleagues predict a payback period of under 15 years, assuming the cost of electricity increases by 3% per year and electricity can cost up to 17.8 cents/ kWh during daytime peak hours. This is great news since PV products are usually guaranteed for 20 years and usable for 30 years. This shows that a PV system could be making pure profit for the school for over half its lifetime. All it takes is an initiative for implementing a clean energy project. And after one project is successfully applied, more will follow. Hopefully, after adding the first system, the university will continue to add renewable projects, possibly smaller PV systems on buildings such as John Wooden Center or Bunche Hall. Obviously funding will always be an issue. Raising 5 million dollars to cover half of a 1mWh system is a challenge in itself. Although not very likely, it is possible for the UCLA to get funding for smaller projects from groups such as The Green Initiative Fund which is a new referendum that would fund student-led energy projects. The green movement is still at its infancy, so as students, we need to unite and take the next step towards sustainability for the sake of the environment.
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Alex and Eddison inspecting the solar thermal system at UCLA’s Dykstra dormitory. Courtesy of Maurice Diesendruck.



Scientific 



by Joseph Patterson
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in recent years at the behest of rising interest in cleaner, renewable, and domestic sources of energy. This article offers a brief exploration of the scientific underpinnings of this extremely hot technology. Despite the green hype, the conversion of solar thermal energy into electrical energy is actually a very inefficient process. The production of electricity from thermal energy requires a heat engine and is therefore limited by the basic laws of thermodynamics. The efficiency of any heat engine depends on the relative difference between the input output temperatures as well as the absolute value of the input temperature. The output temperature of a solar thermal energy system is the ambient temperature of the air, which is very far from the ideal absolute zero regardless of season, location, or time of day. The input temperature is directly proportional to the intensity of the light collected, which can be increased by focusing light incident on a larger area onto a smaller area. Consequently, commercial Concentrated Solar Power (CSP) plants tend to sprawl over vast tracts of land to maximize light intensity and thus the input temperature. However, designs for solar collectors must also minimize the distance traveled by the focused light as well as the distance between the site of heat of collection and the heat engine to reduce energy losses to diffraction and escaping heat. A single CSP system has an ideal size at which it is most effective. The concentrator component of a CSP system aggregates solar energy as thermal energy in the working fluid of the heat engine by focusing incident solar radiation onto an absorbing medium. The absorbing medium converts the concentrated electromagnetic radiation into heat and transfers this heat to a circulating heat transfer fluid, usually synthetic oil, molten salt or pressurized steam. The fluid may carry thermal energy to the heat engine that drives the generator, or may function as the working fluid in the heat engine itself. Similar to fossil fuel and nuclear power generation, most solar power generation systems use traditional steam turbines to generate electricity, although newer and more



 The Sun, our familiar source of hydrogen fusion is a massive power plant. Of the 3.846×1026 joules continually emitted by our sun every second, approximately 1366 strike each normal square meter of the Earth’s upper atmosphere. At sea level, this solar radiation is attenuated to roughly 1000 watts/m2 at peak hours on a clear day. Insolation at a particular location is a function of latitude, altitude, and climate, but the global average is roughly 250 watts per square meter. High deserts such as California’s Mojave experience considerable direct insolation and provide ideal sites for the collection of this gratis energy. Insolation as an energy source has extensive benefits, including domestic energy with minimal pollution. In the United States, though, it was only after the oil crises of the 1970’s that these advantages became sufficiently attractive to draw federal and commercial interest. Since then, extensive cooperative research efforts have evaluated various methods of harvesting the bounty of the sun for the production of electricity. Commercial investment in solar technologies, and in of electricity production using a solar heliostat system with molten salt. particular solar thermal power, has resurged Schematic Courtesy of Sandia Labs.
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SOLAR ENERGY: THERMAL



A solar trough system is a parabolic concentrator with a single axis tracking system. Courtesy of NREL.



efficient designs eliminate the intermediate transfer fluid and focus incident light directly onto the heat engine. Selection of the absorbing medium and the working fluid are critical to the efficiency of a solar thermal collector. Encasing the the heat transfer fluid in the absorbing medium and insulating the two from the surroundings with a vacuum severely reduces convective losses, but heat loss still occurs over any significant distance. The use of molten salt as the transfer medium, such as the 6,250 tons of molten sodium nitrate planned for the Solar Tres installation, necessitates an additional heat transfer to water prior to the generation of electricity via steam turbine. However, current technological limitations and the high heat capacity of sodium make the storage of heat significantly cheaper and more efficient than the storage of electricity. Molten sodium reservoirs also allow the latest generation of solar power plants to continue generating electricity in the absence of sunlight, improving utilization of the generator and thus reducing the operating cost. Joint federal-commercial efforts have thoroughly investigated various collector designs and identified the most cost-effective solutions. Parabolic trough designs such as those formerly in use at the 354 MW Solar Energy Generating Systems (SEGS) and currently in use at the 64MW Nevada Solar One Mojave Desert facilities use rows of parabolic troughs to concentrate solar radiation on absorber tubes. Parabolic troughs only require a single-axis tracking system and are significantly cheaper to manufacture than parabolic dishes. Solar power tower designs, such as those implemented in PS10, Solar Two and Solar Tres, employ concentric banks of individually tracked heliostats to focus radiation on a central absorbing medium mounted on a tower. Each heliostat consists of an array of mirrors and a tracking system to continually reflect light onto the power tower as the sun moves throughout the day. Studies by the US National Renewable Energy Laboratory have found that electricity can be be produced with more maintenance but at a lower overall cost using power tower designs. Nonetheless, the most efficient 12



design to date consists of a single Stirling engine and dish pair mounted to on independent tracking system. Sandia has reported efficiencies of over 40% with these smaller, modular systems at their facilities. Southern California Edison has announced plans to construct a massive 500MW system 70 miles northeast of Los Angeles based on this design. Outside of electrical power generation, solar thermal technology is currently employed on a much smaller scale for residential pool heating, cooking, and water pasteurization. The NREL has stated that low temperature collectors could directly address 50% of the hot water demands for residential and commercial applications in the United States. Solar thermal technology is also currently being investigated in medical applications as a cheap energy source for surgical devices. Gordon et. al. have demonstrated that a concentrated beam of sunlight carried via a fiber-optic cable has the same surgical utility and precision of expensive, high-wattage laser systems. Solar thermal power has also found applications in industrial desalination, cooking, and seasonal heat storage.



Political 



by Kartik Atyam



 Politics have a deep impact on the implementation of green technologies and renewable energies in general. The solar thermal process is also dependent on the decisions of politicians and legislators because it is not very well known and- as most renewable energy sources- has a high initial cost. All major solar thermal implements have been created with government subsidies but have also been subject to high tax rates. The subsidies provided have given enough incentive to increase the square footage of solar thermal panels sold from 7,759 thousand square feet in 1997 to 19,532 square feet in 2006. There are 110,852 square feet of panels available today because of the sales from 1997 to 2006¹. The further implementation of these systems are dependent on the decisions made by politicians to either create more subsidies and lower taxes or to
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SOLAR ENERGY: THERMAL turn a blind eye to this system and focus more on other types of technology. An example of solar thermal implementation tangible to UCLA students is the work done by UCLA administration to make UCLA as environmentally friendly as possible. UCLA’s implementation of solar thermal processes include those installed on the rooftop of Dykstra Residential Hall. This implementation saves the school stress in terms of energy and saves money. The administration at this university have been adamant to implement more green technologies and create as little of a carbon footprint as possible. The United States Department of Energy (DOE) is also working with 5 universities to create better materials and more efficient manufacturing processes. With these new ideas from the universities the DOE works with two companies to provide scale prototypes to test². DOE is also working with the National Renewable Energies Laboratories (NREL) and Sandia National Laboratories (SNL) as well as other universities and industry partners in regard to solar heating technologies³. This shows that the government is investing time and effort into more research for the implementation of solar thermal systems. Also, international work includes the entire nation of Israel. Every home in Israel is provided running hot water through individual water heaters adjacent to their homes. This provides a monetary saving to the individual home owners as well less of a strain on power for the entire nation. The United States government has provided some incentive to conversion to solar thermal water heaters for home owners. If the conversion to solar water heater is approved by an affiliated non-profit then through the U.S. Energy Policy Act a 30% tax credit will be provided. Unfortunately this policy has not been well advertised and not many home owners know of its availability. Rather the idea has been brought up to individual cities to be implemented at a local level. There are 25 “Solar America Cities” that are working with the US DOE to accelerate the adoption of solar technologies locally. This program needs to be expanded and better advertised to the whole population to greatly reduce non-renewable energy usage as well as reduce strain on the power grid. By extending an



invitation to all cities as well as informing all citizens, this program can be most efficient. The Energy Policy Act works very well to slightly reduce the non-renewable energy usage but it does not approach the idea of making solar thermal systems into major energy creators. There are only two solar thermal plants in the United States, the 64MW Nevada Solar One and 354 MW Solar Energy Generating System in the Mojave Desert in California. But California and Florida have contracted for at least 8 new plants totaling over 2000MW4. Deep interest in creating solar thermal plants only began in 2004, when reasonable and feasible plans were introduced. So the recent creation of 2 plants and plans for 8 more is a positive sign for the promotion of renewable energies. The government is supporting the creation of renewable energy for use in households. Once all household energy usage needs are completely supplied with renewable energies from a consistent source we can focus on expanding that scope to industry and transportation.



Economic 



by Jeremy Ephrati



 Today, there is a lot of talking around traditional energy resources based on nonrenewable resources extracted from the ground. However, it is important to be reminded that the fastest growing sources of energy are solar and wind – resources that will never run out. The technology that uses solar is very practical. Solar thermal power plants have been in commercial use in southern California since 1985. An area of desert around 250 km by 250 km covered with concentrating solar power could supply the entire world’s current electricity demand. Thermal plants can be built within five years. For now, operational plants are mostly in the U.S. and Spain and generate between 10 and 50 MW. Currently, there are over 5800MW of solar thermal plants in the planning stages worldwide. The company receiving the most attention is Ausra, led by David Mills. Mills estimates that solar thermal plants could provide more than 90 percent of current U.S. power demand at prices competitive with coal and natural gas. He also presented statistics about solar-thermal technologies, saying that the prices are $3000 per kW, possibly dropping to $1500 per kW



This solar thermal system heats domestic water by a glycol ethylene system which circulates through the parabolic trough collectors into a coil system in the 4000 gallon tank. Courtesy of David Parsons/NREL.
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SOLAR ENERGY: THERMAL in a few years. Ausra says it can generate electricity for 10 cents per kWh. Ausra is initially planning a 177 MW plant in California, and has committed to supply 1,500 MW of power to Californian utilities Pacific gas and Electric Company and Florida Power and Light Company. PG&E has also signed a 25-year deal with Ausra’s competitor Solel Solar Systems of Israel to buy power from a 553 MW solar thermal plant that Solel is developing in California’s Mojave Desert. FPL has also hired Solel to upgrade the SEGS solar-thermal plants it operates in the Mojave. More new plants are being planned in Algeria, Australia, Egypt, Iran, Israel, Morocco, Arizona, and California, ranging from 10 to 300 MW of power generation. Electricity from solar thermal plants currently costs between US$0.13 and US$0.17 per kilowatt hour (kWh), depending on the location of the plant and the amount of sunshine it receives. Conventional power plants generate electricity for between US$0.05 and US$0.15 per kilowatt hour (not including any carbon taxes or cap and trade related costs), but in most places it is below US$0.10, and wind power generally costs around US$0.08 per kWh. An economic analysis released last month by Severin Borenstein, director of the University of California’s Energy Institute, notes that solar thermal power will become cost competitive with other forms of power generation decades before photovoltaics do, even if greenhouse-gas emissions are not taxed aggressively. An estimate from Sandia labs showed solar thermal costs (for solar towers) could fall to around 4 cents per kWh by 2030. Other options for solar power include Stirling engine based power plants, which generate electricity directly, rather than first storing the energy as heat. Stirling Energy Systems seems to be the leader in this field, with some reports describing agreements with Southern California Edison and San Diego Gas & Electric for up to 1.75 GW of power. The company recently set a new world record of 31.25% for Solarto-Grid conversion efficiency.



course, generating power isn’t the only way to utilize solar thermal energy—solar hot water is a very cheap and efficient way of replacing gas or electricity usage with solar energy. Solar hot water systems are in widespread use in Australia, with state and federal governments encouraging people to upgrade their home hot water systems to solar, to the point that it is almost cost free in some states. The New Zealand government also encouraging the use of solar hot water systems. Solar hot water is in wide use in China, with the city of Rizhao becoming somewhat famous for achieving widespread takeup of the units.



Social 



by Adam Brown



 For millenia, solar thermal energy has provided people cheap and abundant energy. With the sun’s ability to heat things to very high temperatures by exposing them to sunlight, artisans and engineers alike found ways to harness this energy and put it to work. From temperature regulation to drying the laundry to cooking meals, solar thermal energy use should not sound new nor strange. However, due to the energy crises of the 20th century (as well as our current one), solar thermal became modernized. In an attempt to alleviate skyrocketing oil prices in the 70s, alternative energy enterprises saw a huge increase in investment. With an imperative to make renewable fuels economical, many solar-powered technologies entered into the consumer market. Arguably the most obvious application of solar thermal energy is in electricity generation. Large arrays have been built in the American southwest, Australia, and the Mediterranean. Smaller panels are available to power homes. Since no fuel is required to convert solar energy to electricity, and no pollution is produced, solar thermal power has gained in popularity with environmentally-conscious homeowners and businesses. Yet solar arrays typically yield low amounts of electricity compared to the energy they collect, and many places do not have strong enough sunshine to make solar panels the most sensible route. Cooking with solar energy did not catch until the 1950s. Though the method is well over 200 years old, modern solar cookers were an attempt to offer families in the expanding desert communities of the southwestern United States a cheap means of preparing hot meals. Their use has remained rather limited. However, a handful of humanitarian efforts in third world countries seek to provide solar cookers to impoverished communities. The solar cookers eliminate the need for wood fuel in places devastated by drought or subject to wildfire. And without the need for fuel, poor families save money. These programs Solar troughs in the Eldorado Valley which is part of a 50 MW station. The mirrors are aligned to concentrate sunlight onto a receiver tube located along the trough’s focal line. There is fluid inside the extend from Central America to Darfur and O freceiver tube that is heated to a high temperature of approximately 300 degrees Celsius. This working the Indian subcontinent. fluid powers a turbine which in turn, generates power. Courtesy of NREL. Solar thermal energy has been utilized 14
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in many other ways. In the United While not quite the same States, 25% of our energy heats scale as a nuclear meltdown, and cools are homes and offices. a sudden release of high Solar solutions to A/C have been pressure, hot oil could do bodily developed to control temperature harm as well as harm to the via the movement of water or air and surrounding land. The potential materials with high heat capacities. for contamination is a reality and A movement towards buildings that must be a consideration, albeit use sustainable power to the point minor. This experimental solar power station in California’s Mojave where they do not connect to the Desert (Solar Two) uses light reflected by mirrors to heat Solar Thermal Power power grid, or zero energy buildings, molten salt to 565°C (1050°F). The salt then boils water which Systems produce certain negative has gained momentum in modern drives a steam turbine to generate electricity. impacts on the environment but Courtesy of NREL. architecture. Recent government these effects certainly seem small acts have reformed building codes to work with zero compared to other sources of power generation. energy frameworks, so we may soon begin to see many buildings integrating these technologies. Other close - to - home applications of solar by Eli Rubin and Sachin Goel thermal energy include lighting, water heating, and water purification. Even cars have been designed Solar thermal energy has proven effective to run on electricity drawn from solar rays. And as enough to catch the eyes of many across the globe. the demand for oil increases exponentially as the There are three main types of solar thermal energy— new century grinds on, we will likely see even more low temperature, medium temperature, and high innovative uses for solar energy make it as close as temperature—and each application provides varying our backyard. Unlike the world’s oil fields, the sun magnitudes of energy to meet the more specified cannot be claimed by anyone, so it shines equally on demand of particular municipalities. The idea of solar the poor and the wealthy. This universal energy will thermal energy retains the same basic technology surely become integral to society’s functionality. yet differs in its implementation from location to location. In Bakersfield, California, the constant sunlight by Alex Chapman provides a great opportunity for solar thermal energy to remedy California’s energy crisis. Pacific Gas and The most obvious environmental impact of Electric (PG&E) reached a deal with BrightSource solar thermal energy generation is the use of land. Energy Inc. to provide over 900 MW of power, aiming Other effects that are not obvious are the mining and to satisfy the California state goal of achieving 20% production of materials that go into building thermal renewable energy by 2011. According to Fonn Wang, plants, the impact of the personnel required to run the vice president of energy procurement at PG&E, solar plant, and the potential for a catastrophic meltdown. thermal energy can be largely rewarding in California. Solar Thermal Power Systems (STPS’s) are usually “Solar thermal energy is an especially attractive built in uninhabited desert areas. These areas provide renewable power source because it is available cheap land with nominal obstruction from the sun. It when needed most in California -- during the peak is safe to say that STPS’s do not interfere considerably mid-day summer period.” The high temperature with human use of the land. Native plants and animals Bakersfield plants will use the Distributed Power are impacted, however, in general these living things Tower technology, aimed at efficiently can adapt to the loss of a fraction of capturing the high concentration of habitat. sunlight found in California’s Mojave Over ninety-nine percent of the Desert. pollution caused by the use of a STPS is On the other side of the world caused by the mining for and processing in Cloncurry, Australia, solar thermal of materials that become the physical technology is being implemented in components of the power plant. This the city that at one time held Australia’s environmental cost is not marginal and highest recorded temperature of 127.5 pales in comparison to the pollution The SEGS IV parabolic trough power plant in degrees Farenheit. Though the claim caused by combustion of fossil fuel and Kramer Junction, California. Courtesy of has been disputed, the important even bio fuel. Sandia National Laboratories. conclusion to draw here is that it is Thermal plants require operation hot (enough for solar thermal power). and maintenance staff. The staff bring the burden of This power tower is unique in that it implements housing and other human needs, which may or may new technology to retain heat in the form of purified not be present before the building of a STPS. If not, graphite. A major advantage of solar thermal power these needs would have to be satisfied, which would is the ability to store energy for a cloudy day, and the impact the environment in the usual way that humans purified graphite allows for the heat to be stored, do. These needs would be satisfied if the plant were as it is drawn from the graphite blocks rather than built within commuting distance of a small or medium the receivers themselves. The Cloncurry station is town. expected to cost around 30 million dollars (American)
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SOLAR ENERGY: THERMAL and produce 30 million kilowatt hours a year, beginning in the year 2010. Up north in Toronto, Canada, medium temperature solar thermal tanks are being funded by the Portland Energys Centre via City Hall as environmental recompense for a new gas-powered energy plant. Medium temperature solar thermal energy is more suitable for individual consumption, and special evaluations of property is undergone before a household is eligible to receive city funding for solar thermal energy. The pilot project aims to gain between 100 and 150 homes of the South Riverdale district, and if successful expand the project to other areas of the city. There are also numerous locations around the globe that are under consideration for solar thermal development including the Sahara Desert, and Turkey. Experts believe that 0.3% of the Sahara Desert has the potential to provide enough energy for all of Europe and Africa, enabling the region to reduce carbon emissions by 70%. Turkey is another country that is in dire need of a solution to their energy problems. Although the country is bordered by resource-rich nations to the north and south, there are limited reserves within its borders; therefore within the last few years, the country has begun to invest heavily in solar thermal energy solutions. Demand all over the world will most likely increase in the coming decade as countries continue to try and decrease their carbon emissions and search for alternative energy sources.



UCLA Implementation 



 



by Igor Bogorad



 Located in one of the most progressive cities in the world, UCLA should be at the forefront of implementing renewable energy. Though the university has made many large scale improvements, UCLA can still do a lot more. UCLA is the second largest user of water in the Los Angeles County (LADWP). This fact should come as no surprise considering that we have 9,500 residents living on the Hill. The sun radiates about 250 watts per square meter. This energy is composed of electromagnetic radiation with different



Igor viewing the solar thermal water heating system on the roof of the Dykstra Building at UCLA. Courtesy of Maurice Diesendruck.
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wavelengths. Most of the sun’s energy lies within the visible rage. One way to utilize the sun’s energy is to convert a specific wavelength range (band gap) into electricity by direct current. Another option, which is currently more economical, is to use the sun’s thermal energy. Solar water heaters have existed for decades and can be considered a mature technology. On Campus Housing uses solar water heaters in each of the four Residential Hall towers (Dykstra, Rieber, Hedrick, and Sproul). The heated water is used by the Residential Halls as well as De Neve Dining Restaurant through the use of a heat exchanger. The heat exchanger uses the solar energy and converts it into heat. The receiver absorbs the solar radiation and transfers the energy to a working fluid, either water or air. Glycol is often added to water to prevent freezing. Since air is worse at transferring heat, it can tolerate higher temperatures than a watercontaining collector. A major issue with many solar systems is the problem of the sun’s changing position. A stationary flat-plate collector is usually positioned to face the equator with an angle that would give the optimal amount of sunlight. The flat-plate collectors have a dark absorber which is heated by radiation. The heat is trapped within the cover of the glass similar in concept to the greenhouse effect. The absorber usually consists of copper, aluminum and steel. What improvements can be made? Coating the glass with a material that reduces reflection can enhance performance by 4%. Also, using two glass covers will reduce heat loss but increase the cost of the system and lower the optical efficiency. Using reflectors could improve performance but the reflector must not cast a shadow on the collector. Residential load (demand) for heated water occurs at times when solar radiation is the weakest. Because of the difference in load times, a storage system must be used. Next year, Rieber Hall will be retrofitted. A recent UC Regents mandate requires that all new and retrofitted buildings must become LEED certified. Maintenance is attempting to find more ways to improve the building’s performance to obtain gold certification. Jeffrey Hall, the facilities manager for On Campus Housing, stated that though no PV will be installed in Rieber, the building is designed to accommodate solar panels. However, the inefficiencies of solar cells, low reductions in carbon emissions, and high price are major obstacles which must be overcome before a substantial decision can be made. What else can UCLA do to implement solar thermal energy? With the cost of about $250,000 to generate 25 kW, the Sterling Dish solar concentrator could provide cheaper and more efficient electricity than a PV system. However, a solar concentrating plant on top of a Residential Hall would be heavy, large, and dependent on additional training from maintenance. Many details must be considered carefully before applying a technology that seems attractive.



 DISCUSSION and OPINION
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UCLA Super Mileage Vehicle



by Alex Chapman



 Supermileage Vehicle at UCLA is an engineering student project which builds a small car to compete with other universities and schools for the best gas mileage. Last year, the team competed in two events. The first was Shell’s Ecomarathon at the California Speedway in Fontana, in which UCLA scored an incredible 824 miles per gallon for 8th place out of 22 teams. The second was the Society of Automotive Engineer’s competition in Lansing, Michigan, where the team achieved 832 miles per gallon which was 6th place out of 20 teams. Supermileage Vehicle team and car. Courtesy of Alex Chapman. These numbers are outstanding, but there particularly important coming from a man who, is still room for improvement. The world record in his own terms, represents “an industry some exceeds 6000 miles per gallon. The major factors would say has all but zero credibility.” However behind achieving such fuel efficiency are low rolling one feels about the oil industry and its corporate resistance and air drag, extremely low weight, and a leaders, it must be said that John Hofmeister small engine. and Shell Oil have entered the conversation At UCLA, students direct the design and about our energy needs in a world which faces fabrication of the car. This year brings a whole new climate change. One can only hope that they design, one that has a higher center of gravity but a will be joined by impassioned yet pragmatic flatter profile overall. The designers hope the reduced environmentalists and willing politicians in order profile decreases air resistance. The body was to bring about a positive solution to the energy engineered to have less material without sacrificing crisis we face. rigidity and thinner tires with a higher air pressure to The president began the meeting with improve the rolling resistance. While the Supermileage what he called “three hard truths.” First, energy vehicle may look more like an enclosed Go-Kart than demand will only increase in the coming century. a family sedan, all of these improvements could be Second, conventional or “easy” oil production applied to current automobiles. will soon peak. And third, world demand for coal The student project is a lesson in design, will increase. In light of the rapid development fabrication, and problem solving for all of its of China, India and the rest of the Third World, members, most of whom are mechanical engineering the planet’s thirst for oil will only grow. Another undergraduates. The car also proves that the cars we hard truth which he did not mention explicitly drive today can get better gas mileage with simple but implied throughout the meeting and in design changes--we do not have to wait previous interviews is the fact that our for some distant future. current form of energy consumption For further information, visit the website exacerbates anthropogenic climate at http://smv.uclaracing.com. change. In the widely respected Stern Review, British economist Nicolas Stern estimates that stabilization of the planet’s climate will ultimately require reduction of carbon dioxide emissions by 80 percent. This is a by Jack Moxon phenomenally large figure. “How do we get out of this rut?” Since taking the reigns as the Courtesy of Shell Shell is looking for answers in two president of Shell Oil, John Hofmeister places: renewable energy and unconventional has been turning heads with his candid discussion sources of oil. Over the past decade renewable of the world’s energy problems. On April 10, 2008 Mr. energy has been important to Shell, as the Hofmeister brought that candor to UCLA as he met company has invested $1 billion in wind with faculty from the Institute of the Environment to technology and it has been steadily investing elucidate his vision of our energy future and Shell’s in new solar technologies and more efficient position in the 21st century. At the meeting, he photovoltaic cells. It has even opened the first described our energy concerns with the same blunt hydrogen fueling station in North America. At language that he has as he has toured the nation. the same time, Mr. Hofmeister and Shell estimate “We are stuck in a hydro-carbon rut,” he said. Loaded that a trillion barrels of unconventional oil with as many implications as that statement is, it is



Escaping the Hydrocarbon Rut
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DISCUSSION and OPINION resources lie in the shale deposits of North America and that this may prove a cost effective solution to the limitations of traditional oil supplies. According to Mr. Hofmeister, the company has invested over $100 billion in developing new extraction technology which, given the investment of a mere $1 billion in renewable sources, indicates a strong bias towards continuing to use fossil fuels as the primary source of energy. In an interview on Charlie Rose’s PBS show, Mr. Hofmeister proposed a two pronged solution to our energy problem. First, the United States should open up domestic oil reserves (off the Alaskan coast and along the East and West coasts) to drilling in order to ease the burden of high oil prices and promote continued economic growth. He stresses that we must continue to provide for a strong economy. Second, the United States should impose a “cap and trade” system to regulate emission of carbon dioxide in order to combat climate change. The latter proposition represents a tremendous evolution in the discussion of climate issues and energy policy in the United States. The president of a major oil company is calling for mandatory emissions caps on carbon dioxide. This is remarkable, and I applaud Mr. Hofmeister for his position on this matter. However, I’m not completely convinced that his first prescription is equally laudable. The United States government ought to maintain its ban on drilling and publicly affirm its intention of doing so. This will send a clear signal to the oil industry that its revenue will have to come from sources other than domestic oil while allowing the price of oil to continue to increase. This will act as an implicit subsidy to producers of alternative fuels and improves the competitiveness of their products. Consumers and producers will substitute towards more cost effective alternatives as the price of oil extends well beyond $100 a barrel. While our demand for energy may increase, our demand for fossil fuels need not. Price



increases will help curb our appetite for oil in the most efficient way possible. At the same time, the United States government ought to increase and encourage investment in renewable energy in order to reduce its cost and improve its efficiency. This two pronged strategy would more rapidly facilitate the transition to a carbon neutral world. While I appreciate Mr. Hofmeister’s concern for the profits of his company and the effect that rising oil prices will have on the world economy, I am unconvinced that we need to transition as slowly as his two pronged prescription suggests. It is true: we are deeply dependent on hydro-carbons. But the best way to decrease this dependency is to begin substituting away from carbon based energy immediately. Unconventional oil shale is not the answer. Wind, solar and hydrogen are. As mentioned before, the Stern report estimates that climate stabilization will require 80 percent reduction of carbon dioxide emission over the course of the 21st century. This requires swift and fundamental change in the source of our energy supply. Opening up the United States to drilling is a step in the wrong direction and merely delays our necessary foray into a carbon neutral future. Allowing the price of oil to rise encourages a free market solution to our fundamental energy problems. What I really took away from the meeting with Mr. Hofmeister was that the United States needs a comprehensive and coherent energy policy. Whether it is Mr. Hofmeister’s two pronged solution or the one that I suggested above, everyone needs to be on the same page. All interested parties need to begin talking. Shell has come to the table. Will the rest of the country have the political will to answer them and negotiate a comprehensive strategy? I think so, but it remains to be seen. Currently, in a void of leadership and clear policy, Shell is wagering that unconventional sources of fossil fuels will drive the future; their investment ratios clearly suggest this. However, if the United States government comes



FEED students on the roof at UCLA. More than one hundred 4 ft by 8 ft panels collect solar thermal energy. Courtesy of Maurice Diesendruck.
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DISCUSSION and OPINION forth with a clear and explicit policy affirming its ban on domestic drilling and promoting investment in renewable energy, Shell and other market actors can begin investing more wisely. Only then will Shell begin to investing $100 billion in renewable energy and $1 billion in oil extraction, and only then will we escape the hydro-carbon rut.



Interview with Professor Stolzenbach 



by Sam Feinberg



We here at FEED wanted to get a professor’s opinion on the future of energy production. We sat down with environmental engineer Keith Stolzenbach to let him try and tackle these difficult questions. FEED: What is the energy technology of the future? Professor Stolzenbach: The fuel of the future should be something we won’t run out of, and that also helps the climate. We will never run out of solar, wind, tidal, and biofuels, and for all practical purposes, nuclear as well. The problem with many of these is that at the present time none of them are economically feasible to replace our dependency on carbon. Economic pressure however will create change. This will result in the incorporation of these new sources of energy, but will cost more money and will require a change in lifestyle. There will even be coal still used but it will cost more to clean it up.



Magnified view of the Popcorn-ball Design. Courtesy of University of Washington.



they operate, but batteries derive their energy from a chemical reaction contained within them, whereas solar cells obtain energy from the sun. Solar cells use the sun’s energy to produce an electrical potential, essentially the same thing as the two ends of a battery – a positive and negative end. When a solar cell is exposed to the sun and an electrical device is attached to these two ends, energy can be extracted. The power conversion efficiency of solar cells depends on how they are made, and herein lays the question and challenge that continues to puzzle and inspire individuals in the scientific and research community. In this article, we explore three options that scientists have investigated to help increase the efficiency of solar cells



FEED: Do you think there is either an undiscovered production method or a more efficient use of current technology?



Thin-film Solar Cells The most popular solar technology right now is thin-film solar, with commercially available products being supplied by companies such as Professor Stolzenbach: The fusion power, PowerFilm Solar and Nanosolar. The scientists which is clean nuclear energy, is always lurking, at Nanosolar, a new company created about but it is not talked about because it is still a six years ago, have been able to produce very research topic in the physics community. Unless effective thin-film solar technology that is someone makes the process more efficient it superior in quality. To create these thin films, a may not happen. There is also a whole area of machine passes a roll of foil through an ink made converting solar energy to electricity such as of CIGS (copper indium gallium selenide). The through solar voltaic and fuel cells. The holy Courtesy of UCLA CIGS “…serves a useful purpose by effectively grail of biofuels is a microorganism that will more ‘locking in’ a uniform distribution (‘by design’).” effectively break down the carbon in plants. There In other words, Nanosolar has optimized their ink could be a breakthrough in the ability to break down to obtain a uniform distribution of the proper ratios cellulose and there is a lot of energy in the cellulose. of these four elements on anything they print on. Getting a bug to break it down into fuel would be PowerFilm Solar manufactures similar materials and huge. emphasize the different ways in which these solar films can be used. Some examples of application *The views expressed here are simply the opinions of of their PowerFilm include foldable solar sheets that Professor Stolzenbach. can be used to charge personal electronic devices such as cell phones, laptop batteries, and PDAs. On a larger scale, their roll-out solar mats can be placed on by Adam Sorensen buildings to reduce energy costs.



Future of PV 



Adam’s Corner: What’s Hot in Solar Cell Technology? Solar cells are similar to batteries in the way



Plant Biomimicry 19
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DISCUSSION and OPINION Our current environmental problems of industrial electricity directly from light on a molecular level, the pollution and global warming, compounded with a process closely resembles photosynthesis, the light growing population with growing energy demands, to energy conversion process that plants utilize. In motivates us to search for preexisting prototypes that fact, by using titanium dioxide, a common non-toxic have streamlined their light-harvesting mechanisms. ingredient found in toothpaste and Dentyne Ice gum, Plant biomimicry seems to be the answer, since plants as the semiconductor surface, scientists have been have been around for ages. Thus, they have been able able to obtain over 11% percent efficiency with these to develop a very efficient and essentially perfect way dye-sensitized solar cells. of capturing energy from sunlight and converting it An efficiency booster of more than 250% into chemical energy in which they can use to grow applied to dye-sensitized solar cells was reported in and reproduce. Biomimicry provides a promising Science Daily this past April. This may be explained model for which we can use to develop useful and by coating the surface of dye-sensitized solar cells efficient devices to better suit our energy wants with a substance that resembles the appearance of and needs. Currently, scientists who have studied popcorn, with its structure designed to accept light photosynthesis can recreate individual reactions in a more effectively than simple flat-panel solar cells of the laboratory setting, but combining these reactions in same design. The image below is greatly magnified, the right order to produce sufficient energy continues with the largest particles about 300 nanometers in to be challenging. diameter – particles so small the surface appears In the January issue of Scientific absolutely flat to the naked eye. American, Mark Alpert described a One advantage of these dyenew technique in monitoring how sensitized solar cells is that they are much photosynthesis works, which would less expensive to produce, as they do provide a better understanding on how to not require harsh chemical treatments or capture the sun’s energy more efficiently. heating conditions. Furthermore, they Using spectroscopy techniques on green use less toxic chemicals in most designs, sulfur bacterium at the temperature of and are simple to assemble. The tradeoffs, liquid nitrogen (77 Kelvin) changed the however, are lower power conversion old theory of light-to-energy transfer Dr. Wayne Campbell efficiencies and the use of dyes based on Courtesy of Massey University associated with photosynthesis. In the ruthenium, a rare and expensive metal toxic discovery, which was conducted by Gregory to humans. S. Engel and his group at the University of Chicago, the Despite these obstacles, Dr. Wayne Campbell and light energy was found to travel in wavelike motions researchers at Massey University in New Zealand have along all possible light-accepting molecule paths. In found a way to incorporate the ingenuity of nature into other words, contrasted with the old theory that light their solar cells. They used the dye-sensitized solar energy “hopped” from one molecule to the other concept as a foundation, but incorporated synthetic until it was reacted into useable energy – a process chlorophyll containing magnesium as the dye in place that would systematically decrease the light energy of the ruthenium dyes used in conventional dye– it was found that light somehow found the most sensitized solar cells. When these cells were tested at efficient path of travel. By integrating this new finding low-light conditions to simulate cloudy days, they still into photovoltaic solar cells, the efficiency may very performed efficiently. Moreover, the predicted cost to likely increase. manufacture these cells would be ten times cheaper than silicon-based solar panels, making them a likely Dye-Sensitized Solar Cells investment in the competitive world market. In contrast to thin-film solar technology, dye There is still a ways to go with solar technology, sensitized solar cells are beginning to emerge as a but combining the concepts of today’s solar hot technology as well. Dye-sensitized solar cells technology with nature’s ingenuity looks promising, work differently than conventional silicon-based since doing this will likely reduce pollution, lower photovoltaic cells. In dye-sensitized solar cells, manufacturing costs and increase efficiency. With the dye molecules provide the electrons since all these innovative advances in light-to-energy they are photosensitive, and the semiconducting conversion, solar technology is on its way to provide nanoparticles, commonly made of zinc oxide or a substantial part of our energy demand. titanium dioxide, create the charge separation. In silicon-based solar cells, the silicon performs both these functions, hindering the flexibility by which these two processes can be manipulated independently. by Shyaam Subramanian Although dye-sensitized technology has been around since 1991, it has only recently been The sprawling expanse of rural Tamilnadu in reexamined due to the current push toward renewable South India is, in a word, breathtaking. You see rocky energy sources. A relatively new company called mountains, iconic Hindu temples situated near the Solaronix, located in Switzerland, claims to be the vibrant Indian Ocean, and large tracts of farmland leading developer of dye-sensitized solar cells and doused in sunlight so fierce it makes you wonder even sells kits to make your own dye-sensitized solar if this part of India is closer to the sun. I remember cells! Since the dye-sensitized solar cells produce especially enjoying the breeze from the ocean and



Wind Energy: Not a Breeze, But Worth It 
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 DISCUSSION and OPINION the Indian sweets (made with no restraint of sugar) as comfort from the unbearable humidity and heat. I remember experiencing nature sometimes in its purest form, getting a sense of what life would be like without civilization, and seeing dry, untouched, barren land. Still, one of my most vivid memories was witnessing human ingenuity in this rural setting. I remember being struck by an excessively simple and effective way to make salt--having various pools of seawater in a controlled space, and then allowing solar evaporation to leave the salt behind. While this method might be a common practice, I saw it as an example of humans using nature’s forces (in this case the sun) for constructive, economic purposes. I saw not just these salt farms, but also various windmills, wind farms, and wind-powered water pumps, which confirmed my belief that nature is not just aesthetically valuable, but useful to modern society, and that if Tamilnadu serves as a model, then wind energy certainly has a future in several regions through local, concentrated efforts. There are definitely costs and obstacles for the development of wind energy. People have concerns about inconsistent wind patterns, costs of operation and transmission to demand centers as well as finding the political impetus to invest in alternative energy. However, we can still analyze potential from growth in terms of environmental, economic, and political viability. First, wind farms do not have to be evenly spread out across the country; they can be located in areas where wind is more consistent or the geography is more amenable. In fact, Tamilnadu’s success in wind energy is largely due to certain geographical features. For example, three mountain ranges concentrate steady winds, and monsoon season in the region between June and September provides especially strong winds. In addition, the availability of vast
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expanses of inexpensive land are perfect for wind farms, which on average require 25 acres for every one megawatt of wind power generated . While some may doubt the ability of a rural, localized setting to have a national impact, Tom Gray from the American Wind Energy Association notes, “At present, just over 70 percent of India’s total wind capacity of 180 MW is sited in Tamil Nadu, with 120 wind turbines totaling 19.35 MW being owned by the state electricity board and 458 machines totaling 111.73 MW in private hands. ” However, there is even hope for weak or intermittent winds to be used for constructive, economic purposes. Small farms can experiment with wind-powered water pumps that could irrigate their farms, conserve electricity, and supplant electric motors or diesel pump sets. An example of a small but effective project involving wind energy is in Spirit Lake, Iowa, where 250 and 750-kilowatt turbines will soon be able to provide sufficient electricity to power all the district’s operations. This marks the first time a U.S. school district is using wind as its primary energy source. In this case, the U.S Department of Energy provided start-up capital for the turbine, but the district has earned money from the sale of electricity back to utility companies -- somewhere in the neighborhood of $20-25,000 since 1998. Businesses, school districts, and farms can take the initiative, and while start-up costs can be expensive, it costs less than it did when research first began. After all, local associations and private individuals own 75% of the wind turbines in Denmark. A second way for wind energy to develop is through government incentives or regional development programs that can improve the economic viability of wind energy projects. There has been historical precedent for regional and rural



“Liberty Flower” Courtesy of Maya Benari, 2008. Graphic design and photography. Let’s take a little care of our planet by meeting the needs of the present and not compromising the needs our future generations. Gaining liberty from dwindling energy sources flowers through using sustainable practices.



21



 22  BLA BLA BLA  Exero 01, 5555



DISCUSSION and OPINION development, such as the SUDENE program of dams called the “Aquatic Species Program” with the goal to and rural electricity to counteract the impacts of produce economical quantities of algal biodiesel. The drought in Northeast Brazil, or the Tennessee Valley program was heavily under-funded and relatively Authority in the southern United States. Similarly, unsuccessful. When the price of oil dropped to Tamilnadu has an agency known as the Tamilnadu normal rates, the ASP was cut. The closing report for Energy Development Agency (TEDA), which estimates the ASP revealed that thousands of algal strands were that continued growth in wind energy in the state analyzed, but only minimal discoveries were made. could occur at 60 MW a year for the next few years Unfortunately, genetic engineering and the study . This organization, along with others such as an of proteins had emerged in the last two years of the energy division of Tamilnadu’s electricity board, can program, which would have allowed for the major be and has been successful by providing consultation breakthroughs that were needed for large scale algal and technical information growth. to those with experimental Algae can contain up projects. The local to 50% oil. This oil can be government has also been converted into biodiesel and involved, with “(two percent) run on any diesel engine. Algae wheeling (transmission), can produce more biodiesel 10 percent project cost per acre than any other energy subsidy, and tax exemptions crop such as soybean or palm for generator purchase and oil (which currently dominate wind consumption. ” A tax the market). The estimated incentive for businesses transportation diesel fuel and to relocate to areas home heating oil used in the amenable to wind energy United States is about 160 is another political option, million tonnes. If the entire but requires commitment, arable land area of the United experimentation, and Four FEED students made a test batch of biodiesel from pure soybean oil. States (which is 2 million probably some patience. square km) was devoted to Courtesy of Jon Shapiro/FEED. There is a Tamil proverb biodiesel production from that reads “Searching all over the place for what you soy, this would just about provide the 160 million have with you in hand--” a phrase that is trite but still tonnes required. The DOE estimates that if algae true. We live in a world sometimes so elaborate and fuel replaced all the petroleum fuel in the United industrialized that we try to find the most complex States, it would require 40,000 square km. Other solutions to our problems when sometimes our cool ideas? An amazing research effort is attempting solution can just come from that simple breeze from to produce economical quantities of hydrogen gas the Indian Ocean. from algae. This hydrogen can then be used as the fuel for a hydrogen fuel cell to produce electricity. Scientists have converted the lactic acid produced by Igor Bogorad by microorganisms into bioplastics. These plastics are called polylactates and can be used in commercial Why has Big Oil started to fund renewable energy products such as gift cards. programs? Many argue that this investing is largely During Winter 2007, Maurice and I talked to a publicity stunt; however, the money that is spent Chief Scientist Officer Dr. Bertrand Vick from Aurora suggests otherwise. Last year, British Petroleum (BP) Biofuels®. The company won the prestigious Intel spent $500 million to create the Energy Biosciences + UC Berkeley Challenge (IBTEC) in 2006. Aurora is Institute, a collaboration with UC Berkeley and developing proprietary strains and technology that UIUC. Chevron has taken a different approach by lead to greater biomass and oil-yields from algal investing in dozens of biofuels research projects, cultures. The company initially licensed technology thus diversifying its renewable energy portfolio. By from the University of California at Berkeley, but investing smaller amounts but with greater breadth, later developed its own strain platform. The algal Chevron hopes to maximize it chances to own the strains remove CO2 from the air as they grow quickly. rights to the renewable energy of the future. Chevron According to Dr. Vick, number #2 Diesel contains large has been reconstructing its image from that of an oil amounts of sulfur which produces greenhouses and giant to that of an energy company, even adopting carcinogenic compounds. These negative attributes the new slogan “Human Energy.” Chevron has recently of petro-diesel can be replaced by the clean, algalsponsored a $12 million dollar collaboration with the derived biodiesel. After winning the IBTEC, VC National Renewable Energy Laboratory (NREL) to capitalists went to Aurora instead of the other way produce algal biodiesel. This is not a new technology around. and is very reminiscent of a similar NREL program Bottom line: algal biodiesel has huge potential in started several decades ago. the transportation energy sector. The major challenge After the energy crisis of 1973, there was an will be to develop methods to cheaply extract and attempt to decrease US dependency on foreign oil. convert the oils into high quality diesel fuel on a large Between 1976 to 1996, DOE sponsored a program scale.



Fuel From Algae? 
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