Solar PV: No Longer “the Energy of the Future and Always Will Be”
by John Quiggin
January 5, 2012 - I have a piece in the National Interest about developments in non-carbon based energy. It ran under the headline “The end of the nuclear renaissance”, but that’s only half the story and probably the less interesting half. The real news of 2011 was the continued massive drop in the price of solar PV, which renders obsolete any analysis based on data before about 2010. In particular, anyone who thinks nuclear is the most promising candidate to replace fossil fuels really needs to recalibrate their views. There’s a case to be made for nuclear as a backstop option, but it’s not nearly as strong as it was even two years ago.
	If it wasn’t for Fukushima, I’d say PV and Nuclear are complementary, one is intermittent (but cheaper), while the other can provide a robust weather-independent baseline. The problem is post Fukushima the PR case for nuclear has been so ruinously negative, that it isn’t politically viable anymore.
	The solar PV price trend is a bit hard to fully explain/predict. Generally there’s been an observed Moores law type trend of a 20% reduction in unit price per doubling of production. The price had stalled for several years, due mainly to undersupply of silicon feedstock, and high demand from (over?) generous European FITs. The past couple of years the price has collapsed, far beyond the extrapolated Moores law. So how much of this price drop is fundamental due to better methods, versus how much is due to market factors. Currently Chinese companies with access to very cheap capital are undercutting the non-Chinese manufacturers, and trade sanctions are being sought. Its not clear if current prices are high enough for even heavily subsidized Chinese manufacturers to make a profit.
	There are also a lot of intriguing research results promising further large price reductions and/or efficiency improvements to come. With the price of panels expected to fall still further, the importance of the so-called balance of system costs come to the fore. Much needed innovation in mounting and electrical integration to the grid will be required to fully utilize these cheaper products. Meanwhile the environment for panel manufacturers has become challenging to say the least. Several companies have failed, with more likely to follow.
	Another potential casualty, are solar thermal plants, which use concentrated solar energy to drive thermal electric power plants. These have the promise of being able to store the heat and dispatch the power as needed. But several projects that were slated to be of this type (usually designated as CSP) have been converted to PV, because of the later’s lower price.
	See www.solarbuzz.com/facts-and-figures/retail-price-environment/module-prices for details on PV prices.
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	1) The average capacity factor for fixed-angle PV installations is usually worse than 25%. California solar had a 16.4% capacity factor in 2009 according to EIA data. That said, the trend is indeed encouraging for solar and discouraging for nuclear. Since the first European Pressurized Reactor installations started in France and Finland, both have had mammoth delays and cost overruns. Even if solar isn’t expected to be cheaper than nuclear on average, solar projects may be more palatable because their costs and scheduling are more predictable. There’s a virtuous feedback cycle: more solar projects get built because they are low risk and they become lower risk because more get built (more historical data to estimate from). And of course the smallest projects don’t even need coordinated financial arrangements; a small residential solar system can be in the low 4 figures range, while even “small” nuclear reactors are hoped to be in the mid 8 figures range. Actually-being-built nuclear reactors are all in the 9 figures range.
	2) The National Renewable Energy Laboratory estimates that the US could generate about 800 terawatt hours per year (roughly 20% of current US electricity consumption, roughly equivalent to current US nuclear output) from solar panels placed on existing rooftop space. That estimate is based on 13.5% efficient panels. There are already commercial panels based on plain old silicon that can do better than 20%. The US could generate a tremendous amount of PV energy without developing any new land, relying on any unproven technological advances, or discovering any new sources of rare elements like indium and tellurium.
	3) The big sticking point is storage. Right now there is no inexpensive way to save electricity generated during the daytime peak for use at other times. At low intermittent-renewable penetration this is unimportant but it will become important as the renewable share grows. It is already a problem in Hawaii, which relies on expensive diesel fuel for most of its electricity and has seen solar installations soar recently. The utility companies can’t accept more than 15-20% renewable capacity on the grid without destabilizing it. Electricity storage is the next great renewable challenge now that PV generation has established favorable cost trends and multi-gigawatt scale.
	4) Pure-electric and plugin hybrid vehicles could be an excellent complementary technology to stabilize grids in the presence of high intermittent-renewable production. Keep more production near point of generation for charging car batteries. In the case of necessarily grid-linked renewable generation, like wind farms or utility scale solar, electric vehicles can still serve a stabilizing role by matching demand to production through smart grids. This is a mirror image of the historical practice of matching production to demand.
	5) Substituting renewable electricity for fossil fuels has an earlier, more favorable cost parity point when it goes up against liquid vehicle fuels instead of coal or natural gas. The Nissan Leaf consumes 200 watt hours per kilometer traveled, on average. According to Solarbuzz, current solar PV costs in sunny climates are from 15 to 29 cents per kilowatt hour, depending on the size of the installation (industrial to residential). That means the Leaf consumes 3 to 5.8 cents of sunny-climate-PV-electricity per kilometer traveled. A Nissan Sentra will consume 6.8 cents of gasoline per kilometer traveled (12.75 kilometers per liter, 87 cents per liter of gasoline). That’s based on current average US gasoline prices. If you live somewhere where liquid fuel costs more (like the US West Coast, Hawaii, or most of the rest of the developed world) then the savings are greater.
	Of course, the US MSRP of a Leaf is $19,000 more than that of a Sentra—ouch! At current US gas prices you’d have to drive 500,000 kilometers on low-cost PV energy to make up the initial sticker price difference. If you were paying Perth, Australia prices of ~ $1.60 per liter, it would still take nearly 200,000 kilometers to reach break-even. But in a few years you can expect that PV will cost even less and gas will cost even more.
	6) The environmental benefit as well as the economic benefit is also higher if renewable electricity displaces motor fuels instead of conventional grid tied generation. Small internal combustion engines are less efficient at using fossil fuels than utility scale power plants and their combustion emissions cannot be scrubbed as effectively.
	7) The energy security benefit is also higher if renewable energy displaces motor fuels instead of conventional grid tied generation. The US currently imports about half of its oil consumption but only a tiny fraction of its coal consumption. By far the dominant use of oil in the US is for car and truck transportation. If the US oil consumption per capita could be brought down to the average level found in the EU, the US would actually be a net oil exporter and eliminate more than half of its annual trade deficit (more than $250 billion).
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