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Wind-Powered Cars
Plug-in hybrids could mean even more growth for wind.
by Jeff Anthony, American Wind Energy Association
Wind power in the U.S. continues its rapid growth rate, accounting for 35% of all new electric generating capacity in 2007 and staying on pace to more than maintain that rate this year. Going forward, the drivers for this growth will continue to be the demand for more electricity, coupled with the need to have more energy produced by clean energy sources. Yet as everyone knows, energy issues within the transportation sector—specifically, the price of gasoline—continue to make headlines. 

But what if there were a nexus between wind and those transportation issues, a crossover point where wind energy could help address our “addiction to oil,” as politicians are apt to say? What if wind energy could address not only our need for more and cleaner energy in the electricity sector, but also our energy needs for transportation?
In fact, wind power can be a part of the energy solution for transportation, and such a future may be closer than many think, thanks to plug-in hybrid electric vehicles, or PHEVs. While wind energy is becoming a mainstream source of electricity in the U.S., with a realistic potential of powering 20% of our electric needs by 2030, its ability to play a key role in powering PHEVs makes for an even brighter future for the clean, renewable energy source.

The recent report issued by the U.S. Department of Energy entitled “20% Wind Energy by 2030” (see www.20percentwind.org) provides one scenario for the growth of the wind energy industry. In this scenario, wind contributes 20% of our nation’s electricity, with 305,000 MW of wind power installed 22 years from now. Just some of the benefits of 20% wind power, the report finds, include an 11% reduction in natural gas use (and resulting easing of natural gas price pressure), a 25% cut in carbon dioxide emissions from electricity generation in 2030, and a 4 trillion gallon reduction in water consumption by 2030.

Given such benefits, that’s an appealing scenario in itself. But what if wind turbines could power our nation’s vehicles on a daily basis for commuting, household, and business purposes? Behold the plug-in hybrid electric vehicle, powered by the electric outlet in your garage. A descendant of the first electric vehicles developed in the 1970s, and a cousin of the popular hybrid electric vehicles of today, PHEVs use sophisticated battery technology to power most short-distance trips and are recharged from the electric grid as they sit idle overnight. For occasions when a trip exceeds the range of the battery, the vehicle still has a gasoline tank and combustion engine. That’s a nice option to have, no doubt, but one of the exciting things about the possible deployment of PHEVs is that their gasoline tanks would be used a lot less than one might think: data from the U.S. Department of Transportation show that 78% of commuters travel 40 miles or less each day—a distance that corresponds well with the expected battery-only range of PHEVs.

Oil and Emissions Impact

With widespread deployment, the impact of PHEVs on the transportation sector and the nation would be massive. A study by the Pacific Northwest National Laboratory found that replacing 73% of the U.S. light-duty vehicle fleet with PHEVs would result in a reduction in oil consumption of 6.2 million barrels a day, cutting the need for imported oil by about 50%.

But what would such a heavy reliance on electricity generation for transportation purposes do to aggregate power plant emissions? A joint study by the Electric Power Research Institute (EPRI) and the Natural Resources Defense Council found that if 60% of light vehicles in the U.S. were replaced by plug-in vehicles by 2050, electricity consumption would rise only about 8%. The net gain from significantly reducing oil use for transportation—while only marginally increasing the use of fossil fuels to produce electricity—would translate into net carbon dioxide reductions of 450 million metric tons annually—equivalent to taking 82 million cars off the road.
  And when you bring wind power into the equation, the news gets even better: if the renewable energy resource contributes a greater share to the electricity supply mix that ultimately would recharge the PHEV fleet, any increase in emissions from greater electricity usage can be cut dramatically, making the net emissions reduction even lower. 

The primary reason PHEVs result in significant net emissions reductions is that electric motors are several times more efficient than gasoline internal combustion engines. EPRI estimates that while charging, PHEVs will draw only 1.4 kW-2 kW—about the same as a dishwasher.
 Moreover, in a transportation world that includes many PHEVs, electric rates are likely to be designed to ensure that vehicle charging occurs almost exclusively at night, guaranteeing that PHEVs will use low-cost electricity—while not imposing additional strain on the electric grid during daytime hours of peak electricity usage. And wind energy fits ideally into that part of the equation for another reason as well: wind power output is typically highest at night in many parts of the country. 
Playing a key role in enabling more effective use of wind power, meanwhile, will be “smart grid” technologies of the future, which will allow consumers and utilities to have greater control over when and how they use and generate electricity. Such technologies can ensure that PHEVs are charged during the optimum night-time hours, allowing consumers to respond to price signals by charging their PHEVs when it both saves them money and helps the utility maximize the use of generating resources.  It is also conceivable that PHEV owners could receive price signals to recharge their vehicles when wind power output in a given region is strongest, ensuring that they are driving wind-powered, “green” vehicles to the maximum extent possible.
Such strategic solutions concerning how wind energy can work in tandem with PHEVs speak to a common criticism of the renewable energy resource : that it is sometimes most available when electricity demand ebbs. To the contrary, wind energy output is typically abundant at an ideal time for vehicles to be charged.


Reality Check
In spite of all the promising data, enthusiasm for PHEVs needs to be tempered in light of the technology challenges being faced today by automobile manufacturers and battery technology companies. PHEVs face some hurdles, such as those identified at a meeting with industry and government representatives in 2006:
Limited electric range. Batteries in today’s hybrids provide only a few miles of electric range, although batteries that can provide longer electric ranges have been developed and are entering commercial deployment.

Battery life. The life of PHEV batteries is expected to be too short for manufacturers to be able to provide battery warranties competitive with those offered on today’s hybrids. Manufacturers currently provide up to 8 year/100,000 mile warranties on hybrid and other vehicles. 

High costs. PHEV batteries are significantly larger than those in today’s hybrids, and thus cost several times more. However, technology improvements are rapidly bringing down the cost of new batteries. 

Safety questions. A few concerns linger about the risk of lithium ion PHEV batteries overheating and catching fire, although for the most part these problems have been solved through improved design.

The automotive industry, meanwhile, is starting to address these challenges, particularly as the benefits of PHEVs are becoming clearer and clearer. Driven by today’s reality of $4-per-gallon gasoline, car manufacturers around the globe are partnering with battery companies and others to accelerate development of commercial PHEVs with capabilities that would not have been thought possible just two years ago.  Compared to the prices of gasoline seen recently, EPRI estimates that the equivalent cost of driving a PHEV powered by the electric grid is around 75 cents per gasoline gallon equivalent.
  And don’t think this is a pie-in-the-sky, long-term “maybe”: car makers are preparing to introduce an increasing number of PHEV models as early as 2010. As a result, electric utilities have already started to plan for the changes needed to accommodate these vehicles.

Electric Industry Implications
Indeed, a number of electric utilities are getting into the act. Many recognize the benefits PHEVs could bring them—that is, not only the ability to greater optimize use of every facet of their infrastructure (i.e., generation, transmission, and distribution) around the clock, but also the opportunity to create a fundamental shift in their sources of revenue by playing a role in the transportation sector.  The assets of electric utilities are designed for “peak load” conditions which occur very few times during the year; if utilities are able to make better use of these valuable assets during off-peak periods (both seasonal and daily) by charging large numbers of PHEVs, they stand to reap significant benefits from the assets they already own and operate today. Understanding these realities and opportunities, Southern California Edison, Duke Energy, Pacific Gas & Electric, San Diego Gas & Electric, Xcel Energy, and Austin Energy are among the several utilities partnering with manufacturers and other organizations to foster the development and deployment of PHEVs. Efforts even include inter-governmental initiatives, with the U.S. Department of Energy recently announcing a PHEV partnership with the Swedish Energy Agency.

Clearly, the effects of PHEVs on the electric industry will be huge if they are deployed in large numbers. A January 2008 report by the Department of Energy's Oak Ridge National Laboratory (“Potential Impacts of Plug-in Hybrid Electric Vehicles on Regional Power Generation) examined the electric industry implications of a constant 25% PHEV market share starting in 2020, which translates to 50.39 million such vehicles on the road by 2030. The study found that most regions will need to build additional capacity or use demand-response initiatives to meet the added power load created by PHEVs. Thus, the potential for more load growth, exceeding the amount assumed in DOE’s “20% Wind Energy by 2030” report, could result if widespread adoption of PHEVs were to occur over the next couple of decades.
Again, this can be viewed as an opportunity as much as a challenge—opportunities for the wind industry to contribute all the more to the electricity supply mix and for the greater energy industry to modernize its grid. Sure enough, the same challenges identified in the 20% Scenario will be just as significant, if not more so, if the wind industry grows beyond 20% as a result.  The need for more transmission infrastructure in the country, in particular, becomes even more urgent if more wind energy is needed to serve load centers across the country, where a vast new fleet of PHEVs will be charging in owners’ garages and driveways.


Beyond 20%?
Recently, T. Boone Pickens’s energy plan, put forth into the public eye with a multi-million dollar media campaign, envisions a scenario in which wind power growth is accelerated and the resulting natural gas savings from electricity production are used to fuel a significant portion of the nation’s vehicles. Regardless of whether the nation embraces PHEVs or goes with more of a “Pickens Plan” model under which many of the nation’s vehicles run on natural gas, wind energy will play an even larger role in our nation’s energy security—helping to cure our addiction to oil and reducing imports from foreign nations.

Jeff Anthony is manager of utility programs and policy at AWEA.
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