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How much wind energy do we need to make California's goal of 33% clean electricity by 2020? Whenever | put
this question to one of the experts, the answer is aways: "It depends.” But under almost any scenario, thousands
more windmills will dot the Californialandscape in years to come.

Those who don't see them on a daily basis might be surprised to learn that there is already something on the
order of 13,000 commercial wind turbines operating in California. Ryan Wiser, who tracks wind energy trends
at Lawrence Berkeley National Lab, does arough calculation that meeting that state-imposed threshold of 33%
renewable energy could take 5,000 more, in order for wind to do its share. That's based on an estimated 10,000
megawatts of new wind power, using the current standard two-megawatt turbine. While most of these will be
concentrated in afew major "wind resource areas’ (there are currently four big ones in the state), numbers like
that almost ensure that wind turbines will become a more familiar feature of the Californialandscape.

If fulfilling the California dream for renewable energy takes thousands of turbines, a full-on decarbonization of
the world's energy production will take millions.

Those numbers don't faze Mark Jacobson in the least. Recently when President Obama raised eyebrows with his
goal of getting 80% of the nation's electricity from "clean" energy sources by 2035, the Stanford engineer was
just about to publish a paper that upped the ante, writing in an email to Climate Watch that "the clean energy
should not only apply to the electricity sector but aso the transportation, residentia heating/cooling, and
commercia heating sectors.”

Jacobson'svision isthat al new energy needs around the globe could come from a combination of wind, solar,

and water-driven energy...by 2030. Of course, we'd be talking about planting four million wind turbines around
the world, as well as 90,000 solar plants. Jacobson then laid out a"path” to hisvision It seems at odds with the

President's broad definition of "clean," which includes nuclear power and coal power with carbon capture:

First, right now investment is focused on too many options, most of which (e.g., natural gas, coal with carbon
capture, biofuels, nuclear) are either not beneficial or less beneficial than clean wind, water, and sun (WWYS)
technologies. The spending of money on the less-efficient technologies is an opportunity cost wasted given the
limited amount of funds available. Wind resultsin 50 times |less carbon emissions than coa with carbon capture
("clean coal™) and orders of magnitude less air pollution than "clean coa” ("clean coal" actualy increases air
pollution over current coal since 25% more coa is heeded to run the carbon capture equipment, and the
equipment doesn't reduce other pollutants aside from carbon dioxide).

No prudent businessperson would spend money on an investment that yields 50 times less money, so why
should policy makers favor atechnology that results in 50 times more carbon and much more air pollution than
that?

Second, policies need to be put in place to correct the distortion of the current market mechanism that provides
subsidiesto fossil fuel and biofuel energy sources even though these sources cause health, climate, and other
environmental damage, increasing health insurance costs, health effects, and taxes for all of us. By first
eliminating such subsidies and second, instituting a revenue-neutral carbon and air pollution tax or something
similar (atax on these industries to account for their externality costs to society, where the proceeds are used to



subsidize clean-energy industries -- this would shift incentives toward production of clean energy systems with
no net individual taxpayer cost.)

The full paper, which Jacobson co-authored with UC Davis professor Mark Delucchi, is published in the journal
Energy Policy.



