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Geothermal Energy.  Can geothermal energy alone provide all the energy for the planet?
In answering these questions about all the planet’s energy needs, different authors resort to different very large units of energy.


1 Quad = 25 Mtoe = 293 TWh  = 1 EJ    

Mtoe is “million tons of oil equivalent.”  The International Energy Agency has a dandy world energy statistics book1 in which they tally the world’s annual energy need for 2012 at12,000 MToe which would be 480 exajoules. 2 

In a study by engineers at the Massachusetts Institute of Technology (MIT) for the US National Renewable Energy Lab (NREL), we read their analysis of the potential energy from the heat down under the US.  They estimate the extractable energy to exceed 200,000 EJ.  Since the whole world needs about 500 EJ we can see that, similar to the situation with solar energy, geothermal resources of the US could provide all the energy needs of the world.  Enhanced geothermal requires digging deeper to heat the water to steam.
By evaluating an extensive database of bottom­hole temperature and regional geologic data (rock types, stress levels, surface temperatures, etc.), we have estimated the total EGS resource base to be more than 13 million exajoules (EJ). Using reasonable assumptions regarding how heat would be mined from stimulated EGS reservoirs, we also estimated the extractable portion to exceed 200,000 EJ or about 2,000 times the annual consumption of primary energy in the United States in 2005.2
Coat of enhanced geothermal (EGS) has yet to be determined because it isn’t really being done.  It will be expensive initially and then costs will decrease.  The US Department of Energy levelized cost for electricity produced from new plants, geothermal energy (not enhanced geothermal) was projected to cost  10.17¢/kWh compared to nuclear’s 11.39¢/kWh and advanced coal’s 10.94¢/kWh.4
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Wind Power:  Could wind power alone provide all the energy for the planet?


Yes, it could, as we will demonstrate.  That makes wind power a pretty inexhaustible resource.  But of course no one wants to power the entire planet with wind power alone!  Let’s read the following article1 from Business Insider to help think about wind power.  We want to know whether wind power has the potential to power the world alone.  We have seen that it takes something like 18 TW to power the entire world.
Earth has more than enough wind to power the entire world, at least technically, two new studies find.  But the research looks only at physics, not finances. Other experts note it would be too costly to put up all the necessary wind turbines and build a system that could transmit energy to all consumers.
The studies are by two different U.S. science teams and were published in separate journals on Sunday and Monday. They calculate that existing wind turbine technology could produce hundreds of trillions of watts of power. That's more than 10 times what the world now consumes. Wind power doesn't emit heat-trapping gases like burning coal, oil and natural gas. But there have been questions, raised in earlier studies, about whether physical limits would prevent the world from being powered by wind.  The new studies, done independently, showed potential wind energy limits wouldn't be an issue.  Money would be.

"It's really a question about economics and engineering and not a question of fundamental resource availability," said Ken Caldeira, a climate scientist at the Palo Alto, Calif., campus of the Washington-based Carnegie Institution for Science. He is a co-author of one of the studies; that one appeared Sunday in the journal Nature Climate Change.2  Caldeira's study finds wind has the potential to produce more than 20 times the amount of energy the world now consumes. Right now, wind accounts for just a tiny fraction of the energy the world consumes. So to get to the levels these studies say is possible, wind production would have to increase dramatically.

If there were 100 new wind turbines for every existing one, that could do the trick says, Mark Jacobson, a Stanford University professor of civil and environmental engineering.  Jacobson wrote the other study, published in the Proceedings of the National Academy of Sciences.3 It shows a slightly lower potential in the amount of wind power than Caldeira's study. But he said it still would amount to far more power than the world now uses is or is likely to use in the near future.  Jacobson said startup costs and fossil fuel subsidies prevent wind from taking off. The cheap price of natural gas, for one thing, hurts wind development, he added.

Henry Lee, a Harvard University environment and energy professor who used to be energy chief for the state of Massachusetts, said there a few problems with the idea of wind powering the world. The first is the cost is too high.  Furthermore, all the necessary wind turbines would take up too much land and require dramatic increases in power transmission lines, he said.  Jerry Taylor, an energy and environmental analyst at the conservative Cato Institute, said the lack of economic reality in the studies made them "utterly irrelevant."  Caldeira acknowledged that the world would need to change dramatically to shift to wind.  "To power civilization with wind turbines, I think you're talking about a couple wind turbines every square mile," Caldeira said. "It's not a small undertaking."

So there IS plenty of wind to power the world.  Problems might be cost, land, transmission lines, number of turbines and intermittency


I.  Cost.  Land based wind power is already economical.  

The DOE estimates levelized cost of new resources for 2016 in the table below.4 DOE is not known for rosy energy scenarios.  Levelized cost is obtained by dividing the lifetime MWh produced  by the lifetime cost of the plant.  We need to think about these units.  Look at conventional coal’s $94.8/MWh which is $0.0948/kWh or about 10¢/kWh, the current retail price of electricity in NC.  

Note the affordability of future new land-based wind.  Off shore wind is costlier so far, but that is in part because we haven’t done any yet.  Note that the wind does have higher transmission costs but those costs are included in its low total system levelized cost.
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2.  Land.  A couple of wind turbines every square mile?  Nice math question.
Land area of earth is 57 million square miles.  Earth needs something like 18 TW.

A 5 MW wind tubine will provide about 1.5 MW on average.  (Wind isn’t always blowing) 18 TW = 18,000 GW = 18 million MW so need 18/1.5 = 12 million turbines.

So that’s about 1 turbine every 5 square miles.  We could do that.  For example, Denmark has 11 wind turbines per 62 square miles which is one every 5.6 square miles.5
We can only put the turbines in windy regions though, but our original articles make it clear that there IS enough wind overall.  Also the land required exclusively for a turbine is very small.  The turbines share farmland with crops, grazing land with animals, and also produce energy in barren wastelands and in oceans and seas.
So what IS the land footprint needed for a wind turbine and how closely can they be spaced in windy regions, since we can’t put them in non-windy regions?

The "footprint," which is typically around 0.25 acres per turbine, does not include the 5-10 turbine diameters of spacing required between wind turbines.6

2.  Number of turbines.  

So we would need 12 million 5 MW wind turbines to power the world completely by wind.  Let’s check that to be sure.

5 MW x 1/3 (capacity factor taking into account that the wind doesn’t always blow strongly) x 12 million = 20 million MW = 20,000 GW = 20 TW    Enough!

Now let’s suppose these wind turbines last 20 years, then we need 12 million/20 = 600,000 new turbines every year. 

Is that asking too much?  Could the world produce and install 600,000 new wind turbines a year?    Well, 76.8 million passenger cars and light trucks were produced in 2011 7and also 2.2 million heavy trucks 8.  So if the world can produce 80 million cars and trucks per year, it can surely produce 600,000 new wind turbines a year.  80 million = 133 x 600,000, so the cars and trucks already produced each year would be 133 times the required amount of wind turbines.

4.  Transmission Lines.  Just do it.  Included in levelized cost figures.


5.  Intermittency.  Not really mentioned in our introductory article, the variability of wind power is perhaps a more serious problem than the previous 4 issues.  Storage would be required if we actually planned to power the entire world with wind alone, which we don’t actually plan to do.   If you go to the (California Independent Operators (CAISO) website and look at their daily renewables watch postings, you can see that solar and wind often complement each other.  Wind blows more at night.  Can see the same effect on the Electric Reliability of Texas (ERCOT) graphs of their daily renewables production.  In addition, lots of folks are working on storage issues.

Nice things about wind:


A.  Almost no CO2 emissions.


B.  Almost no water needed.


C.  Produces essentially no waste heat.  Coal fired power plants and nuclear power plants produce 2/3 of their energy as waste heat requiring lots of “cooling” locally but ultimately further warming the planet.


D.  Jobs!   According to a report by the Natural Resources Defense Council, an average 250-megawatt wind project generates 522 construction jobs, 432 positions in manufacturing, 80 for planning and development, 18 sales slots and 27 for operations, the New York-based environmental group said in a report today.9
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Solar Power.  Could solar power alone provide all the energy for the planet?

Yes it could, as we shall see below.  Of course no one wants to power the entire planet using solar alone, but solar is an essentially inexhaustible renewable resource.

Let’s look carefully at the chart below which comes from the US National Renewable Energy Laboratory(NREL)1, a branch of the US Department of Energy (DOE).  This is a table giving US solar resources.  Sadly the units in the table are not easily grasped by most people.
Table ES-1. Total Estimated U.S. Technical Potential Generation and Capacity by Technology

	technology
	Generation potential TWh
	Capacity Potential GW

	Urban utility scale PV
	2,200
	1,200

	Rural utility scale PV
	280,600
	153,000

	Rooftop PV
	800
	864

	Concentrating solar power
	116,100
	38,000

	Onshore wind
	32,700
	11,000

	Offshore wind
	17,000
	4,200

	Biopower
	500
	62

	Hydrothermal power systems
	300
	38

	Enhanced geothermal systems
	31,300
	4,000

	hydropower
	300
	60



What do these numbers mean?  Let’s look at the NREL estimate of available urban utility scale PV (photovoltaic) energy.  Not sure what PV is?  Watch this video from the US Department of Energy:  http://www.youtube.com/watch?v=0elhIcPVtKE
1200 GW (gigawatts) = 1,200,000 MW (megawatts) = 1,200,000,000 kW (kilowatts)

Now a kW is something we can understand. 

An ordinary household requires a flow of electricity of
about 1 kW on average all the time.
So if there were 1200 GW of installed PV they could support 1.2 billion US-type households at peak sun hours!  

So what does “at peak sun hours” mean?  When the sun is low in the sky, or it is cloudy, there is less available energy than when the sun is high in the sky, near midday, and the weather is clear.  A lot of research has gone into provide the “hours of peak sun” per day at various locations around the world.  Many hours of off-peak sun or sun on a cloudy day translate into one hour of peak sun.  Look at the World Solar Insolation Map on http://www.oynot.com/solar-insolation-map.html for a rough idea of how hours of peak sun per day varies in different parts of the world.  A huge swath of Africa and Australia gets more than 6 hours of peak sun per day while polar regions get little. 

It looks as though NREL approximated hours of peak sun per day in the US to average about 5 hours per day.  Thus the installed PV only produces about  5/24 = 21% or so of its maximum potential (nameplate capacity) on average.   So 1,200,000,000 kW of PV would actually only be able to support

21% of 1,200,000,000 US households = about 250 million households.  Storage would also be needed for electricity at night.  Still, 250 million households is more households than the US has!  But electricity is needed for things other than households also:  industry, office buildings, institutions like hospitals and schools, street lights, etc.

Now we must mentally stretch to understand the 2,200 TWh from urban utility scale PV, the left of the top row in the chart.

Electricity is bought and sold in kWh.  1 kWh of electricity is how much electricity is used if you are using 1 kW for 1 hour.  

(kW)  times (hours) = kWh
So 1200 GW x 0.21 (peak sun percent per day)  = 250 GW

250 GW x 8760 hours/year  = 2,200,000 GWh = 2200 TWh (terrawatthours)

If you are not practiced with computing large units of electricity, you probably have to reread the above computations several times!

One thing you can easily see is that the NREL estimate of rural utility scale PV is a whole lot bigger than urban utility scale PV.  Since urban utility scale PV seemed almost big enough to power the US,  we wonder if urban utility scale PV in the US could provide all the energy for the entire world.  

How much energy the world needs from all sources can be translated into TW.  Estimates vary from 11 TW – 20 TW near term.  Let’s be conservative and say the planet needs

20 TW
One more math thing!  Just as changing GW into GWh per year required multiplying by the 8760 hours in a year, we can change TWh per year to TW by dividing by 8760 hours in a year

Look at rural utility scale  PV 280,600 TWh  and divide  by 8760 hours = 32 TW.

So rural utility scale PV in the US could provide all the energy for the planet.

Adding together all the solar power in the US, NREL gives us 

400,000 TWh of potential solar electricity.  400,000/8760 = 46 TW.

Enough  solar power potential in the US to provide double the entire planet’s energy need from all sources.   Huh!  Main solar drawbacks are cost and intermittency.


1.  Cost.  

The US DOE’s SunShot Initiative goal is to get PV available at $1/watt installed which they say is equivalent to 6¢/kWh, pretty cheap! 3 They anticipate reaching this goal by 2020.  Right now PV is about $2/watt installed.

A little math will let us roughly compare construction costs for nuclear power and PV.

A 1000 MW nuclear reactor costs about $10 billion.  At $1/watt, 1000 MW would cost 1000 x 1 million x $1 = $1 billion, but solar only produces about 20% of its potential, as we have seen.  So 5000 MW PV = 1000 MW nuclear when it comes to producing electricity.  At $2/watt, 5000 MW solar costs $10 billion.  At $2/watt installed, PV is roughly equivalent to nuclear in constructions costs.  At $1/watt there will be no comparison!
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2.  Intermittency

Probably the biggest issue with PV is its dramatic, although pretty predictable, intermittency.  The good news is that solar PV is most prevalent when electricity is needed the most.  About 11% of US electricity goes to residential and commercial cooling,4 and the need for cooling is the greatest when the sun is shining.  If we actually wanted to power the entire world with PV only, we would need storage mechanisms for night, off-peak sun hours, and bad weather.  

“Concentrating Solar” in the US could provide 116,000 TWh, as we see in line 4 of the NREL table on the first page.  116,000/8760 =  13 TW, almost as much energy as the whole planet needs, so we might want to know what concentrating solar is and how it can solve the intermittency problem.

Basically sunlight is focused on a fluid using parabolic troughs or shiny reflective panels aligned in a circle.  The fluid either boils and creates steam and turns a turbine, or the fluid heats water which boils and turns a turbine.  If the fluid is molten salt, it can be stored in insulated tanks and can stay hot all night long and provide electricity all night.  Confused?  Watch http://www.youtube.com/watch?v=LMWIgwvbrcM
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