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June 4th 2009
    Wind- energy and wind turbines.

     Concise information

Energy in the world

The total non-electric energy used by the world’s population is produced using different sources of energy, such as hydro-energy, nuclear-energy, the burning of carbon-containing fuels like natural gas, coal, petrol, diesel oil, kerosene, wood, etc.  Electricity is only a by-product of that total amount of non-electric energy, and from that enormous amount of non-electric energy, a relatively small amount of electricity is produced.  This explains why in every country in the world the consumption of electricity- measured in units of energy- is only a small part of the total consumption of all the non-electric energy used.  In other words, in every country the total consumption of non-electric energy is several times more than the consumption of electricity.  Think of all the energy that is used for every form of transport : on land, water and by air The precise factor associated with “several times” depends on how much electricity is used in a country.  The average yearly consumption of electricity per household is (in Holland) 3,400 kWh (kilowatt hours) in Holland, and in the USA it is 10,650 kWh.  In the USA, total non-electric energy consumption is 6.38 times total electricity consumption:  in Holland 9.2 times.  So when speaking of an energy problem it is misleading to refer only to the need to find other ways to produce electricity.  Non-electric energy, in all its kinds, is the most pressing problem.  Electricity is only a by-product.  

Wind turbines

The driving power of the wind is determined by a never-changing law of physics, and is proportional to the third power (the cube) of the wind speed.  That makes the electric power of a wind turbine extremely variable and unpredictable, and therefore unreliable.

Example: Let us call the speed of the wind at which the turbine produces 100% power, “Wind speed W 100” (that is with wind speed Beaufort 6 to7).  When the speed of the wind drops to W 30- thirty percent of W 100- the driving power of the wind will not drop from 100 % to 30 % but to the fraction 0.30 cubed, i.e. 0.30 x 0.30 x 0.30 = 0.027; less than 3 percent.  

The combined power of a great number of wind turbines spread over many thousands of square kilometers remains similar to the power of a single wind turbine- extremely variable and unpredictable.  This is shown in the graph of the combined power of 7000 wind turbines in Germany, on the next page.
 So never forget that the driving power of wind turbines is proportional to the third power (the cube) of the uncontrollable wind speed. This is the most important disadvantage of wind turbines. A steady output is impossible.

Because wind turbines are driven by wind, with wind being almost the weakest driving force one can think of, the power of a wind turbine can never be other than very small.  The density of air is very low, with water weighing 900 times more.   With such an extremely weak driving medium at low speeds it is simply impossible to produce much power.  That is the reason why the circle swept by the propeller of a wind turbine has to be so large in order to produce even a small amount of maximum power, for instance only 2 or 3 megawatt (2000 to 3000 kilowatt) for very tall wind turbines.

But this is not the end of the miseries of wind turbines.  Because of all the variations and interruptions of the driving power of the wind, the total amount of electricity produced in a year is only a small part of all the electricity that would have been produced with uninterrupted maximum power (uninterrupted capacity).  This ratio is called the capacity factor or production factor.  Depending on the variations of the wind speed during a year, over any substantial area the capacity factor is likely to be in the range 0.16 to 0.27. Every day that the wind turbine is out of service for repair or service reduces the already low capacity factor further.

When you look at the graph of the combined power of 7000 wind turbines of E.ON in Germany, you will understand why this capacity factor is so low. This is the inescapable result of that third power law.
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The combined power of a great number of wind turbines can fluctuate between about 80 to

 90 % of the combined capacity of all the cooperating turbines, and zero; i.e. the maximal variation of the combined power of a group of wind turbines, great or small, will always be near) their combined capacity.  Since an electricity grid can only operate with a steady input of the combined power from all the various electricity sources it will be necessary to compensate for the unpredictable and sharply fluctuating input from the wind turbines by varying the output of the connected power stations.  (The total load of a grid varies normally depending of the usage-activities of all the consumers too, but at a lesser rate.) 

As a consequence of this incessant varying of the power output of the power stations, they do not function) at their highest efficiency. That means that they use more fuel to produce electricity and hence emit more CO2 than they would do when operating constantly at their best efficiency.  So it is not certain that by operating a very large number of wind turbines the total amount of emitted CO2 will be reduced.  What can be achieved by the “clean” production of electricity by wind turbines could well come to nothing or even worse because of that obtrusive use of a lower efficiency of the conventional power stations which must compensate for the strongly fluctuating input of the wind power.  That this is not a bad dream is shown by an senior executive of the Danish electricity company ELSAM who  provided information for an article by Michael J. Trebilcock in the Financial Post of 9 April 2009, “Windpower is a complete disaster,” telling how in Denmark, with many thousands of wind turbines, the emission of CO2 has risen because of the very extensive use of wind energy in that country.  Until now not one coal burning power station in Denmark has been taken out of service, because they are needed to compensate for the fluctuating power from wind turbines. 

What wind turbines as producers of electric energy can achieve in comparison to the much greater need of non-electric energy.

As we saw above, finding a solution for the world’s need for electricity is certainly not the main problem, because producing that enormous amount of non-electric energy results in several times more CO2 than the production of relatively little electricity.  Let’s have look at some energy numbers for the USA in the year 2005:

Total (non-electric) energy consumption: 
3,110,000 MWyear

Total electricity consumption was 487,000 MWyear or only 15 % of all the non-electric energy that was used in the USA..

Let’s presume that only 2 MW wind turbines are used and that these run with a capacity factor of 0.27.  (Such a capacity factor  of 0.27 is only rarely reached !)  That means that in this case each turbine produces in a year a meager 0.27 x 2 = 0.54 MWyear of electricity.  But as we saw, the total electricity consumption of the USA was 487,000 MWyear.  So the electricity production per wind turbine was 0.54 / 487,000 = 0.000001 or about one millionth part of the total electricity consumption.  That means that to produce 1% of the electricity used in the USA, ten thousand of these 2 MW wind turbines must be built.  But remember that this one percent of what is needed will be produced with the same fluctuations and therefore unreliability as is shown in the graph on page 2 : fluctuations of power approaching the total capacity of all the wind turbines!  For an electricity grid this is- because of technical reasons- a completely unacceptable input of electricity.

But, as we have seen, our aim should be to substitute a sensible part of our total need of energy for renewable energy, not only that small part which constitutes electricity.  That means that we have to compare the 0.54 MWyear produced by that 2 MW wind turbine, not with the demand of electricity in the USA, but with the total non-electric energy consumption of the USA — 3,110,000 MWyears! And that means that such a 2 MW wind turbine contributes next to nothing of what we hope to substitute for renewable energy.  In numbers: that 2 MW wind turbine produces 0.54 / 3,110,000 = 0.000,000,17 or an almost) negligibly small part of the USA’s total energy consumption.  As you see, these numbers, together with the knowledge of the undeniably unfavorable properties of a wind turbine, lead to this conclusion: 

Wind turbines can never be a solution for our need of more “clean” and renewable energy.  Excessive use of wind energy can even lead to a rise of the emission of CO2, as appears to be the case in Denmark (the nation with highest proportion of electricity from wind power in relation to its electricity demand).

===============

Two more topics:

The price of   any particular wind turbine is of course related to its capacity.   That is, to its 100 % power.  However this turbine will only produce, on average, 27% of its capacity.  So one could say that something like 70% of the price of the wind turbine could be reckoned as money thrown down the drain.

A wind turbine of the mentioned 2 MW capacity will produce in its entire “life” of say twenty years a dismal 20 x 0.54 = 10.8 MWyear of electricity.  An 800 MW gas burning turbine in a base load power station is likely, during its life of thirty years, to produce  30 x 600 = 18,000 MWyears or even more. 

Units of measurement as used in this article. Why the use of MWyears is so convenient.

A big number of kilowatt-hours (kWh), produced or consumed, gives no direct information about the average power during a year with which that amount of energy was produced or consumed.  For instance: if one is told that a 1000 MW power station produced 6,100 million kilowatthours during  a year, that gives no easy clue about its average power output.  However, by dividing this number by 8,760 ( the number of hours in a year)  we see that that power station produced, in round figures, 700,000 Kilowattyears or 700 MWyears. This number shows at once that this power station would have run with an average power of 700 MW during that year.

Another example: it is said that a 2 MW wind turbine produced during a year 42,048,000 kWh . That looks like an impressive amount of electricity produced by a single wind turbine.  But let’s see what that number reveals. Divided by 1,000 gives us the electricity produced in MWh, namely 42,048 MWh. This number divided by 8,760 gives us the average power during that year: 0.48 MW.. So this 2 MW turbine produced its electricity with a capacity factor  of 0.48 : 2 = 0.24.  ((see page 1 for the definition of capacity factor)

Some more units of measurement: 

 It is essential to understand that Power and Energy are two completely different notions because  Energy is consumed or produced when a certain Power is active during a certain Time. So one could say Energy = Power x Time.  That is the reason why any unit of Energy always has a suffix indicating a certain time. Like kilowatt-hour or megawatt hour or Megawatt year. The indication of a certain  Power will never have a suffix of a unit of Time.

Basic units are;

For Energy :  Joule.. A very small unit

For Power : Joule per second or Joule/second. This unit of power is called  Watt 

So one can also say: 1 Watt is the same as 1 Joule / second. Or 1 Joule = 1 Wattsecond

For bigger amounts the following units are used with multiplying factors

Prefix

Symbol
Multiplying factor
kilo                      k                 103
mega                   M                106    

giga                     G                109
tera                      T                 1012
peta                     P                 1015                  

Exa                     E                 1018  
Suffixes indicating a certain time:

Second  with symbol       s

Hour      with symbol       u or h 
Year       with symbol      y or a (annum)     1 year =8,760 hours. 1 hour= 3,600 seconds

For very big amounts of energy the unit Joule is used, Often expressed in PJ. One should know that 1 PJ = 31.7 MWyear

For the energy consumption of countries the unit “kilo tonnes of oil equivalent” is often used. Also called ktoe . Therefore it is good to know: 1ktoe= 41,868 GJ = 0.041868 PJ = 1,327 MWyear    (The total energy consumption of the USA is about 2,341,900 ktoe)
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