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1. Introduction

A technologicd system evolves through periods of infancy, growth, maturity and
deline.
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Let's compare the different renewable energies (and their S-curve), which are formed
by:

-Hydraulic energy. (Old Age period)
-Wind energy. (Growth period)
-Solar energy. (Infancy period)
-Geothermd energy. (Infancy period)
-Biomass energy. (Infancy period)
-Others...

Thewind and hydraulic energies have passed the infancy period. But the hydraulic is
actudly in hisaging period. So in this chapter we will talk only about wind energy.
Around 2% of solar energy that reaches to the earth from the sun is transformed into
wind energy. So thisis a great amount of energy. In this article we will talk about the
wind genertators as a system.



Thewind energy produced during last 30 years has been growing in a spectecular rete.
Actually it is concentrated in only 10 countries around the world:

Others 796 4,69 Figure 1: Ingaled power generation in MW

around the world in 2001
Source: Magazine “Energid’ Ed. Alcion Feb
2002 page 119

From the totdl of 17.260
ingaled MW (Megawts) in
2001 Around 12.620 MW are
inddled in the European
countries (Germany 35%, Spain
13,1%, Denmark 13%). The
first wind turbines (produced in
meass process) wereingaled in
the 70'sin Denmark and they
had less than 50 kW per unit.
Nowadaysthe biggest have 1,5
4 MW per unit (agrowth of 100x). But as we should see in chapter 3 this system (wind
generators) will reach to its maximum power per unit in afew years. Thisisatypica

case of gigantism.

Japan 145 0,8%
China 300 1,79

India 1.149 6,79

USA 2.249 13,0%

Europe 12.620
73,1%

So we can see how important is the Wind Energy in the eectric power systems. Wewill
try to utilize the gpplication of TRIZ instruments supports as Technology Foresight in

this case for forecasting of the Wind Energy Systems (wind generators).

2. Forecasting with TRIZ

Theam of utilizing TRIZ for forecasting is to anticpate the future changesin the
technology area and trying to define the next changes that will appear in the near future.
We can see the systems and subsystems including in atypical Wind Farm:

Supersystem System Subsystem
Blades
Rotor
Gearbox
Generator
Transformer
Foundations
Toner
Others...
Power
transmission
Transmission | Data
Networks fransmission
Power
transformer
Electric systems
Operational
buildings
Others...
Power Cables
Power Foundations,
Line others...

In atypica wind farm the mechanic energy produced by the wind generator is
trandferred to the transmission networks and this to the dectric station which evacuates
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the energy to the power line. A wind farm is aso a subsystem of the ectric power

system.

2.1 History of thewind energy 1888-1980. Infancy period.

Charles F. Brush (1849-1929) is one of the founders of the
American dectricd industry. His company, Brush Electric
in Cleveland, Ohio, was sold in 1889 and in 1892 it was
merged with Edison Genera Electric Company under the
name Generd Electric Company (GE). During the winter
of 1887-88 Brush built what is today bdieved to be thefirst
automaticaly operating wind turbine for dectricity
generation (Figure 2).

Figure2: 1888 Brush windmill. Source: Windpower.

It was agiant - the World's largest - with arotor diameter of 17 m (50 ft.) and 144 rotor

blades made of cedar wood. The turbine ran for 20 years and charged the batteriesin the
celar of hismansion. Despite the Size of the turbine, the generator was only a 12 kW

modd, the weight of the tower is 36 Tons (80,000 pounds). With atotd of 0,25 kKW per

Ton.

Severd years later Poul la Cour (1846-1908) who was
origindly trained as ameteorologist was the pioneer of
modern eectricity generating wind turbines. Hisassociation
(Society of Wind Electricians) worked on turbinestypicaly
of agzefrom 20 to 35 kW ingdled power (Figure 3) .

Figure 3: Danish Wind Turbines (1918). Source: Windpower

The Smidth machine (Figure 4), builtin 1942, wasatypicd
"Danish" machine. It was part of awind-diesd system,
which ran the dectricity supply on theidand. In 1951 the

DC generator was replaced with a 35 kW asynchronous (Alternating current) generator,
thus becoming the second wind turbine to generate AC.

Figure 4: threebladed F.L. Smidth
machine, built in 1942.
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Figure 5. Gedser wind turbine (Figure 5) built in
195657
Source: Windpower

The innovative 200 kW Gedser
wind turbine (Figure 5) built in
1956-57 by J. Juul for the
electricity company SEAS at
Gedser coadt in the Southern part
of Denmark.

The three-bladed upwind turbine
with dectromechanica yawing



and an asynchronous generator was a pioneering design for modern wind turbines.

After this point the power companies immediately aimed at
meking large turbines.

In 1979 they built 630 KW wind turbines, pitch controlled
(actud system), and d| controlled (obsolete system). But
this Turbines were very heavies. A carpenter, Christian
Riisager (19809), built asmdl 22kwW wind Turbine (Figure

6). It was very light compared with the others, Here the
system (Wind Turbine) passes from the Infancy period to the
growth period. At this point the system was determined: must
have 3 blades, asynchronous generator and must be upwind.

Figure6: 22kW wind Turbine built in 1980s
Source: Windpower

2.2 History of thewind energy since 1980. Growth period.

The 55 kW generation of wind turbines which were deveoped in 1980 - 1981 became
the industria and technological breskthrough for modern wind turbines. The cost per
kilowatt hour (kwWh) of eectricity dropped by about 50 per cent with the gppearance of
this generation of wind turbines.

Actuadly there are many turbines with a power of more than 1.000 kW (1 MW). For
example the 2.000kW Gamesa G80 (Vestas prototype). It has aweight of approximately
222 Tons.

2.3. Increasing the Ideality throw the history

“The main law of technology evolution: all systemsevolve towards the increase of
degree of ideality. An ideal technical systemis a system that does not exit butsits
function is delivered.” (Page141of “TRIZ: The Right Solution at the Right Time , Yuri Slamatov )

So we have to define the Ideality for this System (Wind Generator):

Ideality= S Useful functions
SHarmful Functions + S Costs

Let s try to define this functions:
Useful Functions:
-Electric Energy production (Main useful function)

-Continuity of production
-Simplicity of construction



Harmful Functions + Codts:
-Cogts of fabrication (mass of the system), transport and ingtalation.
-Noise.
So if we don't take care about the secondary functions (useful or harmful) like

continuity or noise, we can gpproximate the |deality as.

Ideality™ __Energy production = kW*h
Total Costs €

But for working thisisa very difficult ratio, S0 we should use ancther Smpler ratio:

Ideality™ _Installed Power = kW
Mass Ton

So after this point we will use the ratio kW/ Ton. We can see (Figure 7) the increase of
Ideality Snce 1888 (Brush's sysem hasan Ideality = 0,25 kW/Ton) until nowadays
(Gamesa’'s G-80 has anldeality ~ 9 kW/Ton) (Figure 7). We must compare this graphic
with the TRIZ base line (Figure 8) and we can redlize of the actud point:
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Figure 8. TRIZ baseline and actua point of the system.
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Figure 7. Increese of Ideality since 1888.



Also we can compare the case data about benefits and the TRIZ base line. Hereistoo
difficult to know the annua benefits of dl companies around the world. So we will use
the world' s ingtdled power (Figure 9) per year during last 20 years.
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Figure9: World' sAnnud installed Power in MW.
Source: Www.mappinginteractivo.com

A

AOLE HIrt

PROFITABILITY

— >

Irfacy 30ith WELALY A TWE

Figure 10: TRIZ baseline and actud point of the system.

Aswe can seein Fgure 10 the sysem actudly isin the growth period. The profitability
of the system increases at a great speed.



3. Ideal Final Result. Typical case of gigantism

Altshuller defined the IFR as* ...a fantasy, a dream. It can not be reached, but it will
allow usto build a path to the solution...” . So we will try to reach to the highest
develop of the system towards imagining the IFR. In this system the ided system isone
witch perform its ability to catch the energy of the wind without exigting.

The main problem of the new (large) turbinesis that the companies try to work in the
same way as they did for congtructing the oldest (smdl) turbines. Here is an example of
possible evolution of the sysem. The Figure 11 shows the actud position of the system
technology:
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Figure 11: Step 1. Actud stuation of wind turbine technology. Scheme of Gamesa's G80 generator..
Source: Magazine Energia (Ed. Alcidn) oct-2002. page 44.

This system has atota mass of 222 Tons (excluding foundations) and a power of 2.000

kW, so the Ideality ~ 9 kW/Ton, aswe defined the idedlity before. Thisisatypica case

of gigantiam. “The absurd gigantism in engineering is the result of a barefaced
approach to the problem of the main useful function increase: the designerstry to
increase power as well as resources and energy consumption instead of introducing
new principles and inventive solutions. That is why the technical systems of this kind
reach their objective limits so very quickly.” ( Page 148 of “TRIZ: The Right Solution

at the Right Time’, Yuri Salamatov). Actudly we are reaching to thislimit, aswe can
seeinthe Figure 12:



Posible evolution of power per unit installed in
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Figure 12: Evolution of medium power per unit instaled in Spain (expectatiors).
Source: Magazine Energia Oct 2002 page 44.

In the Figure 12 we can see that we will reach to the limit of giant syssemsin only 47
years, 0 if we want to improve the system we should decrease the cost (masstothers)
and other harmful functions rather than congtruing bigger systems. So lets take alook at
the IFR (Ideal Find Result). Asthe Ided Find Result says.

“ One of the elements of the system or environment eliminates a detrimental
(superfluous, redundant) effect preserving the capacity to produce a useful effect all by
itself.”( Page 155 of “TRIZ: The Right Solution at the Right Time’, Yuri Sdamatov).

So in the next step we diminate the Gearbox witch is the heaviest subsystem and bring
its useful effect to another dement (Generator). Thisis actudly proposed by an study of
the Univergity of Navarra (Spain). This study aso improves the mass of the blades with
adecrease of themass of the rotor and tower (Figure 12).
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Figure 12: Step 2. Proposed by the University of Navarra
Source: University of Navara

This sysem has atota mass of 167 Tons (excluding foundations) and a power of 2.000
kW, so the Ideality © 12 kW/Ton, with an increase of 33%.



Continuing with thisstrategy (Idedl Find Result) the next sep isto diminate the
Transformer and bring its useful effect to another dement (Generator) and to a part of
the supersystem (dectric Sation). Thisis proposed by WINFORMER®, decreasing dso
the mass of the rotor and tower (Figure 13). In this case an DC-AC converter is needed
in the dectric sation. But in this study we only take care about the system (Wind
Generator).
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Figure 13: Step 3. Proposed by WINFORMER®.
Source WINFORMER® (ABB). Magazine “Energid’  Ed. Alcion Feb 2002 page 65.

This system has atotd mass of 149 Tons (excluding foundations) and a power of 2.000
kW, sothe Ideality © 13,3 kW/Ton, with an increase of 11,5 %.

If we want to increase its ideality we must try to iminate the Generator and bring its
useful effect to another ement (Blades) in the next step (Step 4) . Soin thiscase the
meass of the tower lowers (Figure 14) increasing the Ideality . So the main useful
function of the generator (the generation of ectric energy) is given to the blades by
putting in the blades the windings and other e ements of the eectric generator. So no
generator is needed but its function is delivered (Ided Find Result).



o ABLE
Figure 14: Step 4. Elimination of the dectric generator.. Proposed for the future evolution.

This sysem has atotd mass of 111 Tons (excluding foundations) and a power of 2.000
kW, so the Ideality © 18 kW/Ton, with an increase of 35 %.

Also we can continue with this process trying in the next step (Step 5), wetry to
eliminate the tower and bring its useful effect to another eement. At this point we have
to maintain the blades up so we need a up-force for it. In this case we need the
Archymedes buoyancy force, eiminating the need of the tower (Figure 15) utilizing an
helium balloon or amilar.
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Figure 15: Step 5. Elimination of the tower. An helium Baloon is needed indeed.

This sysem has atotd massof 75 Tons (excluding foundations) and a power of 2.000
kW, othe Ideality "27 kW/Ton, with anincresse of 48%.

We actudly are in anon-return point in which the Ideality of the system increases and
increases. As the theory of evolution says, the last sep isthe only use of fidds. So the
next sep (Try to imagine the IFR), could be something like this (Figure 16):
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Figure 16: Step 6. Obtaining electric energy from the wind utilizing only fields

4. Conclusions.

It could seem that the gpproximation (Ideality ™ Power/mass) thet we have done in the
2.3 point is quite rare, but this is aworkable gpproximeation because we can compare
different systems and technologies.

How long we will see the actud generatorsin our countries?. Thisisavery difficult
guestion. The next generation will not come until this generation will not fal down.
Thiswill not occur until 2010 (Kioto's protocols), because most of countries are
actudly giving money help to renewable energies. Thismoney will act in an anti-
modernization.

But is supposad that when more profitability will be needed then the new generators
will appesr.
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