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S~...ALL ~;:> LA..':l..GE sc~.!.E APPLICAJ:'::::ON OF WI~D :?Cw:::~, 

S~ATUS AND ?RCS?EC~S. 

Ir. P.C. Hensi~q, 
Xan~geoent Consultant, 

Nassaulaan 27, 
1213 BA HILVERSUM 

The Netherlands. 
telephone: 035-231908 

current and perspective activities ar.d soecific 
problems in the application of wind energy. 

~i~c e~ergy has bee~ :~ use fer thousands cf year~. 
T!"le .:;:pl icaticn cf sails for propell.:..::g ::ca cs is 
nearl;.· 3 JOO years old and early winc:ii lls for pu:::
ping Na~er appeared 1700 years ago i~ C~i~a and the 
Near :::.=.st. 
In Che 13th century transfer of the ~ind::iill techno-
logy toe~ ?l~ce to ~estern 
mac!":..!.::es ·,;er-e applied to 
and ;:~~ping ~a~er. 
?he ,, __ ; ~ 

........ I... - -

Eurcpe, where ~~ese 
provide :::echan:=al 

~echno 1-::.g'f 
~ell.and a-: 

p::.-c~:-ess~d 

~"'.O:.": ci::ie 
10.000 ~i::dnills ~ere in operation. 
:-~e ::~pli.c3.~ion cf -:~.:s 4:'.~c~.:-:~lcgy :!ec:i:--.. ed c.ft.e=
the a;:;:eara::ce of a:ternat!~e syste=s i:~e the s~ea~ 
engi::e and t~e inter::~l co=~u~":ion engi::e. 
:·!a.:.:";.:.·: ~L.:e to ~::e ::il cr.:.sis i:l 19/3 a ::-eT:.·.ral of 
in~er~3": fer this ancient technology cc~·~ ~e 
obse=~ei, ~hich ::as been sci~ulated fur:~e= by envi
ro~~e~~al ?~oble~s ~~d t~e ~~=ea~ cf c::~a~e c~a~ge 

relaced ~.:.~h conve~cicna~ po~er produc:i-:.~. 
Cur.:.~g che las~ 15 ;ears encr=ous prcg::-ess jas been 
-~,...;~ 
···~-- fo= 

=- ...... - :.-: :. 3 

de~e:=;=e~~ ~f =~her a;pl.:.cations like ~:~c ;~=;s. 
~he ~e~elcp=e~c cf ~i~d e~e=gy is ~o ~ :a~;e ex~ent 
s~b~e=: cf pclitic3l jecisions. 
The :3rge scale ;rid connected ~i~d :a==s cannot 
cc=;e:e ye: ~i:h ccnvential plan~s, b~t ~hey provide 
clean and fuel-.:.n~ependent ener;~. 
T~ey .:er~ai:i:.~i· ·,;ill =e part of :l ~cde!'":-: ;:cll~~ion
f~~e ~:ec~=:city p~od~ction sc~e~e. 
:-~e :;::-1a!.l sca.!..e appl:cati.c:i :s also ::e;:·~ :;:!e~:. of 
poli~.:.::s. 
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It :-.=s t!":e potential c: a '."'.igh ~ua l. ity electricity 
pr::::.·..:c::i::::; syste;:a in .:i::.-e<i.s • ... :r.e::-e t::"= connection to 
the ;=id is very expensive. ?et gove=~~ents 2re con
si~~=i::g i~stallaticn of big and expensive infra
str~=::ures. It nust be e~phasizej that the funds 
inv:::.·:ed are much more eff iciem:l.~ s:;::ent to decen
tra:ized ~ays of generation. 
This ?aper ains to give a survey on the wind energy 
acti~ities in the world and to describe the present 
sta::~s and perspectives. 

Wi~c::~rbine aoolicattons. 

~ai~:v t~o groups of application can be pointed out, 
viz. 

Grii connected windturbi~es ge~eratir.g electricity 
for :iational and regional grids as ·..;ell as nini
gri=s in re~ote areas. 
~cs:: of the technical develcp:::ents cf the past years 
were directed to this application. 
Star::ing with ~achine ratings arcund 50 kW new 
designs were up-graded until 5 MW. 
This group of applications co:::prises also combi
nat.:ons like -..,ind-diesel, ·...;i~d-sol.:ir-diesel and 
wind-hydro systems. 

* Off-;rid applications like b~t~ery cha=;ers and ~ind 
pu::-,:;;s. 
The ::echnclogy develcp:::ent cf ::=:ese types is not 
very :::uch affected by the -2'1e::ts · ... ·~ich CC!Used the 
rene~ed interest in grid c~nnected Ni~dt~rbines, 
alt~cugh spin-offs can be observed yet. 
In "the following sections ::he ::-.ad:e:: for each of 
these applications -..,ill !:~ £·.r·.r..::;·ed, t~e state of 
the a~t of the technology Nil~ be described, as well 
the current R & D activities. 

• 

The specific proble::ls related to t=:e disse::lination 
cf each of these applications ~ill be ~ighlighted . 
. ;n o·:erview of the state .-yf ::::.e art c: the various e 
win~ t~r~ine applications is ?resented i:1 
tab:-e 1. l 

Off crid acolications. 

80% of the population 
lives in rural areas, 
connectic:1 to the grid. 
Esti::lates fer 2025 show 
will not ce connected to 

of 
cf 

de•1e lc:::i ing countries 
t::.e::i do :1ot have a 

that abcut 2 =illion people 
......... ~ ,.._:....; 
i..,. •• - ~ ..... - ., 
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With ~ pc~~lat:oo de~sity s~aller than 2 ~ecple pe~ 
km2 c~nnec~ion costs amount more than $ 5,000 cer 
con~ec:tion. This inplies that a huge market poten
tial :or swall off-grid windturbines and wind punps 
exists. 
Remar~able for this market is tte absence of econo
mical constraints which are related to the competi
tion ~ith large scale power generation. 
The e~ergy costs of this machines may amount up to 
3 $/k"..;h. 

Batte=y char~ers 

Batte:::y chargers are commercially available i, nany 
countries. Also in China these machines are produced 
in big m.:::::bers. 
These turbines are small : diameter smaller than 5 n 
and capacity between 40 and 150 W. 
Most of the wachines have two blades or three 
blades, variable pitch, high tip speed ratio, which 4t 
makes the use of a gear superfluous and a per~anent 

magnet gener~tor. Fig. l shows a typical exa~ple c: 
a battery charger. 
The technology is mature and reliable. 
The life~ir::e of these !:lachines is over 10 years. 
Only in China more than 100,000 battery c~arge~s are 
in ~se a~d a narket potential of 1,000,000 of these 
machines is pointed out. 
In t~e rest of the world an equal potential is esti
mated. That means that in 20 years the na~ket den.and 
is <!bout 100, 000 battery chargers per year wi t!l.c:.:t 
considering the replacement market. 
The nain product: ion : - located in China, ·...-here i:i 
1990 30,0QO ~achines p~~ year were prcjuc,d. 
New narke~s have developed in Argenti 1a, 3razil, New 
Zealand and Morroco. 
The ::iarkets in the U.S. and Europe have decrt:!.!sed 
shar?lY i:i 1937. 
Fig. 2 ?resents an overview on the nu~~e= of shi~- ~ 
~er.~s of ~~ese machines until 1937. ( 2 j 
Fur~~er iissemination of this wind energy applicat:
on c~es ~ot see~ to neet proble~s. 
That this market is very sensitive to private inco~e 
fluc~uat:ons appears frora fig. 3 were a sharp 
decrease of purchased units can be obse=ved due :o 
the lowe= ~ool prices. 
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?ig. 1 : A t·;:Ji cal --~ example of 

a .t::o-~ _ ...... ery char ger. 
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Fig. 2 : Shipments of battery chargers.[ 2 ] 
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Fig. 3 Stip~ents of battery chargers in China. [ 3 } 

Wind :;m:::9s. 

Worlc:..;ide nowadays about 1, 000, 000 wind pumps are 
opera-:ior:al, 300, 000 of which in the African coun
tries (So~-:h Africa, Botswana, Namibia and Zimbabwe) 
and 600,000 in Latin America (mainly Argentina). 
This technology came up in the U.S. in the 19th 
cent:i::-y. .'i.pplication was mainly meant for domestic 
anu livestock water supply for remote farms. 
Also in Australia wind pumps were developed witr the 
same :::ur:::cse. 
The technology diffused later on mainly in Africa 
and Latin .l.:rnerica, where wind pu~ps also were 
applied fo::- small scale irrigation. 
The classical wind pump has a multi-bladed~ fixed 
pi tc!1 rc;:cr, a low tip speed ratio and therefore 
high torq~e characteristics at low winds. 
The rotor diameter is generally less than 5 rn. 
Fig. 4 shc~s a typical example of a windpump. 
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dec=:~sed s~c~enly due ~o 
fuel ·'-·~rld ~...::de and t::e 

~~e availabili-:y c= cheap 
decrease in pr .:.::e cf the 

smal: e~gine driven p~~~s-
Rece~-: installatio~ rate is abou-: 10,000/yea=, 
::tain:y produced in Aust=alia, Argentina and -:~e 
u. s .. 
The ~=rld ~arket potential is estimated at :ao,ooo/ 
-yea=. In ~~g. 5 a s~::.ematic view of the ~==Ket is 
give~. [ 1 ] 
Since -:he relatively high costs of the classical 
wind pu:np seer.is to :;irevent fur-:her dis~ ~:::.:nation, 
moder~ wind punps are c~rrently .:.n develc;~ent ~hich 
can =e produced for 50% of the costs. 
Appl.:.::ation of high speed piston pumps is considered 
whic~ ::takes the use cf a gear be~ween rater and punp 
super=luous. Also higher tip speed ratics are con
side::-ed. This new tec::.:iolcgy is however r:ct:. :::iature 
yet. 
Furt~er:nore lacl( of f: . .mds prevents the set:.-uo of 
mass -:rcductici1 in the developing cou:itries, -.{hie~ 
is _ ~ecessary 

redt:::-:ion. 
condi~ion to cbtain f ur-:::.er r _,,..

\..-'-' .... _. 

The ::.isse::iination precess can =e sti::ml2.-:e:= by tht? 
f oll::·.;ing steps 

100 
~.-. , -,,... 

I ,000 

10 ,ooo 

10,000 - :ao,ooo , 

over t QC, :co 

I(':? 
\_/ 

, ... 

A:'OlZlci 1970 

F'ir;. 5 A schematic view on the ~arket of wi~d p~~ps. [ 1 ] 
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Est~~::s~=e~:: a~ a_ ce~::=~! ?~~je~-: ;~:~~~~2 a~~ 
eva_~~~:=~ crgan:zat:on. 

Sti~~la:::cn c: -~e ?rivate sector to es-:ablisj joint 
vent~r~s ~= ctjer collaboratio;. str~ct~res :n order 
to :::::-:;::.:>:er and to develop 'cechr:~lcgy =.n..i t.:. c:::.-eate 
an :~c~s~~:al inf~ast~ucture :ar ~r~~~c~:~~ and 
main~ena~ce by locating existing facilit:es and 
necessa:::.-7 i~crovements. 
Sti~ulat~on of the market by giving credit3 c:::.
subsidies to purchasers. 3eca~se prices Niil =ecc~e 
lower Nit~ increasing production volu~es, s~=sidy is 
only needed during the ~arket introduction ?tase. 
Also scft leans and lease arrange=ents can =e 
considered. 
Funds has to be raised with the World Bank and 
financial support can be obtained from tec~nology 
exporting countries and co~~unities. 
Fur:~er dissemination of wind pump technology is 
difficult because new technology is involved ; ~ 
it is easy because generally no other market inter
fering conditions are present like physical planning 
and environmental constraints. 
In [ 15 J an overview is given of i:::"?.plementation, 
sizing and economy of wind pumps. 

Grid ccr:nected Nind turbines. 

I1arket 

In this section win~ faTms Ere considered as ~e!l as 
small scale applications for regional and ~ini-grids 
and Ni::d-diesel co~binations. 
The develcpnent of grid .::on:iected ;.;indturbi::es got 
n~w i~pulses oy the oil crises in 1973 and 197?. 
R~al ::iarkets arose in the early 1980s in ~~e ~.S. by 
legislation and tax credits. 
Starti::g ·,.;ith 50 kW ::iachi::es ::-: :.931 the =.·;era.ge • 
rating i:i 1937 was 110 kW and in 1990 160 kW. 
Nowadays =achines Nith a capacity cf 250 till 500 kW 
are cor::.-::ercial ·.y available and ~roduce elect:::-ic_ty 
with the lcNes~ price of all ;.;ind energy opticns. 
In 1985 the Califor::iian .-:lark.et -:iecli:ied dt.:e ~o the 
expira~ion of tax credits. 
Since ~hen the ~arket shi:ted gr~dually ~o ~~e 
Wester::i ~~rcpean ccunt:::.-ies as De~~ark, The 
Netherlands and Germany. 
The preparation 3nd i~ple~entation of environ~ental 
plans accelerated the ~ind e::ie:::-gy market develc~~ent 
ft:r-c::e:-. I:i ::-.. e plans ~::.e 'l~il:.:.ies a~e :~:-.:ed ~o 
dimi:-:i3h thei:::.- emissicns of ~ox, SOx and CC2. 
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The results of this study are summarized ~:1 :able 2 
[ l 
A p e r. e c =a t i on o f 1 0 ~; o f the e l e c ~ = i c i t 'f ::: -~:::: zi :1 d i s 
expec~ed to be proble~less ~ith respec~ :~ ~~e jri~. 
?or :~e year 2000 the ~3rkec pc:en~ia: is ~~c~~ 
10, 000 :-fl-1 i.:1 the U.S. and ·..iester:i ~:..t:::-8pe :!:--.:: .J.::cut. 
5, 000 :-!W in t:i.e rest of the ·,;or .!.d. 
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~:i:::~:a=icn programs~ & D and market introduction. 

The ~resent ~ind turbine technology is the result of 
an effcrt of 13 years. From 1973 the national R & D 
budge~ for renewables increased dramatically. 
aetwee::. 1973 and 1979 the R & D activities were in a 
defi::.it.ion phase development of data bases .md 
r:tetl":.c::clogy, i::tple:::-.ent.ation of R & D programs and 
deve:=~::ient and de::tcnstrations of components and 
syste:::s. 
In t~e 1930s :::ore se:ective and Nell-defined 
prcg~a:::s were carried out and a shift of govern
~enta: granting to ~arket introduction ~as 
obse::-•1able. 
Fig ~ shows the development of the total R & D bud
gets ~~::-ing t~e years. [ 4 ) 
In =~e U.S. tax incentives created an explosive 
grow~~- In Denmark the rnarket developed rapidly 
after legislation changes which resulted in 30% 
subsi~~ on invest~ent costs. 
This subsidy is te:::-:::inated now, but other ::neasures 
are still present as favourable pay-back rates ( 35% 
of ~~e cor.sur:ter rates), excernption from electricity 
tax =~i subsidy on grid connecticn costs. 
In t~e ~et~erlands a!so subsidy on investment costs 
is g~~en (50% in 1936 declining to about 30% in 
199~;. In Ger:::any Hind turbine owners received a pay 
back ::-ate which amounts abou~ 95% of the consumer 
rate =~d also this ~a::-ket is developing very 
rapi:i:::•. 
Alsc ~~e c~c has various stimulation programs, both 
direc~ed to technolcgy development and marke~ 
in~=-==~ction. The res~lts of these stimulation 
meas~=~s a== clearly visible. 
The .:..::s~alled ca?aci~:r grew up to 1950 =-rw in the 
Wes~==-~ ~urc~ean ccunt::-ies and the U.S .. 
The ;e=:cr~ance of ~je machines ~as improved ~ith 
t'.:":e :ac~c= 2 ti!l 3 (see fig. 7, explana~icn see 
sec. 3 . 3 . 1. ) 
The a~ailabi!ity of ~~e best turbines increased from 
60% ~::.1 95% (see fig. 8). 
The :::-.a.chine costs decreased from 3000 $/kW in 1981 
t i 11 3 0 0 $ / ':< ;.; i n 1 9 3 7 ( see f i g . 9 ) . 
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The development of the perfor~a~ce factor of wind 
turbines. [ l ) 
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Const=aints and_ possible solutions. 

Although not very much developing countries are 
considering i~plementation of large wind f ar~s 
(exceptions India, China) on a short ter:n, it is 
realistic to assume that these countries Nill apply 
this option within 30 years. 
In t~e study ( l ] a significant part of the 
pote:::tial for the year 2 02 o is located in these 
count=ies. 
For t~e western industrialized countries other 
const=aints are present than in the developing 
count=ies. The ~ain problems for the industrialized 
count=ies with implementation of large Hind far::is 
are: 

1. The price of wind energy is in certain areas 
competitive with conventional generation, but 
in large parts of Western Europe it is not. 
Countries like Denmark, The Netherlands and 
Germany will need therefore continuous govern
:::ental sucoort for further develocment of the 
:::arket. The wind energy generation.costs amount 
i~ these countries about S 0.10/kWh. The avoi
ded fuel and capacity costs amounts about 
S 0.045-0.05/kWh. 
"!'!1ese figures should suggest that: :..,,ind energy 
is in these countries far from economically 
~-:t:::-act.:.·.;e yet. 



2. 

~awever, in t~e calculation of the avo ded 
costs no ?alue is attributed to the avo ded 
~~issio~s cf sex, ~ox and co2. 
Several st~dies are carried out to auantif~ 
~hese costs and ct~er hidden external co~ts. -
~he results of [ 5 } indicated that the 
difference in external costs for e:ectricity 
~enerated ~y conventional olants and electri
city generated by :.;ind turbi:ies ranges bet.-een 
0.05 - O.J9 $/~Wh. 
So wind energy is one of t~e cheaoest Navs cf 
:nergy generation tcday, also in regions - 'N'i th 
~aderate wind speeds like Denmark, Ger::ianv and 
the Se1:herlands. -
:n order to avoid delay of the market develoo
:::ent of ·.wind ener;y it is necessarv to =i.:.ke 
clear Nhat the real costs of conventi;nal ~ 
generation are. 
The external casts have to be implemented in 
che genera;:ion costs as taxes. Carbon tax is 
already i:i discussion in several countries. 
~owever, no ~echcd is at this ti~e available 
and accep;:ed to calc~late these costs. 

In the densely populated Western European coun
tries constraints with respect to environment 
and physical planning are ~trongly felt. 
?ram the environ~ental point of view noise and 
bird life interference are the issues as ~ell 
as visual impacts. Investigation on bird life 
interference does not reveal dra::;iatic results 
so far. 
I~ appeared that the collision risk per km far~ 
length is in the same order as ::iotor;.;ays and 
one tenth of the risk involved with high volta
ge trans~ission lines. Also loss of bict~=e 
seems to be very li~ited. Nevertheless further 
investigations are necessary to conf i~ these 
early findings. 
~oise is probably the most severe limitation in 
densely populated areas. 
The development of silen~ ~ind turbines is 
the ref ore one of the mai:i issues i:i the ::ianu
facturer' s development prograns. 
Visual i~pact can be di~inished by proper loca
tion selection. Large scale industrial areas as 
~ell as large scale agricultural areas seem to 

:..ine set-ups generally a:::-e appreciated bett:.er 
-::,,an clus-::e:-5. 

• 
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?::vsi~al ;ilanning proble~s are felt .!..:1 diff.:..
c~it =rcced~res for buildi:1g oer~its. ~ew 
:.egis:a-cion is needed to force physical plan
~:~g =~~~ori~ies t~ adapt ~jei~ i~fra s~~uc~ure 
~~ i~cl~de Hind power. 
=~ t=-:e ~ean -ci::te convena~ts should be es'Ca
=lished. 

Fe~ ::::: developing <...:cunt~ies t:he :l!ajor const=-ai:i~s 
~it~ respec~ to t~e dissemination of ~ind far~s are 
lac~ cf funds, lack of technolcgy and lack cf indus
tr.:..a: infra structure for production, ~aintenance 
and f~rther development. 
3esi.::es the constraints which are ::tentioned to be 
f e.:-:: ~y ~~e indus'C:::-ial countries are :nore or less 
app:icable . 

In =Y view nex~ steps have to be taken: 

1) ~s'Cablish a central project guidance and 
eval~atio~ organization. 

2) c:ea~ ~p the project development obstacles; 
establish pay-back rates, solve proble~s 
related to land use regulations, licensing. 
Shor~ly show a ~arket perspective en t~e 
sher~ ::un. 

3) ~stablish joint ventures or other collaboration 
structures between local industries and foreign 
i~dustries which have the technology for struc
t~ring local production, maintenance and 

4) 

further development. 

~~tab~ish partnerships for project financing, 
:::ake ~se of the foreign industries involved as 
an inter~ediata fer financing and their 
;cver~:::ental and community export sup9ort and 
f~ncs for developing countries. 

Tra~sfer of tec6riology is also a proble~ in the 
ind;.;s-::-ialized countries bet;.reen the sci~ntif ic 
research i~stitutes and the ~anufacturers. The only 
feas.:.::,ie ·,.;ay t.o solve this problem appeared so far 
to :::e s-ci~ulaticn of collabor~tion of both ;iart:ies 
in c=~c=e~a projects. The real value is in the 
peop:e, not in books and r~ports. 



Reg::::a: and ~ini-grid applir.ation, #ind-diesel. 

SJ ~a:- :ict very much has been said about t~e s~all 
s..:a::a a~plication for regional and ::iini-grids and 
· ~::~-diesel, the latter being very interesting for 
re~c~e cc:::=tunities and villages. Only a few numbers 
of ~/J sys~ens is installed so far. No numbers are 
knc· .. -~ •..rit~ respect to the :::iarket volume. 
I:t .!..:-qen~:.na l. 1 ;ni.:J. people ·..rill not ever have a 
;:or:.::=c~i.on to the grid due to the hiqh connec~ion 
cos~3 in ~~e re'!':lote areas involved (especially 
Patagonia). With no other ~eans of electricity 
generation these people #ill ~ave out of these 
areas, which will lead to desertification . 
. :\lso Af:-ican count!'."ies and vast areas in Easter::i 
Europe ~nd China ~ave large. ~arket potential as ~ell -~ 
as ":.::e island regions of Asia. 
The =ain ?roblem in the dissemination of W/D systems 
is ":.::e peer natching of electricity consumption 
c~a:.~ly :.:i the evening hours} and #ind availability 
c~a:.:ily c:.-day) . 
Wi~~cut s":.~rage facilities t~is will re~ain ~he :::iost 
i~;c:-":.an~ constraint. 
F'..!:--:.::er ;;:-C'ble'!':ts involved ln the dissemination of 
W/J systa=s are lack of funds and the new technology 
invc~ved. 
The ":.er:::i :tew technology does not concsrn new co~po
ne~":.s, =u":. di:::iensioning and configuration of stand
ar:: cor.:;:c~errcs for a design, . ..,.hich is t:he best fit 
to -:.::e local conditions (#ind speed distribut::on, 
lea= dis~~ibution, etc) . 
T~esa 3~~~dard components however need an industrial 
env:.:-cn~=~t ~hich is in ~anv cases not present. The 
sa=e ~rc=:=~s as with .. ind far~s can be pointed out. 

The ::::.; is preparing a guide book abcut si~ing and 
inp::a~er.tation of W/O systems and the C£C is funding 
the development of a soft;.rare package, with wnicn 
the econo~y of systems for various local conditions 
can ~e i~vestigated. 
Furt~er dissemination can be stimulated by the same 
measures ~hich are mentioned with respect to ;.rind 
f ar:::s. 
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Assessment of •ind ~nerqy utilization. 

Alt~ough in the for~er session some figures are 
already oresented, in this session the assessment 
wil.!. !:le -considered in nore detail on the basis of 
the s~udy [ l ] . The results are valid for large 
sea:: grid-connected application. 
In ::g. :o t~e ~ethodclogy of this s~ucy is 
sche::atized. 
The several s~eps will be considered below: 

Idc:m:ifv wind resource: 
Divide. inco 3 classes 

Estim:uc: wind power c:ip;icity 
md production 
• c;ip.ic1ty 1/3 MWJkm! 
• produc:::on: 3 clJ.S.SeS 

favcstig:11c: resources 
- rc:!i:ibiliry m:ilysis wind d:ic:i. 
• cnvironmc:nt:il con~:i.ints · 

e.g. blowing s:irtd. icing e:c. 

Idanify dcctrici;y 
consumj'.!lion 1987 

Estim:uc: electricity 
consumpuon in :020 
( =d. cons. :020) 

favcs1ig:i1c c!c::triciry 
1 producuon sysccm j 

• ne~ for c:ipJCi1y cxp;insicn 
• size: oi lhe svs1em I 

I • 

Esunu1e wind power 
gcr.er:iting COSIS :ind !heir 
dcve!O!Jmc:m un1il :!OW 

C.;ist compmson: 

Estim:11c (lung Run 
:0.fargin;aJ) Cos1 
for clcctrici1y production 

. ..,and c:nc:r;y 3nd ccnvenuon:iJ c!::::rici1y gcnc:r.uion 

F1vorablc I 
'-':en pc:::c:cr:ition I 
>!0% oi cl. cons. 19117 
<IO% oi el. cons. :o:w 

I 

' Brc:!lc--:vc:i I 
ihen pcnccrauon 
r-10% 

fcl.cons. 1981 

'f . I' .:t:gt:iJl , 
ihcn pcnecrauoni 

10':0 i 
i el. cons. : 93-:l 

Compmson: Re!;Ourecs ltld Elec:nrnv Gr:d 

l . no . ..,ind power pc:neir~11on . ..,hen ;nd <50 :O.IW 
· climan:iie resoun:cs when distance :.50 km from ;;nd 
· rcsincc wand power pt"ncirauon 10 poicnci;aJ wmd rc:-.ourcc 

!nvc:;U~Jrc tcnctr~lJon ::1~urc:; "NU!J r:~ud :\>: 
· "1C:o-cconom1c l.~pcc~~ 
· rcruhs o( >pc:cilic coumry s1uiJ1cs ( 1f Jva1iablc) 

C.mmry rc~uil: wmd power rc:ncrr:umn i:1 ~o:o 1 
---~~~~~~~~~~~~~~~~~~-_____,, 

.-l.'"! cutl f..--:a of t.l;a .":let.~odology used to identify the 
Ni~d power penetr~tion per country !or the year 
20.:!'J. 
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The #C~ld's ~esource of wind is indicated at the map 
prese::-:ed in I: ig. .;.:>. This map was conducted by 
Paci::c ~or':h#es~ Laboratory, U.S. and based on data 
fror.i = 6 1 . 
Fron ~~is study it can b~ estimated that 25% of the 
ear~~·s land surface (= 0.25xl20 lliillion lGn2) is 
expcsed to an annual ~ean wind speed larger than 
5.1 ~;s at 10 ~ above the surface. 
With ~he assu~ption that about 0.33 :-!W wind turbine 
capac:~y can ~e installed per km2 with an estimated 
aver:se production of 2,000 MWh/MW/year, the global 
potential on shcre can be estimated at 2. 3 TWe Pith 
an i:!stalled capacity of 10, 000 GW. For comparison 
the ·..;orld' s electricity consumption in 1987 was 1 
TWe. 
In ta~le 3 a specification is given over the six • 
cont~::ents of the 30 million krn2 which is exposed to 
wind speeds higher than 5.1 m/s. 

i 
i 

Continent i Class 5-7 Class 4 I Class 3 I I 

i 200 : 
I 

3.350 ! I ... ~~o I ! 
Africa ' 1%: 11% i j•'-" : 12% 

i I I 
850: 

' 
Auscralia 550: 5% ! 400: 4% i 8% ' ! ! 

i i 

1%: 450 I I ' Asia 200: "'7cJ I I.550 i 6% I -· I ! 
I I 

15% i t.150 I 8% ! 
I ' Nonh-Arnerica I 3.350 i ..., --o ; 12% ..-,J J I 

I 

950 ! s50 I 5% I 'l,400 ~ 
! 

South-America I 5% I 3% 
' i 
I I 

10% I 2.150 I 9% I - i i 
Europe including ' 3.100: 3,J50 j 12% 

' 
USSR&Greenland ! ' I ! 

i ' : ' 

9.550 I ' 
Total i S.350 i 6% i 7% i 13.650 i 10% : 

I • 
Table 3 : The world's resource of wind energy. ( l l 

Class 3 annual mean wind speed between 5.1 
and 5.6 m/s. 

Class 4 annual mean wind speed between 5.6 
and 6.0 m/s. 

Class 5-7 annual mean wind speed between 6.0 
and 8.8 m/s. 



• 

-21-

Electricity production and long rL~ =arginal costs. 

The ~lectricity consumption is identified in the 
several regions and the expected ann~al growth is 
estimated. On the basis of these figures the 
electricity consumption in the year 2020 can be 
estimated. (see table 2) 
From ( 7 J the marginal costs of elec~ricity 
generation are derived as may be expec~ed in the 
industrialized countries. (see also fig. 11) 
No capacity and emissions savings a .... a included in 
these figures. 

In [ 8 ) the long run - Jina! costs of future 
plants in developinc are given. T!:e results are 
presented in table 4 . 

Wind power generation costs. 

The costs of electricity produced by ~ind power has 
been subject of many studies (e.g. 7, 9]. 
From this studies it can be conc:~ced that wind 
power generation costs amount 0.04-0.07 $/kWh at 
sites with a mean wind soeed of a. 5 -::i./s at hub 
height and o. 06-0. 10 $/kWh at sites ·,.ri th a -:nean 
speed of 7. 5 m/s at hub heig .. 1t and a. 07-0 .12 $/kWh 
at sites with a mean speed of 6.5 m/s. 

Also the development of these costs is iwportant to 
consider. From ( 1 J it appears t~a ~ a reduction 
with about 30% can be expected in t~e ~ex~ 20 years 
and with~about 10% in the period 2010-2030. 
The long run marginal costs of ~ind e~e~gy in 
developing countries is derived from : 3 ) and 
presented in table 4. 



LctYCcfF:.::;. .. !..RMC oi ·nir.c ~ascr.ai :ircfile :-:::e ci Q:;y 'Ii !"C '!f'r.;f 

~11.aiP.a.~1 E::1119 :ire=:. 

~lly ;S.1"Wh,. ($.\Wh)". Ma~ Ucrdl Yc::i 

.:.~anw 0 G&-O.C8 :1 ,, o.~.2t Yes "f~ t!~.;:Aa, 

! ' i I I i B:mf I 0.04-0.08 O.l~.23 No Yes \ ~ 
' 

I I 
I i I I I I C:ile 0.1~..20 o.~.23 Yes Y!IS Yes I I I 
i ! I I I 

j 
I China O.l3 0.04-0.23 

I 
Yes 'fas ! Yts 

! ! I I I :I 
CQlombia 0.~06 0.1~.23 ! No '!'es I ~ ., 

I ' ' I 
' I ' I 

I Costa Rica I 0.03-0.06 0.12 I Yes '!'.?S ' ~ 
,, 

I 
I I 

! I 

i I I I ,j 
cypus O.!O 0.15 Yes Vas i Ur.nQiy 

i 

' E;ypr I 0.~07 ! i Yes ; : 0.1~18 Y.?S t,;.·.iiaaiy 
I ' I 

!nciia I 0.15 I 0.09-4.23 I Yes Yes I Yes 'I i 
I I 

' I . I ., 
I Jamaica I 0.~0.12 I 0.09-4.10 i Yes 'f~ ' Yu 
i I ; 

!!~-~---------Jon!an 0.09 O.lO Yes v~ 
! l~ 

Kar.ya ~-~-:9 0.!3-C.!9 '!'lS v~ ~~ 

Maurnania 0.15 o.~~-~~ YIS ·•es "fas 

Moioc::D i 0.06-C.12 0.~01; Yes vlS L'<e!y 

PU:s:.it O.C&0.12 C.~.~O Yes -~iS :.. .... y 

?9111 o_~cg 0~0!5 Yes "';s •:o 

Petti~ 009 o~o:s 'f~s ':s :.:·. •eiy 

Romar.ia 0 CS-0.12 O.C.:-C. !3 '!'es ·~ 'f~s 

Sri Lanie ;J~0.13 O.!C-0 :s 'fas ··-;s ~c •e1y 

Syr.a 0 CS-J. ~2 :.:; .J. ~J 'fas ·-;s Yes 

T~ ! 0.05-J.10 0 c.3-0.C9 Yes --~ 
._..,., 

T\ll1is~ O.Oll 0. !S-0 21 Yes -~ 
.., 

T~ey ;)07 o ~J.o n Y95 'H •:o 

Ur,;;uay -~OS O.C7 'fes ·~ 'le 

Venez:ie1a OC& C C7·1 a ~'° ''-!S ~~ 

Yemen. Ar.ID 0 C&-0 ~ Olli Yes ~., 

;j_ --------
-~ 

Yemen. P D.R. C.11-C 22 0 =7-.J 23 'fas ·~ Yes 

!Jmoia Jc.& 1:5-02:3 'f~ -~ ''° 
l:r:»=-• J.':!5 c .• 

-~ Yes ·~ So 

• The LR.\fC rznges prc:saued ~bove for the fun;re ml.J';in~ ;ilr.: ;:ire~c i:~J.Live leis: cost upmsion 
~Luu. u ;t cl.-::Ct ~ conc~:..:.s;·.eiy l!c:!ermi..~e.d · .... nic!': c=1:;:.t..~11:r. ~·•t~ ·.w1~: :-c: ·~I.!~ ::! :i'-.c: :·-t~:e. 

Table 

The ~l?lges ;::reSC':'l:.c.d :or :.":e LR~fC .1f . ..,,.,.! ~cc1c:..~ :::-::·•:.:~ ·w::-.; 0 :i::.:ns .,.,:.'! .!::'!'::-::ig ·.vi-::d 
re.sources. 

' : ' cf 

• 

• 



• 

:..u 
0 
(.) 

-:3-

Cost compar L~on. 

From fig. 11 it aooears that at outstanding wind 
sites the economic cross over occurs in 1995 for gas 
displacement and in 2020 for coal displacement. 
However, it must be kept in mind that in these 
figures the capacity credit and environmental 
benefits of wind energy have not been accounted for. 
From table 4 it can be seen that wind power is 
favourable right now for some countries, but will 
stay unfavourable in other countries for a long 
time. 
For the esti~ation of wind power penetration in the 
year 2020, three classes of penetraticn are 
distinguished, viz. 
- A penetration between 10% of the electricity 

consumption in 1987 and 10% of the electricity 
consumption in 2020 in favorable si~uations. 

- A penetration of 10% of the electricity 
consumotion in 1987 in break-even si~uations. 

- A penetration smaller than 10% of ~~e electricity 
consumption in 1987 in marginal situations. 

Gas 

. --- 3 ·--•.. ~---:-__ -
L-------~-=-=:--:::: - ·----, 

2 T Coal 
i A, D&O intensification! 

oL T 
1990 1995 2000 2005 2010 

Year 
2015 2020 2025 2030 

Fig. 11 : Compar_.;so.; uf COE (cost of electr.::;_it-y) · · 
~ ~ pr0Ject1cr.s 
... or :.v1.;d electric_;t'I "roc···c· 'or. -"'st,.. . :;; .... .__ . _...., ., versus =uel 
and •.rariable o & .'1 co-== .. ,. "'or --.- .. -al ., _._..., - ··'"'~-'..:. gas an coal power plants. [ 7 J 
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Grid intagration. 

Wind energy is an intermittent power source. Other 
conventional plants or storage fa.;ilities ~ave to 
deal with thesP variations. 
Several studies are carried out regarding this 
problem and to identify the penetration level which 
is possible in grids without storage facilities. · 
It appears that generally no severe problems occur 
with a penetration level of 10% of the electricity 
production. For systems with a lot of hydro power or 
storage facilities this level can b~ even higher. 

Other aspects concerning grid integration are: 
the existing capacity must have a certain size,._ 
as a minimum 50 MW is assumed, which means that at 
this moment some developing countries are not able tit 
to integrate wind power. 
the distance of the resource to the grid is also a 
limiting factor. For the estimate of #ind 
potential in the year 2020 a minimum distance of 
50 km is assumed. 

Socio-economic aspects concerning the introduction 
of wind power. 

Socio-economic factors also deter::iine the develop
ment of wind energy. In a study about the market 
potential for developing countries [ a·) these 
aspects have been divived in technical, institutio
nal, financial and potential market factors, ahd all 
developing countries were ranked according to these 
factors, as shown in table 5. 
For the purpose of estimating the amount of wind 
power installed in 2020, these factors are analyzed 
and their possible influence en Nind power penetra
tion for all countries. A brief description of these 
factors will be given here. 
Technical factors are, for example, the dVailability 
of reliable wind resov=ce studies for a country and 
the confidence in these resource studies. 
The actual decision on the realization of a wind 
far:n in a specific country can :"lot be based on a 
global estimate of the wind resource, such as used 
in this study. 
More detailed analyses of the Nind resource per 
country or region have to be nade. 
This can be very difficult because of a lack of data 
or methods to describe the wind cl:~atology. 
Almost all developing countries do not have t!iis 
information. Therefore the Nine regi~e has to be 
studied in more detail before a decision about the 
exploitation of wind power can be nade. 
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Another technical aspect concerns the environmental 
conditions. There are <..reas that :;nust be excluded 
because of non-favourable environmental conditions, 
such as extreme low or high temperatures, ice, snow, 
wind blown sand and airborne salts. 
For example, in Morocco there is some wind potential 
inland but it is unlikely that in this region wind 
turbines will be installed because of the large 
content of wind blown sand in the air. 
Especially in industrialized countries other 
environmental aspects connected to the use of wind 
turbines·raight influence the potential of wind power 
also. 

The development of wind power is restricted because 
of noise probl~ms, telecommunication interference 
and bird damage or hindrance. • 
In the calculation of the potential of wind power 
for the year 2020 these 'technical constraints' have 
been taken in to account in a global way. 

Institutional factors include the following 
elements : 
- government programmes for other renewables, 

cogeneration and energy saving; 
- government ~rogrammes for wind power development; 
- trade ~elationships; 
- poten~ial for development aid financing. 

Of course the development of wind power will be 
strongly influenced by government policies concer
ning renewable energy, energy saving, etc. The 
estimate for the year 2020 is influenced by these 
policy aspects in such a way that countries •;1ith a 
strong stimulation programme for wind energy will 
realize a greater amount of wind pow-er than other 
countries. Trade relationships and potential for 
development aid financing are evaluated in [ 8 ). 
!!1 ~hi!:: z~udz .. c~unt.~i.es have been :--unJ~ed according 
to these t~o aspects. This ranking has been taken in 
to account in the evaluation of the amount of ·.vind 
power installed in 2020. 
Financial :actors include potential for commercially 
financed ~ind energy program.mes, the tariff 
structure of electricity pricing, subsidies on elec
tricity prices, dependence on fuel i:::iports and the 
variable costs of the utilities. These aspects are 
evaluated ~y ranking =~e countries. 
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Potential ma1~et factors included aspects like: 
is the potential for wind capacity large enough to 
expect economies of scale, is there a need for 
additional electricity generation capacity in the 
near future, are there local incustries involved in 
wind energy and are there enough trained people to 
realize wind farms ? These aspects have also been 
evaluated by a ranking system. 

Wind power penetration in 2020. 

Having carried out all above mentioned steps and 
weighing the penetration levels on the bases of cost 
comparison and the socio-economic aspects the total 
penetration for the year 2020 can be established . 
The results are presented in table 2. 
The total projected wind capacity amount 450,000 MW, 
which produces about 930,000 GWh. 

Small scale aoolication. 

Only rough figures are available on wind pumps and 
battery chargers. In China 196 million farmers and 
herdsman live without electricity supply. 
In Inner Mongolia about 83,000 battery chargers are 
in use by herdsmen and in the rest of China about._ 
20, 000. It is estimated that in China among these 
farmers and herdsman who lives in area with a 
reasonable wind resource, there is a de?nand for 
1, 000, 000 of these bat::ery chargers. 
Using this figure for China as a rough estimate for 
the world it can be expected that the tot.al :::iarkec 
volume amounts about 2,000,000 units, which means in 
the coming 20 years 100,000 units/year. 
A same approach is also valid for wind pumps. 
A conservative esti~ate of the total wc~ld's poten
tial results in a figure of 100,000 units/year. 
The total capacity of these systems is negligible in 
comparison to the projected large scale application. 
In 2020 bet\Neen 200 MW and 500 :1W is ·,;orld wide ex
pected. 
As already pointed out in sec. 1. 4. r.he market for 
W/D systems seem to be vast. Ho~ever ~o figures ~r~ 
icnown. 
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Wind turbine technology for large scale application. 

Introduction. 

The complexity of wind turbine technology has been 
strongly underestimated throughout the past 20 years 
and sometimes it still is. 
"Building a windmill : that can not be very 
complicated", was often said and even r.tora often 
thought. 
"What is a windmill at all : a rotor a::d a 
generator, and eh ... Oh yes, probably a gear in 
between and eh ... O.K. a pile to mount ::he thing 
upon. Eh ... may be a housing around ge~erator and 
gear is not a bad idea, but that's it. 
What .•• ?What about directing into t~e wind? Well, 
that complicates the thing may be a ::ttle bit, but: 
the ancient mills have been in ooera:::cn fer centu
ries; with modern knowledge it can!'!c:: be difficult 
to design a thing which is much more ef~icient." 
So after 1973 a lot of small entrepre::eurs started 
enrapturedly to build small windmills. ~nd got 
problems. The things did not func::ion ?rope=ly. 

After some minor modifications they still did not 
function properly. After major mod:fications the 
things started to work. But then blades began to fly 
around, generators burned au":., gears and bearings 
were destroyed. In some cases the ~~cle thing came 
downwards. Then new entrepreneurs came into the 
field; headshaking they observed the ~ess which was 
left by these· dummies and they started anew. 
Not those silly small mills, but: la:::-;er ones. They 
certainly not would make the faults cf these stupid 
predecessors and would approach the t~:~g prof es
sionally. 
Sophisticated ~ngineering tear.ts we:::-e put on the 
design of larger machines. And fai:ed. The wind 
turbines were too expensive, they cEi not function 
properly, blades flew around, generat=rs burned out, 
gears and bearings were destroyed. 
This story can be extended till ~o~a~~ys. ~xperien
ced :nanuf acturers are just able to ::uild reliable 
and cheap wind turbines with a capac:::y of 250 -
300 kW (however maintenance is s~ill a ~orrying 
aspec~), they are care!ully lco~~~g a~ 5JO kW 
rating, ~hen CEC is jingling ~i~h a =a~ of ~oney for 
the developmen~ of 1 ~~ windturbi~es . . . let us keep 
silence a.bou~ ~he multi MW ::1achi.:-:es ·.-:::..-::h are built. 
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Three problems can be pointed out regarding wind 
turbine technology : 

1) 

2) 

Although the market is growing, its volume is 
still insufficient for manufacturers to ~ain
tain a development team which is big enough 
to make real progress. Collaboration with 
other manufacturers should be the answer, but 
since technology is the only added value for 
manufacturers, they do not like this answer. 
The start of this new technology ~as 
characterized by a technology push situation·, 
where scientific institutions received govern
mental funds and formulated thei= own research 
programs. They were very much interested in the 
scientific aspects and in work over the fron
tiers of knowledge, whereas the starting manu
facturers stood with their feet in the mud, 
struggling for survival. As a result the trans
fer of ~echnology from the insti~utions towards 
the manufccturers was in the sta=~ing phase 
very poor. This situation has been improved 
considerably by collaborati~n of institutions 
and ~anufacturers in concrete projects. 
Moreover wanufacturers are ~ore often involved 
in decisions regarding governrne~~al R & D 
prograns. 

3) One of the most important issues in a learn
ing process is repetition. 3y repeating things 
over and over one learns rapidly. 
In wind ~urbii~ technology development gener
ally the funds lack to do that. 
Generally after one design-loop· a prototype is 
built and often sold to an interested party. 
In fortunate cases the rnanufac~~rer can gather 
some experience from this prototype before he 
starts building a serie, if he c~~ains an order 
for a serie at all. !f his cc::;ietitor in the 
mean tir.ie developed a bigger ::achine he will 
loose the competition, so the ::a~ufacturer goes 
back to the drawing table to .=evelop an even 
bigger ~achine. Meanwhile an i~c=easing part of 
his engineering tean is on t::.e road, solving 
probl~ms ~ith prototypes. 
This way of development is very :.neff icient by 
lack of learning ef fec~s due to :ack of 
repeti~ion. 
A manufacturer shculd be ab:e :.= design a 
prototype, :.o :::ui ld l:., to ge:. exper :.ence, :.o 
go back to t!':e dra!,;i;ig table, :.~ redes:g:i -=::e 
machine, to ~edify t~e prctcty~e, to ge~ expe
rience ~ith the ~cdit:.ed protc:.ype, to go bac~ 
to the dra~inq taole, etc .. 
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After having established the design in this way 
he can sta1~ building a first serie. After 
having gathtred ex?erience with this serie he 
can s-cart buiJ.ding bigger numbers of units and 
he can carefully look at up-gradi~g of his 
design. Each up-grading step has co pass the 
same procedure. 
Manufacturers do not follow this proper way 
because they are afraid to loose the market 
when they are developing and they do not have 
the funds. 

Resuming it can be concluded that the complexity of 
the technology must not be underesti::nated and that 
all parties in and around the market must be aware 
of their own role in an efficient development 
scheme: 

Governments and pr~ncipals generally tend to ~ 
underestimate the complexity and demand fer 
technology which is not mature ye~. These 
parties are i~portan~ for creating rest on the 
market and to stimulate greater volumes of wind 
turbines, which proved to operate relidble: 
this generates the cash-flew ~=eded by the 
manufacturers to finance further development. 
Moreover govern~ents have to ensure that ~anu
f acturer s are involved in the development of 
R & D programs. 

Scientific institution should inform themselves 
about the real proble:ns which are encountered 
by the manufacturers and try to give answers 
which can be undersccod and appli~d by the 
!:lanuf acturers . 
Manufacturers should collaborate ~ore in 
development and have to make mutual arrange
ments with the purpose to obtain rest on the 
warket. 

Where is the technology located and in #hat 
structure is it applied ~ 

The technology is ~ainly located at the ~anufac
turers. Detailed knc#ledge of spec::~c areas is 
present in the scientific ~ & D i~stit~~ions. 
Wind turbine manufact~=ers generally ~c net actually 
produce components themselves. 
Sornetines the manufac~~re= ?r~duces ~is c~n blades, 
but masc ~anufacturers purc~ase all c==~cnent3. 
That means that the added value of a ·.yind turbi:--.e 
rnanu!acturer is his syste~ %~c~!edge a~d so=e ac~i
vi ties like assembly, erection or. t~e site, co::un
sioning, ~aintenance ar.d p~oject~anage~enc. 
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Roughly the wind turbine price is built up as 
follows 

69 % 
2 % 
1 % 
1 % 
5 % 

22 % 

purchase components 
assembly 
transport, erection 
commisioning 
project management 
R & D provision 
warranty provision 
commercial costs 
risk / prof it 

-3!-

Specific cccponent know-hew must be found at the 
sub-contractors. A very intensive collaboration 
between ~ind turbine manufacturer and ~is sub
con~rac~ors is required, because none of the compo
nents is standard and needs wind ~:!rbine aoolied 
development (even fer a generator t~is has ao~eared 
to be necessary). ·• 

Present technology characteristics. 

Wind data. 

!<nc·.wledge of wind characteristics is indispensable 
for predicting the energy yield and t~e economical 
:feasibility of possible sites on the one hand; on 
the other hand it is necessary for the prediction of 
turbine loads. Wind maps are available of the E.C. 
countries, the U.S.,· Latin and Ce~tral America, 
China, Peru, Egypt, Somalia, the sa::el countries, 
Ethiopia and parts of the u.s.s.R .. 
Also a world map is available. These ~aps give mean 
annual wind speeds in a very global ~ense and they 
are suitable to locate rec;ions, whe::e wind energy 
can be feasible. For the prediction ~= •ind turbine 
energy yield such maps are i~suff iciP;.~. 
Also knowledge of the distribution of ~ind speeds is 
needed as well as information about ~~e wind direc
tion and the relationship of ~ind spee= with height. 
T~e dist:::ib~ticn of wind S?eeds is -~~ate dependent 
and is often sche~atized by a Weibull-~istribution. 
Fig. 12 shows sane examples. 

--------------------------~~~~~~~~~~~-
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The relationship of wind speed wit~ height is a 
logarith~ic one. It depends on the su~:ace roughness 
of the up Ar ind areas, so the dist::-:..::ution of ·.;ir.d 
direction ::::iostly represented in ·..rind roses must be 
known. If the mean annual wind speed, the Weibull 
distribution factor k, the ;wind rose and the local 
roughness conditions are known, the e~ergy yield can 
be calculated for given wind turbi~e types. Also 
regional and local resource ~aps can =e established. 
Cooputercodes to perfor:n t~ese ca:c~lations are 
amply available. Also codes for con;;:.ex accidented 
terrai~s are developed and give reliac:e results. 
Countries, ~hich consider application cf wind 
energy, but do not have a resource ~ap, have to 
per:or:n ;.;ind measurenent:s to gather data on ·.;i~d 
speed and ·,,;ind direction distributic:-.s as a firs-.: 
S't:ep. 
:or the analysis of the energy yield :: wind far~s, 
:a::-:::i efficiency l':as t:o i::e accou~t-:-:= :or .. Uso fc::
this purpose reliable conputer codes ~~ich take into 
accOl:nt t:::e wake effects i~ ";,fi::d far~s ~re 
avai~able. 
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:or the establishment of lo~i spectra the turbulence 
rate must be known, and the ~istribut~on of gusts. 
3oth deterwinistic and stochastic anoroaches are 
used. In the deter~inistic approach a ·gust is assu
r:ied to have a l - ccs relationshio ·...-ith time. The 
time scale of the typical gust is ~ependent on the 
rotor diameter. 
Mostly a limited nu::tber of gust classes is assumed 
and the frequency of occurrance is estimated. 
The theory behind this estimate procedure is known; 
in practice some modifications cf the spectra thus 
found are necessary especially in the high cycle 
low magnitude and low cycle high magnitude range due 
to rotating sampling of turbulence and extreme 
gusts. 

Turbulence ·bubbles which have as a characteristic 
dimension the rotor diameter or bigger dimensions, 
are felt by the whole rotor. Smaller turbulence 
bubbles are cut (sampled) by the rotorblades and 
give low ~agnitude high cycle fatigue loads. 
Gust spectra are ~::iown for the U.S. a:id the Western 
European countries. No information is available if 
these spectra also can be appli~d for ether 
locatior.s. 
Deterministic methods are widely applied and 
validated. 
Stochastic methods are applied on a sn2ller scale. 
The advantage of such methods is that ~hey provide a 
nore realistic gust spectrum. A disadvartage is that 
these methods can net be used with no~-linear 
behaviour like stall and control non-li~earities. 
Another disadvantage is that extre~e gusts which 
appear very seldom are not well accou~~ed for. 

Methods to account for wake effects c!1 ~ind turbine 
loads in wind farms are not very well developed yet. 

A lot of cocputercodes are available, ~hich all seem 
to prov1ce a reascnably realistic :cad spectrum 
according to the validations establis~ed so far. 
:·!ear. leads and perfor::iance as ·,;ell c:.s the fluctua
ti!1g fatigue loads are predic':ed ·..ve:.:.. For detail 
ana:ysis cf transie~~ responses t~ese ~odes are less 
sui~able d~e to t~e sche~atizatic~s ~ade in the 
calculation ~odels. 
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Most models are based upon a combination of steady 
blade element theory and si~ple ~omenturn theory. 
Generally 2-D blade section data are acolied and 
a 3-D tip-correcticn is used. In sowe~odes Viterna 
and Corrigan correction of 2-D data is applied. 
In most programs teetered or hinged blades can be 
accounted for. 
Comparisons of calculated and measured transient 
responses does not show a very satisfactory 
correspondence. 
Therefore further development of these codes is 
considered. Implementation of stall-characteristics 
(especially stall-dynamics) unsteady aerodynamics 
and wake induced effects are studied, as well as 
integrated models, in which not only the rotor 
characteristics are modelled but also drive train, 
electrical systems, tower and control dynamics. 

The tvoical 1991 windturbine. 

In sec. 1.4 the typical size is al::-eady indicated. 
In the U.S. the average unit s:ze cf ~ind turbines 
installed i:. 1990 was 160 kW. Also t::e growing trend 
is mentioned. 
Manufacturers are able to suoolv rel:able and cheap 
machines up to 250-300 kW. 
Machines with a rating of ~00-500 :.:-;.; are already 
built in small series, but these ~ac~:~es are 
generally more expensive per kWh. Sc :urther design 
work has to be done to obt3in the sa=e price level. 

How does a typical 1991 machine look :ike ? 

A difference is observable between 25C-300 kW 
I:la "lines and 400-500 ·kW machir:es i:: t!"le number cf 
roL.rblades. Most of the 250-300 kW =achines have 3 
blades, t.1e 500 kW designs tend t:o ::-.ave t;.ro-bladed 
rotors. 
Both pitch and stall-control is applied. The classi
cal Danish ~ind turbi~es all have stall-control. 
Blades are generally ~ade from glass fi~re reinfor
ced polyester. A tendency can be obeser~ed to apply 
wood-epoxy material for larger unit sizes. 
T~e electrical syst:e~ is ro~~st and si=ple: an asyn
chronous induction generator Ni~h cor.s~ant speed. 
The dri·;e-train .:.s :::.uil~ u;:; i:-i a :-::c:·.:lar sense, so 
upon a :::-igid nace.!.2.e fr-ar.'.e gear a:::: generator are 
:nnu:ited. In t=:e s::::al:er desig:!s t::.a ::::ain bearings 
are i:1tegrated in :~e gearbcx; i:i t::e larger designs 
a nai:-i shaft, which is separated!y s~;por~ed by tNO 
:.iai:-i bearings can ::e obser·;ed. The -::;;.;er is ::ylin
drical er conical. Truss to;.;crs arc s~~dom applied. 
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The nacelle consists of a rigid fra:e upon which a 
light GRP cap is wounted. 
Yaw systems consists mostly of a bearing with inner 
teeth in which a hydraulically driven ?inion is run
ning. Very often these systems are ;assive, i.e. the 
rotor directs itself into the wind and the yaw 
system is only with special conditions in operation. 
No yaw brakes are applied in that case. 
Pitch systems are, if applied, generally hydrauli
cally driven. Mechanical brakes are very often ~oun
ted at the high speed shaft. For the larger designs 
a tendency can be observed to mount these br~kes at 
the main shaft. 
Rotor hubs are rigid, also in the 500 kW designs; a 
single teetered hub design is known, but it does not 
seem to be cost-effective. 
The gear is mostly a robust parallel shaft type.. 
Planetary gears are not cost-effective in this power 
range. 

Scme desicrn details. 

~aterials. 

~s structural materials Nelded steel, GRP and wood
epoxy are applied. 
So::ie components (hubs for instance} are fabricated 
from cast iron or steel. 
?~e fatigue properties of welded ar.d cast steel are 
Nell known, even ac 100 million a~c one billion 
cyc~es. rhe knowledge of GRP and Nocc-epoxy fatigue 
characceristics ·.;ith high cycle nu:::-.be:-s is limited, 
but increasing rapidly. That is ~he reason that 
scmeti~es steel :-otcr blades are acclied. 
The disadvantage is, however, an extreme rotor 
weight, which has conse~uences for t~e di~ensioning 
of the rest of t~e turbine. 
Also t~e intarferer.ce with TV and ot~e= communi
cation signals is a disadvantage i~ ~~e application 
cf st~el ~acerial fer rotor blades. 
G~? and Need-epoxy ~aterials are c~rre~tly investi
gated regarding fa~igue as Nell ls s~r~ccural 
de~ails ~ade up frc~ these ~aterials. 
T~e price cf GR? and Nood-epoxy ~laces do not differ 
very ~uch in the ranges up to 500 kW (rotordianeter 
35 ::.) . 
;.;ocd-epoxy blades have 25% less ·...:ei~::t and it is 
expec:ed :~at, due =~ the :'.avcurable s:ecific 
f a:i.gue st::engch o: ·.vood-epcxy, ·..;:.. ::.:-: larger rotor 
dia;;-.et.ers this c1::erence in ·..;ei.;:-.: increases and 
ccnsequently the ~cod-epoxy blaces ~£=~~~ cheaper 
::i.an G~P clades. 
T~e ?reduction of G~? and NOod-epoxy r~t0r blades is 
~erfec::y suitah:e :'.er develcpi~g cc~~:r1es. 
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Drive trai~ set-u?. 

Mainly t;;o concepts are applied, viz. an integrated 
and a modular concept. In the integrated concept all 
drive train components are bolted together and moun
ted upon the nac~lle frame in one piece. 
In the ~odular set-up all drive train components are 
separately mounted upon the frame. In my view the 
integrated concept must be more expensive, due to 
more special components with high machining costs 
and less commercial possibilities to shop these 
components as standard components from many 
suppliers. Further=iore maintenance of integrated 
drive trains is more expensive due to inaccessi
bility. 

Gears. 

Gears are a source of anxiety. Due to the fluctua
ting character of the loading stancard gears show 
defects after a short period of operation. 
Special attention nust be paid to seals, shaft-wheel 
tolerances, lubrication, key-slots (fatigue!), rigi
dity of the housi~g, etc .. 
Moreover noise reduction measures have to be 
considered, like special grinding of the wheels of 
the last stage, special tooth sha~e, careful choice 
of the nu~ber of teeth of the last wheel, etc .. 
Planetary gears are rarely applied, due to the 
higher costs. 
It co1~ld be possi!:l!.e that for ;;ind turbines with a 
capacity cf 1 MW er higher planetary gears are 
advantageous. They proviae higher efficiency in 
partly loaded conditions, have less ~eight and pro
duce less noise. 

Generato!"s. 

~svr.ch!"or.ous ceneratcrs are ~est co~~o~lv acrlied. 
!;o. sta:-.::a!"d g~ne:::-c.-:or can be used. S::ecfal. attention 
l':as -:o :::e paid tc t!':e insulation a:-~c salt moisture 
!=!"Ct:ec-:.:..o:-:. The i:1sulation nust be :::-.:ther flexible 
to ~=eve~t c:::-ackir.g caused by ;;inding :cads. 
I!':e Ni~c turbine ge~e:::-ator is leaded .:..~ a very fluc
tuating ·,;ay. Not C:ily '.N'ind speed : :·.:ctuations are 
!:elt, :::;~..:: also a !"elatively large ~'..::::ber of starts 
and stc~s Nith pea~ loads are odd i~ ~ corn~on gene
rate!" a~p:ication. EY.tra supper: of -:~e windings is 
necessa?:"y. 
r::e as·;:-.chronous C"E:!ie?:"ator is :::e ::-: s-: chcice fror.i 
reliabi~.:.:y point~ cf view, because :.=:e ~achine is 
tig~t. s~~chronous generators have a~ ~pen structure 
a;.d ~us:. :herefore =~ dissuaded. 
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Steel structure nace!le and tower. 

These structures have to be dimensioned very care
fully on the basis of the load spectru~. 
The nacelle frame and some tower details (doors 
openings for instance) are often subject cf finite 
element calculations. 
Much knowledge is present with respect to fatigue of 
weldings and welding procedures are well-described. 
cylindrical towers are generally built up from 
plates with a width of about 4 m, which is the 
maxim\;Jll commonly applied roll-size. A lot of hori
zontal weldings in the tower is the conse<:TUence. 
Conical towers are built up with plates with a 
length of about 11 m which are composed in 12 or 18 
sides. Only one or two vertical ~eldings are neces
sary and the conical parts of 11 m are connected in 
a slip-joint. This seems to be the most cost-effec
tive way to manufacture a tower. 
Truss towers generally are cheaper, but less aesthe
tical and need more land area. 

Wind turbine control. 

From an operational point of view t~e best control 
is no control. An active pitch cont:-ol contributes 
in general for 15% in the total conponent purchase 
costs. The performance improvement amounts 5-10%. 
Blade bearings, pitch-mechanism, hyc:-aulics are the 
~ain components. Moreover a lot cf manhours are 
spent on assembly, testing in the factory, testing 
on site and maintenance. Therefore a ?assive control 
system like stall is very attractive. In the 100-250 
kW range most turbines arP. provided with such a 
system. In the 300-500 kW range pitch-controlled 
machines are more cotnr.ton. The reason is that the 
stall phenomenon is not modelled well in the common
ly applied _computer codes, so perfor.:iance and loads 
can not be predicted reliably. ~oreover dynamic 
problems are expected with large s~all controlled 
wind turbines. Further development en this point is 
urgently needed. 
Also the safety philosophy of large s~all-controlled 
turbines deserves further considera~ion, since no 
aerodynamic brake is present . 
. ~ddition of brake-t.:.ps to the blades is expensive 
and destroys a big part of the cost advantage of the 
stall-control. 
::i:n :r.iost wind turbine safety regula~.:.ons two safety 
systems are prescribed in normal operational 
conditions. 
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The grid keeps the asynchronous generator at a safe 
speed and ~ould therefore be considered as a safety 
system. However since grid failure is considered as 
a r.ormal condition, the grid cannot be considered as 
one of the two compuisary safety systems. 
On the other hand it seems very unlikely that in 
case of a wind turbine emergency both the grid and 
the mechanical brake fails. 
A development is observable to analyse safety on the 
basis of probabilities and chances and to leave 
these rigid rules. 

Present short-comings and related development. 

Technology develooments. 

Present technology suffers froo lack cf reliability 
and high maintenance costs and still tea high wind 
turbine costs. A lifetime of rnini:::ial 20 years has 
not proven yet. Moreover noise is a serious problem. 
From the availability data in fig. 8 it could be 
understood that a good reliability has gained yet. 
However, it must be pointed out that ~igh availa
bility often is realized by pernanen~ .?.~tendance, 
resulting in relatively high hlainter.a~ce costs. 
For this reason off-shore applicatic~s ~ust be 
rejected on the short run. 
Most technology development activities are directed 
to lower wind turbine costs and lower ~oise 
emission. 
Further i~provernent of performance cces not see~ to 
have big perspectives for the eccno:y :f wind 
turbines. Present availability is a=c~~d 95% and the 
performance factor is around 3.l. 
(performance factor b defined as E = =· V3. S, where 
E is the annual yield, V is the ~e=~ ~ind speed and 
S is the rotor surface) 
I:i fig. 7 the developrnent cf this f .?.ctor is shown 
during the past years. 
A :::iaxirnurn value of 3.5 can be cbtai~ed ~heoretically 
in the Western European wind regi~e. 
An inprovernent of perfor::iance ·,,ri t!"l 5 J % , as adopted 
i~ the recently presented U.S. ~i~d e~ergy progra~ 
( ll }, is therefore not realis~ic . 

• '!:... further de:cr'?!ase of wind tu:-bir:e ·::st.s is possi
ble. 
These reduction especially ~ust =~ :~und in nore 
efficient designs. 
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.i\s pointec out in ( 12 larger prcC.uction quanti-
ties does . ")t affect the ::ind turbine ~rice cor.
siderably, bec~use ~est of the conpc~ents are 
already produced i:i a standard wu.y. C:ily -:,;it:h real 
large productior. numbers (thousands per year) it 
becomes attractive to change these st:a~dard produc
tion methods by tailoring ther:t to the specific wind 
turbine components. This pain~ will be reached over 
10 years. 
Reduction of 20 - 30% seem to ~e possib:e then. 
In [ 12 J also application of adva::ced concepts is 
rejected as a way to obtain lower t-...::-bine pric2 on 
the short run. 
Bet-:,;een 5 and 10 year these concepts ;,;ill have 
reached maturity and will result i::-:. cost reduct.ion 
of 15 a 20%. 

On the short run clever designs of ~rcven concepts 
must direct to lower costs. In the range of 150 -
250 kW no significant cost-reductic:-.s seem to be 
possible. In this turbine class bett:er economy wust 
be obtained by i:nprovement of relia:=ility and low 
maintenance costs. 
In the range of 250 - 500 kW furthe= develop~ent of 
the design may result in cost-reduc~:c~ of 20%. The 
same price per m2 rctor surface is ;c~sible as with 
the smaller turbines in the =ange 150 - 250 kW. 
~urbines of 1 MW and larger are a :act:cr 2 - 3 too 
expensive as compared with the prese::t: 150 - 250 kW 
turbines. 
In ny view it is possible to develc;: _ ~-!W wind tur
bines with the same kWh-price as the ~resent 500 kW 
turbines and with the same technolcg~ ~it:hin 5 
years. 
Advanced technology can i~prove the ec=::cmy of these 
machines in 5 - 10 years. The res~:..~ is the same 
kwh-price as the present s~all turbi::es in the ran1e 
150 - 250 kW. 
Summarizing it: can ce concluded t:::~ the p!.""esent 
average ~ir.d turbine invest::ie~t c=s:s, ~hich are 
nainly de-:er~ined by the 150 - 250 k~ =:ass 
($ 800-1000 kW), will not decrease ve=~ ::iuch furt~er 
on a short: term. On the rnediu::i r~n l==;e :::iac~ines 
can be built witr, the sal:',e ir.·;est.::ien-:s ;:er :::i2 rotor
surface by i::iproveraent of the designs. 
On the lone run 35% econonv inorove~e::t: can be 
gained by Jc:1eape: r;-,ainte::1-::nce. (15"o) ::::: rnc!.""e effi
cient production ::7tP.thods (20%). 
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Develccnent subjects on the short and long run. 

on the short run the following subjects are under 
consideration: 

Further development 500 kW class by value-. . 
engineering and application of ::iore efficient 
designs based on the same concepts. 
Application of stall-control for larger unit 
sizes. 
Decrease of costs per kW by enlarging the rotor 
diameter at the same power rating. 
Noise reduction by silent components 
generator) and isolated mount~ngs_on 
nacelle fra~e and by applica~ion 
rotor blades. 

(gear, 
the 
of silent 

Safety philosophy by analysis in stead of 
rules. 
Further improvement of reliab.:.:!..ity by further 
developnent of components. 

Grading up the desig11s to 750 kW and 1 MW on 
the basis of proven technology. 

on the long run innovation of concepts can be expec
ted. In ( 13 ) the following subjects are 
raentioned : 

Hinged or flexible 
fluctuating loads 
structures. 

blade roots di::iinish the 
and can res~lt in lighter 

On the 1'"1ther 
for extreme 
high loads. 

hand provisions ::ave to be made 
excurs~ons, w~ich may introduce 

!ntegrated drive train arrange~ents are in 
[ 13 ) considered as raore cos~ effective which 
can be questioned. (see sec. 3.2.3.). 
Very fast partial span control ~hich is activa
ted passively by centrifugal or aerodynamic 
forces and which also reduc&s t~e loads. 
However, it is questionable if addition of such 
a system will decrease the overall costs. 
Soft tower design, which is already applied in 
sane present turbines. 
Variable speed electrical syste~, which 
pr~vides a soft coupling to tr.e ~rid, 
(lower loading) and better sys~=~ efficiency. 
Such systems like AC-DC-AC are already applied, 
but they are relatively expens~~e. 
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Wind pump technologv. 

The development of wind punps started around 1850 in 
the U.S. for domesti~ and livestock ~ater supply. 
The classical wind ~~mp is mature and reliable, but 
expensive. Since 1973 efforts has been undertaken to 
modernize the classical wind pump and to make ;_t 
more cost-effective. 
3 different applications can be distinguished 
( 14 ], viz. 
- low lift{< 6 rn), high volume applications, mainly 

in China for salt pans and prawn breeding, 
development is in its infancy; 

- medium lift applications (< 50 m), for this 
purpose new technology is on its way to push aside 
the classical wind pump; 

- deep-well applicatious (> 50 m), for which relia
bility requirements are ext~emely demanding and 
where the classical wind pu~p still seem the best 
option. 

Where is the technology located? 

The technology is mainly located at some institu
tions which are involved in improvement of this 
technology. The nanufacturers generally are not 
acquainted with modern knowledge about aerodynamics, 
pump theory, etc . 
• 'A. large difference with la:::-ge scale wind turbine 
technology is the isolation cf the various parties 
involved. Very few contacts exist bet~een the 
parties of the different countries. 
The level of organization is poor as ~ell as 
progress is.In this respec~ ~he recently under~aken 
initiative to found an i~~ernat:c~al association 
Wind Energy for Rural ).reas (i·;:::R.:\) :::t:.st. be 
applauded. 
Such an association can be a platfc::::-:::t fer exchange 
of technology, moreover fer excha~ge of ideas to 
r.:rr.o·.;.: c~her obstacles. It can act to politicians 
and fina::cers. 

Technolcgy develop~ent. 

The development of wind pu~~s is ~ai~ly cor.cen~rated 
upon the application for le~ and mec:~~ lift 
(s~aller than 50 :). Mes~ ~e~elcc=e~~s are directed 
to obtaining better ~atching cf p~=? and ~ind 
turbine. 
In this respect the CWD (Consul~a::cy .a.gency Wind 
Energy for Developing Count:- ies, The ~:ether lands) 
played a~ i~portar.~ role, c~~ ~~e ::::~~c~~g of ~his 
progra~ lasted in l990. 



-42-

A lo~ of knowledge ~s present es~ecially at the 
Ei~dhoven University of Technology, bui: no lor.ger 
funds are pres~mt to transfer this irnc..-ledge in a 
proper way. 

The following subjects were under consideration: 

- Develop~ent of a piston valve which results jn low 
start torque characteristics and which provides a 
high efficiency in a larger range of speeds.( 16 ] 
Such a valve can be applied in existing pumps and 
increases the water output with 50-100\. 
Also smaller pump~ ~an be applied with the same 
water output. 
On ~he basis of this new pump technology also more 
cost-effective wind turbines can be designed. 
Higher tip speed ratios, less blades and lower 
starting torque are allowed. Furtherniore the need 
of a gear between rotor and pump is not longer 
present. 

- Development of reliable passive control and safety 
sys~ems. Hinged side vanes are successfully 
applied in seve~al projects in Tunesia and 
Nicaragua. 
Development of a gearless wind pu~p by i=ple
oentations of more flexibility in t~e pu=p, 
resulting in lower fluctuating pist=n rod forces. 
Application of air charnbP.rs has appeared to ~e 
successful in low lift pu~ps (soaller than 7 ~) . 
2CC turbines in Sri Lanka and 100 i~ Moza~biq~e 
are in operation. For deep-well pur~oses this 
sol~tion does not work properly. 

- Developnent of hydraulic piston seals ir.stead of 
lea~her cups, which are s~bject to ~ear and ~ear. 

ether developments are: 

- development of low lift/high volu=e (smaller than 
3 ~) pumps, mainly for application :n China for 
sa!~ pans and pra~n breeding ( 17 }; 
development of a low speed centrifusal pu~p :er 
application at 3-6 n~ mainly for t~e China ~arket 
f cr desalination of land, prawn breeding and 
i=riga~ion ( 18 ]; 

- develop~ent of Wind Elect~ic Pumpi~; Syste~, ~E?S 
[ : 9 ] i 

- developnent of pneumatic system in 3=azil.~20J 

The ;::erfcrmance fac~or of classical ;.;ind pt.::::ps is 
abet.:~ 0.08, the ~odern tv~es and ;cod classical 
types reaches 0.1 and with ~he matchi~g valve 
fac~c~s of 0.15-0.20 can be obtained. 
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~vwe rswa~ks concerning eco~cwy. 

~.bout larce scale wind far~s figures are al:::-eady 
~entioned. (sec. 1.4 and 2.1.} 
Installation costs amount S00-1000 $/kW and the 
resulting kWh costs amount about o.os-0.10 $/kWh 
dependant on the wind regime. 
In [ 21 ] for the kWh price of wind far~ electricity 
in India an amount is mentioned of $ 0.06-0.07/kWh. 
The avoided fuel and capacity costs amount O. 04 S
o. as $/kWh. 
Is the difference in external costs between wind 
power electricity generation and conventional 
electricity generation taken into account, then the 
total avoided costs with wind energy awount 
a. 095-014 $/kWh, so large scale wind far=:s are at 
~any locations already econo~ically attractive. 
How-ever, the calculation of external costs is not 
accepted yet and not implemented in conventional 
energy prices. 

For small scale off-grid application very few f igu
:::-es are known. 
~ ccwparison of costs of energy generated by diesel, 
:-:erosine, solar and wind is in ( 15 ) given fer 
~ater pullips and presented in fig. 13. ?er 1000 
::i3/day the costs are 0.4, 0.6, 1.3 a~d 0.45 S 
cts./m4 respectively (wind 4 n/s). 
In [ 22 J a comparison is wade for e~ectric driven, 
diesel dr.ven and wind driven waterpu=;s. The costs 
nentioned are 0.016, 0.031 and 0.022 ?.S/n4. 

!n 22 J moreover an interesting co::ipari.sc~ ;,;as 
=ade regarding investments done by t~e gover~::ie~t :n 
~hese three options and investnents =y end users. 
3oth for electic driven pu~ps and diesel driven 
puops investments nust be made in a=.di tion to the 
~ctor or engine investment. 
?or diesel pumps investments must be done in explo
ration, production, refining, etc .. 
For electric ::iotor pumps invest::ients =~st be done in 
po~er ge~eration, transmission and dis~::-ibution. 
?or the government total invest::::er.~s per unit a::-e 
55,000; 54,000 and 30,000 RS, ~hile ~~e invest~ents 
cf ~he end user are 10,000; 12,000 a~= 30,000 ~s fer 
electric, diesel and wind respectively. 

?or battery chargers a figure is ne~~ioned in 
Shi ?engfei calcJ!.ates a price of ::,~o $/k'..:h 
clai::ls tl'lat this is cheaper t!"lan ke:-osine or 
~a~~eries an~ also c~eaper t~an s~~ll diesel 
~et:-ol e~gi~es, and only a ha~f or a ~~arter cf. 
ccsts of solar par.els. 

3 . 
a~.c 

dry 
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Conclusions. 

l) ':'~e ::iarket potential for ·..;ind enercv .:.s ·.;er:y 
large. :or centralized grid connected ap;:ilica
tions a potential of .;so,ooo ~r..; is esti::iated 
for the coilling 30 years. 
For decentralized snall scale applications a 
potent:al of 2,000,000 ~attery chargers and 
2,000,000 wind pumps is esti::iated. 

2) Iwple!aentation of wind er:er:gy is to a large 
extent dependant of politics. ?or the centrali
zed applications it is inpcrr:ant that the real 
costs of generation ~ith con7entio~al power 
plants become visible by in?le~entation of 
taxes. 
?or the remote areas ~ind is a reliable scurce 
of energy of high quality but politicia:i ~ust 
becca.e aware of that and choose for it in stead 
of investnents in expe~sive infr~ str~ctures. 

3) ~he r:ec~~ology of battery char:~==s ar:c classi
cal '..;i::d punps is r.:ar:i..:re. Ne·..; technclcgy ::c:
cheaper ~ind punps is en ir:s ~~;. 
T::.e tec::nolcgy cf 150 2 50 .-:.~ tu::-:,i::es for 
~ind fa::-::ls is growing to =aturir:y. Large:- wind 
t~r:bines are in the develc~=enr: ~hase. 

~) ~he ~w~-ccsts of a ~ode::-~ ~i::d far= anc~::t 
abcur: o.:o S. 
!t is ex~ected that r:~is ~rice ~il decr:eas! :~ 
O.OE5-0.-J7 $. 
The ~Wh-costs of a batr:ery charger is 0.40 $. 
The cos~ o: water frc~ ~i;.d pu=;s is abc~r: 
o.~s s ~':/~~-
c~~is is equivalent ~i~h :,55 s;~~h) 

This costs can b8 re~:ice= r:o o. 20 Sc':/;:.:. ·,;ith 
~odern ~echnology. 

5) Transfer: to knowledge to ieve.:cpi.1g co:i:-.tr.:es 
~ust be organized and funds =ust be raise=. The 
establishLlent of an inter~a~.:c~al association 
iJind Energy fer Rural .'l.rec.s is a gcod s~:::p ';o 
create a platfor~ . ~or ~ecessary eY:c~a~ge of 
.:ceas =;.d a ~ody wh1=~ ca~ ac~ ~= pol1~:=:a~s 
and :ina:-icers. 
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