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Current and perspective activities ard specific
preblems in the application of wind enercy.
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Winc energy has been 1n use Ifcr thousands ¢f years.
The azpplicaticn cf sails for propell:ing zcats is
n 1 00 vears cld and early wincaills for pum-
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lecgy tock Diace %o western Eurcre, whers thess
machines were applied to provide nmechanical gzower
and pumping water,
The <dlissexinaticn o¢f this ztechnolzgy corezrassed
until the 11%th century. In Holland &t thzt tTinme
10.2C3 windmills were in creraticn.
The =zrplication c¢f thls tachnclegy Zeclined after
the acgearance 9f altsrnative systsems 1lxs the stean
engine and the intern:l combustion encirne.
Mainl due o the cil crisis in 1973 a2 revival cof
inter=st fcr this ancient technolcogy cou'd ka2
cbser~zi, which nhas zesn stinmulated furctner =y envi-
ronmental problexms and the thrsat cf clizate change
relatad with conventicnal power producticn.
During the last 13 . ears encrmous prgrass aas been
mada In the develcpment of nedern wind turkines Zor
elecTvricicy censraticn.
Trcm =his develcrment naw stinmull arecsze Zor Surther
dewvelcghent o cther agplications £ wind zumes.
The Zevelcpment ¢ wind energy is 2 lavrge extent
suziscT ¢ pelitical declsions.
The large scale grid connectad wind Zarms cannot
cempate yet with cenvential orcvide
clean a2nd fuel-Iincderendent ererg
Thev certainly will e part
free 2lectricity preoduction s
Th small scaie applicaticn
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It =~z25 the potential cf a nhich cuality electricity
prcizcticn system In areas wnera tha connection to
the zrid i1s very expensive. Yet governnments cre con-
sidzring installaticn of big and expensive infra-
struztures. It nust pe emphasized that the funds
invcived are much more efficientli; srent to decen-
tralized ways of generation.

This parer aims to give a survey on the wind energy
activities in the world and to describe the present
status and perspectives.

Mainlv two grcups of application can te pointed out,
viz.

iZ ccnnected windturbines generating electricity
or national and regional grids as well as nini-
¢s in renote areas.
< of the technical develcpzments c¢f the past years
e directed to this application.
Starting with machine ratings arcund 30 kW new
designs were up-graded until 5 MW.
This croup of applications cocaprises also combi-
naticns like wind-diesel, wind-solar-diesel and
wind-hydro systems.

Ofi-zrid applications like batterv chargers and wind
DUmTS .

The <technelogy develcpment ci T 2 types 1s not
very much affected by the =vents which caused the
renswed 1interest in grid cconnected windturbines,
althcugh spin-offs can be ckserved y
In the following sections =< = or each of
thes= applications will ka2 surveved, the state of
the art of the technology will : iped, as well
the current R & D activities.
The specific problems relatad to the 42
cf each of these applications will i :
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An cverview of the state 57 the ar
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Off crid applications.

80% of the populaticn of <the develc
lives in rural areas, 80% cf
connecticn to the grid.

Estinates fcr 2025 show that abcut 2 tillion people
w#ill not ke cecnnected to the grid.
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Overview of tha state of the art of wind
turbines for different applications.




cpulation density smaller than 2 zecple per
Xm2 ccnnection costs amount more than $ Z,000 ver
connection. Thls implies that a huge market poten-
tial Zfor small off-grid windturbines and wind punps
exists.

Remarxable for this market is the absence of econo-
mical constraints which are related to the competi-
tion with large scale power generation.

The energy costs of this machines may amcunt up to

3 $/kx%h.

Battery charqgers

Battery chargers are commercially available in manyv
countries. Also in China these machines are produced
in big nuxmbers.

These turbines are small : diameter smaller than 5 n
and capacity between 40 and 15C W.

Most of the machines have two blades or three
blades, variable pitch, high tip speed ratio, which
makes the use of a gear superfluous and a permanent
magnet gener:tor. Fig. 1 shows a typical exarple cf
a battery charger.

The tachnology is mature and reliable.

The lifetime of these machines is over 10 vVvears.
Onlv in China more than 100,000 battery chargers are
in use and a mnarket poctential of 1,000,000 of <these
machines is pointed out.

In the rest of the world an equal potential is esti-
mated. That means that in 20 years the narket demand
is about 100,000 battery chargers per vear withcut
considering the replacement market.

The =main production - located in China, where in
1990 30,000 machines per year were prcduc :d.

New narke:ts have developed in Argenti :a, 3razil, New
Zealand and Morroco.

The mnarkets in the U.S. and Europe have decreased
sharply in 1937.

Fig. 2 prasents an overview on the numtsr of shiz-
ments of these machines until 1937. { 2 ;

Further diissemination of this wind enercy applicati-
on cces not seem to meet problems.

That this market is very sensitive to private incone
fluctuations appears from fig. 3 were a sharp
decrease of purchased units can be observed due %o
the lecwer wool prices.




Fig. 1 : A tvoical example of

@ tactery charger.
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Fig. 3 : Shkiprents of battery chargers in China. [ 3 ]

Wind pu=xcs.

Worlcéwide nowadays about 1,000,000 wind pumps are
operatioral, 300,000 of which in the African coun-
tries (South Africa, Botswana, Namibia and Zimbabwe)
and 500,000 in Latin America (mainly Argentina).

This technology came up in the U.S. in the 19th
century. Application was mainly meant for domestic
and livestock water supply for remote farms.

Also in Australia wind pumps were developed with the
same purzscse.

The technology diffused later on mainly in Africa
and Latin America, where wind pumps also were
applied for small scale irrigation.

The classical wind pump has a multi-bladed. fixed
pitch rcter, a low tip speed ratio and therefore
high torgue characteristics at low winds.

The rotsor diameter is generally less than 5 m.

Fig. 4 shcws a typical example of a windpump.




I a wind pump.
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n Th2 1¢30s an s <The nuTher oI wind Dumps
decrzasad sucdanly due to the availlability o cheap
fuel wsrld wide and the decrsass in price ci the
small =ngine d4riven puncs.

Recent installatioa rats is about 10,000/yezrT,
mainly produced in Australia, Arcentina and the

j.S..

The wzrld market potential is estimated at 120,000/
-year. In fig. 3 a schematic view of the =zarket is
given. [ 1 ]

Since <the relatively high costs of the classical
winéd cump seems to pravent further disszaination,
modern wind pumps are currently in develcr:ent which

can =2
Appl
which nakes the use cf a gear between rotcr and

nroduced for 50% of the costs.

<~
-

tion of high speed pisten pumps is considered

Tunp

superiluous. Also higher tip spesd ratics ares con-

sidersd. This new technolcgy 1s however ncT ature
yet.
rurtzermore lack of funds prevents the set-up of
mass croducticn in the developing countriss, which
is 2z necessary condition to cktain Iurther ccst
reduction.
The Zissenminaticn preccsess can ce stimulatsd by the
follzswing steps :
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cZ .7e private sector to establish jeint

ccher collaporation structures n order

and to develcp techncicgy and tz craate

lal  infrastructurs for oroductisn  and
maintenance by locating existing facilities and

necessary improvements.

Stimulation of the market by giving credits cr-
subsidies to purchasers. 3ecause prices will zecex
lower with increasing production volumes, subsidy i
only neeced during the market introducticn chase.
Also scit lcans and lease arrangezents can ce
considerad.

Funds has to be raised with the World Bank and
financial support can be obtained from techrology
experting countries and communities.

Furcher dissemination of wind pump technolccy is
difficult because new technology is involved ;

it is sasy because generally no other market inter-
fering conditions are present like physical planning
and esnvironmental constraints.

In [ 15 ] an overview is given of implementation,
sizing and economy of wind pumps.

[

Market
In this section win. farms are considerad as w21l as
small scale applications for regicnal and nini-grids

and wind-diesel combinations.
The develcpment of grid connected windturbines got
new lmou‘ses py the oil crises in 1973 and 1%73.
R=al marxets arose in the early 1980s in the T.S5. by
legislation and tax credits.
Starting with 350 kW machines in 1981 the azaverage
1.

rating in 1987 was 110 XW and in 1990 150 Xw.
Nowadays machines with a capacity cf 250 £ill 5C0 X§
are commerclal’y available and procduce electric.ty
with the lcwest price of all wind energy opticns.

In 1985 the Californian amarket declined due ta the

expiration of tax credits.

Since then the market shifted gradually <o che

Zurcpean ccuntrlies as Denmark, The

s and Gernany.

aticn and implementation of environmental
lerated the wind energv market ”e"nlc:nent

furthar., In the plans the utilizies aras TOo

diminish their emissicns of NOx, SOx and CC2.

-
-
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S-2.T sTucyY revealed that tha marxe- TcIiantlial

wide for wind farms until -he vear 1123
s =5C,000 MW. This is abcut 4.3% cof 2 resal
Zclientlal con shore (excluding arsas 2 znnual
~lna spead smaller than 5.3 A/s) 2nd surziles

3.3% ¢ the astimated electricity consuzzticn
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tlnl.zTIicn

rograms R & D and market introduction.

"

The crzsent wind turbine technology is the result of
an elicrt of 18 vears. From 1973 the national R & D
bucdgat Zor renewables increased dramatically.

detwsan 1973 and 1972 the R & D activities were in a
definition phase : development of data bases and
methcdclogy, -mb’emen-at$on of R & D programs and
develctment and demcnstrations of components and
systaxs.

In the 19380s more selsctive and well-defined

prcgrans were carried out and a shift of govern-
mental granting to marXet introduction was
opbservable.

Fig 2 shows the de velopment of the total R & D bud-
gets Zuring the ye Ts. ( & ]

In tz= U.S. tax incentives created an explosive
growtl. In Denmark the market developed rapidly
after 1legislation changes which resulted in 30%
subsi<y on investnent costs.

This subsidy is terminated now, but other nmeasure
are still present as favourable pay-back rates ( 85
of th2 consumer ratss), excemption from electricity
tax 22 subsidy cn grid connecticn costs.

o U

=

=2 Netherlands also subsidy on investment costs

is givan (3C% 1in 1¢86 declining to akout 30% in
In Germany wind turbine owners received a pay

rate which amounts about 95% of the consumer
rate znd also this market 1s developing very
rapidly.

Alsc The CEC has varicus stimulation programs, both
directed to ;achno1 cgy developnent and market
in:::::ct;on. The rssslts of these stimulation

The i:sta;led ca;acz:y grew up to 1930 MW in the
ean countries and the U.S..

ice of tThe machines was improved with

fzcTer 2 till 3 (see fig. 7, explanaticn see

the best turkines increased from
5. 8).
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turbines.
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CALIFORNIA WIND PLANTS
AVAILABILITY OF TOP INSTALLATIONS

10071

AVERAGE
AVARASIUTY
CFirE
WIND PANT
PERCENT)

Q

1984

"l
.
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1985

18488

3 : Availability of the best i ind turbines
Califcrnia.

AWEA 1988

~g. 7 : The development of the performance factor of wind
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Sources R Lynette & Associates

Installed cost ($/kW) (thousands)

flg. 3 : Development of turn-

- Xey cecsts ¢f Ameri
Wind-plants. : 1can

Constraints and possible solutions.

Althcugh not very mnuch developing countries are
considering implementaticn of large wind farms
(exceptions India, China) on a short term, it is
realistic to assume that these countries will apply
this cpticn within 30 years.

In the study ( 1 ] a significant part of the
potential for the year 2020 is located in these
countries.

For the western industrialized cocuntries other
constraints are present than in the developing
countries. The main problems for the industrialized
countries with implementation of large wind farms
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-
mental support for further development of the
market. The wind energy generation costs amount
in these countries abcut $ 0.10/xWh. The avoi-
ded fuel and capacity costs amounts about
S 0.045-0.05/%Wh.

These figures should suggest that wind energy
is in these countries far from eccnomically

- . -
aTiractive vet.




Zowever, In the calculaticn of the avoided
CCsts no value 1is attributed +to the avoided
znissions ¢f SCx, NCx and CO2.

Several studies ars carried out to quantily
These costs and cther hidden external costs. i
The resuits of { 5 ] indicated that the
difference in external costs for electricitvy
Seneratad by ccnventional plants and electri-
city generated by wind turbines ranges between
0.05 - 0.39 $/xWh.

So wind energy is cne of the Cheapest wavs of
2nergy generaticn tcday, also in regions with
noderate wind speeds like Denmark, Germany ang
<he Netherlands.

In order to avoid delay of the market develop-
ment of wind =energy it is necessary to nmake
clear what the real costs of conventional
generation arse.

The external costs have to be implemented
the generation costs as taxes. Carben +ax
already in discussion in several countries.
However, no methed is at this time available
and accepted to calculats these ccsts.

n
=1

[ LN

In the densely populated Western EZuropean coun-
tries constraints with respect to environment
and physical planning are strongly feit.

Trom the environmental point of view noise and
bird life interference are the issues as well
as visual inpacts. Investigation on bird life
interference does not reveal dramatic results
so far.

It appreared that the collision risk per km farm
length is in the same order as notorways and
cne tenth of the risk involved with high vclta-
ge transmission lines. Also loss of bkictope
seems tO be very limited. Nevertheless further
investigations are necessary to confirm these
early findings.

Noise is probably the most severe limitation in
densely copulated areas.

The development of silent wind turbines is
therefore one cof the main issues in the =manu-
Zacturer's development crogranms.

7isual impact can be dininished by proper leca-
tion selection. Large scale industrial areas as
well as large scale agricultural areas seem to
Se suitable.

Line set-ups generally are appreciated better
zhan clustars.
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Physical planning problems are f2it in difs:i-
cult Srccedures for building permits. New
~2gislation is needed to force physical elan-
ning authorities to adapt their iafra structurs
=S include wind power.
I2 the ean time convenants shculd be esta-
clished.
For ztha developing ccuntries the major ccnstraiacs
wiTl respect to the dissemination of wind faras are
lacx ¢ Zunds, lack of technolcgy and lack cf indus-
- .

riaz’ Inira structure for production, maintsnance
and Iurther develcpment.

Bes_zes the constraints which are =entioned@ +o be
felt Sy the industrial countries are more or less
apolicablas.

In =y view next steps have to be taken:

1) Zstaklish a central oro]ect guidance and
avaluation organization.

2) Clean tp the project develorment cbstacles;
2staglish pav-back rates, solve vroblemns
relatad to land use regulations, licensing.

-

Shortly : show a market perspective c¢n the

3) Istablish joint ventures or otner collaboration
structures between local industries and ;orelgn
;“dustrles which have the technology for struc
Turing local product lon, maintenance and
Zurther development

1) ZIstablish oartnersnlps for project <financing,
nake use of the ;orelgn industries involved as
an intermediate fer financing and their

ccvernmental and community expor. supcort and

unds for developing countries

H. \l

Transfer of techriology is also a problem in the
industrialized «countries between the scientific
researcn institutes and the menufacturers. The only
feas:izle way to solve this problem acpeared so far
to t2 stimulaticn of collaboration of both parties
in concrece grojects. The real value is in the
peopie, not in books and reports.
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Regiznal and aini-grid application, wind-diesel.

t very much has been said about the snmall
lication for regicnal and mnini-grids and
1, the latter being very interesting fer
rezcta ccxmunities and villages. Only a few numkers
of ¥W/J svstems 1s installed so far. No numbers are

¥
4]
|
3!
p-te
(7))
[
—

knecwv with respect to the market volume.

In Xrgentina 1.1 mio. pecple wWill nct ever have a
connzction to the grid due to the hich connection
COosIs in the remote areas inveolved (especially
Patagonia). Wl;h no cther means of electricity
generaticn these people wWwill nove out of these

areas, which will lead to desertification.

Alss African countries and vast areas in Eastern

Eurcpe and China have large =market potential as well

as the island regions of Asia.

The =ain problem in the dissemination of W/D systams

is zhe pcecr matching of electricity consumption

(mainly In the evening hours} and wind availability

ialy csn-cday).

: sz arage facilities th

< cnstraint.

r croblems involved in the dissemipation of
taxns are lack of funds and the new technolcgy

s will remain the most

peee

2rn new technology does not concern new compo-
, out dimensioning and configuratioen of stand-
cmoenents for a design, which is the best fit
to the Ilgcal conditions (wind speed distribution,

lcaz distribution, etc).

These standard components hcwever need an industrial

envirsnment whnich is in many cases not present. The
samz pretlems as with wind farms can ke pointed out.

The IZA is preparing a guide book abcut sihing and
implementation of W/D systems and the CEC is fundlng
the develcopment of a software package, with which
the economy of systems for various local conditions
can e investigated.
Further dissemination can be stimulated by the same
?eas'res which are mentioned with respect to wind
arcss.




2. Assessnent of wind :nergy utilization. -

2.1, Gric-zonnected wind turhines.

Although 1in the former session_ some figures are
already presented, in this sessicn the assessment
will be considered in nore detail on the basis of
the study [ 1 j. The results are valid for large
sca’2 grid-connected application: _

In ZIg. 10 the amethodeclogy of this study is
schezatized.

The saveral steps will be considered below:

Identify wind resource Identify clecmicizy 1
Divide into 3 classes consumption 1987 H
Esumate wind power capacity Estumate electricity
and production consumption in 2020
- capaeity 173 MW/Aan?2 (=cl. cons. 2020)

- produczen: 3 classes

! i

[avestigate resources lavestigate clecuricity

- refiability analysis wind data production system

- eavironmental consiraints - ne=d for capacity cxpansion
¢.3. blowing sand. icing ezc. - size of the system
Esumate wind power Estimate (Long Run
generaung costs and their Marginal) Cost
development untl 2020 for clectricity production

Cast comparisan: i

wind energy and convenuonal clzcinicity generation ]

! R

[ Favorable ! EBrc:k‘:vcn Marginal '
tien penetration then penctrauon{ Jhen penetrauaon)
>10% of el cons. 1987 | 110% k107 |
<10% of el. cons. 2020 pfel. cons. 1987 bfel. cons. 1987

Comparison: Resources and Electnenty Grid ;
- 10 wind power penetration when grid <30 MW l

- chiminate resources whea distance 30 km from gnd
- restnct wind power penetrauon (o potenual wind resource

]

f nvesugate peactrayon Sures with regard 1o
- 4Ci0-cconamic aspects ;
- results of specific couniry studies (if avaiiabic) !

{ Counury result: wind power penctraton in 2020 J‘

Fig. 10 : An cutline of the metliodology used to identify the
wind power penetration Per country for the year
2027.
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Winé rasourcse.

The wcrld's rescurce of wind is indicated at the map
presented 1n f£ig. i5. This map was conducted by
PaciZiic Northwest Laboratory, U.S. and based on data
from © § 1.

Fron zthis study it can be estimated that 25% of the
eartn's land surface (= 0.25x120 million km2) is
expcsad to an annual mean wind speed larger than

5.1 2/s at 10 = above the surface.

With <the assunption that about 0.33 MW wind turbine
capacizy can te installed per km2 with an estimated
averaca production of 2,000 MWh/MW/year, the global
potenctial on shcre can be estimated at 2.3 TWe with
an installed capacity of 10,000 GW. For comparison

the world's electricity consumption in 19387 was 1

TWe.
In table 3 a specification is given over the six .
continents of the 30 million km2 which is exposed to

wind speeds higher than 5.1 m/s.

ECMMM % Class 3-7 i Class 4 i Class 3 Z
Africa 000 1%’ 330! us! 370! 1%
! Australia L5500 5% 400! 4%] 850 8% |
; Asia 2000 1%l 50| 2% 1550 6% |
| North-America | 33500  15%i 1750 8% | 2550 12%
| South-America 950! 5% 850 5% | 14000 8% |
| Ewope including | 31000  10%| 2750 0% | 3550 12% |
| USSR&Greenland | ; | ;
| Toul | 3350,  6%; 9.550 %] 13650 10% |
Table 3 : The world's resource of wind energy. [ 1 ]
Class 3 : annual mean wind speed between 5.1

and 5.6 m/s.

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.

Class 4
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Electricity production and loeng rua zarginal costs.

The c<lectricity consumption is identified in the
several regions and the expected annual growth is
estimated. On the basis of these figures the
electricity consumption in the year 2020 can be
estimated. (see table 2)

From [ 7 ] the marginal costs of electricity
generation are derived as may be expectad in the
industrialized countries. (see also fig. 11)

No capacity and enissions savings are included in
these figures.

In [ 8 ] the long run - ,inal costs of future
plants in developinc are given. The results are
presented in table 4.

Wind power generation costs.

The costs of electricity produced by wind power has
been subject of many studies [e.g. 7, 91.

From this studies it can be concluded that wind
power generation costs amount 0.04-2.07 $/kWh at
sites with a mean wind speed of 3.5 a/s at hub
height and 0.06-0.10 $/kWh at sites with a mean
speed of 7.5 m/s at hub heigat and 5.07-0.12 $/kwWh
at sites with a mean speed of 6.5 m/s.

Also the development of these costs ‘s important to
consider. From [ 1 ] it appears that a reduction
with about 30% can be expected in the next 20 years
and with™about 10% in the period 2010-2330.

The long run marginal costs of wind gnergy in
developing countries is derived from - 3] and
presented in table 4.
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r1g. 11 : Comparison of COE {COSt of electricity) projecticns

Cost comparison.

From fig. 11 it appears that at ocutstanding 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

tinme.

For the estimation 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 situations.

-~ A penetration of 10% of the electricity
consumption in 1$87 in break-even situations.

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

COE (e/kWh)

10i ; ; -
8 Jl\w mph 13
F\ S Gas
&1 16 mpn — 1
I— BAU R&D funding +
4+ \..
l - \—.\\\\m
I — =2 ~— s— \\—-
-— --\\—' ———
27 Coal
i R, D&D intensification
0! ; + + 4 — ; +
19390 1695 2000 2005 2010 2015 2020 2025 2030

Year

< s 3 3
for wind electricicy procuction osts versus “uel

and variable C & M costs
bower plants. [ 7 )

for naectural gas an coal




Grid intagration.

Wind energy is an intermittent power source. Other
conventional plants or storage facilities have to
deal with these 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
to integrate wind power.

- the distance of the resource to the grid is also a
limiting factor. For the estimate of wind
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 determine the develop-
ment of wind energy. In a study about the market
potential for developing countries [ 8 ] 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 cn wind power penetra-
tion for all countries. A brief cdescription of these
factors will be given here.

Technical factors are, for example, the availability
of reliable wind resovrce studies for a country and
the confidence in these resource studies.

The actual decision on the realization of a wind
farm in a specific country can not be based on a
global estimate of the wind resource, such as used
in this study. -

More detailed analyses of the wind 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 clinatology.

Almost all develuping countries do not have this
information. Therefore the wind regime has to be
studied in more detail before a decision apout the
exploitation of wind power can be nade.
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Ancther technical asrect concerns the environmental
conditions. There are ureas that nust be excluded
because cf non-favocurable envircnmental conditions,
such as extreme low or high temperatures, ice, snow,
wind blown sand and airborne salts.

For example, in Morccco 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 night influence the potential of wind power
also.

The development of wind power is restricted because
of noise problams, 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

elenments :

- government programmes for other renewables,
cogeneration and energy saving;

- government programmes for wind power development;

- trade relationships;

- potential for develcoment aid financing.

Q0f 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 with a
strong stimulation programme for wind energy will
realize a greater amount of wind power than other
countries. Trade relationships and potential for
develcpment aid financing are evaluated in [ 8 ].

In this study countries have been ranked according
to these two aspects. This ranking has been taken in
to account in the evaluation of the amount of wind
power installed in 2020.

Financial factors include potential for commercially
financed wind energy programmes, the tariff

structure of electricity pricing, subsidies on elec-
tricity prices, dependence on fuel imports and the
variable costs of the utilities. These aspects are
evaluated =y ranking the countries.




Potential mairk%et factors included aspects like:

is the potential for wind capacity large enough to
expect economnies 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 systemn.

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 ascects 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 procduces about 930,000 GWh.

Small scale apolication.

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 demand for
1,000,000 of these bati:ery chargers.

Using this fiqure for China as a rough estimate for
the world it can be expected that the tot.al market
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 estimate of the total wcrld's goten-
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 between 200 MW and 500 MW is world wide ex-
pected.

As already pointed out in sec. 1.4. cthe market for
W/D systems seem tc be vast. However no figures ar
xnown.




wWind turbine technoloqy for large scale application.

Introduction.

The complexity of wind turbine technology has been
strongly underestimated throughout the past 20 vears
and sometimes it still is.

"Building a windmill : that can not ke veryvy
complicated", was often said and even mnore often
thought.

"What is a windmill at all : a rotor and a

generator, and eh...Oh yes, probably a gear in
between and eh...0.K. a pile to mcunt the thing
upon. Eh...may be a housing around gernerator and
gear is not a bad idea, kut that's it.

What ...? What about directing into the wind ? Well,
that complicates the thing may be a little bit, but
the ancient mills have been in cpera:zicn fcr centu-
ries; with modern Xknowledge it cannct be difficult
to design a thing which is much nore efficient."

So after 1973 a lot of small entreprereurs started
enrapturedly to build small winédmills. And got
problems. The things did not function croperly.

After some minor modifications they still did not
function properly. After major modifications the
things started to work. But then blades began to fly
around, generators burned ou%, gears and bearings
were destroyed. In some cases the whcle 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 larzer ones. They
certainly not would make the faults c? these stupid
predecessors and would approach the thing profes-
sionally.

Sophisticated engineering teams wers put on the
design of larger machines. And failed. The wind
turbines were too expensive, they diZ not function
properly, blades flew around, generatcrs burned out,
gears and bearings were destroyed.

This story can be extended till nowaczys. ZIxperien-
ced manufacturers are just able to =zuild reliable
and cheap wind turbines with a capacity of 250 -

300 kW (however maintenance is still 2 worrving
aspect), they are carefully lcoking 2T 300 kW

rating, when CZC is jingling with a Zac of ncney for
the development of 1 MW windturbines ... let us keep
silence about the multi MW machines wh.ch are bullt.
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Three problems can be pointed out regarding wind
turbine technology :

1)

Although the market is growing, its volume is
still insufficient for manufacturers to main-
tain a development team which is big enough

to make real progress. Collaborat:ion 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 was
characterized by a technolcgy push situation,
where scientific institutions received govern-
mental funds and formulated their 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,
strucgling for survival. As a ressult the trans-
fer of tschnology from the institutions tecwards
the manufacturers was in the starting pnase
very peocr. This situation has been improved
considerably by collaboraticn of institutiocns
and manufacturers in ccncrete prcjects.

Moreover manufactur=srs are xore c¢iten involved
in decisicns ragarding covernmerntal R & D
prograns.

One of the most important issues in a learn-
ing process is repetition. 3y repeating things
over and over one learns rapidly.

In wind turbine technology develcpment 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 manufacturer can g¢ather
some exgerience frcm this prototvve before he
starts building a serie, if he cttains an order
for a serie at all. If his ceczopetitor in the
mean time developed a bigger =achine he will
loose the competition, so the zmanufacturer goes
back to the drawing table to cevelop an even
bigger machine. Meanwhile an increasing part of
his engineering team is on <the road, sclving
problens with protctypes.

This way of development is very inefficient by
lack of learning effects cdue to _ack of

repetition.

A manufacturer shculd te akle zc design a

orototvype, <o Duild ic, to ge: experiencs, o
go back to the drawing taktle, T2 redesign =tie
machine, to modify the prctctyce, to get expe-
rience with the mecdifled protctivre, to go bacx

to the drawing tarcle, etc..
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After having established the design in this way
he can star% building a first serie. After
having gathered experience with this serie he
can start building bigger numbers of units and
he can carefully lock at up-gradirg of his
design. Each up-grading step has to pass the
same procedure.

Manufacturers do not follow this proper way
because they are afraid to loose the market
when thev are developing and they do not have
the funds.

Resuming 1t can be concluded that the complexity of

the technology must not be underestimated and that

all parties in and around the market must be aware
of their cwn role in an efficient development

schene:

- Gevernnents and principals generally tend to
underestimate the ccmplexity and demand fecr
technology which is not mature yet. These
rarties are important for creating rest on the
market and to stimulate greater voiumes of wind
turbines, which proved to operate reliable:
this generates the cash-flcw =2eded by the
manufacturers to finance further cevelorment.
Morecver governments have to ensure that manu-
facturers are involved in the cdevelopment of
R & D programs.

- Scientific institution should infcrm themselves

about the real problems which are encountered

by the manufacturers and try to give answers

which can be understcod and agplied by the
manufacturers .

- Manufacturers should collaborate nore in
develcoment and have to nake mutual arrange-
ments with the purpcse to obtain rest on the
market.

Where is the technolcgy lccated and in what
structure is it applied ?

The technology is mainly located at the manufac-
turers. Cetailed kncwledc of specific areas is
present in the scientific R & D institutions.

Wind turbine manufacturers generally Zc not actually
produce ccmponents themselves.

Sometines the manufacturer produces nis cwn blades,
but most manufacturers purchase all ccoccnents.

That means that the added value of a wind <turbine
manufacturer is his svstex Knowlaedge znd sore acb*-
vities like assembly, erection c¢cn the site, ommi-
sioning, maintenance and zrojectrnanagerent.




Roughly the wind turbine price is built up as
follows :

o

purchase components
assembly

transport, erection
commisioning
project management
R & D provisicen
warranty provision
commercial costs
risk / profit

N Ul 0O
AT AN N A0 0 B

N

Specific ccmponent know-hcw must be found at the
sub-contractors. A very intensive collaboration
between wind turbine manufacturer and his sub-
contractors is required, because nons of the compo-
nents 1is standard and needs wind <turbine applied
development (even fcr a generator this has appeared
TO Ce necessary).

Present technology characteristies.

Wwiné data.

Xncwledge of wind characteristics is 1indispensable
for predicting the energy yield and the economical
feasibility of possible sites on the one hand; on
the other hand it is necessary for the prediction of
turtine loads. Wind maps are available of the E.C.
countries, the U.S., Latin and Central America,
China, Peru, Egypt, Scmalia, the Szzel countries,
Ethiopia and parts of the U.S.S.R..

Also a world map 1s available. These =aps give mean
annual wind speeds in a very global sense and they
are suitable to locate recions, whers wind energy
can be feasible. For the prediction cZ wind turbine
energy vield such maps are insufficiercz.

Also knowledge of the distribution of wind speeds 1is
needed as well as information about tze wind direc-
tiocn and the relationship of wind speeZ with height.
The distributicn of wind steeds is _lmate dependent
and is often schematized by a weibull-Zistribution.
Fig. 12 shows sone examples.
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The relationship of wind speed with height is a
logarithnic one. It depends on the surface roughness
of the up wind areas, so the distritution of wind
direction nmostly represented in wind roses must ke
kXnown. If the mean annual wind speec, the Weibull
distribution factor k, the wind rose and the local
roughness conditions are known, the energv vield can
te calculated for given wind turbirne types. Also
regional and local rescurce maps can e established.
Computerccdes to perform these caliculations are
amply available. Also codes for ccecmgliex accidented
terrains are developed and give reliatcle results.
Countries, which consider application cf wind

energy, but do not have a rescurce map, have to
ceriora wind measurements to gather data on wind
speed and wind direction distrikbuticns as a firsc
step.

for the analysis of the enercv vield zZ wind farms,
Zarn efficlency has to ce accountsZ Zor. Also fcr
this purpose reliable ccmputer cocdes which take into
account the wake effects 1n wind farms are

avaiiable.
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Tor the establishment of lo.1 spectra the turbulence
rate must ke known, and the cistribution of gusts.
3oth deterministic and stochastic aporoaches are
used. In the deterainistic approach a gust is assu-
med to have a 1 - ccs relationship with time. The
time scale of tne typical gust is dependent on the
rotor diarmeter.

Mostly a limited nunmber of gust classes is assumed
and the frequency of occurrance is estimated.

The theory behind this estimate procecdure is known;
in practice some modifications of 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 bicger dimensions,
are felt by the whole rotor. Smaller turbulence
bubbles are cut (sampled) by the rotorblades and
give low magnitude high cycle fatigue loads.

Gust spectra are Xnown for the U.S. and the Western
Turopean countries. No information is available if
these spectra also can be applied for cther
locatiorns.

Deterministic methods are widely applied and
validated.

Stochastic methods are applied on a smaller scale.
The advantage of such methods is that cthey provide a
nore realistic gqust spectrum. A disacdvartage is that
these methods can nct be used with ncn-linear
pehaviour like stall and control non-lisearities.
Another disadvantage 1s that extreme gusts which
appear very seldom are not well accountad for.

Methods to account for wake effects cn wind turbine
loads in wind farms are not very well Zeveloped yvet.

Turbine lcads.

A lot of computercodes are available, which all seen
to rprovide a reascnably realistic Icad spectrum
according to the validations established so far.

Yean lcads and periornance as well as the fluctua-
ting fatigue loads are predicted well. For detail
analysis cZ cransient respcnses these ccdes are less
suitable due to the schematizaticns nade in the
calculation models.
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Most models are based upon a combination of steady
blade element theory and simple momentum theory.
General;y 2-D blade section data are acplied and

a 3-D tip-correcticn is used. In some codes 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 +*ransient
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.

3.2.3. The tvpical 1991 windturbine.

In sec. 1.4 the typical size is already indicated.
In the U.S. the average unit slze cf wind turbines
installed in 1990 was 160 kW. Also the growing trend
is mentioned.

Manufacturers are able to supply reliable and cheap
machines up to 250-300 kW. :
Machines with a rating of 400-300 XW are already
built in small series, but these machlines are
generally more expensive per kWh. Sc¢ Zurther design
work has to be done to obtain the same price level.

How does a typical 1991 machine look Like ?

A difference is observable tetween 23C-300 kW

ma hines and 400-300 kW machines in the number cf

rov.rblades. Most cf the 250-300 kW chines have 3

blaces, tae 500 kW designs tend to have two-bladed

rotors.

Both pitch and stall-control is appliz=d
s

. The classi-
cal Danish wind turbines all have stall-control.
Blades are generally nade Irom glass
ced polyaster. A tsndency can ke okesarved to apply
wcod-epoxy material for larger unit sizes.

The electrical systeam is rctust and sizple: an asyn-
chroncus induction generator with constant speed.

The drive-train iIs zuilt uz in a2 mcizlar sense, so
upcn a rigid nacelle frame gear anZ generator are
mounted. In the smaller designs the main fpearings
are integrated in the gearbcx; in tha larger designs
a2 main shaft, which is separatadly suzported by two
main tearings can kte observed. The I:swer is =zylin-
drical cr conical. Truss towers are s:zldom applied.



3J.2.4.

The nacelle consists of a rigid fraze upon which a
light GRP cap is mounted.

Yaw systems consists mostly of a bearing with inner
teeth in which a hydrauiically driven pinion is run-
alng. Very often these systems are zassive, l.e. the
rotor directs itself into the wind and the yaw
system is only with special conditicns in operation.
No yaw brakes are applied in that case.

Pitch systems are, if applied, generally hydrauli-
cally driven. Mechanical brakes are very often noun-
ted at the high speed shaft. For the larger designs
a tendency can be observed to mount these brakes at
the main shaft.

Rotor hubs are rigid, also in the 500 kW designs; a
single teetered hub design is known, ktut it does not
seem to be cost-effective.

The gear is mostly a robust parallel shaft type.
Dlanetary gears are not cost-effective in this power
range.

Scme desian details.
Materials.

2s structural nmaterials welded steel, GRP and wocod-
epoxy are applied.

Some components (hubs for instance) are fabricated
from cast iron or steel.

The fatigue properties of welded and cast steel are
well Xnown, even at 100 million anc one billion
cycles. The knowledge of CRP and wocc-epoxy fatigque
characteristics with high cycle nuxters is limited,
but increasing rapidly. That is =the reason that
scmetines steel rotcr blades are applied.

The disadvantage is, however, an =zxtreme rotor
weicht, which has ccnsecuences for the dimensioning
of the rest of the turbine.

2iso the interference with TV and other communi-
catlicn signals 1s a disadvantace in the application

cf steel material fcr rotor blades.

GRF and wecced-epoxy naterials are currantly investi-
cated regarding fatigue as well 31s structural
details made up frcm these naterials.

The zrice cof GRP ancé woocd-epoxy blaces do not differ
very much in the ranges up to 300 ¥W (rotordianeter
35 =),

woccd~epoxy bhlades have 23% less weizht and it is
exrectad that, cdue tTo the fawvcouradle sgacific
fatigue strength oI wood-epcxy, w.:X larger rotor
dianmeters this difZerence in weigh:t increases and
ccnseguently the vwcod-epoxy tlades zscore cheaper
Than GRP tlades.

The prcducticn of GEP and wood-epcxy rztor blades is
ceractly suitakle Zcor develcrping ccuniries.




Drive train set-up.

Mainly two 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 nacclle frame in one piece.

In the nodular set-up all drive train components are
separately nmounted upon the frame. 1In my view the
integrated concept nust be more expensive, due to
more special conmponents with high machining costs
and less commercial possibilities to shop these
components as standard components from many
suppliers. Furthermore 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 stancéard gears show
Cefects after a shcrt period of operation.

Special attention nust be paid to seals, shaft-wheel
tolerances, lubrication, key-slots (fatigue!), rigi-
éity of the housing, etc..

Moreover noise reducticn measures have to ke
considered, like special grinding of the wheels of
the last stage, special tooth shace, careful choice
cf the number of teeth of the last wheel, etc..
Planetary gears are rarely applied, due to the
higher ccsts.

It could be possible that for wind =urbines with a
ity ¢f 1 MW cr higher planetary cears are
tacecus. They provide higher efficiency 1in
vV loaded conditicns, have less wa2ight and pro-
less noise.

Ceneratcrs.

Asyrnchrconous generaters are most comzcnly aprlied.

O stancard generztzr can be used. Sczecial attention
fnas o e paid tc the insulaticn anrg salt moisture
Tion. The insulation mus:t be rather flexible

Trets

Lo prevent cracking caused by windincg loads.

irhe wind turbine generator is lcaded in a very fluc-
tuating way. Not cnly wind sceed Iluctuations are
telt, ©ut also a relatively large nuzber of starts
and stczs with peak lcads are cdd in a commnon gene-~
rator acrplication. Zxtra suppor:t of zhe windings is
necessarv,

The asynchronous gensrator is the £23T checice fron
reliability point cf view, because zhe machine is
tight. Synchronous c2neratcrs have an 2pen structure
and nust therefore zo dissuaded.




Steel structure nacelle and tower.

These structures have to be dimensioned very care-
fully on the basis of the load spectrun.

The nacelle frame and some tower details (doors
openings for instance) are often subject cof finite
element calculations.

Much knowledge is present with respect to fatigue oi
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
maximum commonly applied roll-size. A lot of hori-
zontal weldings in the tower is the consecuence.
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 weldings 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 the best control
is no control. An active pitch control contributes
in general for 15% in the total conronent purchase
costs. The performance improvement amounts 5-10%.
Blade bearings, pitch-mechanism, hycdraulics are the
nain conponents. Moreover a 1lot c¢f manhours are
spent on assembly, testing in the factory, testing
on site and maintenance. Therefore a passive control
system like stall is very attractive. In the 100-250
kW range most turbines are provided with such a
system. In the 300-500 kW range pitch-controlled
machines are more common. The reason is that the
stall phenomenon is not modelled well in the common-
ly applied computer codes, so performance and loads
can not be predicted reliably. Moreover dynanic
problems are expected with large stall controlled
wind turbines. Further development cn this point is
urgently needed.

Also the safety philcsophy of large stall-controlled
turbines deserves further consideration, since no
aerodynamic brake is present.

Addition of brake-tips to the blaces is expensive
and destroys a big part of the cost advantage of the
stall-control.

in most wind turbine safety requlations two safety
systems are prescribed in normal operational
conditions.
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The grid keeps the asynchronous generator at a safe
spveed and could therefore be considered as a safety
system. However since grid failure is considered as
a rormal condition, the grid cannot be considered as
one of the two compulsary 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.

Technologv developments.

Present technology suffers from lack c¢f reliability
and high maintenance costs and still tco high wind
turbine costs. A lifetime of minizal 20 years has
not proven yet. Moreover noise is & serious problen.
From the availability data in fig. 8 it could be
understood that a good reliability has cained yet.
However, it must be pointed out that hicgh availa-
bility often is realized by permanenct zttendance,
resulting in relatively high mainterancze costs.

for this reason off-shore applicaticns xust be
rejected on the short run.

Most technology develcopment activities are directed
to lower wind turbine costs and lower noise

emission.

Further improvement of performance dces not seem to
have big perspectives for the eccnomy =I wi

turbines. Present availability is arcund 95% and the
performance factor is arcund 3.1.

(performance factor b defined as £ = £. V3. S, where
is the annual yield, V is the nezn wind speed and
is the rotor surface)

In f£ig. 7 the development cf this Zzctor is shecwn
during the past years.

A nmaximum value of 3.5 can be cbtainei theoretically
in the Western European wind regime.

An improvement of performance with 3%, as adopted
in the recently presented U.S. wind =nz=rgy progran

{ 11 j, 1is therefore not realistic.

A further decrease of wind turbine ccsts is possi-
ble.

These reduction especially nust 2 Zz-und in nere
efficient designs.

n 1




As pointed out in [ 12 ] larger prccuction gquanti-
ties does .ot affect the +ind turbine zrice con-
siderabkly, because mcst of the conmpcnents are
already produced in a standard way. Cnly with real
large productiorn numbers (thousands per year) it
becomes attractive to change these standard produc-
tion methods by tailoring them to the specific wind
turbine components. This poin%t will Ete reached over
10 years.

Reduction of 20 - 30% seem to he possiktle then.

In [ 12 ] also application of advanced concepts is
rejected as a way to obtain lower turbine prica on
the short run.

Between 5 and 10 year these ccncepts will have
reached maturity and will result in cost recuction
of 15 & 20%.

Oon the short run clever designs of rrcven concepts
rmust direct to lower costs. In the range of 150 -
250 kW no significant cost-reducticns seem to be
possible. In this turbine class better econony n=ust
be obtained by improvement of relizrzility and 1low
maintenance costs.

In the range of 250 - 500 kW further development of
the de51gn may result in cost-reducticn of 20%. The
same price per m2 rctor surface 1s tcssible as with
the smaller turbines in the range 150 - 250 kW.

Turbines of 1 MW and larger are a Zactcr 2 - 3 too
expensive as compared with the present 130 - 250 kW
turbines.

In my view it 1s possible to develer I MW wind tur-~
bines with the same XxWh-price as the ctresent 500 kW
turbines and with the same technolecgy within 5

years.

Advanced technology can improve the eccneomy of these
machines in 5 - 10 years. The result is the sane

kWwh-price as the present small turbinss in the range
150 - 250 ¥W. :
Summarizing it can te conclucded
average wind turbine invaestment
mainly determined by the 130 - 230
(S 800~-1000 kW), will not decrease
on a shert term. On the mediunm run 1
can be built with the same i;vesu.er
n
r

surface v improve‘ent of the desig
On the long run 35% economy improver

gained ky cheape: maintenance (153%)
cient production methods (20%).

~T can be




3.3.2. Develcenent subiects on the short and long run.

Oon the short run the following subjects are under
consideration:

- Further development 500 kW class by value-
engineering and application of more efficient
designs based on the same concepts. .

- Application of stall-controcl for larger unit
sizes. '

- Decrease of costs per XW by enlarging the rotor
diameter at the same power rating.

- Noise reducticn by silent components (gear,
generator) and isolated mountings_on the ]
nacelle frame and by application of silent
rotor blades. ]

- Safety philoscphy by analysis in stead of
rules.

- Further imprcvement of reliability by further
development of components.

- Grading up the desigrs to 750 XW and 1 MW on
the basis of proven technology.

On the lcng run innovation of ccncerts can be expec-
ted. In [ 13 ] the following subjects are
mentioned :

- Hinged or flexible blade rocts cdiminish the
fluctuating locads and can result in lighter
structures.
on the other hand provisions have to be made
for extreme excursions, which may introduce
high loads.

- Integrated drive train arrange:ents are in
{ 13 ] consicdered as nore cost effective which
can be questicned. (see sec. 3.2.3.).

- Very fast partial span control which is activa-
ted passively by centrifugal or aerodynamic
forces and which also reduces the loads.
However, it is gquestionable if a2ddition of such
a2 system will decrease the overzll costs.

- Scft tower design, which is alirsady applied in
some present turbines.
- Variable speed electrical systex, which

crovides a soft coupling to the zrid,

(lower loading) and better sysz=xn efficiency.
Such systems like AC-DC-AC are z2lready arplied,
tut they are relatively exrensivs,




Wind pump technology.

The development of wind purps started around 1830 in

the U.S. for domesti~ and livestock water supplv.

The classical wind 'mp 1s mature and reliable, but

expensive. Since 1973 efforts has been undertaken to

modernize the classical wind pump and to meke °t
more cost-effective.

3 different applications can be distinguished

{ 14 ], viz.

- low lift (< 6 m), 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 punmp;

- deep-well applications (> 50 m), for which relia-
bility requirements are extremely demanding and
where the classical wind pump 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 akout aerodynamics,
punp theory, etc.

A large difiference with large scazle wind turbine
technology is the isclaticn c¢f the various parties
involved. Very few contacts exist between the
parties cf the different countries.

The level of organization is coor as well as

progress 1s.In this respect the recently undertaken
initiative to found an internaticnal association
Wind Energy for Rural Areas (WZIRA) nust be

applauded.

Such an associaticn can be a platicra fcr exchange
of technology, mecreover fcr exchance of ideas to
remove other cbstacles. It can act to peliticians

vo
and financers.
Technolecgy development.

The developrent of wind purmrs is mainlv concentrated

upcn the application for lecw zand mediunm 1ift
(smaller than 50 =). Mcst cevelcpmzanis are directed
to obtaining better matchinc c¢f punmz and wind
turbine.

In this respect the CWD (Consultaency Agency Wind
Energy for Developing Countries, The Netherlands)
plaved zn importart role, kuz the finzncing of this
progran lasted in 15%0.
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A lot of knowledge is present esrgecially at the
Zincéhoven University of Technology, bkut ne longer
funéds are present to transfer this kncwledce in a

The following subjects were under consideration:

- Development of a piston valve which results in 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 pumps <an be appliied with the same
water output.

Cn the 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. Furthermore the need
of a gear between rotor and pump is not longer
present.

- Developnent of reliable passive control and safety
svsters. Hinged side vanes are successfully ‘
arplied in several projects in Tunesia and
Nicaragua.

~ Developnent of a gearless wind punp by i=ple-
mentations of more flexibility in the pump,
resulting in lower fluctuating pistcn red forces.
Application of air chambers has appeared to be
successful in low 1lift pumps (smaller than 7 =m).
2CC turbines in Sri Lanka and 100 in Mozavbiq;e
are in operation. For deep-well purzoses this
solution does not work prorerly.

- Development of hydraulic piston sezls instead of
lsazther cups, which are subject to wear ané tear.

Cther developments are:

- cdevelopment of lecw lift/high volume (smaller than
3 *) pumps, mainly for application in china for
salt pans and prawn breeding { 17 i;
- de velopment of 2 low speed centrifugal pump Zcr .
application at 3-6 m, mainly for trns China narket
fcr desalination cf land, prawn breszding and
irrigation { 18 i
- dsvelcpnent of Wind Zlectric Pumpinz Systen, WEPS
{ ¢ 1
- cdevelopnent of prneumatic system in 3razil.fz20)

The cerfcrmance factor of classicael winéd pumps 1is
a2bcut 0.03, the naocdern vces andé gcood classical
tyoes reaches 0.1 and with the matching valve
factcrs of 0.15-0.20 can be obtained.
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some remarks concerning ecsiucny.

About large scale wind farms figures are already
mentioned. (sec. 1.4 and 2.1.)

Installation costs amount 800-1000 $/kW and the
resulting kWh costs amount abcut 0.05-0.10 $/kWh
cdependant on the wind regime.

In [ 21 ] for the kWh price of wind fara electricity
in India an amcunt is mentioned of $ 0.06-0.07/kWh.
The avoided fuel and capacity costs amount 0.045-
0.05 $/kWh.

Is the difference in external costs between wind
power electricity generation and conventional
electricity generation taken into acccunt, then the
total avoided costs with wind energy amocunt
0.095~-014 $/KkWh, so large scale wind farms are at
many locations already economically attractive.
However, the calculation of external costs is nct
accepted vet and not implemented in conventional
energy prices.

For small scale off-grid applicaticn very few figu-
res are known.

A comparison of costs of energy cenerated by diesel,
xercosine, solar and wind is in { 13 ] given for
water pumps and presented in £fig. 13. 7
n3/day the costs are 0.4, 0.6, 1.3 and 0.45 S
cts./m4 respectively (wind 4 n/s).

in [ 22 ] a comparison is macde for electric driven,
éiesel dr.ven and wind driven waterpuszs. The costs
mentioned are 0.016, 0.031 and 0.022 =S/m4.

In [ 22 ] moreover an interesting ccecapariscn was
-acde regarding investments done by tha government in
these three options and investnents v end users.
3oth for electic driven pumps and diesel criven
punmps investments nust ke made in aédition to the
mctor or engine investment.

Tor diesel pumps investments nust be done in explo-
raticn, rcroduction, refining, etc..

For electric nctor pumps investnents =ust be decne in
vower cgeneration, transmissicn and diszributioen.

Ter the government total investments per unit are
33,000; 54,000 and 30,000 RS, while the investments
ci the end user are 10,000; 12,000 arZ 30,000 RS fcr
electric, diesel and wind respectively.

Tor kattery chargers a figure is mentioned in { 3 ;
Shi Pencfei calculates a price of 2,30 §/kWwn and
clains that this is cheaper thaen kerosine or dry
zatteries and also cheaper <than sxz2ll diesel cr
setrcl engines, and only a half or a zuarter ci the
ccsts of sclar panels.
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In { 23 ] costs of alectricity Zrom tattary cha:gg:s
are compared with the real costs of sleciricity with
- a grid ccnnection in rural areas. Ia Ifig. 14 this
cczparisen is Sresented. At & /s :nd three davs
stc}age the kWh costs with a :tatters charcer azount

The electricity fron the grid should cost $ 0.42/%W
at a distrirution lire of 3 ko.
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6. Conclusions.

2)

~—

L)

The market potential for wind ensrgy s very
large. For centralized grid connected acplica-
tions a potential of 450,000 MW is estinated
for the coming 30 years.

For decentralized small scale applications a
votential of 2,000,000 3sattery chargers and
2,000,C00 wind pumps is estinated.

Inplementation of wind energy Iis to a larcge
extent dependant of politics. For the centrali-
zed applications it 1is impcrtant that the real
costs of generation with conventiornal power
plants Lbecome visible v inclementation of
taxes.

For the remote areas wind is a rel 1

of energy of high quality butc politician nust
beccme aware of that and chocose Zor it in stead
of investzments in expensive infrz structures.

The technology of battery charg:rs anéd classi-

cal wind pumps is mature. New <technclegy fcor

cheager wind pumps is cn 1Ts Wiy .

The ’=::nology cf 10 - 230 xw turbines for
ind farms 1is growing to =aturitv. Larcer wind

turbkines are in the develcrzent chace.

The XWn~costs of a ncdern wind farmz enmcunt
about 0.10 S.

It Is exgected that this price wil descreas: o
0.0€3-0.237 S.

The =Wnh-costs of a batterv char
The cost ¢f water frco wi o
3.:3 § fadul) oSN

(this is eguivalent wizth 1,53 §;xWh)

This costs can be reduced to 0.20 S$c=/m4 with
nccdern technology.

Transfer to knowledge tc Zevelcpiag countries
must ke organized ané funcs must te raised. The
establishment of an internaticnal association

#4ind Energy for Rural Areas is 2 gco T
create a platform <Zor necessary excha:ce
ideas 2nd a body which can 2¢t Tz politic: fan
and Zinancers.
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