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te1ocation an extent-of groundater supply, it b en estm dha 
80 9 milon cubic meterscn be'safely tapped each yer (Freeman'p. 72)
Thisis considerably more tha*n the aoxima~tely' 29 million cubi mters 
exploited in.173,ast y~ear. for which fiues are'available)'. 

~Th eclinfe insupplies of springwaer, ani the subsequent shift to 
groundwater has cofsiderbeecoomicimlications for farmers. Sprin
waeri esentially1afree commity to uers, the only~ cost being some formi
of t (either in cash or kid) :to-the djitchkepr. This is not thfe case,
wi gonwae. Th iistry of Rural DvlpetIhegermn 'raniza
tion esponsibjle for' eploiting groun~dwater resources, charges oneescudo(o
approxiately $0.03) for each cubic meter of water pmed from wells, 

~Other efforts are underway to increasewater suply nd te,1otal surface
7 rea-u n d _rr1i go tio --The -7U5-S as-r ly- arded-a . antt -t : GC 

for th puchase and installation of a diesel electric seaw#ater desalinaton/ 
power ge~eraion plant. Upo completion,~ tJhe'plijt will have a dailyotputi 

' 

9of 750m-1 of potabl wae.5 he Federal Republic of Germany' is~suppoytin 
an effort tpupspring water 350 pieters from sea level, of a farm on the,
;sopd of Mon enbao ro o Island. ~A similar, effort isbeing supported 

-yt e'Nterlands on~ the Is and of Santo Antao~,. 

jlTe~epitation of Cape Verde' s watar resources 1111 require substanial
inpts_:ofenegy.The? government is seeking al ternatives to high~pi1ced

fosl-fes t and is plcn -igh' priority on~d6eeoppient of local~, renew-~~t 
W6,1o$9ces'of energy ' A experimnaI ,effort is- c~rp6ntl$ underway tota 
CeVed's suibstantialwind resources for,,p~ping water and,,genirating e10c

?Q tricity. Thi~s foft".finafrced by.the Swiss.Government andi implented by~

the United Nations, wil alater secti of
be discussed kin greater deta$il in" 
 

III ENRG INCAPE VROF->. 9 

"As olsewhrear'nd' the world, Cape Verde isfeeling theinpact of 
rising costs for, fossil fiielst::whfch comes at a time when~ demand::for. anr
V Is aso on the upw~~ Fra 1971 to 1976, the quantity of'1mported osi 
fuels,-doubled.' During this same6 period costs,,more than quadruJpled.' Fossil 
fuels, account rfor _&'growing share of the co-utj'tys total~import b11l1

-' n 1976*9~9 as copae to' 3.-, 5% in 191 (SO9,9 I 

99 t,~smunesttm ted, that the anuelI fuel bilI tor'the porposed plant will 
amont o$420,480. Tis assumes-that tho cost of gas and oil willbe'$155 
/T.Soo Ca2 Verde Gesall ation and Power (al , proJect paper prepar~dfor ~<"

W~K~the Agone or Intornatonal.Teoopient (tanta, Georgia: Georgia Institute ~7j 
99 of Technoloy Agust 1977).,1, p.@410 
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Table 1. Q-jantity and Value of Imported Fossil Fuels, 1971-'976 

1971 1272 1973 i074 1975 1976 

ToSsiI F el--7,".2ric Tons 10,767 13.106 16..3 1, 307 22,0-0 21,505 

C 0 t 

0th: 

oI 
to T 

OZ 

'-Ort E4411 (5:=') 

.77;e ,rts 
ata;--,-.i-l 

A 

S 633.9 

C201400.7 

2.9 

8 CSC.2 

S24...1 

. 

i,14..9 

.S342'u).48 

3.2 

I,3 2.5 

7.7 

S 2,778.1 

$39,766.1 

6.3B" 

S 2,668.2 

$30,594.3 

8.5% 

So~rce: Cape V A'cAssessment of the ;gricuitural Sector, p. 29. 



Vey'9tledt ar avaiable on Cape Verde swi nd and, pla~
resoucesSom observations wr aefo 9116 nIe illyo


Praia Santiago Durin this time winds lew from tenrhad o


about 78oft;im, an were al a~bout 7%. (Se Tale 1) ths


been~estiaeh tha ragewn spesrnefrm1 mhu t-4 mhu
 

Tale1.bsratos of'Wn DietoPaa 1951-1960 

'Diection Nube ofOsevatons 'Percentage: 

44, -4344 -

Northeas 31833 3 

Southeast Ji~;~~~ 243 ~ ~ <~2 

West, 01 
- Northwest 18 2 '' 

Calm ~ 760 ~ ~ 7-

Sour'ce: Cape Verde Assessment of the Agricultural Sector,' 
p.- - 54. 4 44444 44~< 4 

Data on solarraito rscreHwvr o etmton 
are available' for lMindulo aPr il suprcepotover, aive yseiarinperiod. Teaverage radiation is144 Lengie syper day for Ilindelo and 538
Langlays per day for Praia., (Freeman, p. 551



The 'Government has identified four priority technologies for deeopet


(4) solar/wind drve pump torpaedisladhadpms



(2) small desalination uni s to provide potable water. (Accordinig 4 

~'-'<<'- o N Hr~cioo~r9sthe resid'rnts ofthe islands fHl 
-

2I' - - and 'oaciSta'p0 'o ao
andBoaVita ravl ong distances to obtain dwater.d
 

4Appvrently much of the water~on these islands ri bckish'.)~ 

6L4 44444 

Mr Sore it th ieco e<lo 
 atrlReore 
 adCnerain



Rura 4ofCape
M-itro Dovelop
 ,4Government444 Verde.44'A4444444 





Anthr comleenar, soluion to th 'fiewodsh rge' afto:


stoes tehoqi xprimntSta1onp-has de4signed and tested
InGuteala 
 

fuel required forms oo-unn sytes InInia, a smoki~ees hula has

been~ fabricated with cly sand and bits of scrap pmgtal. Ituse@approximately 40 ofthe firewood'neded for anoe fi re Othereforts~5are 
underway~throuot theworld to design bette fireoe, Th potenilfr

uimve coktves inCape Verde should be explored~ 
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Enry Projec in th epbia~Non-Convetional PVjr6ten. epubli 4'Capi the 
Sws-fhs'htutr T ln;it betv f he ptoject is to assist

01-CaP&Verder in tappingilocal .'reneable soucesm of enry ndStheRepublic 

To
to test technologies which harness non-conventional, *nergy sources.4' 
 
achieve this goal ,,th a followingatt 1ties''Willbe Ond~rtaken: 

-) collection of prevalentitrue adinformation on wind ~ 
S and'solar technologies, 



(2) establishment of a system-for collecting data for plainningK-
-programing and designing projects insupport of non- jj! 

covntoa eneg,



()development of standard practices for designtngjind adapting
wind/solar energy devices to local con~ditions arnd needso 

C ~ 

C\ C~ r C ~ - V 

(4) establ ishmen t of apilot projectrin San Felipe (Santiago)
purpose-of testing avariety of wind/solar' tec n(dI,-forthe 

~ ~ogies water ppingand.10r t geeain-- -for 

(6)Training of local personnel-to develop alternate energy (C:i~j

Csystems which mostlocal needs.>-

Volnter In Ta Asit- CCca &cWtv MauldatCsg 

USQCr 2C Appndifo th iso eoto dar .Jfeisette



"No Sovninl~eg.Rpbi of-5 CaoVrdsCaedFbury17.
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El acot wnd ge e or 
'Sl~tzelnd)
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(3)Daro wn generto. (Cana)': 
(4)Dempster wid pump (25 of os p bha~O


donatedby th Chuch'Worl Servie)


(5)0,REEsolar (thema1 p (France) 


a parallel project to increase'the area unde iriaonhug -develop
mnt of groundwater resources-,Th vaiu widsola systa swillpup'
water from~ bor'eholes drilleoas pato h rudae eore rjc
According to Mr Fenandopul, the~ project manager fo oth ciis
the,

results of the exeiena nrgy project will provide a basis for~dtem-
Wng ihs yse~s, any isi appropriate for rep1acing diesel1mosti 
 
engns Hea mhaie h fac at
bajoth projects are intimately

connctedto innovationsin the fedof agricultufral developetadhne
thCuminq,ssstenm--although experimental--should nevertheless nue;h

water supply.'pn a permianent,,basis," (Jetfeies, Appeni 5 p.1) Install-m 
atlon tand -operation bo the euipmt is~rthe reosponsibility~of Mr JosefSVani$0.1, a U,'N. volunteer' from thedNtherands,~ Mr. Van Me1 arrivdi
Cape Verdein September1977. 

Inar'ecent discussio withi~s. Susan laahy, U.. office inNe 
Yorkc whoMI responsible for the~ No-nventinal Energ Prjto 'itwa e
letrned that none of: the idillwih teecpinoteDmserae
in.operation. I1t 'was also learned that the funds for thie project (totalling'
$100,000Y av been almost copltelyP expenided. As acoquence the status,
of the'UNDP pr~oectis uncertain an~dditioa supr for mainltainingthis 
activit isnwbeing actively sought

Per.,Fernandopulle has identified additional activities whi~ch wold
provide a logilcal extOnsion to the activmite alreoady underway in San Felipe,. 

Teeinclude: 
)~~. 

Tari'afal for wind measurement and incorporation of some perm
.. ~.~. nent observation points in tIhe~existing meteorologi calnot

(2urther intlaino twlndpmps inte o.linilad of 
SSal$ AMaioBoaVistaadtjVLAch'd, (aoeSmntiago),


smanll workshop can be envisaged orpas unoncand 
know experlbents,





(3einan9d nul, ta t o{, :' oar , 1 

tTar'afal projec ne eL 

V-OTHER PRPSED ACTII 

I~n ctober 1978 h Club du$ @1e~pbie a epor etitledEnerqy,
inthe Development Strateg of the Sahel: Situation' Pers etiVes-w aecorn

France, the Netelndan h Feerl te~lc Coo y:- 'Vof Gran h
West African~ Dvelopmet Bank ,Tt-was prese ed e. -T rdhMeigo 
mtegn a permpanent regionial'centet fo app id'r '~e'&jt 1id powr
beoestabli shed inCape Verde. I as',nQrges 00 o o~spotlelet 

ficatidn of the islan~ds using wind poer0 u 

InDecember 1978 AID leared that the-e dea Replc of Germny was;planning to provide suipport to Cape -Verde to imgentsmofhercmnd
ations of the Club du Sahel Enery ,Study.' At tis timeteUScoatd 
the Club Sdcr'taria~t inParis to~obtain more information about German 's 

~i 
., 

. 
-1
intentions and to convey an intbrest-in coordinating U.S., effort~s ithtoexof Germiany'sit was subsequently learned that the Germans~had n t ' et 

~dlefned the nature,.of- their ssistance~to Cape Verde, but woulddbe pJos
tor work with, the' U.S.' inCpe.e adeswee 

The possibility of:,fielding, joint msinwt h emn a
considered but was rejected 'on'tue grounds that thi's would furtherdelayj th~e
U.S.' nmssion ,whith h s:aleady been postponed seveal imes. As4 analter
nativei the' U.S. has offoedt1o brief theeGrman Mnistr of Coopeaino
the conclusions and recommendations of the AID mission, either inDakr o
Bonn. 

he .Juwit 1978 Mr loracio-oae.cm toWashington, D.C. At this time,lieet ithofficials of AID to discuss thle possibility of. U.s.-Cape Verde ~~ cooperatlionitho field of renewable energy.-<1t wa geedin principle
4that AID would field aidesign team to ,evaluate the rasults of the UNDPjyQx 

Fennoplo "Future Activtes 'in Non-Convntional Energy Sector, 
1904 

~>~ Club du Sahel, CILSS, Eeg nteDvl t tf~yo hoShlSituation---esgl ve Recape rd ons (Paris,~ rance: C u 501 Oct 

06; 10i p.17



http:loracio-oae.cm
http:nature,.of


rJe'a,-povidngs' prvdee d eito e 


pport. hieat-6n c~ddoi sources oenergyo 

toAN~~ti~nloa~eaadrinster rge 71 4ct 

spec'ialst'wl itravel~-Cap to~t~y)dei
tfon Marhi17 drtt''inrjetta


WhEvl-ateePoCnvtentona" Ene'""'""'~ec -" 

(1 havddtona Supr (M~ei ' tehia sssac, 

(2)What has been the experience to date with th~e installation 
" and operation of~the Dmpster jwindpumps?A 

- When and where will' the remining pumps be installed?"'

tsystem ha esalse on 1 t(3)Wha bee o collecting data ' , 
'-4' -(4) To whiat 'extent are wind, data'already available, or beingcollected, at other~poeta ie in the archipeago?. 4S, ' "' 

' "'(5) Are there sufficient numbers of traintd'-personnel in Cape-
Verde to install-and nantain wind.systems? -What provis-:' 

-. - ' slons have been made' for, further developing host country~~'
expectations?.-,-:-'w-

B. EVAluato Other Wind-Systems inCaee Verde K K ~ , , 

(1)Are other donorsVcu rrontly supporting or proposing to -~' 

'4+' +'1'~I- I What has been the experience to date? '. ~ , 

' (2) IHas there been any experience with local conistruction of, 
-Iwindmills? 
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SBureau of AID,4 

*i ~~~ 	 VI~III INFORMATION ON R~ENEWBL SORCES OF ENERGY 

<In,January 1979 the Governmnt of Cape Verde re.quested inomtino


~~~'~jthe folloiwing subjects; ~



* 	 ~(1) geothoriI energy,4 specifically rsearch going on i n H~awaii, 
(2 production of ethane gas fromdecomposition ofognc ats 
(3) air condiioin using solar energy. 	 ~ 

131
Se4peni fordetailed resume offR.Awr and S.Bake 



- 13 -

This "nquest was conveyed to Ms. Nina Vreeland, Office of


Development Information and Utili7ation in the Bureau for Development Sup

port, AID. Information on other energy technologies, such as windmills,


solar stills and reforestation, was also requested. A comprehensive com

puter search was conducted, the results of which will be delivered to the


GOCV by the (esign team.



Volunteers in Technical assistance, a private, non-profit organizdtion 
which provides technical assistance and information to developing countries, 
was also contatcted. Ms. Sabra Breslin compiled information on a variety of 
s1nall-scale runefwi,1,le enurgy technologies which might be of interest to 
Cape Verde. These also will be hand-carried to Praia by the design team. 
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.tb,,,)nftoo 

e 64ko,' te 
tho' ,' a t 

tedt e. 



--

Y3 
_ St d.a n_ug 

O0~nr~~tonetigattb~ 
iit@4lO wast fr'tl'o ijifipro 

vol iof 'ria, to1 be run entiely nind and
eo~rgy1sola, lyi istWen dunate by C1QAMME,

4 the French Protestantrelief agny.I addition, 

Worl-Srvc ohdncPthoWd bSfro iiUS, Chuarch 	 wil 

Iay dyom 'Sis ovrn-oplaced -troghu th l~f1d~I)Th 

J?@Fncman,( had :oroadyii made a ip to Cape'$ Verde 1July,n 1075 Am tchiical odvor to.the'io 
Amica n Comm4ittd ' te 	 '... Ve-poo.Halofl .Supprt' ofCp 

doir-nuom nta reerhapictuocn 

""4"at wind a-nd solar dvice adrdv land n#a -
Sgement, Simple drip Irrigation sy-stems, hydrop. . 

Ic-gardeniiig, tho erection of windills and Suit.' 
able housing 'techniiques' for desert .environments' 

~j~y"' have beenvidotaped by Mr. Frenichman and his'4 
,ascatss tha *t, ma bi shown to Cape:
Vordean otficlals'who will judge whetethy,are~ 
H5appropiate to local4 conditions,, Wevqisited. the 

co-operate with all these centres In exchanging---s.experiences with the developing technologies. At~
ready the US Energy Reosources DovelopmentAg

(EI1DA) has expressed interest In the project;'ency 

close collaboration with Swiss institutions is en
visaged as well, Equipmmn-t from a variety of 
Sources will -be tested for their efficiency and ap.

prpiaec oth nrg . of poor Africa 

countries, Itlls estimated, however, that the one 
vertical axis generator already procured will pay
for Itself in six months, 

The demonstration project, which will supl
the electricity and water for a Small villagewill
be a prototype -for other villages oin the islands. 
At the Some inip, Mhe Centre hopes to manufac
ture 	apptopilte wind devices for' the developing
world. We hope that 1hqugtful use of the indigo". 

' 

* ous resources of Cape Verde will not only enable 
the country to meet the problem of scarce rainfall 

Solar wae hetrmn-cuedl'ie 
'acquiredt by~ thCaeVrepoct 

ob 

o 

-Mcil . lt ofibeo'ffIce of, TochnI' 
cal, Co-oporgatlon',':SI, authorof this article, Vi. 
'sit* the project ;4o, -(2po Verde, where a solar 
:pumpwl~l I)o InmW"Ioe. ' $ '"'' 

4s-( 

"":& 

,': 

* 

'~« 	 giant, NASA in turbine as ell as cornlNotak 
munity based projects 

*."' 

which concentrate en simple, ataks -	 ' -- ' 

do-it-yourself technology. From the Now Alchemy It would seem that the wisdom shows~ by Chief ~ 
Institute In Cape Cod, the UN has sent the Inve - Seattle In the last century (Secretariat tews, 30 
tor of the "mail-wing" (awindmill pump made of Septemiber) Is still alive onl~I 	 cinifiveiT7Tgoollk
sails) to Asia to build similar windmillls construct- is the only community in; Canadas North West 
oct completely. of indigenous. materials. Wittle re- Territories which has' been-offered. television' ser
cently in Tanzania, I came across a project I----vice by CDIC and has turned it down* These are
which windmills are made from corrugated steel some of the reasons, quoted by Native Press, aa 
barrels. In Niger this summeo :-Canadian -paper serving the $JeL e the, N. .I toured Prot, 

-

i 
hloumoni's Solar Re~search Centre which has do- The children' aire taught English In school all 
veloped a solar pump and heoter and Is now con- day. If there were' TVthey would hour ZEglishall
contrnting on a solar refrigeration unit. 	 evening as well: and "eventually, might not learn' 

' 

M. hope that the project in Cape Vorde will 'their own language, ----------	


:Most' community organizations hold meetings In 
the 'evenings, In communities where TV-has comea
in, some groups, have quickly died, out. Jgloolikc 
wants to-keep) the organizations going because they 

' ' ' do a 'lot of good.
Mtuch of the traditional craft 'work -building 

sieds1 and boats, Cleaning and sewing skins -1Is --
dorne in. the afternosm and. evenings. Some asOOPe 
are concerned that these skills would be less 
used, eventually forgotten, If there were televi-

'-

Sion,. ---------
The 	younger people of the community, would 

spend -all eveningi watching TV and then wouldn't 
want 	 to set up and go to, work in the morning. 

-

Igloolik also worries about the effect'of TV 
on mores -they don't like the emphasis an kill-

---

Inlg and violence. And they worry about- the-effect-
of TV on personal relationships. They say that 

you walk Into a house where there Is TV, no.-


-when, 

and lack of conventional energy sources but also body looks at you because, everybody is watching
"~r" as a model for other countries. guess what?--	 'i.I 

S 4- --- - 4---	 - - - - - - - - - - - - 
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Organisatio~n adSo fte-iso



~,~;Thiprojctinbeing opera~ted by BSA/OTC on a Funds-in-Trust 
basise with additional equipmen~t supple frome various .:A. ys 
In the' absence of any field per'sonnel during 1976 and'1977, coool 
of tho eqimn.eiee wa netaken by r z. Den~is'3Fornndpule 

'--~~ Project Hanager of the pairellel Project CVI/7/OO3,, Groundwater ~<->4 

Maagmet In September 1977 Nw-. JoSotA Van.1l a~U..Vlute 
'arrived 
 in Cape Verde' under-OVI/76/XO5 to-begin the installation ~-

~ -- Information available inOTC and CKTIE? inNow ork at that
time.on thostatumof the pro~tot andon poossblt ft~aure requir-e-~ 2' 
Ifents was apparently incomuleto, This shor't mission was arranged0 

in order to clarifyv the position a. raeprds the propor install~tion2. 
and~uo tI'us umot 



O~oor atir'I t



A' orolof hz'100a 

',tha~ OV *th fiel contrftI 6feP~ p 

GiflO th two p o -like "to-a 1. 
staff exited in CV00/k7Q HShPS s hd*uil 

itarvdf ta#,n'ito inetory<Si,,nrrngo -storge 

alsop been mainly're n ible, 'or drawing uptb.,oo Soh*an 

laXy--out of tho -yarioue -elements, of the-.po 
ex*zee'mental area allooata at8an FO 11P 

Thearrival of Mr. Van Meel. r ate an aflomalous cituaton, 
wihaU.N. Voluntoeer &pusrently appointed as P~'o Nan or of, 

OVI/76/X!O. Inactual fac~t. Mr. F Z'flldopullC continues tobe 
>theefetive Project HanalST since he inresponoible tor the 

invetorandlocl mnds. whiile Mr. Van Melbntaken charg 

of he nstll~ionandopeat oo the specialist equipent, 

'T Ihl~is sntended for'the converion of Wind an4orEeg


into Xechanioal ea Electrical Energy, most of which 'ill be 
 -

used to pump water'from the boroosw alreway pu nb h 

parallel Project. The ultimate uses of the wter to be poduced 

and the future deveopm~wents in cattle raising# agrioulturet 

forestry and village development hove already bean agreed by~ 
MX. Fornandopulle with the Government Dep4.wtuent oncierned1. 
Thoee sub-aprojeaoI i13 be finnnae4 by the Oovernzent with aid 
and technical assintano. from a ait fsucSohrte 

B. Equio-o--


Teequipment alrad reqisLitoned or wbayied tohave been, ~A 

r eomi,itioned bu hich hasm nt y been reeie inlstdi 

~ Ifo.l. orepared by Mr. Van Noel. - QKi-<Attachzont 

I b 'iikll 



C, Addit ial Eunent Rocmmen d 

isreoro tin d .@~0 q zon~ltJ to 
ttoco V of 'P ble ( ttAcmo~n t)i y Q oe) 

O9TC by Mr. IVernnndopuJ,1e on 20 January requesting purohase in 
~,~Las Palmass for rapid deiveryo The, nupo1 o(. 110 to r380 volt 

3 pna tz'onntora fow the ";Rlok-twoll iAgnra"nmo 

impotant to nvable thinmnohn t ovrn oshl-pm, hb 

altoreqiredto akeconnections$



It<$ sup 2>twill be highly desiable" to t least some instru

<7 ftonor, moastiwine solar radiation at th*ie iisn order to 
beab~le to ch~eck the pefr sof h of!telsarpm 
and as a basis later for' the deig of,ote soa44es 

This shthould1 includeAat les a~ "CaspAbl Stakces,, Hours of Sunshines 
recorder and a BimetallUoRecording Pyiranometer to record 
cotiuosl the.gloal radiation~ on a horiscint4lsrae 

The ei works cost of thus*e two should not exceed US I 80O.ooVT. :~i~4 

Anemometer$ (e-. four orsx r eeet ae 
 ai uvy



4,,- of the wind regim In,alimited area. -Thes are listed In-the . 

Edmund Scisntii-'Cospanylsa all 1977 cataloorue at US~ 271 O 

-~D. VoWhc Pocramue ~'44 -~4 

There appars to be "consider'able.doubt.'about the definitive 
SProject Document and, its content., Attachment Nor.). siappLiod by 

be the one atually o~n b b. QCovernmant, 
" 

4> '-The worki accomplished to date to 4esowibod in Mrs.Van Noel's 
Pronresv'Report dated 14 Decosbor 1977 (Attachment No.4).- This 
also describes the oountorpfirt organiatlon and related projecots 

'1-beinq carried out by 'othor 4id ortanisaziono. 



4444 

a~~%.Pu!oB £e 0 iVon -Rual



Development, in relationf to the*initia$'L1
ft QQ1.ural And
 
vilg dev~rovlo ment inthe area of San Feie The groundwater 
Ma2nagement Przoject-ban alod sooofsull 
aip4 bored most 0 'the
 

~fhTh positionat the end of January 1978 srefreidvd~ 
machines in briefl.y'aaeollows. am statedby Mr Fornando 1W;e

1Denmtez 1Jind-purap 25 si~pied byCurohWol Service. 

!~One hass been erected at San Fe.lipe (nearl oomplete) 
~' I~<Five more will be erected at selectied boreholos in Santiago 

Island. ' 

Thre are 1bein installed in the island ofi ~o~.4"'


-Three.ro.4e44 instlle in' the isan ofanNicla



Tron are reserved for the island of Boa 'lista, for which bore-<1 
* holes have Already been put down. ~A

~Three are s12ocated to the isand of Sal. of which one in <,,,, 

90044E1ktro Wind Generator 5 kit'.i ~~ . .,.. <,k~%.... ., 4. 

Theloerforths~ss~ben recedatSan Felipe near 'a'. -

suiable borshol*e. CoWnltiofl will &wi purohae of 

transformer, cables and a submrsible V~p A control house >A 

~~~~will be built. 4~44>sI,.><.4'4 . 

44>>>'" American Wind Turbine, 4>-. 4 , 

A site for ti hats tenatively, been allooate4 at Bani Felipe..K 
Darrioum Machine,4 ''' 

An' aneomter ha's boen inistalled _an the proposed hil ait&I< 2)C' 
for this at San Felipe and hourlyr wini soeod readings aro eing -. >~' 

~ >.'>"'gg"d.'<Thisloied.operate a well. pump in the vall.of belowi the '. . 
hill. It .till romains to purcha~se a suitable wall pump for this 
andlit will,be some soriths before assistance will, be roquired in .... 

"ALte rection of the rotor and putting t$in oper~tion. . << 



I Vo~i 1.6 ur 

trTho Voa in f r1a abene wihi othepto poo 

So fro *'a sol~x It

forthe solar boloopnolevAo'+w,'2 :,) in4 t to 

one'truo~tio'.o~vt~b e wb~Q tW t 

of sthe ?Iankacond~~lof±;hei o o waterLsbucetweenl 4mnstwaon 

WEner'gy component of our projotns a annble, the Tara project4 

to decide0 whet.her to substitute wivKdmlle f'ordiese n esi 

maRny cases. Thi5s j@Ot (OV/76/Xo5) is therefore of coonsiderable 
releanc to the future of irriated1 agriculture in the Revublic 

ansawhole. 



oover-e of lth 'o n or r 
S~ ,. soo 6 a 

ponsib k onQ n o2' a' ti' S 
Taidrotho pison".Pl 1nne 

-A~m rtta nal, noihi 
-this s to Ouumtile "uga2',0 h 

an 0 o o. s nwW~a0vnosi 

Ionio tr*V fuor 'Cs hcud..d,diiaa.os oul' iitew ,,olw'me bAhoC. frbe 

cos~~~ootmpoo. wio tinns' 

0'r in ' itj terrain; and,, appliatio o b LW4app14tton,,.Io 

benoded' o 
 thoonbii~toh 0ndsall.aoditionalicomm iments awo 


ia oftewokf ,both lInm principlea~yh ~. of44conentraibeon
 

toth adof 17. orpoti or. io ojentto shou bformal-' 

1981 the Goermn wish* nIftfopro1980 and~put s to include v 
otheroaapplicatno No-venioaohery this shul be pla 
an aol sjratpot thaiaa@oraemnng scedleo bthsie 

1'wo1o ap4ecitt af 
theory to' find.ountew~rv stafflimet aost 4 
witfenprort-e bcgound andhRCiftors azn4(b)thei~loelo stn 

fo itna of quiLaent whiph cannot be 109*1 Vol. 
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R 	 0 

.A. Jaot iiabton du Dro s 
A'proentla.RepublU os 4w Cap Vort e8 tco , tr

6 a 6~ a~~ ~~ s~.~ qu e 1 o e±1imp do 

vomont ol.6v6. ~ oqo , 6..o Gouenms 

imprtat.Les premieres doxun6.s- *±34±olis aoie l~ent ± 4 a 
quo le pa~ys dispose do fi@A oz'ab.68, a 1. 'uiisa *8-,,-, 
energies±@8solai~e a o olionne-doans-1-o 'oaC.o-7pl.ustaitcu-, ..,, 
programo do mSise en valeur~ dlenera± noni-onvwent n&6 

lip. (le de Baznbiazo) un projot pilot ayoant pour~ objet al4
rocob0Xoh@attoste lea elements de baset 

~ ~. ~<. . Gcxzo Institutionnel0 

dj744x ceojt En outro Io. 
Cn±~iaao du Mii~tdo 

<~oc	ooornioi par corins aset do J 
fait 6tat d'un,bureau you." llnrji non.,., 

4&4 

sorulos doo o~Vanorgeonventi±sobo qu oon' i rd 

d' . Atvt consoutiv d Govaromin. 

dos pro~ots tuoodos utat faib*~'lo auot 6tnobton4, 

Po6oindis oable uoxprzntto, cra ioua I&diaonnieo~oi8ao 
tion luaaoGto 4. 3.'sf0olo Luvenction o o 4uoi coa'O 

.doido poar n ont ohn 6udo dobli a oidu Haelnistur.d 
l<t.,.ltrs ob 	 d~L 	 ao apxiiainds osn 

FP '.) 	 
' 

http:oz'ab.68
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On campto qu a. Si du prje IQ CO3ee& nod aoire a±'r
oba dovol.oppo"'au. j du±liitr en,vue do OzauV' 6a

du ~oz~o~zahnon4 ~~- ones 4 ap Vert, du point do' 
~vuo do la planii±at.onl, fneire la l 
 to n-
fozo ation ,10 


nomot,
entrtio-etlo finano ment-


SD. Autz' activitns connexon-
Zroe donerLinon oc ovbStio n.J dzoul'o o



~ton etroie avee 10 praoe do roheoesdfaao so t


* :x~oub6 n o
j .t o0 

dans le but de choinir d'aute a.oos 
 valablpas dansu 2,pas~r 'et
Qasiour IlW1eaovoir do os pr'ojet 
 ~oandeoG 66h l lo -,uppoz't too 
tecni 'alo 9Sti~que ou autre dont ilPouait avoi beoo±, 

LO Bteproetd donorie o onventionnJ.1o pouz'z'. it r~e
Utiliae'pour d'autres experiaionoo sly zrattacha t 10 uetu 

*lisaation do pompoo(s)SleS)IcraLs proje'ws pvxtoulie's 
4'uti±Uaation do 1'eata, ota 11xeintio agooius

Los eaiasd rjtsun odo Ptzblionde ai.ed 
etr'@considoro@a done 16#lcadre do co~rtain projots tels oqu. p oj6t3
d'0180tifoton,~irrigation, ot ftppovisionnement on eau pour' 
Usago Anrmostiquoa 

E. Oompn1 6aont ttondus daido oxtre!ourbo 

Dmai le cour; do la 28mo ain6.'du~ proje uneo valuation don i, 
rogu5lLVW.:D 0mra'at aveo la participatoni do ro rosontants dodeA~nod'dx~moutioneotdu Oouvernamont, o±i pormott~a. d'6tairz 
lea IbA'30 pour tan. ansisbanoe fturetw Gvontuollo pour la oontinMR-


PlUaiowrs o3rewdsigmog dlaida axtoriouro ont± siale qu evon

c-do
-~ utt onwounont nou obbtziuo,



http:onventionnJ.1o


it' Ob e tifs 'du Pzojet, 

A. Ob,1odt1i±z a long~ lerme 

Lo px'ojet 	 vis aa: 
) idoz' la";Rpubl qua 'CaOp' Verti a usore a 

130illS an ener±ea myn do ses'reso rces p opr~d' dorso 
Mocura la lplus' laoxo,poss±bl 

2): Mpeienter as .le ter' am. wie eofolo e pour
l'utllibidti d'oo o~ie~~ 
 quiidnon- oconVenfi3onnele sse-proisen-s 
trun 4.nte6rSl~pouz' d aepo.


~ ~ > B)~Objectifs ±iurediatsa 

lemioux%edapto &a producti~on d' enoe'gie non canonentonnmoJ. 
solaiz'e o; 'olienne. 

S2) 
 D e~tabliz' un programme do coJlooto do doanos orionte 

Y$j~ vera dos buts pratiquos en vue de la miso on oouvro d on~ori 

~ )Do mob'bro au point os no~mos destinea~ Isl.dorcep
~~~L<~ lion at 1 'adaptati±or do dispoiti.to poui'l ~doi 

ioe aoloaze ou oolonno, at adapte's 'aux coonitions et-besoin8 

~f; :~i1~ 	 4)Etabir~un projot pilotea&San Fil p. a as qu± 
~ p~rnobz~. l~aoi3 plz. .zomeni do~ ~i~iiZ' coB toohxiolo gie, 

ropndr oconomiquioment a~des besoinn prepca, an Podrt±ouliars
j~o p2od~t~w4'au eb 'lectrcit' pour' do oapinn 

Si>Adomoo;..quoo atur lOU'utue 

5Po'e='& pzson2 local do man±O% i1±pormottro4 
do r6alisor par nos propre oyons dos dipoitifa4dnor~i 
non convonti.onnollo caiab2.es do ropondax besoi.nslocaux. 

http:aiab2.es
http:dispoiti.to


*, Ilvoc3issomefl' Iatrs 
Si-o projot pi4oto a Peit ~Oche11 dc'montrze qui est 00i~~ 

~quomnt possible at oon~mSiquemen13 rentable d'util±s rJ.oeraio~± 

Ooiaono at'solaie au Cap Vet ±1l O0u13 probable' quo, descpia 
oxteri±oura, seonot 4±sponib2.os pour Z~exoo1u ion do. pr'ojot3

-pingrne'echelle faa. 44v en r a0 ~d.posii a. au pabt,, 

11U. Plan do travail 

A. Description des activi1t&e du projet ~ 

du, pr11o 

12. eleto duUX corintu do ro PriaN Nov 7 

io de-oVOn o1i o tdoloIoOP Ga

. dos speoordaiaodon 66QoA 10I NY Nov 762MM Finalivtio 


abnson duprjo
 .Plp an- 77I?
G. Pr.eartio dosnst, 


I11 dGbu doou 3,Ylp Jin ~$8. *paraionndorpror 77 
dAptvaoo not



9. Eajqjjjor A moroatioonasy4o1. ~on ~APia.. Jui 76 
1 1 

1 
 

~11,1
cofI't aIello becoins A~ 

1 4 
AIV 

10. do aciv~i~o Aeth~).Dou. 77~lanr -Ictio ourllui~i 
a .I1 

IIAIAIIV.II do 116a. otdo 116nooierfo jdir 
U1IIi n uVp~ojob *t ,cpdb 4(~. 

p = _\ 

7711,otivt~ad but~es utliztiondo~lcau8.1lieSep. 
 

p~~jII IUdo &Ilonorgiodoe i Plu~ts d~poo 
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12 	 on do p6o ouzti sd o'on I ir


4o oomo orae p unn r s 
 

raio de. plansD±Of
dourcon ribuxiaon~.ds aonsU



fuu 

a) C~rdiateu duprojot (Volonta±i des Natibna Un on),Qualificaton Foz'Mation do concepti~on mult~i ar.


4 nairo 	 an ooeignei aveo Un0 oonna.oaano, ,ot14



~*~7~I>" Habi2.±6Lpz'atiqtzO dans lea dominos6 ootzr±que at I o 
niques. MCP6rience dana la goston' do pz'ojetb scoent ii 

q'~uos at techniqesna. 

Ta~ches : Sera wsponsUab2o dos240oi ition obiuadn 6quiPoments u pl n drv i , do V n t l ai 
do l1a superviaion, du oontrSoo dut maintion ot 2.'po#,do 
 

rtion 	 dua projot. Pxpaara'1os apports, travaillera


AVOO lo cowmissiona divalution du retfado



roo~anatinspour d'outros pzrojets pourant utiliao



~A4"5 a a ro=-abt.on do paoonnal naional. 

(Lo ou4 'ffoaindu~ coordi~natuz' prjo @t-u 
 

doollation 	 4fio 	6pendon px'6vue s 5111 0,500 par e 

http:ro=-abt.on
http:ribuxiaon~.ds


~2. Iauiuement £±nance' p'Da une ontributio0n doa 

DU du Gouvezr~non Suisse 

Ifonds-n' de~t 

"Ejqipemn et~ fournture 46 bureau 'A 
EqupemntdJAIAV'iIan eoino e ob i5.0 

2 

f 
- ~~Fai4 do transports dioxp'd±i6±on 

~admiisaifo&±n, diversB 
~,..v 

C. Deaoz'±Dtion de. otri'butions~ du Gouverneminb ' 

.> 

1. 

a. 

Activit6a Dr'liminaires~ ~ ~ 

Qolloco-do toutes, ±ntormab&'ons disponibles Srlsvne 
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3. fatimonts et oquipciment 

a. 	 Fournir le mat6e'iol, lo terrain ot la main d'oeuvre noces

sairo pour la construction des installation du projet.



b. 	 Permottro l'utilisation dos ateliers du Ministrc do l'Ari
culture ot des Eaux pour la fabrication, la reparation ot la 
maintenance do l'oquipomont et du vohicule. 

a. 	 Fournir le t:'ansport du coordanatour do projet a d'autreos 

b. 	 Assizter:danis le a,,an.ic:Uents a clfectuo:, pour Ic trarnporh

du nt&'icl tpar bateau Cap'ordicns vc's Paia. Yournir cc 
tran-spor-t si possible. 
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i. Fournir U.O mainx dloe (.....l"
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Budget du projot couvrant la



Contribution don Nations Union 

CVI/76/Xo3 

Bno oia non-convontionollo 

Total 1976 1977 1978 

10. 	 P0r:,onnn1 
11 Cool'di:m'teuz Wo'cO0 700 8. 500 7.800 
19 Souz-to~a! 'cc00 700 8.500 7.800 

1 0. o.ablo 1.. 1•5C0 "I. 5C0


42 Dur-ableoc,.CCO 6".50 
 
49 >-al 	tua 63.CC0 3 .CCO 


50. Divc::: 

51 17) 	 7 rX' C 

99 " ILI' 117 (.,0o1C0.7co 8.500 7.800 
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distribution pau~o. Thi spc would have a Useful application in the


alProjectjaa here. construction of several small.tanks and, sizable



~During ~~i the.period 1976"79 an observation ne~twokusimila= to 
theA=0onproposed fr~SoPipe 'extension' "zone can be unetkn'Uniet 
lette egon siutdo a wind-funnel, the Ta aProject OXLi u 

V esxpossd to the winds arrivigfom the not.Th einfrmepweul 

windgenerators need Jbespotdby asrosstud ,ofth wind system, 
: here*# ~ A 

Themai sation will irobablytbe located inLppin 
 
Cha B= an wl'once= pypSpig water stocked in a< sicbotakt
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2toL o h this u.tllatiou probably can be combined to produzce electric 
voefor oib 31 ahtin1 in?&aal and also for~irrigation waterdistribution 
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SInthUO WWvM Lare around Dlh& Oa ra, seeral, small
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useful for reservoir design, and plantation; of wind-breaks. 

In the island of Sal, 2-3 boreholes will probably be equiped



with wind pumps in the Terra Boa region but the water is salty. In one of


the 	 points, an experimental desalting solar still, could be of great 

interest for eventual hydroponic agriculture. If successful this method 

can be extended to S. Vicente island. 

About 2 years ago a project for a desalting solar still 
was proposed for sites in Sa)amanza and Baia das Gatas in D.Vicente. The 

first site could be in fact chosen for a solar still using sea water. 

Conclusions



In conclusion for the period 1978-79 an extension of the ongoing 

activities in the field of Non-Conventional Enerar utilisation coul 

consider the following points: 

1 ) 	 Observation. network:s for the period 1978-79 in 

Achada do Lara:njo, Achadca aleia and Tarrafal for 
wind measurement and incorpcration of sore permanent 

observation point:o in the existing :etcoroloical 

ne twork 

2 ) 	 Farthc: in.t.allation of windpLLp-i in the low-lying 

islaniLd 10l, ]:aio, 7oa i:. Ach.tdaV =:1tani ailva a 

( nSatia T> ). A z;all wor' zhop can ti: :nv~z. ,,. for 

repairs, mainte-aron anl new u::j,;ri:.,n:; for the 

period 197;d-79. 

3) Do i .n:" , ,n4 inzta!!a:±cn for so2.;.r sti'l:: 

in .a _,Ca In 0.V.cunte ( sa..4 In"" ) 

for1 

4 ) Dooi,.i c:" . :i, p. rfu windo:n:a'or3 for water 

In th, T1rrxf,1 !."zect area for 1930. 
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0List 	 Of organizations and Individuals Contacted 
Regarding Idntifcationof Solara Wnd xpers



Office:7of 	 Initernational AffairsY~~ -Wil~db Compan


WashigtonD.C.,(303)534"1567 

4Zephyr Wind Dynamo Company 	 Ro'AwrCenter &owide Ter 
Brunswik 	MalneNational,'Cne o Appropr ate 

(0)7256534 Bte'M'tn 
ti. en tlolt -~(406)-723-6533 

.7717Washiniton,' D.C. 	 '--'<AppropriateTechnology-Group-'~y~;7< 	 (202)' 67-9137 > Oskaloosa, Kansas 66066
 
Ms. Cathy Barczys 
 '(3)5750 

Now Mexicolo*Energy Ass1n 	 ,Eugene Eccli, President7> ASanta Fe, 	 New Mexico Dsin Alternatives, Inc.(505)'983-1006 	 .Washintn D.C.


Ms.ren Pnny 

' 

(202) 23-0830 
Office of Energy and Conserva- y~ Marcus Shermn (wind - 4-'ttion, Governor's Office 4'-Wind Energy Services Compan
7' <-Denver, Colorado,, 'Hyannis Port,' Massachusetts 
 ' 

', '(303)> 839-2507 	 476-7298~'(617) 

' M 	
?r. Miguel Des-santiago Vaughn Nelsons Directory~wind.Organization of American States expert)

Washing1ton, -D.C.- Alternative EnryInttt

(202) 381-8737 	 West Texas StateUniversi ty



V ' Ia~c1~111' toDiretor(806)Y656-3904


Domestic Teo logy Group Terry Healy.;-VV



V$44' "'nvor. Colorado 	 Rockwll International 
-3054
(33 988 	 Colorado -

"4 	  (303) 497-2881 
4 -

VV To~ G'--uIraham-q 

4-4Robert Gordon 	 Rolland Fischer (wind expert)--
D4ufovan# Haesor and Ratton 	 oulder, Colorado 

shin~oP, 	 D.C. (303) 4419-6407 


-' 

444-	 -~

44 

~ee~tsnsn 	 Denton' Morrison (sociologistJhno - -	 specializing In appropriate "$~lWestarn Solar Utilization-
- -

technology) 
44 tNetworkc-	 Michigan State University

Portland,, 	 Oreqo (517) 35543396 
-- -' 

(503) 234-3361 



~The follow~ing indiviAduals ere-riecommend by Lee Jiohnon but lack


of~t1ie precluded contact with hm



BbSewn(w~ind electric) Ty Cashmp (built wind pumrp for 
ENERTECI1HA 

, 

Tassajara Cente)A~ A4A4 

rmont 	 Cal ifornia Office of 3Appropriate 

-
Patria 	 ! (16) 322- 64'7Moodie,(methane 'i i 4 

.digesters),-,

'Cuerpode Paz 
 11 M ill !!,I-

Quito, 	 Ecuador ~'AAA 

Ken DarrowA A t; A41 ~ AA 

VlnerinAsia 'A 

AA 	 A~A(415) 497-3228, 	 ~~A~ 

Seattle, Washington A 	 A AA1Y~~I,

6322-3753 
AA 	 A ,~Ke Smith (metane) 	 ~AAA ' AAAAAA. 

t 	 A
APpropriate Technology A 	 - 'iA WA AAAAAA AA£jiA 

iII~i C...7:.1*1 !J 	 Of lc of :! ' A AA-)'P~At U iAi A 	 AAAAielectric)AA 
AtNtew AlchemyInstitute



jAAAAA 	 A A..
AJac 	 Ak Park (wind electric) 	 4 
! i'5iA <	 ' ' ' ' ' A['(916) 675.2478 -A 

L
Total Environmental ActionA :Bruce AndersonA 	 AA 'A AAAA A"i1 4A 

At A AA(603) 827-3374 AAA'AA 

AAA , Jay Badi (bitwaterA A '-A 

pumps for Farallones Josti iiA''A 

'CoEvoutonar Quarterly 
' 	'"'> 	 (415) 332-1716 
 A3 

Mitchael Evans

Su11 	 uii
a4! 	 = '
 -="tA' '' ' 'A''4,A t AA' 

(219) 84*4360 

AAA'A'IAClint Colo""n 

A A{{ (414) 363-4408 :r "7 "'' ' -r'A J 17171:1 17 )' +'D 'A iit r7: 7 1 f~g ! ']~iib$ A1 A AAA77' 

~At'AA'A ~A t AA' 

A' 7 7ii]Ii A A A At7 

At>" AAA A ¢ 7 7i A7 
<AAAAAA'AAA A3 	 i! A 3'; 
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PRFST ADRES: /o.totiopnal Cono for Apprpatu Tehooy 

-spoken v p,Crol 	 -rv 


44A]iUI 	 R1AMING:~ Bacholor of' rngnmeri Sc1icefrom~ the University ofWstrn 
Onaro 	 London, Ontrio 

a K'* 	 ~ Canada, 96 

Plaster of Eng icrlo Sci~ence fiAnthe r 1n
Ontaro, 168 

EMPL Y,101*RECORD 

REORD 	 CeoEflfor Appropria4te TehooyBte ontanaiUA. 

November 1976 to December 1977 M-Specili~st~ in Appropiate Technology, 	 Envirrontal1 Sciences Cluster, Bu-i1 Sina University, 

a"';~ -a~'"'~~'a"" fmaai, Iran. "~~j 
rebraryto w.,mbe. 176-Roscarch Associate, Brace 

~ Research Itue fMcGill, Uniyersityl Mont1real, :Qebc Canada. 
Augut,163 	 to July.'416 - Teaching assignment with Canadian 

4'aUniersit 	 Service Overseasi>ain4/Ghana.
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1 a o4*Poa,~a a np 

Philosophy1Uajor; Departentof Pilosophy *~n,Un ore 
Now Orleans, Louisiaa; 9065-1966., 

Graduted r Pembroke-Country Day Scool; Knins Cit 
"Adilk itssouri; 1964. 

194~Grain Analyst; Raa Ciy oard of Trade; Xan*1s iy 

1967 Foreign ca *wvicft mehnc Comp.etition Sprtsa Cars 
Lawrence, Kansas 

~1968 -Millwight; International Broteho of II 1rihts and 
Joiners; Lawrence,~ Kansas. 

198L~n LCntractor XIvole in buitlding, oncrte fabrication 
to trucking, and'sa1vag#; @fepoa;MouhKns. 

1972 Wind energy consultant: Sunflower Power Compjany and 
to the Aprprto chhlgy Group; Oskaloosa, Kasa.
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1975 Henr Installed (wit)h Windworks) the firsu 

Congressmnan. United States which ge'rtdi parale
from~Wisc. wi.th an elcrcl tlt network, 

1978 Windworks Engineered th Windwrks desined Octahedroqn 
~<~Module Tower or production. 

1974 >Brace ~ iConstructed, installd,.and tested the Win 
ResAarch work4 designed salwindmill Thi mahn 
'lustitute is,desioned for uiel in develop in g, cunt ti, 

~M01 Cinque sign
 2~P~ bC Z~
 
Univer~sity~ r antand construction manual. 

' > Designed, constructed, and tested threeoavonius 
rotor~s in a pr'ogram of''comparative testing.


Par'ticipated in the design and construotion 
o?' fully'instrumentect passioleiug 

~ for luse'-by the Cre. UIdian of nothernh Quebec. 

1974 Gates-Lear Prepared a report on the-use of wind eilectrical 
Jet; Kansas systems in'lolar hiousing designs; seven man 
Universi ty~ research team. 

1973 Ray #ilbler Constrlueted:.and'tested the Jim Secnag
:~ ~designed wind:,oletric system which',uses an 

~atomobile al'te,'rator, ia'1O'Iotor, .and lhs 
N;* ~ ,a 'capacity of '750' wittel - his, machine'won 

4~ ~ " Third.Place at )CansaxsUniversity's 25th 4& 

Anul"'in inLEpsiin
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f~~~~~wind~~~~~u"'-"nm~sVchooy ~ DrvnWae urn 

,Wind Enryvenvaerso Sysms"; nMasteWeo.hosg, ".,eprent"''<
Geport pwyawedororg,-nn~i~~a4& ctvites;f thieriy-ue 1o974.;eeme, 98 

"AeorAmhio,1 foramtrSe lecting vlte Seto f8ites foral~


Windergry Converon n Systeuu";;L paorsoned ati* 
the Six
 
Amria Wind
ytEnerzolA~o Kn Conference, Bouldner,17 
Coado-My 1 77. N 



'ItIZma.ti and Interviews Concenn a 8 rveyo~~ 

Win,,negyConversion Syatems" a~ reortZ prepard forhe


~Ameican Wind Energy Association under contract N~o. E(4-1 

'2830-w$,th the U'.--Department of Enry Battelle Northwe~st 
Laboratory facility; February, 19~77. A 

"Savonius Rotor Wind 'ubinesl;WindPower Digest. Fal1975. 
"Rpot n heSail'i dmtl:evelopentPrga"Bac

Research, Institute, 1eport:N. L87 April, 1975 
"IntrimReport to Karl Be Associates'.'; a~sieinvestgation
fora 01diameter wind system proposed by Ultramar Oil Co.

of Grevt.Britian for an- oil field in Saskatcohwnn; 'Brace~ 
Research nstittute; Novepmberl 174 
'Wiiid-Sojlir Ener yInvestigaLtionpA Feasibility Study -oi a


Wind-Solar.Powered Home",*, a report prepai'ed,:by Aerospae
Engineering Seminar 802, 'rUniversity of Kan~sas; Nay,!'1974.""4 

OVERVIEW#~ RELATED ACTIVITIES ~ ~ ~~<''A'' 

''The organizing principal of my work has bee to bul n


nurture spirit. To this' end, I have besen working since 2972


to develop wind~energy resources an wind Au a gentl2e and dispursod 

enorg heptnilo allowing getrharmony in.sorewt 
naue among men. Thswork has~peit me.t learn and gainexperience indesign, business, engineering,,andoltics#



I have travelled extensively-in the rural areas of Guyana, Brazil,
Colombia,.Costa Rion, N~icaragua, Honduras, ElSalvador,,and 

., 

British Honduras and spak panish.



'In1068 1 was the Sports Car Club of Amuerica Class P Midwest
~9; .Regional Champion, and have raced motorcycles. 

Since 1975, 1 have lived ina small house inthe country with a 7,~
hand pump for water and a wood stove for heat.



I enjoy photography, the flute, and good friends,
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the Irecent renewed interest io wind p;oer notwithstanding, ,these statements: of, 0oidieIswlte the essence of the Sate-aof-the-art In sits selection as IttoA;wlbet ustoday. Those sawi conolusions are prssed over and over by s4 oCcartle, marcills 
-' Jacos Ralph Sehupbaki and others whbo pioneered and davelopm4 rural ~iid eleot-r. 

.. 

- systgaft in the. United States before the advent of Rural 3tlectrI&Assbaiatioi. 3 Our~ 
ci ste .aearso be ou'o not differentiating, the art andthe scienceA~-ntsertng, 
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Tha~etowarshlould be located on thh -ghct terain near the batteries (load
ceptar). lThis provid,01 ainatural~heigh' advantaje' forcpturn the amootharp 
more powsrful,'winds at thase grsaterhsights. Lowlying terrain should~ 
be Avoidsd.

.,Tha@ oo hudb lctdo-at trrain~rather than on a slopeA
wind flows parallel~to terrain aurfaces pot psrpondicular to graiy. 

-The tower should be'sufficisatly tAll to place the rotor amiim= of 2010
and prefewably 301, above allitrees, buildings' orother obstructions to 
the wind within a 300-500' radius of 1tho towsr to again provide access 
to~ the smooth, nonturbuint wlndse'-Noti that users'wers often reluctant~ 
to purchase sufficient -twrhiiht and that ' nufacturers-. would refuse,< 

-Over andlevell to rollingo0 faslland ranch country,~45-50' *minium~
Eximum tower-,he'ights h'ave bee'n used'traditonally~ I65,401 ' 

*Tower$ should be p aed Ineline with, not sorpandlcularito the ridges of~ 
nearby buildings# 

- 1hese comon sense guiidelines evolved priwartly through experience in level to rolling
famand ranch country, NKote that regional or local conditions isay present'additional

cniderations to selectinS site", especially in areas of ruggeid w mountainus terrn 
I~las ariaareas of tubulence, or bAckcvashesp which can exist, .n the lI" slop..'o

htisIPvalleys.which channel wind flow, hills which split wind flow, and rid~s hich6 
compress wtind flow* Any of these situations. can exhibit highly localixed'variations 
In wind power potential. 

A umber of additional considerations which we have found helpful in our. work~ in'thej~
ield are: 

The ptiodisancefrom tgu nraort the-Lacne~aoiltrie 
by coniaring ire cost, power losses and permissibie voltage drop$,

*Often when~ selecting a site.' the'unavoidable disruptive effects of local, 7T
obstructions such a~hillas trees, buildings, etc. my be iaiiAsed throughi
understanding the local wind power potential by direction*. >The towar-rotor 
may then be located downwind of the obstruction relatIve to the divection(a 

-Selecigoptimu rtor hight inaided by an undestanding of the Increase of
wind speed with height at the site,or th wind profile, Thisiuderstanding
enables a definative cost-benefit analysis of tower height vs. VM~S output
and may be based upon a theoretical understanding of wind profiles (in)
terms of surface roughness primarily) or my be directly measured. 

- The growth of trees and future building projects near the tower-rotor which 
will disrupt wind flow should be anticipated, 

Uaving thus IsoliaLad the option tower-rotor location(s) in the available aethe 
next stop is to quantitatively evaluate wind power potential. This evaluation 



0~~~ 	 s~;4$1@ 	 1, 110~V 10~ 

A~arby statbn.and asful correlaoti bawenon ,smultaneous measrmets At 
and thes tation$



("Remote" evaluation procedures, whr no on-site wind speeds are reorded an wnptnta'Sprojected based uponi aste'!s~relative exposure tot rg,Q~ 	 
wind patter'ns as,dotermun.4 eaain through existing records from nearby, established
stations,, while idelal in conept, arc not available to US as broadly applicable, 

_proven tachiues todayo However, certain remote methods5 are noteworthy as they apply, 
to specifaic applicatios)o 
 b 

(Autromtic 	 ower the Hutnbsddistributor of Acrovaet in the U.S., remotelyprjetoWESparforumance Qn~off-shore oitlatf1 apslely on thes basis of 
~extrapolation from establtished, on-shiorakwind s~eiad: rscords. This techinque, Wa been
successful, in these critical aids- to lvatio ,Aappliciiions in part bicase the~ WEO8,


< including' 'battery storage, are typ4oca~ly.,over-sixaed .by, actor of 2W3 and in part 5
because a water surfacesi an ideal~ situationoewhc toetaoat id 

(Ranto.aalutin offr ieis ,to be located is a useful meansaproxiion whc totdotrlinin~afirt~aproimtio ofwzcl'feasability vithin'the 'oion. Regional wind~soced'records available crough'the' National~ Climatic, Center~ (NCO), 1reeral iiding,
Asheville,, NC: 2880V and ,through' Jack ReedIs Fjd ?w ,1jJe 	 j1.th 8tatesClzaolot ggUii

provide tho bases' for these evaluations.)



(Battelle Laboratories recently issued a Roquest forProposals for vork to invetigate
evaluating favorable sites over a larger scale area thin is t~rpicslly AvIIabI to smi"' 
WeslSi-fsfo hs invetiations may well be appl' -able to mote Cvlu±nb 
.oa es fo	stmalle (oECSOOBttll is als sponsoring the NW&to asble, an index of 

allwin suaris-Iove
5M
 intheMICarchives*,'This index whichabsould be7Available soon will provide a tool for botter understandin local wind,patterns.) 
our sitie evaluation research and Insta4lation prors in Kansas are designed to provide~Us with a comprhensive understandig of our. region 's wind power potential patterns ~ 
while making the most effeotiv# use of the resources ivailable for this "act qt our
tiorke Our 	 goal has bee to build an experine~base wehich will enable us to suara toAn -Installatio*h performa at a alient's .sIteo)ILdlnS this base requires on-site
wind speed:aeaaurament, prior. toea UCS installation, and this measurement aqIupe

rmiswith the installation subsequently. Hence, we wish 'to inimIise the cost and


& time demanded by this equipIet These cost-elme constraints In-turn discount the-use


of expensive, frequency distribution recording equipment or chsrt'recorders adIctate
the use, of conventional cup aomma tars, couplad either mechanically or: electrically
to an odometer type of integrating device which thu~s provide's a record of man vindspeed over 	 time. These cup anamomter-odonoter type devices typically sell for, around
$100s If a 'W305 ts then installed, an AMbilowatt-hour mater (about 40 for 110 volt Kj1
modals) Is 	 Included with the Installation which laconiunction with the anemocmeter"
odometer- provides us with an oaggfixed reference In our region* (The electric 

2 

Utility grid in our aroa-iwall deelpe an ZCinefcdwtthe jr are,
~;'used most frequently,) IdvlpdM ~ netcdvt~ 

Since pover varies asthe cube of the wind vealwityl man wind ape
*these odometer devIe do not bccurately reflect the power in the 1LY0094f

*thns whatrelatioship, Ifanyo exists between mean widspeeds anidwind pa

potential?.?o determine the nature of such a relationship, we analysed wind speed data


expressed as both frequency distributions and as annual mean wind speeds for each of


> 
V: 



''iet the raiofpwindpoer potential a te smo oa4nec editr 
speed (pi) was determined, for each statioQn, a r~tio calld the cube fatr Nx, 

cub fctrsfo tatpo$1rtio o the wind spctu av4ailbe t.WECS with 8 mph,
cut-in speed an~d anv 18 and~ 25 mph rated spood4spactivyly war determined. For WC 
wth 8 mph cut-inV an4d 25 mp aedsed (noted hereafter as 8/25), 92% of All~ 
loctionsI in thaIdatA sat with Annual maan wind speed* over 9 ph exhbtd cube facors 

:~within + .10 ofth ourve depicted i.n Figu'Ia 1, For WE8 with an 8 mphI cut-in and 

The Sleotwical.Research.Association inEngland investigated s im~ilg r1ationships V 
Lat over lO0stations in GresAt Britian the late, 1940 Is( In411 
 11950's an~d

d4etermpined that nearly all stations with sean ?win speeds btween 19 Id27 mph


ehibited cuba'factors within *-.04 of the curves shown inFigure 2, 
 1~ 

These damay also be interproted, in 1terms of wind power potential inkilowatt
______ / _________ vs. men anulwn sod ason ,iure 3 ,hc ei n anas a

V44peordrAndi. Vi-7pOC6fi- io e i~i~t!asU7~ BiD cli "rWSc15Q
As' hv'br/kilawatt of rated capAotty/yea~r'which holds, If the coofficientoU performane
of the'systs. at rated output to the sam ftaln,as the isif f prforance of 'the 

Ssystem over the total operating range of vind spees in which power is produced (Figure 4). 

It to also Interesting to note~the relationship'between increasing annual zean viad
Kipeds and the subsequent increase In ind power potentie~l available to WS ithi.: 
various cut-in end rated speed l~ts as shown In the following table:,*~ 

,As mean annual wind speed Wind power potential Increases- proportionally
increases from (mph) asthaeponent (4) > 

U38/18 68/23 0310120 0314/25 0517/30 
ato9 1.94 2.52 2.30 3.76 4.87 

9o 01.90 2 44~ 1.86 4*49 3.43 
lto 11 2.34 1.95 2.29' 34to 1:90 
11 to 12 1,66 2.24 1:92 2.39 '2.56 

12t 31.55 2.310 ;1*78 2.31 32 7 <
113 to 14 1.50 1.97 1.69 1.96 2.167 

From this analysis of United States wind speed, records, we concluded that a defate
relationship does exiist between mean annual wind speed records and wind power potentialJ 

< 

available to WMSC with the noted cut-in and rated wind speed# and further. that this'
relationship is useful in evaluating on-site vind power potential based an mean wind
speed asurwnts. Doevvrp to further sort out the goraphic variables whtich affect
this relationship, *o are currently analysing all'available wind speed records for 
'Yansas to further define the exact nature of these relonships to our area. 

If on-site mean wind speed rkcordings provide useful indications of wiadpoe
potential, thA next question ancountered is how to projectjlopg-:exi (1.2 year)potentiat. D~iscounting long-term, on-site meesuwemenas we attempt to establish It 
a Useful cro'lat~on exists between on-site mean wind speeds a&M usitareously'
wauured windspoeds at a nearby station with ani established record* it such a corre
lattonexsts, the record of Uhe nearby station then provides the basis for projecting
long-tarm, on'ste potential.o 



WLQC ie and simultaeous recoeatio,Oa Duoh at rb 46Ul a satio Qaonan 
 

~ invotijatfque siiiar to Ptna sover~Aa mle separation. dis tance noarOklahoma
City has dnto~aind se~iiir correlation exsts with 'aprobable error of#os.ta 

>simltaneous MnAsuromants at nearby ,astablisaod stitioreL that records frommany .08stablishod'stAtions ara typically visaUal oboat1Qnse f&o ona sinute-o.ch hour., This.
will pose diffiulty to'. uwbihi~s orlalo wi.tahvcontuusl recoringIoomter typo devices* ?QTbypass this difficulty#,wo are placins our own windrutn 
aneometer at nearby satitons-to provide as reliable a basis as~ possible. fordetermining thoe correlations, ~*~ 

are using this framwork an toegilns our startin point, for understandingour relionlwind patterns:* .Once w&have built our experiencebasop, we, hope to *ifInpatterns of terrain, surface ron~hnessp '4posuirop etc. such that 'ro~e' evaluationsb~nto more and more provl4. reasonable projections. This will tbs& have brought>
tie Lull cycle from the Art of the pre-RIA dealers through the present scientific,~understandings to a wall-tuned procedure based upon both. ' 

1) nh YM joag toxS Zrggas4Lua *1lbi *wU DIhuBy-mostIMSCO# 94 $1 
2) P*geia 1jgJL gjM gona 3Iiuaa I go auil.0 P 

3)Save
 ndIntorview Concerning aSurve)' of Uiestor~aal andtaks "nfomaton 

CurentSit 

Battelle WL facility undr cntrct5o*130 wtth meican tsndgnorly 

Seectonechiqus or, Small Vind Energy Conversion Sytall 

Association. , 

2 4) Information taken from owners manuals of the Jacobs Wind Mestric Co., The Allied
CooWaoweth Copogandthe Kniahager Corps all manufacturers of safl VICSfromn th arly 1930s to the late 1950's Ine the United ftates, 


5) Ibld., Slab.. 


6) Red'e work Ise No: SAND74-0348 and ioavailable fromt National Tehnical InformationServices 520 Fort "tlal d##pE'ngiold, VA 21.L31p #7.40 papes $2.215~ oloo 
7) C~tcgStalbi99 ihad M 99352 *PP3915A "CEati atee

Wind Chawatertatics at Potential Wind gnarly Cooversion Sites", Feobo 19M.
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