
PBAg ec?.,gt+

OR o618-3tr
( rrf'

CONTBACTOR

SAND87 - 7015
Unlimiled Release
uc-63

HEPORT

A Cornparative Asses$ment of
Photovoltaics, Handpumps and
Diesels for Rural Water Supply

A. Cabraal, A. Seiss, L. Slominski
Merldian Corpc.ration
Alexandria, VA 22fi2

and

M. Buresch, J. Kenna
l. T. Power, lnc.
Washington, DC 20036

Ptegared by San<ta Nallonat L.boralortes AhlqrsrqJs Ner i&rco Bll8i
aftC Lrermo(€. Cafilorna 94550 to. lh€ Ur}lsd Sialeg Oeparlnyrnt of Erxrrgy
l,lder Contrscl OE -ACol. 76C*r0O789

Printod November 1987

tr-



I

v

)

lruod bv Srndr Nrtrml liL,llrrtR, r,r*rrtad frr thr l ntt+d Strto
D*pramnr ol l)*r;y br Srndu l'rttrxn.l!n.
l\|O?tCE! Thr rcrr*l rre 1repl.rd o rn mrunl r{ ro* 4rm,rcd hr .t
{rry o( th. | 'ortad Strta (i*rrn}a.nt. Nrirrrr lh? l'nrlrd Strta ( lncrn -

oaat t, aty al"trt thrrsrf, sr rny oI ihar lrnf,liDvH. u eny r{ thor
gtrr.lrfi^ srbfrntt&lir'l. r, th.r 

"ltrpl4a6. 
rrraLr uy rtttlnty. "rprmor rrdrcd. , rumr ary Inal lrbrhlv (, 

'rgnrlxhty 
fir thr mrrr.(l.

cta.plcrroal a rrcfulrx r/ my rnrrroalxn. alryf,tatu. ytlul.,* gtr,'
ru dhckrod. d Fpnr"lt that ilr u lmH rr: rnfri g: grivrrcly rrned
rlht . ,Lt rGra h.r"i, ra, rny rpfirfi. (:mrrd pffdui, pr({t, (,
mrr by t,ldr nrm, trdfturl, manufrrurt, ., .rh.mr. &fr ,x{
ffierrly mtrtLta d rnply tr fildffient, ra(rnmcrdrlun, rr lrvrrtnl
by th t,lartad Steia (.lrcrrrncnt, rny riary th.rarf ,, rny rrf thcir
@ltralrfi rr ruhsratrrlo.r. Thc vir}t rn,l ogloior atp]xd hcraa d'r
lI,. m.ftl, ll,.t ., rdLfl tkr o, rta lJnii.d !ia.t- (;d.tns.nt, .,ty
aarrc, tlrra.r.r.ry of ihair sxitrrl{rn r, aubarrarr,l

Prirrtrd i:r rtc Uarlr{ Std6.tJ Ad.rrr
AvlbbL lrn
!{ainrl Txhnicri lof.rrb.ixro !i.wi<r
tlJi. l)rp.rtmr.r('mrro
6'It+t Yul llrryd lhrd
tipriqfrld, Vll 2?16l

NTIS pricsda
Pnatrd,r4y: A(,l
Micafrhr o4ry: At)l

,



sAr{D87 701i
Unllolted Release

Prlnted Novenber 1987 SAHD--8?-?015

DE88 00281{

riiiifirgf
f ir if iff$f
ri;Filiisi

lfffftff#
nfFfujfir

ffiffif

A Comparailvc Araotrmcnt of
Photovoltaler, Handpu'mps and Dtoerll

For Bural lYator Supply
-
i(
ir,
> A. Csbraal, A. Selrt, L. SlouLnskl
3g l{erldlen Corporatlon
- 4300 Ktng Strcet, Sutte 400

Alcxendrle, VA 2Z3Oz

l{. Eurccch, J. Kenna
I.T. poser, Inc.

1015 Elghtccnch StrGGt, H.U., Sutte g01
lfuhlngton, D,C. 20036

Sandla Contract 3l.ggg,

ABSTNAC?

Thts raport [c rn .conollc end tcchnleel rrsGrr'Gnr of photov<rltrlcs
!w): rr.rraptrrps and drceclr for s.t.r rupplrac rn rursl arcar of&vcloplnt countrlGl:__-F" rcgurrcrcntr end probreue ersocleted slthrur1l urtGr rupply (R!!) .y"t"r" rrc cxanrncd rlthrn rhc conrcxr ofraglonal rcrourcG condrtlons, rrtcr nccdc, and cort cnd pcrfornanccof^ ths tachnology: Tlr -study found that p,t/ Rt{S syarcns can supplyvtter oor' Gcononrcaf]I rhan hendpr&pr or atceeia-tor vlllag.r-il-'noderatc crze vhere thl sator tabic iepthc ;r; t0 ro 40 G. on rheaverage, the cost-cffccttve vtllage aLze rantGr frorn abour 300 to2000 pcrrons p.r vrllagc ror nr iis "yrr""e.- conrrery ro popularbellef, ln uany caser, on r per caplta basts.rr.n th. inlttel co6tof PV syste's ls equ,ri tu .rri even rese than that of comparabrehandpuap RI'IS systens. rruaerous eensttrvrty analyeea rrere conductedand are provlded to ald rat.,r supply pranners dectde whether pvsysteos rrould be approprlare ror-lneti sgeclftc n""ac. rrclintnaryspeclflcettons and rn.rk"t e'ttnates were ars.r conptled to atd pvnsnufacturere develop technorogy epproprlate for thc rural rrtlrsupply rarkct.
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A COMPANATTVS ASSESSMENT Or
lHoTovoLTAICS, HANDPUMPS, AND IIIESELS rOR

NUUAL WATf,N SUPPLY

EXECUTIVE SUMMARY

Ilrrodo.tror,

Srfc. rcliebh. lld lccGltiblo rrtcr rupplicr rrc criticet ro runl dcvclopmcat ud
?PT-qb prosraE ia dcvclopint couotriG.. r* u*tco Nriioar. in 

"oop"niion 
rith thoYorld Brnr rnd othct intltn rblll &vabpacor i*titutlo., ctrrblirhcd tho trtarnrtiead&.Ils Yrpr supplv rad seaitetion DG&id. (rg[-i9901-d t980, b.$d oi rr,i j*l orprovllinj nfc rlri*iat rtstt rod naitrtb! d rtipor*ol ia cc"ciopinl *onliid. At-tlourh ttrr Dccrdc hrl rlrady nrd. ariar ia *pririai 

"ntc, 
ruppty lcg3rtr norrty I billiong@9h il tlo dcvolopioj rorld rtilt rcr rcm to rrc lrrruupritici. ru iuiirutioaliavolvod i! tbc Dccd. -bvc 

rcyicwod tto profran rchiavcd &, drrc rnd trvc cooctudcd thrrthc rcnrioint probbmr rrc nroy ud trrdd. -Thrt;B; tr.'rotrolot pcrrort rirc roorclhbilitv of runl rrrcr rupplv inws) ryrrorr, inrirriur ilfrr fictiltil.ilp;rrrrylt?tru, rnd ultinatcly ryrtcn cor0.

In ra cffort-to.proootl tho &vcbpmat of rclhblo, br-neinto1ttrclt rod low-cogt*rtor aupgly tlchoolqiG'' th. Uaitod Nrtbru, world Brar, othcr nulti- rno'oilricrrl-donororjraiatbnr rtd US. Crovoranont rjracicr trvo iaviti3riaa fuOnungr; ptrorororaiq, roOdiael rrw surpini khoouda. *rr rndb citrrci oirrrnca ilcfGK;bd iadcpcn-dcatly or oooductcd coapmtiir l,..rsrGlr of r,; rocinorrr.r.

f!fu lavcltijrtba crraim tt roL for gboovotbic, (Pv) rltb rapccr to hmd-
Duapr rd di{trb for rugglyiat traor u, nurt coonunitio. it"'.tri;-1f,i#fi coalidc'rll coapooca$ of, rhr rerr ruqg! ryftco; gml-y, rnu jupptyl&an* rrlrtborhipt rndothar viltgc chrncarbticr, rrd dr;or;d r,,irrlg'2,*-dibi'Itrr.rh. ilili"t tylt m,tbe rtoreSe, sad ii.o wrcr riirtrrDutioo .Gtmrl. Tb. iocn 

-;f 
tih rrodt-L-tcafiro .tcoaouaiticr ritlput rcola !o ]rid rlcctrkrity or nfc iurr.cr-rnr, roorsrr.

Tha rtrady wavfut iafornetioa urrful to t1lilt *rtrr rupgll Dhaaan rho rolcct
1Pr rupolY bchaolojiot to ruit tho lrcdr of runl comnulit6.- i*-rt rd;r.rr*le ,itt
'ttotc 

urcful to c4uipoaat nraufrcturcn rbo oovctop proooE to oa?t thc rcquircoaatr ofrunl maouaiticr rrouod tlro rorld.

Slrrv Otlcctlvr

Thc plrporo {.tbit rtudy b ro dGlcrnir uadar whet citsunrtuolr Ft, punpia I ,w-ttnt clt coopcb tochaicrtlv rad ocoooasrtly-ritt-hrodpurop! rld aicral pu*iiii, ,i;;ty-i,.! rror io nrnt connuriti'. Th. rccirr iui*tir.r ililrrnorr" ---- z--'- )

l' DctcrFioc ccomnicrlly coalpotitivo nolar for W rclrtiva to hrndpumps 1jd dierctrfor rpotyiat ?rlcr ro runr co,,munirici u r functioior.rtci;il;Aprh, viltrtetir*, b,el md curtity of *rvie, rohr rcourcG, rnd coi rm pcrformrncc-ctrnct_
crirticr.

2' Detarninc hov thc iaitirl cort of a Pi/ rrtcr ruppty ryrtcm compera with thet of erunl *rtcr rupply (Rws) tyttlrn uiag low-colr-ttc-ttnilogy ruch u trrnapurnpr.
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3.

a.

Ertimrto tio porcadd anrhct for pv-porcrcd t,yS rvrr?ib.

l&atify tlu fuoctioul rpocifrc:lsur of pV-povcrld RyS ryltern, ro th* pv ry:rcmtmroufrc:ureri crn 7-i3a pro{rrlr to betfcr EcOt ur*, occdr.

Tnclral?f v Col:flllrrtlprr Fnlnrtrd

Thc tlrcr rlry 
:.up9Jy tochoobtks :irrlrfurcrcd i! tb 66p.ntivG rartyrir, Drnd-

txilDpt, FY purgrc, rld di6cl puofr, uc o$ijurod u foUorx

l' Hra#rruqH. Erah hudrup ilctrlLd on r rclt l;ryc. r aunbcr of pcrrog. Th,ruabcr o'f lurool lGrvad &pGadt oa tlc qnutity of rucr dcarodoi pci pe6oa. ttoluabcr of hour r puap b urcd drily, rcd rb raounr of rino tp;;;;uuri ,;.p.!d grthcriag rrr.r. Itadnrar.-lr, typiqlty ucd rtca rrtoidnrd i, urcrboul t0 litff/crpib/d.y. lf rlr ,ilry, -rr o6rc props rtu cu bc ruppored byooc brndpunp, thca tlo ot norc hroopusp. rro uinc. rrrc pri*ipr liikpu*p ry*Gmsoro@trtr r,rc thc hradgunp rad thc rcll.

2' lI hmnlnr $Y!t.mt. Erch PY pungiag ryttco providcr rltar !o oo€ or arorc rrrnd-gipa (pubtic ffircelr) rircrrh r pipod oirriuutiori ctrorr. n* auruci J p.r*o,
t?fvcd rt r frucot i: dctcraiocd s il tta f,radpuop cao. lf th ,iir.l"'t , ,r.pooolo lhm 66 E-tupootrcd by ooc rtmdpipc, noo tvo or Eor? uoipipor rrc urod.(h. rclt rirh r Fy sung unniry rpprior'*rar 

'o 
rri iuaeip.r. riiliiiloro i,linitcd. tuo or rom *tlb rrc urac rad rarr b pdp.d rt i io*rr ntc. iircrartcty.brtt rilrr rro curloyod &l rlbr rlrr rurp to @rtir il I lo?G' purpior ;1ra ovG, Iloars tioc rcriod. Tb priacorl pv punpiri ryrri ooopor"lu rro 

-trc py rrry,rbi:tdirac{y ooovcrtt rudilht ilto oirariciri tL. ;to. iac rrror prog-ogtioad
sotrob, b&ry. rad po*rr coodiriodar reui;opnt thr wu *r,,roill L"r
lbtriburin prpiat; lld rodpipor. noinriairiw ld; rripiui r*iiffilb rlrod intlo urtnir rnr.. fotbr* rte[or rrud (m trm-tO;d", ;lli dblrtlir,rricr.msrnd onrrifu3rl puep; ilrGrD.dilr-to-d[xD rilr, trbt (20 0 to ro'ol - jrrpltlDr riti rurfrs-mtEod loion tn w niu ttc rh." ,o .riLl,r,Ifu ruD.rur3cdroloflDrlri-rrrlc 6rt iFuc n,Ep rlca ftory nrl r'l birrcr. 

*- ' --"' --
,. Dh*l Eumaiq {nficrq- Th. d;o..| plapill tyr3rn b irlouk:d io d}G pv puapirl

ryrrEa crsgpr rh.r rhc-diccl puap rwh6 rb. tv srlnp. Trr mrim t ciilalyEo9Ld 30 ttt porg for rhrtbr raA lruraram rlor'nuf Coeti-rterUilou, roOl crr of ruboorrd aotor/auhi-ry amfor.r-e*rnpr, r C-iircf loiior[n".rrrw$r (tp!-rt) b ucd 3r lpn no otocrricity ro opir-Oo n_p. rto fi;ii| dhclprapiar rrEo composlg uo ric guit c1rry * rrilo, i*lr."i; r-fir noro,(if etoctrkrr), rr[, ]-u', $o'.tr rrr, db.ri;;ttJp6inr, iu rruopiii.-'
Tbc thrcr ryrt aot lrr illrrtnrtad i! Ertibir I. Th. wlwlrnl gurwlrof thh *udy i,ro dctcrainc drc oompcririvcacs * W rchrivc !, h."dfid; rad dkrGl purlpt. TtrcrGfom,th rrrlfir dld not aoaridcr ytrd tr'l (bortr coaaccrbu) rr trnCpumpl ja ili roaoortyu,cd (l provids rrrr io irdivklurl ho.*or ! acvcropii;;il;t*- i*'.rd;i, .L .r-nrnlr ttrt i! tlo crrc d d:**t cajina, frlet b trarrli,W illrbi throqtour ilil;.
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A tcy fatu13 of the raetyEir ir th.t tcchaotogier ue compuod whco thcy are pro-vidia3 thc rama lcvcLrn{nditv of rciv.ca. Scrvkc-}evcl rod quelity ir dcfined rs followr:
t' Th roouat of rricr ruppliod,pcl pcrson gcr dsy ir thc remo lcrorE r1 thrcr soternpply svttcot bciag cnlurcd. Ticrofori, hilI;,i rnd otr"r *oiiu."o-iig to .oidividud drp to uo -rv1telitity of rrtar rrc tlo rrnc .crun r$ tGshsoloticc. Forcrmpla, dl rlrcc tcchoob3ier iuppty 20 litcn pcr epitr pcr d.y (lpcd) ro tbc villegcpopubtioa"

2' Tb st in Bltr of dm tpcnt by 
-vrttrycn 

gathcrln3 thc wrtar i, ErdG oqurl rcrosrrtt tbt'oc trtcr ruppty tyttcnr. d tu rorrnl, ti.iip"rt collectiag *rtaiir mrecthr reoo r:ro$ .{ tb* tcchoohgi;r by &ijudilirh;;un*r of pcrrons rcrvd per*erGr drlivsry Doiai pcr-lphsobty. Tlcrsiorc, ;;; pcopto cra 6i rcrroo it 
"ntc,poile yhcrc rhc rrrar &livory nic ir htsh.;:-'

3' Tht bchebSior providc ?ra.r rt tb rrno lcvcl of rclirbility ro thrt rrtc, ryril-
P.$ty throu3lour tbc ycrr b tho rac lcros dl thrca tochoobga. Thc rrma rvrila-bility hvctr rrc rttrimd by rural ogontioo ue oriolirncc pncticcr qrnrirtent wirhrclirblc Gquipmcnt pcrfororocc rni ruinj .e"q*rc ;il rtorrg, il thc cuc of rhc pv
md dicrcl ryrtcnt

Siacc tto hvcl rad qrnlity of rcrvicc rrc thc tlnc rcrolr dt throo 6chmlogi6,. thc
fg,:.,3t:1 tl *jalii"t ur rq*r Jr-.- rll oJ'Lr*rori.. I}crgfo&.-odr
q{r rovrareca or tnc.qfoctdurc urad i4 thc,cwl$rtion. SmCc fficon-
:ga3$ ff -:lj*-,rtciiffi Ad ;'"' .n 

-d; 
;;nob3ies,ttc c6t of rrt.' rthrilt-tie ir o,rr ai'oriocr.c-i" d.iGu

. Tb psieipel raltvrb $3pl rn outliacd ia Erhibit tr Tb. rnrlnir procodurc hrsber prcrlramd uriar Litru t-i-, nrhrrc 2 rcftilil.- rr..-rrro uc bood oo ernt[lco'a of cttuipreat. Numrotu reorrhr rcrc cvrlrntcd duriry tbc rnrtpb by nryinti!&lrtiott' rLBr dcnlld, rad rcll Jrr'nscrirtrct iirrfuii ult. ru r*nrrior rloucdrsanial- tb iop.ct-oa fllr coapctitiwacr of rhr Afiity? oodirbm found in bcrtbnrrrouad rtc vorH. scnritivity urtvra rcrc rbo oooeuctci to lr3cr tho iarct oa pvmpGtitivcacr of dilr umndatan. e btrl of 56.-t-il-vcrr ooadgctod for qtcr&Elndr of 20 rad a0 lpcd, -- 
-r'-'

Zrdrrlr lcrlrr

Fo N lDcd ut r conrunpdot.w b tbo eqofcrrcd iochnotojy rbco villrgc poputa-tiron b rbout l,!00 gQrroat. gruilit * {r- Gr iifc., & lrr *rp.titivcm.n nrrjcr fortlo. tFE t chootosi.lr , r fua.tioa of vithga poprruoo"iirr, iorot tioo, rnd rall chrrrc-terixicr rheo rrtcr &orld b 20 lrr/,. wua r rcu_-*ntrJi,soo 1jd rh. rnar nbb ir 20n dccp. Fy ir tbc Tpctititc rcctriobry rt ra inrotrtri ura oi {fuv^rTiivi* ,villqa of, l,m-2'000 pcrronr. shcn iiiorrtioa f{iwt tiIithy, rhc compctitive nngc forPY nrrrorr io tJ00-t,-10 *t*at/villryr. Ar in otrrfi f,icf df-O-ri[6iZC.i, trrccor'pctitiv. villr3c $u nagc for pv incicsa b tao-2,200 pcr,oo,.

Ar rcll eolg. rnd rrtcr tlblc dcp$r incranc, PV booocr conpctitivc et rmattervillr3c tircr. Abo, rhc congctitivcaar * w dtc;;d;;.rro r hrycr nngc of vilre3erizr r isohrba ircrcrrar. Thcrcforc, io ronc yat Africra @untria, wherc werts cocr
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For 20 rnd /m $cd rrtcr dGnrd, plaoc-of-rrny worlt-mnth insoletioo lcvelr 6f a, ,,
rd 6 tYh/m,/&y rnd rho fclbuiry wcll chrncrcrirtics

- $m cct rnd r 5 o dcpth (c;., Benglrderh)
- t1.500 coct rnd r 20 n dcprh (c.g.. plrrs of Indie aad East Africt)
- U,ffi coct rod e 20 o &pth (tvcregc conditions)
- tr5,000 soEt rrld t 20 n dcpth (e.8., Ycrt Africe)
- tS,(Xn ooct rsd e {0 n &pth (e.&, Ycst Africa)

Thir coorisc of r rotrl of l0 rccnrrioe.

Scnsitivity eaaly*r serc oductcd for rltct dcnsnds of 20 end 40 lpcd by veryiag the
folbring panmctcn fronr thc Baso Crsc:'

l. Dicscl fucl cort equab ll/liter. This reflccts rituations whcrc fuct dclivcry is dif-
I"rcult rod coetly.

2. Ooc dry of rntct $ontc for thc PV system inrtead of rhrec deyt. Thrce days of
urt r stortSc crurcr thrt 99S of the timo thc fuignatcd weter demend (e.g,, 20 or
a0 tpcd) ir enileblc. lYhcn oac dey of rtontc irur{d, lveilebitity ir tbo'rr 9?96 or
dcord Eay not be fur.y ntbfiod for rbout I I deyr of thc ycer.

3. Pv urry coct of 5096 ro 200S of thc basc-crsc usumptionr rrs us.d to rsrctt thc
iap*t of PY rrny ooit rrrbtbns.

l. R'cdtlction in hendpunrp lifc fron l0 to 5 ycrr! r:rs uscd to crrturtc thc inprct onP compctitivcacg of rhortcr hendpunrp lifc.

5. A rdrctioa in enelyrb lifetinc ftoa 20 ro t0 yan.

6. Ulc of et hrst tro rclb pcr villrya for PY lnd diescl ryrtcmr to cnsurc vcry hi3h
?.tr?r rupply relirbility.

7. A rcduciiol in rcll ybld n 2 u,1trlw !o rcoouat for riturtbu yhcrc aumpin3 6tc
6utt bc linitod to tt t crccrrively high dnrdora docr mt occur duria3 cootirt out
puEpio&

t. A rductioa in rnt?t &liycry ntcr of hendpumpc and rtrodpipcr to rcflcct yrtcr
colloctioa inefficienchs.

9. Halving tlu oumbcr of pcnoar *nd pcr roodpipc to rrser tlrc impact of mekin3
thc numba of pcrroru rcrvod rl r rundgipo rpp,rorimetcty cqual !o thc numbcr
*ttcd rt r hrtrdpurp.

'Thc Esc-crrc Bunptiotrr larotrtbn - j }l91h.lar/rdey; rcll oosr - tl,jgq srtcr 11blc
&?th - 2o w dklrcl fuct ot - $.s0lliur 3 d.yt ?rrcr rrontc for pv rylim; 6 houn pcr
dry ur of rrtcr Doioq ?i0,-yrlr raelyrb tinr frrnrc; onc rcll pcr vill4c ior pi rnd diacl
ryreo$ rnd rdoquetc rcll yield.
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,-a

24
l0

0-t0
t0 - 300

> t00

tr5,000 !o 3t0,000 ..cb, tsd inroletion b 6-? tYh/nt/d8y, pV would bc thc prcferred tech_
oolo8y for ville3cr with popubtionc rs ranll u 200 pcrrons.

At e tl0-lpcd conrunptioo bvel, fv b tb hril cort tochmlogy for cvcn tmrllcrvillaga. Villrrc ril? rhorc_pV.ir compctitivo rrnje froo 0 ro t(X,, 
-&peadiag 

oo-iosoietioo
rod woll chrrcaristirc! (rco Erhibit n. fhc ercngo vilhgc cizr rhcro-pv ir ioopetitivc
ir rbout {o0 pcrsoar. Ar i! rtc provbru crsc, PV &mpctiilveoG$ {rocur3 rt incrcrsin3lyuallcr villryc rizcr u roll cst lnd rrcr tebb dcpth iacrersc.

Extibit Yl cbotl conpctitivc rrtcr coctt, pcr cegin initid crgiel cocr, rnd cor-
lf?on9ia3 villegc dzcs-uadcr r-vcreSo (BrsG Crrci loacitionr. Whco ratcr conrunption is
?9 !?"d, ryGngG eoct of rrtcr from e pv punpiat lyltco ir ruoui r0.+l7ri, oi&u,
3320lpcnon pGr yo.t. At r a0 bca coarunptlln-nic, rvonEc ?rr?r coar ir ebout io.gll*t,or rbout t13.60/pcrron pcr ycrr.

ErLlbll Yl
Lart lYrtcr Cst Tcchrotoglcr for ylrlorr Vlltryc Slzcr

Urdcr Avm3c tYcll Cordltlou.

Irrol,rdor: j tMhld/dq

Hradpunp
Photovolteicc
Diacl

0 - 1,000
1,0c0 - 2,000

> 2,000

0.50
0.3t - 0.50 t9 -020-0.31 6-

Handpunp
Photovo!tricr
Dics.l

t.35
0.r0 - t.35
0.35 - 0.50

t05
fi-t25
m-25

t Avcn3c rcll onditinnc 20o *rt?r trbb dcpth rnd s2,i0o rclt ert

Ethibia VII rad YIII rhov thc rcruitivity of PY aoapctitiv.netr to r ounbcr of veri-rblel rhca *rtcr dcrn'nd ir 20 md 40 rpcd, r*t, ;tivcry. inrrpcr' .e conductod uodcrlvc-ntc coaditioar (i.0., inrohtioa rt 5 wlh/6t/dty rnd z0-n wrtcr dcptt rnd e well cost
9f 32'fD). Th principd ob*rrntion lr ttit thc viltrge rizc rt rhich *ear from rv
bocoocr choager ths tqt of hendpumpl docr mt n| rfaificrntly, cvcn riti alr.lor
elungcl to imporaat rnrirblec. Thc two Grcoptioor for tti oscr oocur rhcn we1 yicld irlimiting rod rhcn r niainun of tso rclb ir nrcd. tnothci l,-r,ortEnt inferenci-il ther ror

DUrnDt.

Yttcr Co*
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A vcry lrr8c population ceo bc rcryc-d cort offcctivcty by pv wrtcr rup3rly 3ystoms.Erhibit lx prcrcaB e orolimiarry cctimrro of rcgonrt ;;i;L for pv rrtcr pumping rys-tomr' Thc markct ir of thc ordcr of 250 Mlvp, itrlctr il scrirar dmcs current sorldwide pvprod-uctioa cepecity. Additionally, rurd poputrtions rra coniinuing, to grow rt r retc of 30o 35 millios poBoB pcr vc.r. II-PV roteios lE ;k;i;i"ol ,u annual demand for pv
XSI ffi 

rorut"tion ir acarly l0 Mwp 9Qt yctt. Thcso rsle$Ecnr Erc based or currc,ql

Erhibit x shoss tho number of iadividuals ia runt rreu upGctcd ?o bc scrvcd byhendpump:' PV, ud dicscl weter.luppty ryrt-rou. Handpumpr rilt contiauc to rcryc thcler36t ttoup. Thc headpumpr .itt i"r* ir"inry ril;hrilo*-wcu nrrkcr.l It rhoutd bclotcd thtt thc nrrkct cstiortc for dicscls ir hid ;; rh-irii"uility of fgcl rupplicr radndatanrncc scrviccl io rur.l uers. tn neny p.rtr of tho *oitd, nrrticutrly ia Africa,diarclr htvo a Door oponting rccord. rici.irrl .r. r"rliliurl, thoa pv punping ryrrcrtr!could litcly rephcc them.t -

ExhibiB xI rnd XII chov ths rcnsitivity of vrtcr cGr !o chrnga ia iasaltcd pvrrny cort fot ZA- rod 40-tpcd deomd, rerpccrlvcly, uoti i.rc crlc rsrumptionr. Thc
Tp'ct 9-f Pv rrtsv cosb oo thc mrrrci ior-PV ir riri*n-in iirriuir x[I. A, rha crhibirtho$, if rrny costc dccrcsso to galwp instttlcd, thc mariet for py incrcrrcr by rbout 42g,to 376 MYp. Convcrscly if iastaltcd .rray cott h ll2lYr: rhc srrrtar &ctincc by jit tol13 MIYp.

CoaclErlonr

Thrco imporant cooclusiou Gncrge fron thc rnrlyrcc

Il+Io0.ecEa
:1;3::3l;.,3.-;:1ojg pThcif;;;i Rwi;;;f;I; rctwr viurscs io thc

2.

c6t-coDpGtitivc rirc rra3c b ianeorG, nrny tinir thi;;;i r,orHryidc pv nroufac_turioj ceprity.

contnry to oavcntioad wirdon thrt clriurs py g r cpitrl-iaanrivc tcchoolo3y, thcUdWif fhowf the ncr croiil inirill .r..tirot amr af Dtr..-r^-- ^- L- -?-,.r

tachaolofv.

igl.rntic conpetitivc 669. tt tcr from py rystcnu ircquivrlcnt o lcu then 296 of rhc ronurt i-o*rc ro, i p"*i ia r poor devolopin3

r The hendpump nerket tctncnt includes pogulrtbnr to bc xrvcd by rurfrcc urtcrtourcat' Detl warc not avritablc lor disaurcgrtinj rrril nrriir rltmcnt rny furrhcr. It irconccivrblc thrt rv or diercb could bc th" po*c, lourcG foi pumping wlter frou non-gnvity-fcd rurfacc sltcr lourccr.

. . 
tNote that thc prctot rnalysir did not coazider othcr purnping power lourco! ruch aswind porer which' io ruiteblc ry.r,ii3lt gump wlter lDolc cconomielty thrn pv or di*-clr. A rind technology compctirivencglnaiysir-wg [yoii1i. rcope of this study.
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r @uotry.t $undco rnd Yrrford of thc Yorld Beni ootc thtt'r frcqucntty uscd rulc-
of-thuob'il thrt l runt, ncer-subcistca* frarily'rbould oevcr hevc to psy morc than
rbour 5* of thcir iacoroc for wrtcr.{

TttaG infercoccr hrvc iro fu-rtachna3 ioplicatioor for boti runt srtcr rupply rys-por phamil rod for PY purapil3 cyrtca uuufrcturcrr

l. PY *:tcr $lpoh Froietr era cert effcctivc ead effordebte. Thcy can,De imrlcmentcd
il I coilconpqfebla to I haadpumo-bued rutcm fof moderatg-rizsd villa8*. In
rdditba to provlliog uric, rt bror coil ttea hradpuupr. tha wetcr rupgly projoct
vill rbo producc orhcr bcncfi8 rwh ar l mro coovcuient vlt?r roursc rhat aan bc
orgudcd iacrcocatrlly s thc villqo t"rroltr ritbout drillioj rdditionrl welb.

2. lJrc mlcniirt mrrf,et fgr PV nurnninr rvrtcmr in rhe acononricallv connetitivasnre ig
Ycrv hnc. TLcrcforc, iavatia3 i[ thc &vobpncat of PY puapiog producr lpccifi-
cdly teitorcd !o tuil tbc rpplicttba roquircncar rill hrve r t;dr pryoff. Thc aotcn-
tirl nuket L of tb wdcr of 2fl) MIXp for tnkrt PV punpiaf ryrtom of rbosr l-3
lYp crch, for rupglyia3 l2-f0 Dtldry of *rtcr froo intcrrediea rnd doep **er
trblcr. TbGG ryr&nr rould rrvc villrgoc rith 300 to 2,000 pcrrcnl.

Ff providcr r tochaicelly fcrsibb rad ommnis ncm3 for rupglyint rrt?r io moder-
rtc-rird vilhicr. Pravburly. tbc oaly rltcroetivcr :cro dicrctr or hrndpumpr vhcro 3rid-
clctric-gorercd or gnvity fod r*cr tupply ryrtco, scrc infcuibL. Thc PV pumpiag
tystamtr rith thcir br rocurreat eortl, aor ptuvidc tlc runl rrtar rupply glrnner r oort-
cffcctivc dtcrnrtiva tochoobgy to hrodpuopl rd diorcb. Phaacn lboold ilvcrti3rtc thc
ruitrbility of PV for rtair rpoeific DaGdr. Yhcrp !.sa$lry, uri:nncc could bc rou3ht from
iatcrrilioul rnd'rilrtcnl dorcr oryrnizrtbar for rscciag thc fqribitity of PV ryttanr for
rpocific pglicrtioo ud for procuriaj th ryrrcan.

A auubcr of inporuat istitutborl rnd orrrniatiood ooacar!. nrst bG lddrcrg.d
.!d rGtolvGd itr thc projcct dcri3n !o cnruru rtrr a PY-b.!od RIYS ryrun cra bc opcntod
ruecrcfully ia r runl $ttin3. Th6c sorceilr rtl rtm pcrtiacnt for tradpunp- rd dirlrll-
brrd RfE ryrtcas. Thcrc btra iaclr* rtc folbring

o Tbp dcnrd for *rror EtEr bG $cuntcly dctcroiood.

o Urcn rarrI bG oducrtcd oo rugooriblc rrtcr grc.

o Ertcot rsd tloG of, oanunity ilvolvcocrt ia rpifyin; rcquircnrotr, iartrthtion,
qzntilm, rd EriDrnrlcr of tl. ryrla! nrrt bc at$lilhod.

o A lupouiw ud ralirbh neintouoo ryrlrn nurt bG abblbhod. In puticuhr, the
rtbtiw rchr of thc coarnuaity rad tlc publh trrltot tuthority EBrt bc &liocrtcd.
Appropdro urinio3 nurt bG providod to cooauoity pcnotrDcl on opcrrtioa rad
oriotcorocc of thG ry$tn.

rtyrrcr st rhcc rcll cols uo t2,500 rd iarohtion ir 5 klvh/mr/dry ir t0 rl0lm,
lpcd. Arrumist I pct 6pitr rnouel incomo of t200, rnnud rrtcr clpctrrcr rc t.596 of per
cpitr ioccan (crclrdcr rrtcr hrulitrl cost).

asma&n, RJ. ud lJ. Srford,'Vilh3c Yrtar Suppllr Ecomnicl rnd Policy ia thc
Dtvcloginj YorH.' Tlc Johnr Hoptinr Univcnity ?ten,1976, pp. lE7-ltt.
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o TbG rouifcr Erat bc errofully t6ted to .arurG thlt it ir cepabtp of dctivcring warerrt thc crpGctcd gumping rstc over tho ryatclr'r lifctime, *itt out u*""rponrv f,igl,dnrdown.

o Tbo watl nurt bc-propcrly dcrigncd, ritd, rnd constructcd to snsurc thar high-qulity rr&r b obaiocd rnd poaatirily deorgiag ranC puopios, d*";l oocur.

Dic3cl- rod ctcctric-powcrcd RYS l1'rtcor rrc frced with similrr issucs .od thcrcforenuch c'n bG hrtacd frorn nrch cxpcricncer. { -nrlq rurrii of ruccerrful (rnd uncucccgful)aktric- rnd dbscl-poscrod Rws iyraan woutd yictd iafo-rmatioo ,r*iui ii-ooiioior r pv-powcrcd RlyS syrtcn

. ldditioadlv, r nuabcr of fictd rppticerioor of PV-porcrcd R$S ryrtcn! rhould bcnooitorcd Bd/ot fictd tca$ conductd irlg"rolrietc ritrief in 
"rrio"r tciioal oi tr,cvorld. Tb6G crsc rtudy documcatuioor ,ffir nws prrni; i" dcvalop-ia3 couatricc rnd ia dongr oryeaiatbar trrt ii t -.pprrpri.tc poycr rourcG for Rlys3)EtolDs' Furrbrnorp, ttcsc iavcttigetionr.rilt netp iacllifirnd rcrotvc unerpcctcd prob-lcor that nighr cEGrSc asd rid in dcvcropinr pto.iii ooriii 3uiocc.

PV puopint ryttcm ratnufrcturery murt worl clorcty *ith wetcr rupply plsan.B tosututo thlt th! tcchnolqy is rcll lnatchcd to thr ,atc r"rourcc cheractcristie rnd urcraceds. rod ntisfist crrc o-f iastrllrtion, rrliebilitr,, ,"ioaGiiiity, rad otrroifu*tir*lrquir:ncn8 of thc uscr.t Ttc meaufacturcrr ncca to convincc potcntiel userr rod dcci-rionnakcn thrt PV rbutd bc thc tochnototy of shoicc roi suiaulc rrtcr cupply rhcnres.

Acca$iag thc larye potcotirl oartet rill rcquirc el crtcariv.c cducrtioa rod iaform-rtion disscniaatba cffort dirocted at dcciriormrkd in dGrci;piog courrtiil;d i; iater-netignel domr orgenizrtioas. Dccirionnet?E nu$ b, cdrio.cd thrt pv c1a grr6yl6o ,6.sctvicc rclirbty rDd fit ino thc iafrrrtnrcturc bcin3 buili torcrve rurrl vetcr rupply ,y!-t3E .

- rttc UNDP/lVorld Brat, HeodpumD ?roja't ir rn crcclleDt lourcc of iaformilion ontochoiel rcquirencnts of rurrl rrtci ruf,4v dcrrnoioriel,--aoo thc infrrstructuio typicattyrvrilablc ia devcloping couatrier for iasiatlinr, oe.otlii, rnJ maintainin3 RWS schemer.
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r.0 INTBODUCTION

l.l Brcl3round

Yrrcr rupply b rcfnrdcd by thc iaarnrtiood om,nuaity u r'brsic humen righf
rnd ro iatc$rl soopoeot of roy priary bc.ltt crrra pro$rn dncd rt elininatioS, w.tcr-
borac di*rrcr rnd oorbidity. I! 19t0, thc Uaitod Netioar lauachcd thc lntcrastional Drink-
iat Wrtcr &rpply rad Sraitrtba Docrds (t9tl - 1990) sitb thc aod of providint refc drink-
rat rntor ud rrniotioa to rll runl rad urbu populetionr. Yhilc thc Dmdc bu cuccccded
tbu fir in erpudiry rrltcr covcrrlc, ocrrly onc billie! pcoptc livinj io tho rurrl rrers of
dcvclopiat eoulria roanin rithout tcss3t to r refc rad rclirbtc tupply of *rtcr.l In-
volvcd dcvclopruot gencicr hrvs re-cHnid tip pmtrs rchicvcd to drt! rnd coacluded
thrt tlc problcnr rrc mray rad vrricd. Thay cocoogrss tbc &shricd pcrformrncc rod
relirbility of nrnl rrtor rupgly puarpia3 ryfiaor, tha hck of rdquru infrrstructurc to
ilppon 3y3tcn , rad tbc cbortus of fuads to fy for thssc ryrtcnr.

A rrfe, rcliable, ud convcaicot wrtcr rupply ir criticrl to rusrl dcvclopncnt ead
ccoaoaic prognerr in &vclopint couatria. Groundsetcr rouncot nthcr thra linitcd, trsdi-
tiooal rurfrcc rouroas, rrc prcfcrred for runl *rtcr rupply for raniury lalront. Ground-
ratcr lcaourec! rcquirc tb usc of r punpial tccboototy. h rn cffort to proaotc the
d,qvelopncar of rclieblc, los-ndntcrlnsor rnd br-colt punpial tcchrctojic, thc Unitcd
Nrtioor, Vorld Betrt, rd grocirtcd iaarartioad r8cocicr hrvc inracctitrtod rrtcr npply
rytt n, blrcd oa hendpunpr, photovoltrb, td di6cl pumpur3 tachaobticr.

Thc hudpunp ir prcccatly tbc roct connonly utcd tcchaololy for nrnl *rtcr rupply
delpitc problcnr rrsocirtal rith tio hudpunp iacludiag hilh friturc rrtcr, linitod rrtcr
rithdn?d rrtcr, rd uoccononial u.r of srpcarivc rrlb. Tb Uaitcd Nrtioor Dovcbpncnt
fmnrrre (t NDP) rd Yodd But rrc rtcngriry to rolw rmc of thc problcnr uocirtcd
riti hrndpunpr by daitniaj guDD! whkh cu bc ogcntod.rd trdrtrilGd rt &G vlllr3c
lcvclt $bi!r dicrct-b.rcd ryrtcu brd ro hlc r br iaitid co.t, ttcy rb tcd to hrvr I
vcry hifh rcsurrcli cst DhrGl ryrtcur rbo rcquira rkillod rnrhtcaracc rad Wntial
raff s rcll u r rclhbh rupply of fircl RccGat inprovcocl8 i! tho coat ud pcrfornrncr
of Pl' gunp tyrtGor hrvc aratly iaprovod tbcir poaatid for rutrl *rtcr rupply (Rtl/ls)
rpplicrtioo.

hsvbnc ttrdicr crrricd out by th. UN, YorH Erat, rnd jovcrancnt r3aacicr hrvc
roq[t to dcfi!. thc tcchdcrl, infrutrrrturrl,lad csaoorc flcton of bradpuop, PV, ud
disGl Ehebdls. ..iSorll-Sclb Solrr-Porard PUDDilt Syrtoas Thc Tehmloty. Ir
Eomub urd Adrarns;uof by Sir Tilthq l{rlcror rad Prrurr,.nriood Fl/ rrtcr
prnpint ochoobly throu$ r bbontory &n prcarln" ThG'Enlurtbo of laara*ioud PV
Itojrr'o.raductod by Moridiu Corpontioa i! l9t6 ru r ryrtclDrric o6t rd pcrfornrocc
rulyrb crf FY-pororcd ryrctn, lr ra Glcrty bchloloty for urc ia rcooo rrcu of th
rlcwbpial *orH. YhiL tt Mcridirn tCIdy oocld.d tbrt FY b ooet oonpGtitiw uith

tUnita, i{rtbnr Gcrcnl Ar*nbly, Ecoooaic rad Socirl Courcil, ?roforr ir thc
Ataiancot of thc Crob of tlr lntcrartionrl D. rolint Yrtor lu9a,1rod SraitrtioD Docrdc.'
Mrrcb 6, l9ll5.

'Arlocoroff, S.: G. Tschrnacrti D. Grcy; V. touraoy; A. Krrp: O. Lrn3eaeffcr; rod R.
Roche,'Cornmudty Yrtcr Supplf Thc Hrodpuop Option,'A joint coatribution by the United
Nrtioar Davclopacat Prqnono ud thc SorH BrnI to thc Inrcrortioad Drinliq lYrtcr
Supply rod $aitetioa Docrdr, Wuhin3ton rod Ncr Yorh, Mry 19t7.
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dicccl for tctlctcd nost of vrtcr rupply epplicedoa, thc focrs w.s oo prrnping tcchnotogyretbr thrn oa mmperetivo pctiotmiicc-rittir thr 6afir"l wetcr supply ry*am.
This iDvctiisati'on cnmincr thc cooditioas under vhich pv car compete with hand-puopt eoJ diarcb for-rupplyiry rater to ruret comauriticr brsad or r conristeat rcr ofrsrunptironr. TtG roetfir tifcc itto co*iacoti.ro rff *ii*or, of r RIVS ryrtcnr ioctud_isg trc wrtcr ruppry /*-t'd ruactioi'raa otrcr ctr*ur[te., of thc vilagc, rnd thc cosrrad pcrfornrocc of th. rall, tbc puneini c"6i"sy, 

";Iaog". 
rod dbtriburioa aerwork.Thir rtudy *rr undartekco ro sce-rfficoraitba*ialri ,m.r herdpunpc, Fr, lod dicscrssould bG thc sr-sffetivo tocf,ootqy foiiys,fi;."*

12 Strdy Objcetivct

Ttc purpooc of tlir rtrdy il to &tcrnio. uadcr rhrt circuortrooca pv pumpint ,ys-lrur cro conpctc r*haicatty rU ccoaouicrlfy-rftt tJilrpt Td dicrcl puapr for ruppty_rat y.rcr to runr comouaiti'. Th' rDccific 6tl*riro i,. ., folloy$
t' Detcrninc ccoaonlrlly compctirivr rrotcr for PV rcletivc to headpump, rsd diesctgfor rupplying rrtcr to runt counuaitisi, rr . rooail* of rrter rrurcc dcpth, viltagcrizc, rtter dcmlad, roter rccourcq rod co.t rnd pcrformene chsractcrfutica.

2' Dctcroiae how tic iaitirt coct of r ?Y -*rtcr rupply ryrloo ooup.rcr with rhet of rrunl mtcr rupply (R*s) tyttco ruio3 br-cocr-tl"iiilrrv nrch r headpunpr.
3' Errinrtc thc poaatirt nrrot for pv-powcrcd Rws ryrtcnr.
1' Idcntify thc fuactioo{ rpccifmtioar of FY-porcrcd RUS ryrtcnr ro thrt pv ryrrenr

Tbc foc*r of thir iavcri3rtioa ir oo nrnt connunitfor with ao rcecrs u 1t.ta croc-triCity Or fefC fUrffCt r..ttr tOUrCCt 'E- ws*rr"'r

1.3 Audicre for tlc Study

Thb rtudy fiovib iafornrtion urcful to runl *rrcr rupply phoncn rho roloctrater rupglr tahoologhr ro ruit thc rocdr or runr eoiniitii-ii;ilt ;t 
" 

id"p.o'nio de&rniniat r nhb !olP-t, oiac1, riro p4nrri,-..r"r r"ppry ryrt"nr bud oo rrrerdcpo, villrga rizc, lcvct of d";:.i;-A[Lti.r, i;;,r"d;i ud porfororacc of rlrcrccpccti vc tcchmbfrcr.

Thc rtrdy Hulg rill rtro bc urcful to cquipacot ornufrturcn who dovclop prod-sca b ncx thc raouircncntr of runl coonuaitfu-rloil tb yorE. A prelinina ry Gr-ti''raa of $c anrlct lot Pv^-d e*Iil;.r"-rv rylar ,,Jia*ru hrvo bocn dcvetopcdto 3uidc py rrunufrcturen ia acriropriit or woioorirti-r-iloolo3y for rho runl wuarsupply oerkct.

1.4 O4rnizrtioo of ttrc Report

cheptar 2 '-lhit rtudy eremiacr ttrc rrtcr rupply accdr ir runl commuairicr indcvclopia! ardonr. tt chenctcrircr trc crtcat of drc ncod, dirurro lha 
'-rtar 

,?rourcc
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onditiou fouod i1 rmny rcgionr of tLc vorld rnd crlmincs t}e rnjor problcmr ia meeting
thc runl wetcr supply accdr ia &vclopiat countricc.

Chrptcr 3 preccns rcpre$antivc heodpunp, PV, rod diercl RIYS sptcm configura-
tbns urd i! thc radysir. Thctc chenctcrizrtionr erc Dot D€.Bt to precludc othcr punping
tochtrolo3ica rhich Ery bc oqurlly, or ovca oorc ruioblc for rpccific mter rupply condi-
tbos. Detaibd pcrforcuca rod st deu oa tb rcpmecntrtivc tcchaologicc erc rcported
in Appcdir A.

Thc urlyrb procoduc b dc*ribod ia Ctrprcr a. Dctailcd Occ?iptionl of thc model
ialndint rl! thc nrthnrticrl rohtioarhipc rrc aivea in Appeadir B. A ruple rnelyrir is
rtovu in Appcadir C.

Thc &trilod rnrlyrb ttrulu rod iE iaplfortbor rro prcccatod in Chrptcr 5. Graph-
krl oulput for thc vrriour rceaerioc ilvcrt[rtod rrc providcd b Appcodir D. Fiortiy, in
Cteptcr 6, th rtudy corlusbar ur dbcurrod.
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2.A numt.wATErSUppLl'nEQUTBEHTNTS

Thc Uoitod Netionr crtimatcs tlat over oae billion peoplc in thc world currently lack
lccGss to ea rdcquat tupply of clern mtcr (rcc Exhibit 2-l). Ovcr ?596 of theso pcoplc
livc in rurel ereas of dcvclopint courtrisi whcro poputstioa3 rre growin3 frctclt end where
boric scrvicar u! tlc poorctt. Cortrniarrcd rrtcr ir r anjor rouicc of Oiscuc rod dcath
ia tbcsc perE of tho rorH. Cooroqucltty, providiag sbrn ?rt r to thcra lrcar hru btcomcr mejor hltb prbrity for both nuttilrtcnl dcvclopmcat iartitutioas rnd iadiyiduel govc.r-
EEN13.

Soutlcrst Arir, Er*cra Sou& Arerrcr, Errtcrn Mcditernocta, rad Africl rrc thc
rcjbas {$ tbc hrlcst nnrcrvod populrtbar. Rurd populations ere giowing rt r npid
pacc' rd dcvcbpreot oqrnizatioas rnd 3ovcramco8 htvc not bces iUtc tolssalt safe
rntcr rupply syttcot rt 3 rrtt frst caough to Gvc[ neiotria historic lcvclr of covcn3e. Arl rcsult, tbc probhu her 1.*a :unrailf witb timc.

Thc $fcrt rupply of *r!er ir nrtunt rpriag or rclb tbrt ap 3rouadratcr. Acccsr-
iag sfe jrouadrrtcr rupgticr iavolvcr iartelting vlttr rad rarious p-uiping oquipmcnt, Ia
thc eb*occ of r rdc tetcr rpply, Doot runt poopts hevc to rcly oo rurfrcc rricr from
tivc'3. ttt?lntr ponds, or lrler to Bect thcir aocdr. Thcrc rurfrce rrtcr rupplies rrc
3aacrally coot nisitcd with vrrbBc poltutrag, conmnly cooulioing tr.c6 ol humao rndrnisral rfstcf.

A hith corrolrrion cri:B bctveon comnuaiticc thlt hrvc !o rcly on rurfrcG eatct
end nrbur cripptinS rd ftrl di$ecco thrt rrc borac by hrmro rad rnimel rutc. Conrc-gucatly, thc VorH Hcrlth OryDiatioa (VHO) hrr &tcrnincd thtt tbc.provirioa of I rrfc
rad convcoicnt rlt' rupply ir ttrc rin3lc aoct iugrrtrnt rctivity tht could bc uadcrtakcn
!o ioprovc thc hcdth of pcopb livinj ia runl ercan.{

h rcrgoarc !o thc 3rorin3 halti cririr, th Unitd Nrtionr Dcvcbprent prognmmc
(UNDP) lruachcd ttt.l9-y*,ptoltr o,'Tb Intcrartionrl Driatin3 Wrtcr Suppfv-ua Senita-
tioo Docrdc'(IDWSSD) i! 19t0. Thc to.k of thb brot rrn rrG ro Sriat refc *itiim .rr
rurel pcoph-by thc yar-2000. An iatcgnt p.rt of thir progno involvir iualling rural
mtot puopil3 ryrtonr il villeger. Tbc Uaitod Nrtbnr Dcielopacot Pr4nnnc-rcria"or
tcptctclEtivcl hrvc boan {aitartd to coordiortc thc Unitcd *rtionr Proinmac ritt
crt rtrd rupport for thb iritirtivc ia crh courtry.

2,1 Yetlr Drrrsd

Thc &ned for rrtcr vrrico by rcaiol rad &pcadr oo tho cliortc, coavenicrc!,BtG ftt t!t, Gtlttoor, lod thG ddrcc of orarflnclt to riainizc rrrtc. Tho rcaiondnrirtbo ia Dcr crpitr rrrcr ooaruoptba b illurnrGd il Erhibir 2-2.

Thc orjor freror io dctcrninia3 *rtcr &Erd b coaveoictrcr. Thc yorld Brnk hardctetnid thrt 'if tb"* i r rugply ia tt* hourc or oourtyrrd, conrumptioo mry bc fivc or
morc tiocl ttatcr thel if rrter her to bc fctcM froo I pubiic rntcr-point.{'Coavs6e"

tUnitcd Nltbar Gcognl Ascobly, Ecoaonic rod Sociel Couocit, ?r6rerr in thc
Ataiorcnt of thc Go.ls of thc Intcrartionel Driotia3 tYetcr Supply mO Smiution Dcclde,.
Merch 6, l9tr.

'Tlrc lYortd Baat. Tille3o Wrtcr Suppty,, 19t4,9.32.
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TXHIIIT 
'.Ikr3c ol lfrlcr C;o:ruptlor Ly tcjlor

LITERS PER CAPITA PER DAY

Africr
Souttcut Arir
Ycctor! Prcific
Errbn! Mcditonrua
Europo (iactrdia| AltGri+ Morocco,

rad Turtcy)
Irtio Aocrio rod rhc Crribbas

35
70
9t
t5
65

t90

I5
3{'
30
to
20

700

WorH Avcnto q)35

Sourca Yorld Btak, Tiltrge yrtcr Suilrplt' 19t4,9.32.

EXHIITT 2-3
Artnjc l.tloul lVri:r Trbtc Dcptlr

AVERAGE DEPTH OF

r0-20
l0-20
20-r0
tt-30
rr-30
s-20

soucn Dilcsl,klDl rith Dr. Robca Rochc, tyorrd Bl!k, Mrrcb r9t? rod IT porcr, Inc.rrur rupgly d.nbucr.

WATER. TABLE

South Amcricr
Caatnt Ancritr
North Africi & Mi{rdh Errr
Yort Africr
Ert Afrhe
Southcrt fub t prcifrc
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ly' if ntlr hr' to trc crrrird no]G ihm r &ih, co8ruEptbo m.y bG .' lou .l I litcn/
crpin/dry, vhich ic clo6c to thc miaimun ocodcd to rurtein lifa.

Coovcnicaco b rbo r critical frtor io &tcrnining rhcthcr pcoplc wilt use r ctcrn
Tltcr toursa. lf r ncrly iutrtlcd rcll L not rufficieatly convenieni to usc krusc of iu
locrrbn l3d th. tioo lpenl reitiat rt tba fiucct, pcopb ofton rcvgrt to ruinj rhcir old,
oftca pollutod *rrfrcc ultc, tcuroar.

2.l.. Wrtcr Rrrourccl

Tbc rnilrbitity of rurfrco *rtor b riwrt rtrc.Et, hlcr, ead poDdl hu boca ruf-ficbrt to oreint'in runl oaouritilr, but $ r Erjo, cot b fuir iorlii rod iavatncnt intiry. Ita aljor loute of ehra gfc srrr ir 3rouoerrtcr. Th criticel frctor thrt 111l r
rnrjor iEprct oa tht cott.!d anc ritt rhicb eblo *rur cro bc providcd to ru6t con-
a!1ir,tC b tb dOptb of tbr :.rrior ttbb, tbo cat ot' &illilt rolb, rad tbc oott of nu-niliaf ttc purnpiq tocbaobjy,

Th. &9tb of tb *rtct trbb cla vlry coaridcnbty by rtrr" At r r6ult of nriour
E-ctaorob&krl rad 3alogrd frctorr, rooc;omnli:r*onr on bo Eldc rborlt thc dcpth of
thc vrtcr trbh oo diffcrcar cooriacau. Ar riorl ia Erhibit 2-3, tl, rwrllc &pth of thanl,1 tlblt L tto.t r b Africr (rroSro! b*rrca It to 25 nctcr) tlua il Sourtcert rfi(rraftaf bctrccl , rld It acrcrri. It b G'riorrad thrr gobdly ibout rJ$ of th ;sllr ia
runl utrr hevr punpia| lifE lG.. thm l0 srtGrt. lbour 75S of tbc rolb hevc lifu hgtt.' 20 nG3crl, rad t5t hrvc liftr 25 arlton rld lc$..

Thc coar of &illiag rcllr rlro rrricr frirly dnoatfoilly fron onc rc3iroa to rh. oort,
avct tiou$ bub rcll-drillioa toehthuo rad oquipoGal rry br rinihr. fo,r inrtrncc, in 

-

Errt tfricr thc eo* of dritlinj r l5- b 20-ootar rrtl nry * rbour t2,t0q vhib tbc eoet
of drillili tio ru roll ia Yct Afrhr oty b r bi3h r tj,OOO to ttti,CUO. ftao trrrcnrirtbrr ia rcll ,t rttpf co.lt Ir trocrrtly rttributod !o rbCI-Ucf of Uuliacr ooopctirbn
la r rctba rad ttc prkr rtnrhrr for oqcipo nt rd hDor.

2., Mriot Problcu io l,ltGtilt tYrtor Supply N..dl i! REr1t Ara of Davobgia;
Couatriru

. Tb. utn ctdblta b dcnlopral lfr rrcr rupplbr i! t]. nrnl rrur of &wbp-iaf couatrb rro fiuacial !.ch!i6t tnininl luilbL oiiaobry davcloporot, md istitu-
tba b{tint b Erlr8. iuolt tio! rnd cnrnn tbo nlirbiliry of ;ud rnirr puipiot ryr-&nr. Tho* nrnl rrror rumly problcor !..d !o bo rdrlnscd h r coordiorirc .ry-in-
or&r io rhbvo rsy hrtilt nrcolrt,

Thc Inaru&lart Driatiry ?rtcr Supply rld S.ritlrion Dccrdr hrr IrGlpcd rthvirrstlc rbort[o of ffotraci!3 for rrtcr rugply dcvclopocat, GvG! ttoufh thr d ior fuadtctf''dt rhet tlh prolrrn cra provido. Dcrgi0 thr acr iaput of fuadr, providinj for rlnt
rnt'rr rupply hu roactiarcr bccl hupercd. Tbc mr.ior probhn, dur filercinj, -hrr 

bocn
neiatriliat .yttofr rclirDilit' i! thr fhld. Ia cGrtritr portr of thc rorld, inrolhiion ofmr puapiat tytr.ot hlr lcd to dicppoirtia3 rcrult -- thc aunbcr of pumpiaS ryttotrr thrl
b lrcdtio! dp,va ue outp.cirt tlp lunbsr of wv rylrcnr bcirg iartdr&. mj rolution totib probbn liar ia thrcc boic rtntojia.

'Ad.[r,tofi, cn fiL g.27.
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. Firt, thc olnoin-t. tThaotofy mut bc rppropriatc for village-lcvcl opcrarion andmrintcoancc. ov*ly sophicticrrd Gmorgier ia"t iqriiasx;irriiio p"ru ln.r qpcrtisc
to oria:aia hrvc nort ofica lcd to feilura. lo rcrpoarc, ttrc wo*A Benk har ertatrlishcd
c:itcria for haodput gira thrt rcquirc vilhgo-hvct opcration end meintcuancr (yLoM).
Sg tccbnol'ogy n ust be rimplo ud rclirblc cryqtr tlet it 

"ra 
* crtircly meiaraincd by rytltT. tochoicirn, rnd rnrc puts rsould bc rinpi, 

"up, "oo 
rtockpilGd rr thc villryehvcl

Sc@od' locd iostitutionr rhould bc cocoun3cd rnd &volopcd !o !a3|,sG thc acccc-tltl rnrnrtomcnt !o i!$dl aod Eriltrin pumpiog ryrtco!. Ac tlc Yorld Bank hu con-clttdd' Thc rirrc* potoatirt for nrrtdubiti;y i riucrcc rtca ttc con-unitib hvolvodil rll phrsa of tbc p.roioct, mrrtiag froo tb itlaoilf nrio. U tbc rcfrcoiil ir-contlnucb op.n& $tirfrcrorily. Dcoplc i! tb villetcc brrr to rccogniz tha nccaJorlopro"oo
lGrvisc' bc rbh rad.rillia3 !o p.y for thr nrinrnrm cociirao cveatrnlty trc ionstruc-tioo corr), ud bc witlir3 ro nralfc ig nrinanroca.C 

----'

Third, fiarocia3 for runl rrtor rupgly lyrrat 3cmnlly rrquircr ronc hvcl ofdovcbpmcnt or3raizrtioa rril/ot 3orcraacor iuadiaj, ieociilri rr iu tciinoini mcrc ilr coatiauinj &ha rbout thc ortcat to rhkh runr 6miurttd cra to aip,oetoi !o pay fo,*rtct puapini ryrtcos. Thora rrG tuo urior frtor thrt 3cnontty lard tottc cooclurlontlt t toot foro of outridc sirtrncc ir Dcr&d for finracioi crpiei rqoip*otrnd i;"6iil-
tirou -(l) thc politicrt coordinrtba uodcd !o cothct p.yr"ir i,or ;il;iiry *rurn forr nrjor cepial iavarucat ir ruurlly burdcarom to lhc poini ttrut notrtiai protr& md (2)
t&ora ir r ttroo3 tcadcngr for runt-poopf io rctusa to dGir old eontrmioitic rnrr rour-clt rt m9! t' nrjor *lryr, dirtraccr. ot c6ts rnr Gocou[torod $ r chra rrtrr rourcc.
Coavcr:cty, thc colt of oriatriah3 r puopin3 ryrtan ; bc rad 3mcnlv i-slurnco uythc runt coomuaity.

2.a Currcnt Satu of Bunl y$Gr &rpply Tcchnobfi,c

I! runl' maobctrillcd uan, thc Mt oonEoo DrtDr for dnriag rrur fron rcllrrrc husln- rnd rninrl:porcrod punps rod dicrlr. lLadpumpr.rc by ttir tltr Eort co&oonD?c$qied !nr., punpinr_lccrrao.toly dorpia tlt problourctriri"t !r;ti.u6loa ,rio-niarbilitv of thc puppt. nmlaiari rtcr orrci*uca, tlr yordrrat ua--iiinrr ritt
tupgort fiua r aunbGr of aultilrnnt rm bilrtcrrl rid Ucocicl cnbrrkcd oo I profn rdavolop rortrblr beadpungr rnd lniatlrl tochaobgoior uc dcvclopiir rciro. rrrcploanm hrl rc9t ovcr t30 nillbo b drt , mq prolrrE hu raultcd iB 6c ccrrfpocntof 6. 'rf;ridrlt''lrndpucp vhici E .a rb ;tirbtti6 lod ui"ninlrlrty iJtrrL

Diqrd-porG$d Plnpr uc r frailhr tccbaohly ia uay dcwbp63 eou4ri6. lf rhGiafrrrtnrturc h ia 9w tw ruDgtyirt fuct lgd ror nihtririor-or rati-ii; aacii rn rafit'cffcctiw poucr rounq! prrticulrriy for nrpplyial rrt r to-lrrtsr *rrt-oil*iticr.
Rclrtivo o hradpuapr rad dirrob, gy-porcrcd punpf rrG r Duagiat t chootogy ofEot! rGeot origin. Ovcr 2,000 PV punpr hrvc bocn iarilfci wortdridc.- f-nuntcr ofcoagcaier in thc U.S. rod ia otkr eountrbs mra-ufrcturc PV punpr. Rcrcrrch rad dcvclop-nent rctivitie aid il inprovio3 PV punp pcrfornancc radroducinr coqg rrc-onroinr. 

-

.erbroroff,o.-eiL p.3.

'Eu l|fricu Tqr of rtrc tlNDp/yorld But Hrodpunp projscr,.Thc Afridcv punp:
Derigacd for Coanunity Menrgcm?rt.'Erocutivc Printini woikr, xeiroui, renn, Februriy 19t7.
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3.0 SETECTDD T${S CONNGUNATIOI{S AND If,NFOTMANCE DATA

3.1 Tlchmlo6yConffiuntblrEvrlurtcd

ThG cf,obG of bctaoU3y rilt dcpcod oo r ounbor of pumoton iaeludin3 viltrgotb, pcr erpin *rtor danrn4 rrll chrncorirticr, rad ert raO toctaiErt pcrforniocc oftlc o$Eipn Et. Thc folbria! tf,rto ryrtom rrc boilj oond
l. UrglnttnE Erh hrndpuop itrtrthd oa r rcll $rvor r cartrin aumbcr of pcnonr.

Tf,o aurubcr of pcrrou rcnod dGgGodr on $c pcr epin ?ttGr dcrnrnd, tho numbcr of
loun r gua9 b ur:d drily, rld ri.l&uot d tioo r gonor ir rillinj to rpcg6 lrth-lriq rrilrr HTdryqF uc mkttly nrcd for rror &oucr up lo lbou:'t1 li1f;ry,t
crpitr/&y (lDcd). If rb. viltUp hs mrc poopb thra era bc rupportad by onc hrnd-
Pu69r tba tro or oon bradpuagr lrt tn!4 Tho prircipd hrdpump ryttso sD-
poamE rtt tb tudpur rnd thr wll.

2. P.Y ournoinr nnter{$ Erch Fy punpiq rystGn provida *rtcr to oaG or [orc ttltrd-
pipor (public fiuctr). Tho ounbcr d pcroar rrvcO rt r fiucct ir dctcrmiacd u io
tho hradpung cr$. If thc villgc hu norc pooplc thra era bc rupportd by oac
raodpipc, thon t1o o, Eonr rtrstpipcr ur urcd. ooc rcll vith r-iv punp L urod to
tupply ?rtGt b dl radpipor. utb rclt-yhH tiniotionr pnGvcnt ro rOcq-,rrtc unount
of tr!!r to br vithdn*l frolr tlo rclt. Ia ruch clrGr, tyo or raorr rcllr l,ro rdGd.
or burrhr rl. urcd qr ogor$r tlc punp ovor I bngcr gatird rt I lorcr punpia3
nb. Th. poqrrft FY puapial ryrtco eoaDomoc rrc rhc Fy rrny yhich dirCuv
coawrr tualitht iao obcticitr Domr rd puap; optbort cootrolr, brttcry, ud
Do?G, moditbaia3 rqgipnouB rclt rrt r donE toh: dirtributba nctvoitq .od
rtrdpipct.

3. Eliaol nuroi,.lvrhrql Th. di.$l puapiar rllbn ir ucaticrl to rho pv punpial
tylttr! crc.9l th.t tb. didtl puap rppls tt Fy purrp. Tlp primipd aioct punp-
br lyrao courcltr rrc tbc dhocl cu3ino or gcmnoi rrt, fucl trni, puop, 66lbt(if ctoctrkrl), nttt mrr|o trat, rrrr aUriUutioa mtrorf. walt rad iioOiipo.

Tto llefnb ?ill n{ coo*hr yrtd !$, (hoorc mmtbnl} s rlo riocipd purpotG
of th! ra{y:b b ro dcorni!. rh. lichc bctr,ct! hrldpunp rno ilcrct pfit ;hn pv
nmpiot ir coupctitivt. tod hradpuopr.m lot coanoaly ruoO to proridc itcr o itdivi_dnl hotnhol& i! dcv.lopi!! ouatriL Tic ror rarlyrb oathod, ritlr ninor ooCfia-rbr to rooouot for tto iacnrrd nrr dbtributioa corr rsochtod ritt nrcirpc, cu bc
ulld to ucr tls ooopctitivw a: W rith dic*lr for nrdtmr. Th. rirfnf-rfro u-ftro.t tbrr i! thc cr* of dbGl cosilo, frrl b trld,ily rrribUf throqbur ih. y.nr.

Erhibi! ,-l !o{ ,-2.ior typicd orf[nrirbr.l 6 w,dir*t rad hradpurp Rty$
ryrttCIr.. Ar Erhibit t-l rhorr, tte diffcrcocr botr,*! r FY rod t dia*l;yrtca b thr
Do;cr roulc!. I! th. crrc of, hadpoapr (Erhibit l-2). oao pusp b urcd by I foup of
Putcbol{t in r vill4t. For lnnph, if thc vithgc tu toO iouchotdr. fivi ui'apu6p. gl.y
bc provirtcd.

- --Y*r punpint lyttrna htvc bocn onfigurod for tlrrcc goncnt rppliotioa rralcG(t) rhrtbr nGt nbh (2) hv-fbr, iatsracdirr rod dcrp rrtcr ublc iiptiertionr: rod (3)hi$-fbr in&rmdim- .lrd dap-rrar ubh ryplkrtkru. ror etr coniirunrioi rhc
cquipoclr crpial cory, tlrtca lifo, gcrforurea, rd opcntioa rnd nrin[amcc (OfM]
cort! ?Gr. crinrtcd for hrndpung, pV, rod dirrGl-bacd rrto, ruppti ,yrtcmr. ficrc Ag
tGrvG r| input for t}a coogctitivc rocrreat of rhc punpilg tcstrnoroiriei. Thb rcrioa
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.]-,

pcctnotr r bbct diagno of tbc coafijurod rytt?el ud provirlcs ley input dan for crch
tyrtla, Moro dctrihd i:fororti,oa ir prov(hd ia Appondir A.

Tb rclocrad cquigomt confifuntbnr rrG blscd oa thc rcconacndcd rgplicrtioo rrngcr
of ounc.rcirlly nnillbh oome/puap rcu. Thccc tinig rrc r furctioa of rrt.r trblc deprh
rrd drity rilcr &Erad. For crrugh, rutfrcc-loountod cantrifuld punpr rrc limitcd to
rpplirtbs rhcr-r tlo *usr LblG @ih dool aor croocd 7 octcrr rt rcr levcl, Bcyood 7
eErrt r contrifqrl pcED uin bso nrtba (Ls., tic rbility to dnw *rtcr froo thc roll).
Fot ilErnodirtl rd da$-tcll rppllrtionr, tlc cboba b r jrchpump or rubncnibh mtor/
Ftep rot TLG &tcroiarat i! tla. crs b medrcd drily flor. Ar r rltar dcp& of m
&&r!, Icfpunpr rn r tood ciobo fo rrtcr if &ornd b bcbv 3O srrbic Ectcrr p.r dry.
For daoud mlg thro lO cubic oct rt pcr dly, r ubuniblc ooor/pun9 tct ir p:cfarrod.f
Tbc ng,rorcaotivc ponpiaf coefifntbu &ouH bc virrod u ancphr only. Dcpcdiag on
lpeifr circuootrr*r, otbcr Flapia. Eefloblia Dry h bcttor rui$d.

3.2 Strtbu Yrtsr Trblc Dcp& Applberbar (< ? Motcn Yrtsr Trbh Depth)

Th nrjor sapoocol of hrndguo9, PY, rnd dicgcl RIYS rystcmr rrc rhown ia
Erhibit 3-3.

Thc brndpurp tyrttn couirc of r rcll rad rrrtron hudpunp. A Trn lrction
badpump trr bcco ur{ s r rcpracandvt hchnobly. Thc Trn b l 

"Gr 
icncrrtioo

blodgunp,' typicrl of crrrcat thrlbr-rGll punp trcLaobgy, rnd con*brcd ruitrblc for
rrtar rugply u dGptb of up b It DGton. Thc Trn b r rinplc dirocr-rtinj hradpung
rLicb ir qrrdcd rr rcluivoly qy !o EJrufrcturc. rrisnia, rnd rcpdr.

Tbr phoovdnlc puupiaf ryilCIo coubr of r rrll liti r mrfrcc-nountod riafls-
nrlc ccltrifufd puan pororod by r DC utg. Forcr ir rupplird !o thc DuEp throq[ r
oarrcl rytbn. Coatrcb hclp inprovc tbc psop/Doior cfficiclry by ortchinl thc cursot/
wlt*o chlrtcrbtb of tho rmy to th$ d tho Dobrlgunp rct"

Tb pttfcfrld diacl genp coaf[untitn for rbrlbr gunpi4 rpdicrtbs rith r
puDDiot h..d i! th. t- !o l0-octlr rraao b r dbrcl cafim diroctly oupbd to r rurfr*-
Eouatrd ccatrifupl punp. Thc dittcl ca3im mnody urcd i! th typa of runt punpiaS
rppllrtbo ia dovcbpiag cosntria b r tro-cyclc cafioo rith I h4c flyrbl. ThG t!,picrt
pllEp ir r catrifqJ Fln, tb.l il aouaod oo, lrd o0Grtta, Gatircty, froo ttc rurfr6.

IleraodirtclDrpg Trtar Ttbh Dcftt Apglictiou (20-40 Motan w$cr Trblc Drpttr)

3.t.t Lor Ftor (< !0 ullAy)

Bbct dignu of tt bndpunp, ?V, .d dbt ryrtcnl conf[urad for ra iotcr-
rcdilD/eg lrt r trbb dortt. br-flcr rpgliot*ro lr rbra ia Ffurc ]-t.

[bndpuap ryttGa drtr ruch r crpinl eoru.- ]iiM rrquirracno, rart lifc for thirgflicrma rart brlcd oo drn for tro oomrcilly rvrilrbb hrndpunpr, tbt Merl It, thc
Yobatf tnd tbG mrly dr"GbpGd Afr*tcv rhich b b[hly'rcjrrdcd by thc tIltDP/TorH Brnk
Itodpunp froirt

tKcn6, ,. rod E. GilLL, Tolr Urtsr Funping A Hrodbook,. Intcrncdirtc Tr,chmlojy
Publiatbar, Lo&q Lr.K. t93t.

3.'
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Tbc piotovolaic syttcm rlcctod ir r PY rrrry dircctly coaaetcd ro r rurfrcc-
oouatod DC rotor vhich &iva r jrctpump. ThG tyttcm iactudcr powcr cooditioaing cquip-
oost to Ertib thc cyclk gorGr dGE rd ctencrcrirticr of r jrckpuop to thc morc eoo-
tiatpuc PY porer rupply.

Tba grcforrcd diaGl puap eoafbuntba for iaardirtc rclt dapttr of rbour 20 ro
{O nctcrr ir r dirrcl ooji!. dirxtty drivraS l jr}punp. Tho dkrcl co3ire connonly urad
i1 tiir eafi|untbo b r four-c1'cb cofioc. Tbc puop conooaly urd in rhir rppticetion ir
r poritivo dbplrcanrnt p@p uriq r dpr;lbh, ra dori|n rnd r nbncrycd punp cyliodcr.

?.32 Hijl FIor (> 3O a?dry)

Bbst dirfnnr of ieadponp, PV, rd di.lcl ryfiGE confijurod for ra 'l,ucitcrtrcdiizrtc/

drco rrtcr t bb dcpth rrpficrib m rio*l il Erlibil 3-t. Th. bradpunp rytrco coo-
frjuntioa b tbc rno rl i! lt bu-fbr cuc.

Tb ptoovoltric Dttca oonrirr of r rcll, ff rrny, coatsob rod invorrcr, lad tc
aor/puop rcr h thc crr of u r tyrto!. A & aotorl9oag rct b utGd for rotorr ]u
tlu r I lY ntinj" Coatrolr rrc urcd rith dc ry/rten. Tbc ryrtlo uret I nr:ld-ra3c
oclttifutrl punp rith r rubcriblc Eotor. For gorcr d.Brodr Jr"tut thra 1000 W, rn lc
tltttGl! gorcria3 r rbrcrriblc r noeor rhicb ogGrrta r aulti-t83o cGBrrifu!, pu6p b
tltua.d" Tbc r ultorlrrurmg r{ b dsibr o r aubcr of ryraor porcrrd by firt clocr-
ticity tbt hrvt bcco nrod for o.!y yGrrr ia drvclopbf oouotri.c. Coouob ld ra iavcrtcr
uo aoodcd for tbo rc ryreo"

Tht di.$t Puog coafiguntba b r diaat cafioc drivrq ra ctxtric .crcrrror rhich
ia turn &ivu u cbctric rct(r rod pcDD. T[. diorct onlir coooorly n*O ia ttb oon-
ftfuntbn b r four-qab carino lirl u s Jsulrtwr. Ttr pocp ir r ccorifnSrl rtbncr-
ribb puap ri6 u chctic &or. locrlr tic rubarrpd puog rrquicr cloctrio coldrrtorr
oaly botrel 6. di{lot Jsr-lrr rrd tt Dotloa of tt wll, iardtia3 ttl rnp b airn
ih4 tic j.cf9otlD dc[a dirurod r[lilbt.

,l Uo ol B.narb. i! 7y yrrcr hryilt Syrtca

Bertrritr ut rocrioa rrcd ia F[ rrrcr puopiaf B,rlGtB ud lcrw r aunbcr of,
Dr,rDAr

o If rrlcr t06r'r 6]a lrr ti& D.fi.ry w, ay b ttr EGfGrrld .tcrlrriw.

o Eccru* e, b.ttttitf r3 r r aocarlt yolt6c tourpr thry cra bG ud to ogcrlrt
tic punp sgd,ct optiut amditi(ry. Tt ,ri! iE pucp cfif*io,ry nrulu ia r nduccd
FY rrny ti, .!d Ey cocrcrt for Doth b.t&ry cgay loor ud tbo oo.t of
6. b.r!ry.

o lf-tbc rctl yhH b liEit d, rrt r ia rrcs of wcr efricr rhtu rcll yiru h l-2
alboor,. r brttcry ', ffi b rlbr thc pung !o orcrr.. ov?r I loaic, rrriil 6
rirnc $ I roduccd puopiry ntr. If r battsry urr .ot BrGd. thc punyia3 ntc rould
bo proportbarl o nali$t irenrity ud u rroud aoootioc, ttc puapial rlt could
crrlrd rell yicld. Tt t? hrvo ban crrcr il rhich guogr hrvc bocn drm4ed duc to

tsdolrl.a$, oo- cit-. p. !3.
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Groartivc dnrdora crrrrcd by ioo high I puaping rrtc. Thc rlternltivc to bettcrics
rouH bc to drifl ertn rellr rd rcdrcc thc eoount of w$er withdnwn froo each
rell' 

r Jl!:,
Thc urlyris will coasllcr tbc sffoct of usi4 httcriar on PY ryrtco viebitiff.

I

3., Kcy loput hrr Allrrgtblt

Erhibit t-6 b r rrbubtba of dea usd i! th urlyrir. D?rilcd dttr rro rhown io
Appoadir A. Tho rorty$ b coaductod for thrco'rotrt oortb'plrnc-of-rny inrolrtiron
tctpb of a, ,, tld 6lYbla,'idty. Ar Eriibit !-7 rho*r, tkc pleac-of-errry iarolrtion

'r8!3t 
r!3 rcprcrltrrivc of thc trlua eurilt i! D6l of tic dsvcbpinl voru. Th6c

drtl rrc urcd to pcrfom coogrntivc rarlyrcr of bedpunp, PV, rad di6Gt punpio3 tccb-
aobdcr for trrbru rOplitrtba rccnrrioa
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lto?E8 Fon ExHtBtT 3-8:

a blr*ld d.gtll lo-rlbr l-L. A tArf i..d ol i0;rrlm b rdd.d 3o PV rrrd drd rfirrr for
for.3n nd&tulfoa dild trdnqrlrmrtr

!.tlkfemy C 7U-eorlrrt m*rrptrrlprr. dd, erlto9.idirE eilidrocr (L...t or rrutl of-3met-lcJr tolrr hrrct Prrlr3rlrti trtEr* fir frdmtogu, ltr-Eauriir-rrd ldyrmnraL-I*t f.Ftr UxDt Prei.c Ol.0/!0rfu-rx.qrLd br Ur roaii-tnrf
c. Dhd.,rfil a!.ril oP.rdit riicbnql, J. Irlaa, 'Ccrf sd F;bnnrn Ddr sr Olral GnglrArrrtn rd tfmrl tttott.rt0a (Annrguc rSf|dt XdmJ f.$ortdr* Iry ta',lIoil prdorad br lT hrr, Ltd.

4 -lfr1r ttrtr-Ult.lllt b3,t- t ll.m otr iELtoil rrirn rld po* rtrnrrxt Th l.rel of $or.g|.
!!r ?Y trrf, Gqlllryorrt b -raaiil rrirr FoEDon ryr-mf tSb rrd$rliry (3rr&r -IdsrJ Lb. ttt5}

r. I_ilr-erqr fo, dcl a,rlrn br.., oo roolrrrrodrd prlc0s, (froc**re h irrA Omlonlrart(ffDl - lotrrru, n/ irpr5ttc ol thr ?lrllggirr . l{d6nJ U.tar nrlosro Cormdt, frci trt0r.
1 lrk cmn!kn rc&lty ndyrlr fin
9lroldon tdfrl ndyllr*rG
L Qnr4fal 2C;rmlrln od b, nil-lr Crr*J rqfelrrf bril on UIIDP/Uorld lrntlll,,,[ry Plof.Crdlnrb,
t llrn{Fnp,ffil.gt? rt rrt d.rl rreh...l rr hr.d oa rcilrddrd ttd unrfrrfiJrrl

z[flEllEl ttSf,EIrC.

I O f I ialr tr ]a aq rt br.d ca tfplcrt t*lrr rr.d b; a,rdrtr .

L tqJpenr 5. !9t Ufnrner brd oa UtDP/Uorld tlf rrb# rrin lor tln&mpr lrrdrpprofitd.l, I frqrr pi d[f.
t 7Y rrf fl b-.d otr DOC EL.td lrl0nt Dmgrrrt rrd rdlrd irl, rrprrkrcr.
n 7Y Jlr,!ft,rlgrrlo..l h s drdo: rab brad or glrhrb rr;.!. C nFE rrd crilrituadgunp nr.-For -rmr rd 6..g tX ryticaorr, rro nrrrrpr*fr !.t Iu.. rr rrr4 tor-

!$|Itd gFtftd._!a- 6r t0 *t&1,r iri*arna.rei l' a6r& rill . rf o ryrnrraytt Frt (clrur TllloE crerrtri lEn*r ,dt-ir grnb-rttr nEE rrnirnirir a ro r.lit[F -6rllfxl t tfi Url I til,tr,t r rtnrriDtr nroorrnrrp td . l. .t riut-Ib d 7.t rr}tiurrrllrr E rE:rlE:qE llrr t latr, 
^,y 

'&rr fr AE r 7 . ti ,T.Dt 1;rrrrme p

; Dlrrllt;hr fr Gm1 * crf,

o. Ccl frcto b? comrrdord AC rscrrr$h rccntrl br dildilc, dfllr1n61. lbchrrr:r cd C l0.t!/fp ffib Ir r?t, co.t
p trlmrb iilt Utl0?rlorld fraf illdpcrp ?rof.ct
q. rcldm coryeldonr rgrril nlrnrrblr tro, opdo"r lrlmfllerdolr iog**x, rlls.
a lrrfduCorpordon, *dt
r, lr0ntrr hr t tor ?fr !, UXOp/Uodd !r* Hn$rrrp hof.ct
t 7v rydrm^cod el l-l/U2 blb t .A !a .l h-plrl ct l? Forr rrrLr perarlrd h .,!ol53 Fm66nmerr trrtrc* rtnrit'loanmcr, Coe dl-gail"irii;iff ftto rnd py tr|dsttr, $rot tCG ixrrdr ttaDgire rl.' tattdt.li;;- -
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i

..0 METIIODOLOGY

4.1 Tochaology Comperisoo B$is

A kcy feature of thc rnalyris is that technologies arc comparcd when they aregroviding tho rsrlf levct a,.!d oualitv of service. Scrvi-icc quatiry and levet ere defioed asfollovs

t' Thc rmouat of gatcr rupplicd daily per pcrsoD ir rhc same rcro$ stl thrcc watcr
rupply lystcmt bcinS ovalueted. Thcrcfore, rhc bsncfi: rccruinS to ur inoiricual, bascdo! lv.iltbility of r8lcrr h thc !8me lcro$ rll technologics. Foi crempp, li-tt r*tochaolojia rourd ruppry 20 titcn pcr crpitr pcr day io e gi"in ;tid;-;;;htion.

2' Tho tim' rpcat Pr vilte3en gathcring weter h thc iame 86103r ell thrco wetcr rupplytyttcel. Thcrefore, the !o$ of collccting wrtcr h thc mmc .crolr rll threc tcch-nobgier. tYatcr collcction time il comporcO of timc rycnt wrl|cing to md iro, rt c*:tcr Doiat, queuin, tioe at thc watcrpoint, rno *rrir cottcctioa-ti;;:- t;;;, coliec-ti,oo tioc in thc casc of r hatdpuorp is itrc timc ,p"ii porping thc *"trr. ii tho crscof PV or dicccl pumping ryttcm!, rrater coltecrioo dmj ir dic imo,unt of timc rpcnt byr vilhgar rt thc rtrndpige writing for rhe y.rer coat inc, to ririit
3' ThG tcchnologicr providc w.tcr rt thc rnc lcvel of rcliebitity ro rhrt wetcr rvrilabil-i3y throuShout thc ysrt i! thc a.$c rcrosr rtl rhrce technologicr. rh; 

'rme 
eveilauil-ity lcvclr rrc rtteincd by uring opcretion rnc maiitcrelcc practiccr conristent yith

rclirblo oquipncnt pcrfornrnic ioc urinj roce*tc r1ict rto6t. in thc crsc of thc py
rad dicccl ryrtca!. For crrnrplc, hradprimp ucsgc hg becn fi;icd ro C ioun I dey,rad punpr uc rsrumcd to bc maintaiaid rcgulrriy. x.iopump mriotenancc il Grtimarcdbocd on thc coaccDt of 'vilhgc Lcver opoirioainc u"iit"nlo.;l{iloilt, irororraby rbc UNDP/lYorld Beat-u bicrct cnginer re neintaincd rt nenufecturcr rGso&m-cadcd iotsrnlr urin3. eggrogrirtrly *it[O tend paid) lrUor. tn rhc crso of pV, rdc_qurr rtorrgc ir providcd to lccoutrt for cloudy dryr-rhca thc lolrr 

"*r;i output ir!"b, rvorrtc- Abo, ir rhc crsc of pv, ,oor,6piitirv iii,.o roo pio r.-6i r ur.ofor ;rrintcoencc.

Sile thc hvcl rod ct.tity af *rvicc rrc the illac rcro* rlt thrco tsshoologirr, thc
[x:'f ,flj:T.,:r?:*.:::,;r:l*:l_t;;;i;;':iirh;*;;;;fi;;':mcrs-

Sinco thc wrter jrthcr-

. P udyrir doa mt teko ilto tccouot thG SrottGr cffoyr aocdod to puap thG yrtGrrria3 tbo hrndpuorp.

IYorld Bmk rad Uaiad Nrtbnr Dcvclopmtat prolnnmc. .Globd/Iatcr-rc3bort
hojcct for thc Tarinj rnd-Tcctnoloty Dcveloprcot of XrrCpumpt for *rni W.t"r Supptyrad urbo Frinle A:"{-!rE'Hendiump projccf). rrri-rr.iiprmp projccr hg dcvcrogedprclininrry dcri3nr f.o1 vLoM pumpr for rifis up io 2j ,J;. Devetopmcat of vLoMpunpr rirh t c.tcr tifo rill bc uadcrtekcn in rhc futuic. 

----

Itoct cffcctiveocrs rnrryrir brscd on thc 'cons'nt effcctc. arcthod wu urcd in thcenrlyrb. Thir ncthod rclccts thc rttcrnrtivc with rhrl;*,c;i;rc&nr worrh cort rhrr mcctthc ttrtcd lcvcl of bc.ncfitr, including intengiblc trcncfiu. 
-scJ 

cinin3er, !.?.,.compoundirr1
Tl Di*ountin! Trbtg for Proiect Aaatyrii,'EDI scrig to lconomi;C;oi";;;;1, s""oncEdition. Thc Johnr Hopkins univcnity ircg, Bettimorc rnd London. 19t4, p. lt9.

4-l



Erilbfl rl-l

IETHODOTOCV OVERYIET

I,.k
tI-,lr,.B,rg,l'rF,,;l

lf, Orrrarrl l-,
.lH tf . O{ra llqr.
Gi-a.i t;d

h.frrf*tt{

l1

,tpa orryhacat Orrt rrl:

t5 k CrC.. f hnrnd {t}
.+eOLFrkrlrcih' Ot

G.lGfr?lar(?rl.FrE 5
r'' 5$LbCffi(t,
Llrrfra/O.t tht
ktlnrtdClrr

Ctdrr w3, OlIrIlag ?irr..
Tr.rrFqrcrrordPogdiloa
tmr.drtrtr roht l,la Ol,r
Yrabaa
fra,
Eag PoAlr[ott l. rrhsr Trr?d

C**rr Villr eoOgUqr. Yt. Y2 y2O.

g;trf$: &'a w ic.il. r' Ynq,..

Gdoubr X.nd, ,V and Oad FnrE tt'l.,n
Conponrr Aer

Grbulrr lnlfii Cor. &rued CrCrdcd. oar w"uu cd r P, c.g'r.
C.eiJ Cor

t

lI
I

vLrtraFt|.f,rFh5t-

1-2



in3 cct (T[ul ffif) b t]o rrmc rcrs! rll thrlc tochooqia for r rpocific vilt4c rodrrtar &ornd hvcl,rf,eul cosb rrc oot inctdGd in tlo coor radyrir.-

,;'a.2 Aaelysir fropiCAurc

Ttit Droccd,lr" arrrrn oa rad orcadr rcoc of rh. rorlytierl aooqryo urcd by thcVorE Br[l i[ itr rdur punpiot tochoololy *rturtioor.tt Tb grio€ip.l-lr"tyd rrpr rrooutlircd in Erhibit a-t tnd brbfly dc$ribod bolor:

Sclcct innui dftr ururrrnrionr. Drtr nccdod fOr tho urtyci, frlt into throo Sclcnl crtator-
folc

t. Yithlc Ctrncorilict. Tb6. iocludr popubtiol danrity. Dorelar of hooac rpcnr
oa ttt3rr Ditti8uE *rtar nquiroDarttr horuohold riar,-produaiva work houn per
ftaily' ouiEut! rrnr lqd crrrirdr r.ttinf tpocd. rnd-CIhrr frcton [oGdGd to
crtiana tb raount of tin. r vlllr3cr b riuia! to ipcld rrttcrinr rrtcr. Sonc
of thc rbow infomrtioo lopthor ii& trctmUfy p.*ori.o.r Or-tr ir n36o r
calculrto tsr auurbor of pcrroar rrvcd rl Gacb rirr rupply point.

2, Tochootojy Parforanaco Spocifiotioar. Tbac ircludc ?rtar dGliylry ntar fron
hrndpuopc ra( qndprpcrr gunpnt rcchmh3y cffkiancb, [cr rfon3a rg-' quitltrr8E, tohr hrohriil lcvcb. rrU Ocptt rod yhU. rod'couipne.ar ilfo. mir
iafororrba b occ& io o6pur coapoaGot riu rnd rrrr birirun*olr.

l. Colt Dltr" Thftc ilchdc uoir t!$rtbd cco of oquipoclt (r.1, Fy urry cort iD
3/Wp)' opcrrtbl ld oeinisaroo sE, firol oolr, rlC Ut& cdlo. mit in-fomrtba b D.cdGd o crlcrdru tL itirirl crpid LO [fc-c!,€ft ccrof tfrc
6rco rqcr ruDply rytlrot

Selflpcrllnin nrir SrFu?nti,rl levct Frr crph rriar ooltuog1ioo b r ]ry dccirioOnri&lo. .-Tt! r-tytb L oadncrrt u tuo rtrr ;wuarrho f-C. rf&ooif--oifti vrtrs
cosld osily b. uEd. Tb. rro lr*tb g.r 2c lad rl0 ttrcrr-por creitt bnc.i-iU"ci. tAftteu couatrb, 20. ry. b tb- rrrrqo qnottt, of nai sx-r66 -cooaird 

ffignptioa il
T{-rt?t Trutv le{ b.u.d r ropncoat oi s of ataloet rrrr rpt. ior,y U"o fthr Yorld tllrlli Onrdrtbo-rrcoomlOoC bvtl of ?rur oooluilptb!. tt rtp irpr6jaubith.r coamnptkn bvob obrorwd i! Arb rld trti! Audc."

E$itrfF-lrytt4,oljimtlfialrrrrr t rilliar tLtmad lrrrcdtr rtrrn'. A trtor dcordumn dcwbpod bv tr lrNDp/yodd Ell@ locltcrLr drr tim rprtlol b rillirg !o rpcsd Snlnriag ?rsr. Thr elr' oo; ru rrlrtborriJtcritca pcrcrin *ilrt d'rd (titon/qeutany) rad *rr,-rnt*hr rtor donTJi. 
-il;.ffr.

rhca por crpil rrlGt &Ersd & &!ot!, dnl ryrir ;rtt rfu ?$.r c.o br crtculrlrd.

Glktlhre rrrrr-lrrhfeitrt,rirlre r.d i,.nuhtion rery.d n " Irti, prlnt yffr COltCCthA fiOChu t[n ooopo!.o* !ry rp"ll r i &i!t'i&!, rndrrur oottacrin tiao. Eoq rlllgt rtd quruinl rioo &pod or 
-Ur 

duiUrr & pcrm",
tofirud pG? rr&r poin rad oti.r rrclon. Fr cnrpk, for I givol hourct196 c"irjty(bourcr/hcctrro), :l !h. tunbcr of pcrroar rrvod pcr *rtcr dior iacror[,-*''. porron,
or thc lvciliGr rill hrvc ttl ?rrt furrtrcr io rc ch 

-ttc ,ucr ininr. Alro,; rm a[nror of

ttb YorH Brtrl, T,unt ltrtcr $uppry ud smitrrloa: Tinr for chra3c,. unplblirhcd
typGrcrigq Juao t9t6.
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pGnioot pcr rltar point iacrorscr, crch pcrtoo rill hrvc to writ lonjer to 3ein rcccrt totL rltcr poiot, i.a., thc gpouiot timc iasrcucr. Qucuinj timo ir modclcduria3 commonly
tucd ?rititlS lirc oodcb.l' Thc rrrr colloction tima il i funetion of thc *rteideti"ery -

ntc of tbr rnndpipc ud hrndpurag. Fopubtion rcrvrd'pc, wlrar point ir ctimltcd bydteroidlt tlo porubtbn rt *hich *rtor-grticrin3 dml Gqurlr thc tima I pcnon ir wiling
to rpood (fron thc d.o.!d curvc c.hutrtioot. Thir procc{urc ir itlurtnrcd ia Erhibit 4-1.

$plact viltrca pooqhtioa ri'* for rarlvtil villrro popuhtion rizar rro rot rl nuttipla oftfa aunbcr of pcrroor rcrvod pcr *rcr poiot. For cienplc, if ooc rrtar point rorvcr 200
!,orroar. 2 rrtcr DoirE rill bc rcquirod for r vilhgc of 400, aod l0 rrtcr poinu rrG acrdrd
for r villr;r of 2.000. I! thc crrr of r budpuaap iyrtco, crch srrcr poiniccncb$ of oncwll ud r Lr4ouan. For PV .!d diacl ryrrnr, i num'bcr of wetor pointr ritl rcquirc orc6 mnr uolb,lr dirtributba pipin& ud r rtorgc rrak. Erch rell turr punp ud ragrocirOd poras faafirbr.

Cflf,utrta nntgrn cor,pruncnt ri-l S6ndfrd Cojin6Crh3 UelyrCf rr3 nrCd !O crlgglrtC
ryttca @ngoula rira. I! tb crr d &. hudpuop ryrca, riziu3 only iavolver rclrctinj
ra -rpproprirlc nuap thrt ortchcr tb rrtor oU[ Ocittr. In r PY rlrro, tb nunbcr cftfry, gG FY rrny rirc, purrpin! rrl,t, rnd brtury cepecity (if u!G{i), rtoryo ra} riro, rndpiprn: loalth tr coopurd. Tb congoactrr, il i ol,rot rvrirr rrc iioitrr b ihc pv
tyltGB: tlp onty nrirtbor rc ttrt th. Fy DorGr rourgr ir rcphccd by r dicel. oo betrcry
b roodcd, rrrd r diffcrcat puag ir rld.
C4sulltc ty*er'r.oa- For orcb rrnr rupgly ryrtGnr oorrcpoading ro tha prcviotuly
dGfincd villr3t rir6. +ir frtbriag sE tr! &iputc*

- ilitirl epini oorc
- ronudized crpitd ott
- roou.l o,pcntioa ad EriESGOrlCa @18- ?rbr coro (t/cnbic oolcr!
- rlou.l prr crpil coU (t/pGnoa/ytnl',
- 9!r ctpin ilirid co.tr 6/pono!).

GrfoLh{ ortnFt, Th. ood.l tGsrrer Srrpbifll ouput rhorilg tho vrrirtiol ia *rrcr colr
rnd pcr crpiu idfi atitrl qt drh viiHgc populrrioa d:r for-orh of rhG tf,rcc tcch-
?hhl. Tba. frl9b rn urful ia rarucrin; irrcrlrr ruch u Yhrr b rh.6ch6obay
tlnt.cra_lrpgly rrtrr.r $. bu oilr for I viifrfu of 1,000 Dcnou if crch rorroi ll rrucciro 20 lpcdf or Ybtcb t chaoloty hr r toscr isitirt coir f.c, pGrtoo rirca if *ro
!r{l|G hro tmO pooplo ud crci pcnoa D..&.a0 DAf Srnph outrut b 3}orl h Erhibira-l .!d otf,or ueaplor cra Dr touad ttroq;hoet-tfr fAfriir3 rcrioal of ifb,rD"rr.
seqitiltitvfptqnr. Thc Dod.t era prrfom r hno ruobor of 'uhrr iF rarlyrcr. Thit
crpeb-ility b ra iarrtral fcrturt of tb. EodGl. It mrblu th. 6odcl o tc dC for ritc-rfacifb rarlncr or b u.tt tto *aritivity of th. t choobf y c}rlfu b lcy uacortria Oeu.

--- '!rtacr, H. f!., ?tryirla of Opcntionr trocoerch,'Preaticc Hrlt SGcond f,dirion,
1971, Chrptcr 20. IJr. hmdpuag b rcarercatod r r rir3il- rllct oodst rith poiroa inpur
rod orgoaoatid rcrvb. Sinca Ercb rtudgipc hr rro ait, Oa rtrndpipc ir dcpiercd g rtro-lcrrc, 6od.t tith bircr iaput rd crgtotltirt rrvicc.

tttrtorc tirn oac rctl b M if rtr rcll yhH b tinitod, ot rt vcry high rctirbitiry
Ww'@ by rh unihbility of t*o or Eoi, rcllr b roquircd.
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Umruioticr outd ilclrrd. dirrct fucl cort, pv urry ooirr rohr iarohtio!, pu&, cfficica-cb. lifc of hradpunp ud ot]ar cquipnrcnr, hoor crrr. jtc, -

.- Thc rorlylil procadurc hrr booo prognmmod rsinj Latur t-2-l R€,lcrsc !.0 roft-
"f'tt Tho proSnro iocludcr *"...1 riror ro hctp conouct th! rurlyg3r, print rlporg,
fd rynor*1 th rn$tu. A dttrikd dnrcriprioa of *e- frriir 3r"cn ia ipp.*oi.'g.Srapb oodct output ir rbora in Appcdir C.

ll,otur Dtvobprnclr Corporrln, Lotrr l-2-1,. Rrhr 2.0, Crrabridlc, MuIr.
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5.0 OOM?TTITTVT ASSSSS}IEIIT AND SEilSITIVITY I,NALYSES

t,l Scenrioc Adyrod

Th.o[rloctivo of tta udyrir ir to dctsruiac rhcr: PY rrtcr gumpinl tyrtcnr would
bc counknlty rirbb for rupglyiaS ?rt r to runl oonuniticr rhoa couperod to hrad-
punf rnd diacl purf. Thc urLtco rcrc oooductcd for pr crpia rrtor coontoption
bvclr of 2t) lld tO litcn/dry. Nuocrou rcoritivity rartyrcr rsro rlro oonductod to rs tst
bou tho extrubrr rrc rffr.tcd by by d.tr urcortdntia. Tbc rocarrior ddcribad ia
Ertibit t-l rrc rortld for rb 20 rod l0litcn pcr crpitr/dry ?rur @arumptioo lpvelr
{lpcd}. A iotrl of 56 crra rrr rorlylod.

Edtl!fi t-l
8C ETARIO 8 EYALUTTED ATID 8EX8ITTVITY AIIALYE E8 C O}I OUCTED

Fr 20 r..t { tsa, Ilrr ird. plr-of-rnrf rul-Do h*ior
d a fIVdlAt ..d rir tCSrii rd cl.,€.i.il!
- ltO c d. t. arpo (r* hhihr)
- tlJO r ri r t0 r ars0 (r&. frr cf Lai..a tr Arrb,
- t,ro cr d. t0 . ara (.rr f. c.tthia,
- t'.(r c -a. l0 r -rli (.& rr Afric.)
- lt,fit a... . lF . at l (.& Ur Arrt ,
Tra*.4. lljC !0rb.
hi.irf, nb'r :rr nlhd la tx * d A d $ Hf*rf !r*r fir tlr Lrh'
t. Did rJ c.Ff tllhr. Ili n0..r rlf,ti- r-rr trl -litx*rrld;.
1 fu -t d ru rlaretn 7Y rrr. lrlll/I,-yl. rl

rtr lrl. rl,r [t'|}l !a n tb t rbitlf u.r -rr
O ld, I rtritrtb. ULi. r al d **l rrtl. rni$Iity I r
rf ryabrrlrr.l5 frrbrr llattC Itr.

'. 
w rrrr il d rot. roi d .I tr-* -.t ar rr -a I
lry.f 7l rltl crrlir,

a lr..Ctor a f.ftf lilt ftr t0, t t .n rt rrl b.rtkI d
7Y ol#rr J -rl hirro tifu.

t A r*br b rdrrl lilr&l ltr 20 r l0 ,rr.
A U. - ah il r* r *r ls ft, - ,5r;r rr

trEa,rffly.
,. A r*Cr a rif ,|fl a, r,l*t a Glxr ,, rh.ir r*t

rr l. llf,l r tlt rreidy fi|l a,lra.Ir rb rt s trlrat;
L A racifl a * -llr, fr J hOrfr ra tlrif, r n

*hiedfhch
t ll"l| O. Htr J fr- ril r.rtrtlllr a n tb ir

t rlr d sx..nd I. rr0i|r Fr-|, Il a l
-rl I. L.aA.

trr h-b n rdc Uh - , Jav.rtar it H . nJe !r rta
-il - r0 t(Ira tJ r - tlJoAri r*rra* lrlr lr 7y l'rr: I lcrn r
ral t l rr !a* IO-f .-r!a rh t,r G e d f rtfr h W A U,,rG d r.nr r,rl ,ida.

tl'dlt rrl* tn.

a*,,r,rrtlil.

.. ff.ratld
-rd (rj.. D r
kf I rtcs r?tl r

-armt
fIf tffir

)rt u, lal

rLr rALa rrr, a.rif ilaril

r I rJ'La tt

I iIor., Ifha
lrrbrL
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I

Erhibig 5-2 rod 5-3 rhor rrnph frrphlrl output fron tlrc raelnir for the brrc
cuc. Erhibit 5-2 rhotvr thc nrirtba io *ricr cosu u r function of villr3c popuhtion rizc
for hradpurp, PY, rnd diarol pumpht ryrtcar. ly$rr cqtr for ttc PV ryrtGn trc chown
for broletioa hvclr of l, 5, rad 6 klYh/o,'/&y. Tle 3-;i. rhowi that rt ar incalariec cf 5

tYh/E'/dryr rltcr from I PY ryrtrn bocou chaDcr tlrr. *rtcr froo hrndpumpt rt t
villgc ria of rbout l,(XX) pcrros. Ar villryc riza fcotcr rhrn t,(l$Q, hrt so* rrtcr ir
obtliod froo r dicrcl rptcn- At i!$htion iocr?ucr f:oo 5 to 6 tYh/o'ldty, thc ren3c
of vill{o rizcr for rhich PV ir onpctitiva iocrrra to bctwen 300 rad 1,200 pcrronr.

Erhibir 5-! rhorr hor tbc pcr crpitr ilitirt crgitrl Jo* cnrarcl virh ircrcuinS
villrjc populrrba tiro. Dbcl ryrroor brvc tbc brcrt por crpitr crgitrl co.$ rft r r
villryc $n of rbour t00 p?nou. Ilowcvcr, tto vcry hith rccurrcot 6tl of diccclr murt
bc notcd rr rclt. Pcr crgiu crpiul eortr of, PV booooo cbcrpcr thrlt th of hradpumpr
u lr00, l,t00, .rd 2,600 portoo, pcr vitbjc u iuoletioo lcvclr of 6, t. lod a tltth/ll'/dry,
rcrpoctivoly.

Sinihr frephr for tbo othr crcor ertiod il Erhibit 5-l rrc rhorr in Appcdix
D. ThG gnghicrl rcmlu $r ruaorrird rrd rsrlfd io tbG folbwia3 rcctionc.
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ErtIt at S-a

lJr-Crcb Cocl Conpc$tiycncm

YAR| nor rrH yrl.trcE populrngla,8rzE ,rltD wELL CHTRACTER|sTIC8(zorPcol

I rtt
Dtrtlt

T

il trtoo

il ttar

il tro

tn tar

rttl,
cost

n

tr.-Ctda Cor Cmpmranrl nrngr

tT-] H,,d,.,n:

?tPuro
a g a lntolatloa LC.cl (tilJtt/,artil,I/{

tllk: =-{.--.---
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52 PY Lifo-Cych Coct Coagctitivcoar rt 20 LrcD Coasurnptioa

Erhibit 5-l rhorr tbc lifc-cyctc coat ompctitiveDc$ troS$ for thc lhreG toch-
noh$er rs r fuactioa of villrSc populrtioo rizc. iorolrrtion, ud vcl! chrnstcristicr.

Fot 20 lpcrJ rrtcr coorunptba, PY b th grcfcrrod tochrole3y for r villege of rbout
1,500 Dcrroar. Ybcn r rcll s!, t2,g)0 rod ttc rrttcr tlblc ir 20a dccp, FY ir thc coa-
pctitrvc tochnoto3y u ra iarolrti'oa bvol of I tYhlo'ldrly Ist r villejc of 1,000-2,000
pGrroor" lYhac iarolrtioo b I tYh/r.'llby, tho conpetitivc na3c lrrrorr t) 1,200-1,900
pcrconr/villr3c" Corrcrpoodindy, u bsoletioa isrc.rcrr PY ir thc coopctirivc tachaology
for r hr3a nnjc of villrjo rirrr (E00 io 2100 parloar pcr villryo rt 6 tlYh/mt/ary insU-
tior). Ar rcll coct ud wrtcr oblc dcptl incrcllcr, PY bcomcr sonpctitivc rt rmrtlsr
villryc rizcr.

Ia roac Vcar Afrfo:ra couarb. rbtp rclb coct bctrcca 15,000 rad t10,000 eesh
rd iarolrtioo ir 6,-? t$b/Btldry, PY rould bc tbt Orotcrrtd tochaolqy for vill4a with
populetios u fcr u 200 pctrolrr if rrtcr ubb &pthr rrc sound 20 cersn. At hi3hcr
rf&r nbln &gthr, fu cnngh. {l DGr?n, PV rouH providc bwcr-coct rlbr cvcn for
villr3a rith vcry rnrll popuhtioar io Ycrr Africr.
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t., PY Lifo-Cyslc Colt Conpctidvenc$ lt 40 LrcD Couuaptioa

Erhibit 5-5 provida tho rerc typc of iaformrtioo s Exhibit 5-4 for r hi3hcr watcr
conrunption Eveb.

Al a0 lpcd of ?rlcr soarumptbn. PV cm grovidc broct co3t wltcr then thc rt-
itrsrtivcr for ovco rudkr villejo whcn conpucd to cotrrumptbn hvclr of 20 lpcd. Vil-
lgc rizc *hcrc PY ir conpctitivc no3cr fron 0 to rbout 900, dcpcadiog on iarohtion rnd
vcll chr.ctcrirris. Tbc evcn3c villagc riza for which PY ir compedrivc ir rbout 500
pctltoot. At h tbc Artvbu cuc, PV conpctitiyeo?$ oosun ia rorllcr villa3ca u wsll
eotB incralc.

5-7



Iant Yrtcr *, ,*'#l[ ijr--. Vntqc StacrU.J., Arcn3c lyoll Cordlilorr.
' Ir.bd* a \lIriUr.rltlrt

Ilrndgu'rrrr
ttolovdtrirr
DfoEGI

t/ilhao tlirc

o - t':oo
tr00 - rJ00

> lJ00

0.50
0.a6 - 0.50
0r0 - 0.{6

hr Crpita
Cr,pitrl Co*

20
t2-2.
6-n

llradpuop
PtoOrolntr
Diorot

0-90
90 - t60

' t60

1.33
0.60 - t.3,
0.t, - 0.60

t05
,0 - 105
m-2'

Urtcr Coei

I

I

I

t Awrlr dr oodirr* 2on rrrr t.br. d.Drt.!d tit,roo rGtt oo.r

Lert Welrr Grll 
"drbfh 

lcr vslrrl VU{. gtr..
Ud.r Arrrar Wdt Coraldo.t'

b.ot 0r I btil}ldllry

o' l'mo
lr00 - 2,000

>2r&
0.r0

oJt - 0.r0
0-a - 0.t!

20
19-21
6- l0

Lrut
yrrcr Cort vill{o si, - rlr Crpil

m Aeil.qfil ill, trr el3uq5oa ---- - _--_ ---, _- _ - - - ->
llradfuop
Itoo"oltrb
Di.rrl

Hrdpsop
Ptolovottrict
Dilrd

0-t0
l0 - t00

> t00

t.3,
0.t0 - t.tt
0.3t - 0.50

t0,
fi-t25
20-25

'Avcntt rcll coaditbc 20u ruor trbt d@tt rld ,2,rOO rotl cort.



5.4 trtcr rad Crpial Cort of Coct-Compctitivc Seter Supply Tcchnologia

Erhibit 5-6 showr ttc comgctitivG vstor colg, pcr cepita initial capital corr. rnd
corrcrponrliaj vilbgc rirca for thG lcut coft wrtcr rupply tcchoologicr. Rcrulu rt insola-
tior lev.:Lr t'f {, 5, end 6 kYh/6./6y rrc rhowa in tho orhibit.

Uador rvanio cooditionr (iaroletioa cqud to t klYh/a'ldey) rhca rrrcr co$r.mptiotr
it 20 lpcd, tto rvcngc coct of rrtor froa r PY ryrtcm ir rbout !A.44/a'or rbout tr.z0/
gcwa/yar. At r {0 lDcd conrunptbn lovol, rvonia rrtcr coll ir t0.93/nt, or tbout
t13.60/pcrro^/yat,

Tbc orlibio rbo rbor thrt th. isitirt crpial colr of PV oa r por crpia bsir it
cooplrrbh to,lld cvca larr ttro brndpun, ryrtco tupplyiai thc rrnc rcrvicc. Tho
priacipt rruoa ir tlrt duc ro &c linird punpill rtcr otrty r fcw pcoplc crn bc rarvod
froo r hrdpump. Ia contrrrt, r hryc nunbcr of pcoplc cu bo rcrvcd fron t PV punping
ryttan. If trll eoru rrG hi8.h. PV putngr rrc prrticuhrly norc coat-cffcctivc thea hrnd-
9U0pc,

Froo r RIYS ryrtco iophncatrtbr pcngcctivc,'tlo rmva obccrvrtioa EGr[, thrt Py
ournninl rvrtcnr crn bc inrtrtlcd rt r coct couil to o: lat thrn r hendnumo rwtcm-

Lerrt ttrtcr f,oll Trcbroloelo for Yrrlou Vlltrlr Sla
Ur&r Arcnjr lYell Cordlilou'

Irrlrtlor: C lttrbl ;, I tril

Yilbs. $i!o n;r ClpitrLorrt
Yrrcr Corr
Tcchnoln'rv

Lra3c ?lrr Con Crpitrl Coil
Ianr /vilhcrl l!3/arrhia nrrlarl fi/ruxrxrl

{--------- - l0litrlrr,/gGtrprildrry mtc coarunptbo ----------}
llmdpunp
Phoovolnis
Di{!cl

0-t00
m - 2100

> 22W

0.r0
0.35 - 0.r0
a)9 - ft.t'

m
t7 -24

6-9

Hlodpunp
Photovoluicr
Dicrcl

a-1t
,t - t00

> t00

t.rt
0.t0 - r.3,
0.lt - 0.r0

t0,
a0 - 10,
z0-25

t Avon3c rcll oooditbu 20u rrcr irbk dcprh rod t2,r00 rcll cort.
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For cnnplc, Erhibit 5-? coaprrg thr initirl crpitd coct of headpuup rad PY RYS ryrtcms
in r 2,000 pGrtoc viltrjc in tho Lu*rro Trha3ln rror in Ugrndt. Tho hrndpump tytttm
cottri mtGr rGrourca chrnctcrirticl, aunbcr of pcnoar **d gcr wstctpo_iot (hsndpump),

rod *rter &mmd rrc bucd oa UNTCEF axpcricaca itr tho projet .re..l7 Thc PY tyltcm
co06 rrG br,rd ol iarshti,on of 5 lYh/mtlOry ia tbo wort Bonth,lt 2O-mctcr wrter trblc
dcAth, 32.500 *cll, nnc nuobor of pcrroar ronod DGr wrtcrpoiat rr il thc hrndpump ciler
rod othcr cost rnd porfororaca drtr u rcpor$d ia App'ldir A. Tho somperison cherly
choyl how I FY RWS ryrtco coutd hrvo ra iaitid clpitd colt similar to that of e hrnd-
pu6p r.,:r!8. Tho iliti.l fl9itrl cort of thc hrodpunp tyttsn ir Sl6/pcrron wbich UNICEF
,Ggortg ir uoag tb brcrt io Afrier. Tb corrpurblc PY tytt3m coft it ll6.5olpcrrcn, or
only 3$ hijhcr-tbra thc badpung rytt ts coctl9

Tho crlibit rbo rbo*r th ryrtcn coopomrt ao.t btr.Ldosa. Ar indicrtcd, tho Py
asrry oort b lan iirn tho cort of rtorrgG rnd dirtributiron. If ttp conounity crn bc
orgraizcd to votuatccr thcir lrbor ro srirt il conrtnrcti{ thc ttonlc trnt rod lryinj thc
pipc dirtributbn aotrork, tho PV RWS tyroa coat could bc hr thr! th, comrrrrblc hrnd-
pu0g rystca co6t

l?WolfG, P.,isitnr of Solf Surtriaiag Dcvclopocat A Sr&crtfut YrBr $upply Pro|nm-
nc io Ujlndl' Dcvcloomcnt rurinar, Na. tA,bltl 15, 19t7.

r*'lotovoltrie Dcrip Ar.ircoca Ccatcr.'Wricr Pumpir3: Tho Solrr Altornrtivt,'
SANDT?-0tOrl, April 1911,9. A-t, Fi3ura A-7: lnrolrtior Avrilrbility (Lrtitudc Tilt. Summer).

reA conpsrblo iniriet eolt of N2l/oorYla rrr reponrd by Dlvid Kiahy for r PY wltcr
rupgly rytcor rrvinj 2,000 pcnoar ia Brio do Hcaoo, Hriti. (Kiolcy, D.,lSuruinrblc Yrtcr
Supplict in Dcvsbpiat Countrhc,'Prcrcntrtionr of the Photovolteics InXcttiar in Dcvftoo-
ncnt Confcrcncc.Froccc4inr, Wy 1-6, 19t7, g. Y-52,

5-ll



Erhillt t-E
$ENSITIYITY AHALYSTS

LUl.'CrGh .rrd Fc, C.pat lnitirt Colt Compctitivcnccr

tcExrilo

l'

,li

U- GfrnFco t.!d - aO L9COhdrtor l.r.a . ItUtrrlrrDt,Irt Cc.l. ttt00kDCi.lOI

lAlt crtt
(' Orrt tattt troaact)ot ?.Y.: a rornarotyraDfir u!*t-ral. ttartr t al

altral ,wL cotra(firurrf
., r a^!aC/lta

ota{rtrrltraro}
aea rot r.u. arttlr

rlllDlllP LFl r
a rtrtt(i,' rata catl,

r]ttllllrt,3art ral

Yru-fo!t"OtUl,ATlOrlzt
r00o 2000 30@

ttoixo

lnnd CoJ ColrroetrlrvGra'l funeat r€ldo Col Cr.trp.d&ri}I. nxe.

llldgrlng

PV Purrp

OodPumg

t-l
grw
trcr *-r,-rtf

ifandprrrip < W W ( H]|dgrrrnO

5-t7



5.5 Scnritivity Anelyscc for 20 LPCD Comumption

Erhibit 5-t rhowr thc rnritivity of PY conpctitivcness to a number of variabtec
whcn rtior dcmend is 20 lpcd. Thc rnaly*e ue coaductcd uodcr averirtc conditions (i.e.,
irrolrtioa rt t klYh/mtl$l ud 20-m wrtcr dcpth ud r r,cll cost rf t2,io0)"

Thc princip*l obonntbn ir thrt tho villryc riza et which wrtar from PV bccomcr
cfapor thrn thr3 of hradpumps docr rct vrry rfuoificratly cvco tbough mrjor chrnger erc
ordc 3o imporant vrrirbhr. Thc tvo GroGptiou occur ia crscr in wtrich witt yictO ir
linitin3 rnd r ninioun of rwo rcllc b u!od. I! thcrc two insteocerr wltcr from I pV
tyttta cs6 B tira fron I headpuap ulrea villego rizo ir ebout 1.600.

Tho st-conpctitivcnog point bctwoca PV rM die$l ir highty rcnririvo !o thc input
rltu89lbsr. Thc Grtco for thc roadtivity b thrt thc wrtcr co*! from PV ud diacl ryr-
t3nt rs! rimiler for le4cr villagc gopubtiron rizcr (rcc Appcndir A). Accordinqtv^ e stirhl
diffcrcncc in welcr cortr cen rcrult in r nrigr rhifi in co:t-comoetitivc villrrc iizci. In
rch incrE rhoa PV rod dictct cor$ ra tiailrr, PV mry bo preferred duc to iu 3rater
rclirbility, uolcsl tharo b r opitrl rbort4t. Thcraforc, rhcn dctarniniry tho rehtivc
coopctitivcoao of PV 30 dictGl, it ir criticd to lrtlpr tocurrto tnd rcprcrcntrtivc drt..

Tho crhibit rbo rho*r thrt in oloy clrcr, GvGo oa I pcr cepiu initirl crpital colt
hsfu, PV ir compctitivc with hradpumgr. For cnmplo, in thc basc crlc, PY iaitiel crpital6t i, lcer thea thet of r hrndpunp ryttco rhcn vilt{c populrtion crccodc 1,500 goronr.

Erlrlbit 3-8 (Confd!

sEl{ srTtytTY A}tA LYSt S

Lil+Cytilc end Fcr Cepitr lnitiel Cort Compctitircncs
Y|LLA6C tOPUt ?lorl 3lze

f000 ?000 3000 .000
t'rotngorruta
l!.rtlr.llan firt B
taaElrpOaI r rtlllO?
cil,ltracoattl

lltlr llall xuAm.r?Y
|'-rrtu sllr,rf

ror rarl r*to
O.r/ltoll,

E l,cto ia?tr3au$utrr lt l;t Ot aLa CrSIt

s',,rc/tD t?ra66 33rnct
r/r io. ot rtrtorrarrpPr"r,
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t.6 Scasirivity Anrtyrca for {0 LrcD Coorunption

Erhibit 5-9 rhon rnritivity rnrlyrb rcruls rhcn *rtcr dcoaod ir CI lpcd.

Tho priocipd ob*rrntba b th* thc vill4e riza nnga for rhich PY ir compctitive
uitt trdpunpc rnd dio&b vrry oaly rti$tty bctvcca rcaorrha. Typically, retcr rupplicd
fron r PY ryrrco L hrl oatly tlrn rrur fron r hrodpump rt r villrgc rizo of 50-100
pcnonr. Tha cororyodiot PYldiaal oua-oonDctitivcncs poiot b t00-1300 pcrronr. Abo,
GvG! oo r pcr crpirr crpitd ct brrb, PV b thc lcg ooctty ogtiol rhcn ttc villrlc popu-
hrba cxcoodr rbour 100 pGrru"

Edtbt'15-C (Confd,

SExSrTrVrTY A|{ALYSIS

tii*,Cycfr trd FGr C.pat lnitiel Corl Conpctilivcnccr

Yttllo! ioTulr?rcx $zf
gOO t0O0 r5o0

rtraot[rDalult
lt.r: rrl$lrrtG
IrE{I, OaI I rf,Oi
crrarllcoa"3l

rttr 
'roaa 

rSu St tt
lr.rtlrrril,Il

r.ot rttl rrtt.o
lr.rrLolrll

lttrrcto raf.r ocurrtY
rrra lrt ot 1ale G,raQ

EOirCiD ttrs;pc Sctvrcl
lvr *O, Of ?CttOr3,t?/rrOrPC,
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1.7 Mrrket Ertimeto for PY RIYS Systcmr

A vcry hrge popdation cea bc cost-cffcctively,scrved by PV water eupply sy3lcr$i.
Exhibit 5-10 prctcutr r Dlgli&it1gX crtiante of rcaiorrdllmarkcs for PY wa:?r pumping rys-
&mr rad the suabor of pcrconr rcrvcd. Ths mrrkcr ir of thc ordcr of 250 MlYp, which ir
revcrrl tin6 thc currcat rorHrridc PY prodrrctba crpasity. Addirioaally, n r.l ,opulrtionr
rrc continuial to grlr rt r rrt6 of 30 to 35 oilli,on Irqrsolr pcr yGrr. If PY reteins thc
mrrlct rhare eotimared i! Erhibit 5-10, tlc rnoual dehand for PY for thir ncw population is
acerll, l0 MYp pcr yerr.

E$ibit 5-ll rbo*r tirt th. hrgeot dcansd for PV ir likety to bc i! Arir rnd thc
Prcil-ic rcaion, folbwcd by Africe Dcnrd ir sxpetcd to bc rcletivcly rnell in Lrtin
Arericr rld tio Cribbcra. Erhibit 5-12 rho*r th. brc.Ldowa of populrtioa rcrved by
hradpunpc, PV, rad dictcl llradpunpr rr! GrpcctGd to mrinly rcrrvc tha rhrllos-wcll
E tLcL Thc hrodpump mulct rcaocot iaclrdcr runt popuhtbor rcrvcd by rurfrcc *rtcr
tourett. A fircr eirrClrcftbo of thc rhdlow rrEr trblc nrrkct tclocat could not ba
nrdc drrc !o hcl of detl lt ir quitc poEribb ttrt PV or dforclr could rupply cort-con-
pctitive powgr for pumrring from turfrcc rltcr rourscr, if invity fcod ir iafeuiblc.

Tk nrrkct Gitiorto for dfotcb ir b.$d oa tlrc trnilebility of rclirblc fucl rupplier
rnd neiltcaraca rcrviccr io runt rrcu. In mrny p.rt of thc world, particulerly ia Africr,
dictcb hrw r poor operetia3 rccord.. If dicrcb rrc infceriblc, PY punpia3 ryttenr could
litcly rcplrca thcn.r

O&cr rmtlcatl rcport that coasidcnbh opportuniticr crirt for IxV RYS cyrtcmr rt
2O-& E *ltcr rbtc dcpths. Ziabebrc b rn crrmplc, wherc r typicrl villegc roquirer 12-25
o,E/Ay of *rcr.r Yrtcr trblp &pthr ia Ziobabro na3c fron il-SO n. In r lYorld Benk-
fuDH Drcjcct ia N[4, 16,000 borebola rill bc drillld rod quipnod vith hradpunpt for
rnpplyia' vill4or froo r 20-tO m @ rrtGr trbtG. Tbrc vittrgcr couH bc prvad ccoaom-
iolly eod-rclhbly riti W rt r ehclpcr pcr crpio soEt, lr rcU drillia3 c6E rrc vcry hi3h
ia Niier.r Yrtcr &nrd ia N[cr b rbout 20-r0lpcd, Aho. hrodpunpr in Nilcr hrva had
r dbod rclhbility rccor4 ovcr lO rrlwcnt of th. hrdpunpr prcvbuly inrbllrd rru ir-
oparrtirc. lodir rill roon bc inpbacatin3 r fivc 1ar t1.62 billioa rurl *rtcr rupply

rtfotc tbr thc pr,crcat rulpir dirt not coari&r othcr puapiaj porcr rourcer rrch u
rind po*er, uhkb ia ruitrbb lra. @uld puop ?rtcr ooil r;sooiorlly thu pV or dicr-
cb. A riad tcchoobgy conpctitivcacr rorlyrb ru hcyoad tbc rcopc of thir rtudy.

'lLe3u*rac, ,.n rad Lscud. 'Ao Aarlytforl Apgrch to I PV Ut&r Punpial Syr-
6D,'lod Vcepiarira D..'TbG Agglkrtbr of ?V to Wrrr Pungi4 lnd lrr[rtioa ia Africr.'
noocClry, 3rd Eurcpcra Eemoic Coanuaity Ptorovoltricr fuifotcwr,, D. Rcidcl, Borton,
19t0.

ttwrrd, P.R.r., ct rl. :Sok Fowcrcd Grouad Yrtcr Pumpinl for Modiurn Hcrdr, Chel-
lcqcr ia African Hydrohty ud Yror Rcrourc6,' Procccdin$ of thq Hrnra,svrnooaium,
IAIUI Publicrtioo No. lll., lgt/.

rMcridien Corpontba rad IT Po*cr, Inc. 'Pbtovolteis hojoct ldcntificrtion loitir-
tivc,'Iatcrio Raport to Sudir Nrtioorl Lrbontoricr, Octobcr 19E6.
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roiGct !f,rl -liry !o Irovida r$or to 2?0.000 vitlrjcr.r Thc rvengo pcr crgita co.t b
ct9Gctod !o b. t20-t0, rh.ich ir rithio tlrc corr-compctirivc rraje ior-pv s irror,i cer6cr.

-b uuelry, tlc rar[rrcr chuly rhov tlrt Pv-hrod runl rrrr rupply tyrtcor trGsurrcotly ccoamisrl aot-onry oa_r lifc-cysl, oorr bsir, but rbo oa rs initiiiipitlt cg6rb!.. Tt posltiil autcr for FY .rni rupply rnrcnr oer cu rotrc villgsl'ia tm sm!o.l'000 da nap b inncnrc, uay tirc ttl Luncat ror6r1b ry nurrircturial ,.p-rity.

t%!n!- A., ?rrar rld urb., Dcrrroprerr Drp*t 
"!t, 

tbr w6H Brrt, Agril rgr7,gcrronrl cooouaiction.
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,.1 FY PunpioS SyctGn Spocifbrbar

Iaformrtioa i! Erhibil t-10 rrr Brld h obaia r praliminrry ?rtimtr. of pV pumping
tyti0o rpxificrtioor. Thc atinrtbo procod:rra rd tho rpccificttioor lrc lhowo in Erhibit
t-13. ThG crhibit rbrr tbc riza of tio PY punpilt ryrtcro , tic deity rltcr dcorad pct
vil&r3o, rad rh auobcr of vilh3ct err4orizca bi rtiida.

- 
Typicrt ry$co dacc no3c fron I typ to 2.? llyp, rupptyiag lz b x mt/dry oIrrtcr fron r *tll u I ur&r ublc &pth of rbout 20 rootan tij eicryc ryrtcn b l.!tYp rad ruppliou Xl s.ldlly.

Thb ioforo*lra ghould bc ut d riti crtrooo crutior u it b bucd oa Eroy r$ump-tlm. For crmpb, drgc dirf oa Oc villgc da rrn3er u rcporrod ia Erhibit ,-16, thc
?grrGr raguircmcaB pcr ryilcE t;ouu ruto froo 0.2 ivp to l typ (roc Erubi3 t-ta).
Uaocnriatia rrc dua o r lrct of surra ilfoturtbl oa viltrjc iito Ci*riUutba rad hcd
or r3had rrt r trbb dcprb. [iorcvor. thc iaforuuba ia E;hibir t-li trrrofrr io idcot-ifyiar ty9icrt 3yrton riac aocdcd for runl *rtcr rupply. Furttrcr iaratirrtloar rr" o*coa
bcforo ,ytt D rpccifistiou cra bc drfjlryd norc rccurttcly.

y.'rrDrrtt, .t nr'i::iI 3#. spcrfr*rro.r

7Y PUMPING SYISTEM SIZE (yp) RANGES
(TASED ON VILLAGT SIZE R^NGES IN coLuMN F, EXHTBIT 

'-IO)

ANDEAN C1}I,'NTN,IE5
CEHTRAL AMERICA T CARIBBEAN
EQUATOnhL AFRJCA
EAST AFRICA
FAN, EA$T AND ?ActFIC
IXIXAN SlrBgOttITINElrf
LATIN AMERTCA (N.E.C.T
XIDDTE EAIST
SAHEL

t32
221
606

12t I
ta2
au
2:21

ItrT
252

t93t
1fl.
2,,22
u22
r91t
r93t
tSta
yl2,
252'

MINTMUM

. N.E.C. - l{or cbcrhGta;sri&rcd

Itta
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59 Cut Coopctitivaocct Scasitivity !o ty Arny Cort Vrrirtioar

Erhibiu t-1, rnd 3-16 rhory tbo funp*t of ilrtrllcd PY gru coau (crcludia3 purp
rsd otlrsr wtr) oo tho c.6t conpctitivcncg of PV-blsod f,,V$ rptcmr rclrtiv, to hrtd-
pullfr cd diG'tob, for 20 rad {0 lpcd d.clad, nrpoctivsly. Tbo untyrir ir cooductcd r:inj
blrc ctr uuogtioor. Boab oxhibis dcpoarmr Orr t}c nnSo of villgc riaar for rhbb
Fy b $o cornpctitivt rprGr runc b vcry rcnritiw b thc st d thr PV rrty.

. Al 20 lgcd dcorod, if tb ilstrllcd PY rrrry st dropr to lalYg (0.t riocr brr.
cuc oort), rhoa thc osrt-oonp.titivt villrgo rizc rra3a i, 700 to 3300 pGrot . If tbo sr
of e PV rrny b rur tlra Jl2/Yo, tloa ?Y b aot r coei sffrtiyt rllcnrtivr uoh *tll
rd/or di.aGl or rro Li1lr,

At {O lpd d.arod. FY bccou to cotly oooprmd to tradpunpr $ tbout $-75
DGrlool pcr villqo. Thc Fylhrdpunp cO oonpctitivo pobr doG. lot vrry rifnifrcra{f.ritl chragia3 .rrry soto. b cootnrt b ffl*hrrlt cooporidwoal poiu b $roldy
iaflucd by FY rrily 6t For rungb.- ttll0lllO, Ff ir thc Lr.t cat t chlolofy for
villrja of lG.r rht! a00 pooplo. Ar |alYp, py b ib hgr o6t bchiohry for vilhrr
ritb ls thq 1000 D.opL. Thcr',cfort, r fanrfoE iasrcr$ is Py rmy oott udo ii r
2.5-tolt iacrur* is tlo ooogctitivr villqc riz. In th. /O0 b t,O@ viltrjt rht rrnjc, tbc
colt of rrlll fron PV b rhilrr io th.r froo dbclr. Accordiady, FY routd bc r prl-
fGtttd gorGt rortu rr PY hr r brcr rccurttot 6rr rld ir mrt rlirbh thra dtrcclr, if
ttor ir ao rhortrjo of crpiut
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,.10 tap*t of PY Attry Cot ol PY Mrrkct Sizr

U1trl iaformrrioa in Erlribiu 5-1, ud 5-t6 rad rimilrr SrrPb for othcr rell cort/

inrol*ioa coiUinrrioar, U. irp".l of PY rtrty colt oa PY merkct rirc wrr comp$tcd' Thc

r.rfroC"fqy d6cribod in Ertiiir !-10 rrr uriO in thc mrrkct erdmedoa. Tho icrprct cf PV

.r;1y sdoa tln nrrkct for PV b rhosr io Erhibit 5-l?. At tlrc crhibit^lhor-t if rrrv
ocri O"crc* o $/Wp iuttllod' tb nrtot for PV imrcrrcc by rbout l2qb P^ 17-l MtYp'

6n".n"fy if iortelffi gsry ootr b tl2/Yp, rho nrrtct dcelio6 by 57$ io ll' MYp'
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6.0 cloNctu$oNs

TbrcG iagortrat colclubna oacrtu from tho rnrly$r

l. Uadcr rvctrSc iarotrrtbo ud rcll coaditioor, tt urtGr dcanDd bvclr of 20 lpcd,
PY rqpnli$ {ra_lgur F+rr rrrer for villrear nnlinr io rilc, from t.(XX} fo 2 dOQ
n!I&U,. If lhcJyrmr.Ctrm.nA ilr lO toctt pV i. ttra rceri cqri Gr;oua fnrlirtJ
nnrintia ri-r frcnl l0 to 40o ncrronr. er icu @mgospctitivc tt ryG! uullcr villrjc rizor.

ln tto 20 lpcd crr.r for villryo of fcrcr ttret l.OO0 pcrolr, hradpnnrr m thcl!.rr-cr lcchmb3y; for vilb$r of oorl rhrl 2,000 pcnonrr Clcit rritanr cel
reppl, lrtcr-oor. chrply. shrn rrnr dra.ld r o Fca. t qcp*irr .rc th.bt.t ootil itchobly oaly rbra villqc rir ir hr tlntr ioO'rcr.oi. itc rca-
ritivity rnrllu rhorcd th.t thG viltrrc rilr for rhich PY ii coapotitivr rirhtrldpunr b mr rijcifkratty hftucood by bpur drn rsnuptiiar.

2. Coltrrry to coiwntbad rlrdon thrt chimr PY b r crpiat-hrarivc tcchnololy,
tlo udfb $on th.t tb ltcr$rniq injtirt.flni{t coaiof ?J lvttrf,rr ir,tiniiii'
!o end evca l1Fr r!t!n thrf of trna?umn rlucln.Jhic@
t low-coat technolorv,

ll rb.20 bcd cul, for vilh1CI of l,OO0 ro 2.000 Dillort, pcr crpin lnitbl colt
b tl9-!{ for rtg f! rnau, rboa tho rcu coc irt:l,r0o: 

-h 
olplrboq trnd-

DBar h.r - ilirhl c.Fitrt oo.r of t2Olcrpin"r b tt {0 tDcd isc, rsvillets of l0 q t00 prrpu rod r rrll cort of l2,r00, r ?V ryrra.r iaitirl cort
b trO-l2t/ crpitL Thl orrcaradia3 idtirt cort ior i trnoeure rnuo il
tlOtlcrpitr.

,. Fy ryloo cra provirb *rtrr rl r ooot roryobb b runl frDitlr.. h fr.
oopotiriw nltl rbl ?rt r drorad b 20 l9cd, tt. ert of nm fioa rl'rFrlr b quirtrbolg, Lr th.. 3f of th. rlltnt lncoolr foe r grnoa Io I poor
drwloptq oorltr?.r Srurdrn ud Urrford of tf. UorE flli io* nrt t-fnqultly urd ruh-of-rtub,. b ihet I rrrd, arr ruUrbolc fiuifi toufOmu brvr !o Dry uon tira rbout t[ cf tbdr imaa fs *rrr.d

ThI. lafrrucr trw trc hr-rrrcilag iapllcrtbar for Doti runl rrhr rugely
ryrt o pbllor rod fs fy puagioj mr.s nrsufrgunrr

--- -:ltl.rrNDt/rsu rlar rdoru-tbrrtlnl lrbr mppl, Drojrct coro ru3r lmntl0-l0/crtb for lradnnp rctrra o t!0-60/crptu ioriiliiripr';i.d. -5;
Arlrrllroll,eo-clL p. 2. Noo &rr rrdtriout firlaripr rctrori ialrd or di6.t-n*brw alch liti.r ,tcurrrlt Efir congr.d t{, }y.

rrftm t palt iln t2.r00 rad torolttlot ir ! tYhlalhr,, ?rr.r oor b $1.40/at for
20 lPan rrrr eolluaptha btcl. Arruuial r rr crpil'uirnt ineu oilzoo. inoo.rrrt , arpraror rn lJt d Wt 6piir ircooo,

lsruadm, BJ, rad_rJ. yrrfold, ryx$, yrsr guprly: Eonoahr rld Folhy h rhcDattboiaf ?orld.. Tbr Jeiar llokilt Urivrnlty hil,'igiC, W, t3?-ili.

48ttd il r 6r cofirF.lrbh fo n Frirhx;;:
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yiltrgcr. ln rddition to providia3 ryltcr lt brcr colt rhan Lrodpumpl, tho rchr-
GG Grs rbo obtrin othcr bcncfiu such tr I Bor,t convcaicnt srllcr rourco th.t
cra bc crpruded iacrcmcatalty u thc vithSc arowr rithout thc nocd for driltin3
rdditioarl ralb.

O trr4Dotenlhl lnarket fo{-Ell-Olt0!in* rr:tcmr in .thc itpnomiceltv corrroctitivt
narl ;' vcrv li'rc- rhc.cforc invqlit;pc i" ttr! dcvjtnnnini of pv ru-ni0l
rrnduFtrl0ccificdlY teilored ts rurt th? +pnticeripn 'cauirypint 

-yilt tlav; I tr6Xorvoff. Thc potaaiid mrrkct ir of thc ordoi of 250 tgwe f; rvetrli fV purnpilt
ryrrsi. of l-3 klYp ach. for rupplying l2-r0 B?dry of rrrrr froo ist;m&dir
rnd dacp ul&r nbht. Thrrc rrtrtont rould rorvo vrlhjor rith 300 to 2,000
psnoal.

PV provida r tGchtdatly fcuibla rad mloais mnr for runl rrtor rupply ruthor-itis to providc wrtct to rodonlc-rizcd villrycr. Tb prcrbru rl&rartivcncrc iiorcb orbrdpunpr rhrc arirl-chctrk or gnvity fad rymor raro iafouibb. Hrnncn *roufO
rtivoly invatijrtc tta ruitrbility of PV for thoir tgrr;if'rc aoodr. Vhcro &r$lry,
uriltrncr rbuld ba rought fron iatcrartiourt rod Litrtcnt doaor orjeaizrtioar f6i rrrcsinr
tho fanibitiiy of PV rytrGrrt for rreifk rpplkrtbor rnd for procurll, Oo ryrraan.

A numbcr of important inrtitutionrl rnd orFniatioort eoocorn ntut bG rddrcsred
rad rulolvd il ths projoct cicri3o to cuurt tbt r iV-tucO RlyS ryrtcm cra bc ogcntcd
rwcc$fully io r runl rttin3. Thcr cotre?rar ut rlro rpplisbb o trraCpunp rni Oicrt
RIYS ryrtaor. Tbcro iroucr imludc ihc follorinf

o Tho orpcctcd dcnrod for vrtcr Dult bG rccunrly &tcraiood. Ao inrdoqutto
rupply or ioconvtnicnt rcccrr to thc wllGr roursr iiU nrtc thc dircachentcd
coooulity-tGlorl io uriai ir old unlfo y$Gr tourglt, Coovcrrcty, ta oprimirtic
dooud crtirnrtr rill iacur uooGcaauy sB.

o urn nurt b" ?c9ctaa on mponribb *rtcr u*. ualitr hudpuaga, whhh 13ctrlf rclulrtioj'(i.c., rrtct outpur dopcadr oa rho cttwt ol ttp-*rii'dnrcr).*ucr b rvrilebb on d:nend fron r rondripc-bud rupply. Thrruforc. if r'trp
!l hfi oFGo, or r hrtin3 fru*t ir aor raprinrr ia tim,-rfuir routd briudoqulo rrrr for othon. Erporbacal frorn rucceriut Ciorcl rod rlccric nwS
tytlGot routd bc urcful ia cducrti4 urcr! o! hory !o annr3c grcir 116r ruprty.

o Ertcot -d ty.p. of coonunity iavolvoorot i! rDccifytag 6qui6oGor, iublhtion,
ogGruion, rod critrr.!.rcc of thG ty.ra rnurt D, olUtiltri. OrfraiirriraA
aprcity of rhG conmuniry Du$ bo lrGrr.d to tdcarify e. Givitfu io b.uijaod q {,r coanuniry, AE pgopairll oonnuairv orfmir&a ir* trct.blirM for opcnrinS, rd nrinnininS ir rrrr rupgty ryr0u.

o A rcrponrivl rnd rclirbls mrintcarrrc! ryttGo Drrrt ba aublhhod. h guticuhr.
th. ,clrtivG rohr of thc aolumunity td tlrs public lrrltot ruthority ru,lt Uo
dlliacrtcd. Approprirta reinia| aurt bo giovffi io conmunity'gorronml oa
opcntioo rnd maia&nract of lhc rytrGm. ll ir rbo vitel thrt r iclirblc rnd
rupoarivr ryrtcm bc crtrblirhld fot l$potwi63 rpr. frb,

o Tlu rquifcr oust bc trrcfully tcltGd io ;muru thrt it ir crplblo of dclivcring
trtGr rl thc clpccted pumping ntc ovGr thc lyrtcn'l tifctimc, rithout unrcccp-
bbly tijh dnwdorn. Thir iruc ir morc importrat to notorizad purnpinj ryrrcrnr
thet for hrdpumpr duc ro thc hijhcr pumping ntcr poriblc.
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o Thc ucll mutt Dc proptrly dcrijnd. dtod, rsd comtructcd to cnturc thrt high
qurlity ruar ir obui# rod pottstirfly dr+egia3 rrad punpin3 doa Dor occur.

Dia*l- rad chctrh-gorcrad R1YS ryrunr rrc frccd rith rimitrr bcwr rnd tlxrcfore
rawh cla bc lGr;ed from rucL crgcrkacrt. A fhld lurvcy of rrccc*ful (rU unrucccgfut)
ehctrk- lld dicel-por.rod RlrS ryrru uould yhld iaforanrba nrcfut ie &ri3ninj r py-
po*crrd BIYS ryruo.

. Additiolrtly, t auabor of fiGE rpplkrtbu of PV-porcrd f,YS ryrcur lbouH ba
8ooitscd tillor fbH tclr mdrrtod i6 ronrno,rirrc villrar in yrrbgr rcibu of rhororH. Ttcr oc-$udy ilvatfnimr riil fi ia conviocir6 RIYS ptraacn ia drvcfpinr
mtntda rld i! dosor orttliartbu ttrt fy b ra rperryrirlc porlr rorre, for nySiyrlttDl. Fsttiltaoil. tlcrc-iavaliptiou ritl hrlp ihltify rad rurotvo umrgosrod prolicmr
ttrl a'ltt rE rlc rad ${, ia drwlopint r,troprha proiccr darip luida.-

-tr nunraf llttGr auufrrunr am rort clorcly rirh *rrr rupply pharpn to3lrltt lirt tl$ rochaob3y b rcll tlrtcb.d h rrtG, raourm cbanctGrirtkr 
-rid 

t tor ulrcr
sup9ly o.cdl, rbih irdrfl4 ttro au of iurrlluirm. rcthbility, Eriiderbilltr, rad o0*r
fuactioad rcquiromcntr of rb ucr. Mraufrturr icoc o oiriacr porntlrl',i*n roo
dochbn-Erlcrr rhtr PV rbould b. rts roehnobty of shoie for ruiob-h ,rr, ropptyrchre:.

. . Accuria3 tlr hrtc potrutirl an*ct rill rcquirc rl artcarivo cdnc*kla tod idorrnr-
titro dircri[rtba rffort tlit*tod.t d.cbiotrl*cr iE dorrlopiag sult ht ;nd it'ilurut-
tiout domr orirniatbm. Dccbkla fGr arnl tr coaviocri lfir fv cra erorlCr rfre
,?rYic. rolirbly rad fit iato tlo bfrrrrrrurr bcia3 built o rorvc mrel ,rrcr rupply r11-
t3Bt.
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A. WArlI SI'??LY TECH:\IoIOGY CHATACTDTIZATION

A.t larodpcriaa

A nrrlt rrtct rupply !yr!?a riai gromdultar crl bo conrfolcrcd u tla iaagrrtbn
of foBr b$ic co*ngorotr tt rcu, tlc puapinr rrttlni titont , 1od dbuibutba. Erch
so8poos.t Pbyl r criticrl tob i! thc rcthbh detivory ttr rlfc ntGr. Yrknn tachrcbSlil
ENy b rspbfod for *i of rta eoopooclo.

Eriibii A-l rborr ro Drdc nrd rrlrr rupply Doaor ooc bod oa Ff ot ei36gJlpsapiol Gtmlo;y. ud or M oa iudpnupr. t! borb clrcr, I rrcll (or lG"Gnl rsllr io
9" c.t of rudpunpr), b iamdlod !o E r. ttc rror Eurar. Tlc rrtcr pualpiat ryrtcni tE d b.rtnrl trt r ftoo tbo wll rld dbgclr3 it !o rh. urr dinctty tfuOiudpci or
$liw it to I lbrrlc trsl r.d pigod dfut ibutioc ryfrro s rirb PY q -Oirot 

rrloor.
Groud-brrd r tbntad (rbon) rre ilorrlp rfrcl rtor! ?rur raa eroviril Drrt urG tor piOcd dclivrry ryfrrt! rxb s I ltrldpipt.

Tlb Appcadir drrctibcl $pli6btr r*trolo3i.f rad ioeorrrat chrnccrbtir.l tlrrt
rffoct tlr sc of *!t rrtcr ruppty. Crcacnt coa uA porforouoc idornetir,r.r b pro-
viCod $ brchlonad for rlc coooctitiw Ecr&oot of hrodpuorp, PV, ld diacl pumpiag
t ch!oh[b.

A2 Uclb

TffiIlTT A-'
frdnrt hrf&a d tr1*rr, rrfl Dl;nl .d Cc!,

Glouldrrtsr crtrrctad litoot[ rolb b t]. bb of tiG &l&rity of nrn I *rtcr
rypgly Itogrer Tlc corr d tb. roll rad itr d6L! rd connnrrioo iifnifrcrady il-flttsu 6r prrforus .!d sl of rl rl nw lrlgety ,ytt6, UolL qnr U aiifaoO rogtwlgr- jp6raialt d rurr fru froo lErrliu ird rcu oot gulg crpoaGlc. -ururtty.
wlb rr liard riti r phrric or d rcll *ig trrdil3 r Ojquifrr,

Uotb nr rota.lly €lrerrcLd b &. &fih of tt locd nr.r EbL plur u rddi-
ti{E l d.9{i b msll-for purapiaf dnrdorl. ltoll yi,[ b r crucirl Arrlian p.noGtdtl.l Eus Do oa*lcrod nbtivo to o. uriuu! r*cr pouprer rrs. 

"$; 
oltnctiol n6

6url rot od or w! ybU,, or rtr rrrr uDb ort frlt DGtor &. Eli.ro d Jb g{p1g.
U.Ey ,oo9iaf ryrcn frilura rr diructly rttri!,urrHo to rctl 66it! til ybti potrbor.

u.{ m vrrr_rtdr frno ll00 rr ;ull h tt. rlhvirl r& of Erld.d6r ?Lrrt
9.lr ! r Odbv tqlifrr, to It0.0 h ?cc Afrlcr. E$ibil A-2 rtocr rla}a',cU stlls rrl*td lrttoc.

turhac*
bdL
E. Lllirlr
f. Afrh
Llrh Amrir

,00
1,r00
2,tN

t,000 - 10,000
?,fr

(10
m-10
rt-t0
tr-fi
r0-20
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Thc opcntba end nriatcnrncc (OtM) cocr for rcllr ir ]ow. Tbc UNDpllyorld Benk
Hrodpun p ProiGEt crtimrtsr &rt Oil,M oo$t rrG l* of crpitrl ooftr pcr ycrr. T}c lifc of r
wcll ir cttianmd $ 20 ycen.

A.3 llrodpuapt

llrodpuopc ro tb nrrt cooaoa runl *rtcr pumpio3 tochaolo3y. Thcy rrc icitirtty
iHpcorivc, 3oacnlly rimpb to ogGnti, rod bad thcnrclvcr to locd rupeir. Bocrurc of

o lhclc ftcion. I riSnificurt coarnitaoat hu baco rrdc by tbc UNDP/Yorld Brnt io
hrodpuopc u tic Eo.a rgproprirr toch@loty for runl rrtcr rupgly. Ficld crpcricacc rith
hrodpumpl. bouovcr, hu bom pmnlly bcbv Grpocbtioor ovinj to hijh brakdora/
tc.tout nrct rad tb uultiat poor rclirbitity. Tbir rcctba prGrcrc ro ovcrvky of
hudgucp tochmbgy, is pGrfornracc. rnd so.

A.r.l PuaO Typa

Thcro rrc tyo buic typcr of hlodgunp rrchrobtia" tbG ructbn puup ud forco
punp. E*ibit A-3 rbom tygicd coafi3untioa,r for acb typc of hmdpunp.

&tctioo puopt rro usd for lhrlbv-wcll rilcr toureil. Tlrc optimd opcrlril3 dcprh
to rltci ebls hvcl it lts lhro rcvco etcrt (rt ra lcvcl). Srrctioa pumgr ere conprrl-
tivcly egy lo rcprir ud orinteia bcceruc thc body of ttrc puog iacludiaj ttc pirtor or
pluojcr ir bcrtGd tbovc tfrc fouod.

Tlrc foreo puop b I lnldrrd tcchrobty urod for dccp-wcll gunpin3, rnd tho dcpth
rr rhicb it nry bc urcd b coartniaod oaly by thc puop't dunbiliry .od th. rtrcotth of
tto opcnror. Uriatcnrocc rnd rcgain ootlotd oo folcc punga rrG DorG conpkr bcceusc
tho puopint cbccntr (9irto!/plurjr rad cytiodcr) rrc locetod rt tbG cnd of ttro ririnj
rnrin. TbG tcadn any rcquirc lifti{ trcth io nro rcea ro tbc aunpinl chrcar.

t! l9!0, tho UNDP/Yrtd Brnf Dcpa r orjor gro@u, tGtt rnd dovchp irprovod
hudputor !o rcrvG t}c hr3c Do&srirl urlet for runl *rlor $pply. A *fia of hbontory
tc't' rrr *tfot@ to rtccrtri! shich puogr lhouE bc ehocca for furtlrcr fi.H trirh.
RcrulB fico tio bbontory tGtu rer! lbo rrbycd to nr"aufrct$cil ia ordcr to prornott
thc urgrovaocat of hrodgumpr for vithjr-lcvol opcnrioo rod oriltooroor.

Thc Ptojoct hrt iatroduocd thr coaoogt of villela-hvol oporrtba rnd rriotGorioG
(YLOM) to osrblo putDpf o bo aniadocd by lir aounuaity. Tho criurln lot vl,,OU gurlrpt
iocludc drptifiod aniooam; iacrpouivo, orrily rrpbGd rcuing p.rtE potcatid ft
locrl ursuf*turg mdrrdizrfu of, puug dai3a rod rgrc prrtl; b? crgiot rod rccsrrcat
eora; rod puED dotilo Ertchcd io.pplicrtioo io rcror of lifi end dirchrrf t.r. Cuffilot-
ly, oo riojlc ptrng hg bcea &vclogod thrt @b .ll of rher. critcrir. Ths puop tlrrt
@3 clorat b r tcr ;:otrrtba hradpurp ilocd fho Afrirlav rhich ir u&6oin j fnld
icttioS.

Tho Afridcv ir curreatly rrllrrdrd by thc UNDp/tYorld Brnf rcff u tbc morr prooi-
lia3 VLOM lraadguop for punpin3 lifu ovcr 15 DGtGrr. Thc pump t.-rija anla c:tcorivrw il phcric auu, rhib tio cylindcr ir lino{ rith r ruintrrr rt!.| iubc. Ttr A/ridcv h
:cttrdtrd g r VLOM &rija, rd ir eoorktcrod rmlicrblc for aodiun- rnd docp-wcll pumpin3
for &pthr up !o a, octGn.
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lludpurnp ptoicct crpcrieocc in davclopiat couatria hg aot bcca ycll dodriocntco.SUh suliutivc drrr rrc rnilrbta froo ttrc fi.ir]ilrntilif,, a.o lrc oot rcedity rveit_rbb. Fictd rrporB iadicrrc rUr f.oOpu.p neUtioG-i, i-*io, proUi, io ioJr.ipio3ruthbb runl rrror rupply, ,rcu.:r Jitr i*p- ,i rh.il;-;t rourcd. Rcpoou frgill rhcfrH rui3il tbrt dorntifr fot t *rin .oa i."ori.r ior.rr.iiio- ir guirc hngthy qhba reaurl oeiltcarocs:rytt1 it Y"r. raor oo*urino u. lio.,t iburcd to iaf'rtrurturd
'd krb$crr probtccr n&cr rtro prouErr ird;t !o r6'i.oopurr. - -----']

lrhr.orv r!ilr of iudpuapr coadrr-lrd i! tbr uNDp/yorrc r.lt irrndpuup projccriadi*rad Mcra rirar.*qff tlr.# (MT-En ;L .br;;-;-jo' houn. Fhrd trirb con-ductod bv ttr LINDP/troru s.oi indid; g" "t G-.-"iri.ii rlcro ue r.r fr,urar pcryo*. Do'fororm circri.rirri. or ivrrrr b,od9.d ir"'iLro ir Erhibit t_f.

AP?LICABLE
DEPTH

Slrpb Hrrdfrl Ctrncierhdo
YATER DELIVENY

RATE R,ELTABILITY MAINTENnNCE

Trn

i{f,tidr,v

Itdr* U

Yohan

<12

t2-10

t2-{o
t2-.f-

2.-rt
t0-2.
l-tt
I-2t

2

I

I

I

Modiua

lar
l,&diuu

Hlrh

A.t, Corr

For r rlrllol-rcll hudguog, rtr rvcrlr ilrrril.d iai$l crpirrt ccr b rppruri-urtv 1200 prr f,rdpump. rd;6irru.dir6io arordi iudpurp, iriri.t crpitr colagi. rbr naso of tr0o-jt,roo.r -rh.;;of ;;;;IdA *ry jrartty E il uaufrc-

Tt ir.rrocd wt at hrdpuapr n d i! rib |,rrnir b rhon ts Erlibir A-!.Opardoo.!d uitr.lraor co.t, iitrirCpurar. rr dhcdxd irtor in thb Approdir.

A.1 ttoiovr,hr&ct

At.l Typa

Ptotovotahr lwl a &c dirxt co.av36iss of ruati3hr ilro clocrricity. photov4lrric-ge*crrd ?u.r puapia; ryr*an udriar ptrr ronrri i, a;t;;; noior/9uo 9 *t tspu69

tAtfutof,Jf , oo eit, Clrpjar 6.
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rttcr.t Tbcr rr! Droy conncrcirlly ndtrb& ryrrcrn, ud norc tltr! 2.0@ hrvc boca
rupplicd worhyidc.

PlBrovolnic tltEr pumpin3 ryrtenr coarirt of r photovoltlic urry! I Dotor, vt.?r
purnp, rtrd optioaal poycr conditionia3 cquipocat ud brtrcricr. lyhen runli3ht ttriker thc
PY rrny dircct cutrcBl (DC) clccuicity ir producod, Ths DC electricity cln trc urcd ro
oplt tc tlp pump. l"rryar tFtoru ofioa ircluda po?Gr coaditioaia3 coatrob to irngrovc
rffkisrsy. Fowor mditi,oniat 6.y ircludo ttc coovonba of DC to rtrorortiaj currcot
(AC) chcfiieity. AC tyttGm! rrc acocnlly urod for iarcrmcdina- rad dcep-wrtcr trblc.
Ligh-wuar dln rd pplblrironr.

Tbrn! rlt lro brck typcc of *rcr Durrrpr dirplrl,tacnt (voluoctric) purnpc rod
rotodyarmic Puopt. Tir ut soooE *totilrA fuopt thet fit into tm Aitptrecrant
stetory r,t pi*oa prDry $rctgunpc), txorcrrivo ctvity puapf, ud rrirphmjn punpr.
Thc aoot ooolm! uotorizd puapr thrt l?irlto ru rcoiirnuic otagory rtcitro-jctdmpt
rod caatrifu.rl psngL Thc critcrir for docidiaj rhich prinO ir prcfcrrrC for r ptrticutri
gumpioS rppligttbl rr? tbc dcptb of tbr rrrr LUf (ritcr iGd i! ruton) md ih quro-
tity of nrr ooodcd (*ror votuoo io cubb rurn). Tbr grcfcrrcd pus, i.or vuioru
lcrd/vrtar voluno coabinrtirou ir liora i! Erhibir A-6.

A-eatrifulrl pump ouptod lo e DC Eotor cu br dir*ctty opcnr.d off r pV $rly.
Thc couplinl rwuir? thrt tGrt ntiot, Dotrlr rgGGdr votu3c, ud punp rnlo chrnctcrilrict
bc crrcfulty clro*a for cfficbot oponrba. Mimrrcbr *rrcca itr* iv riny currenr/vol-cjc (IV) chrrrccriricr rad thrt of tbc Dotor/pun9 rct could rorutt in tho viry poor
utilitrtba of thc PY rrny ,,orytr. Ehctrodc ooatrolr eu bo urod to cahroco iti pcrfor-
6rmr rod rr! rlconaco&d ovca for eatrifugrl Dunpa. Tb. pv gunping ryrtont coa-
ridcrcd io thir urtnir uruacr rhrt cbctroaic coatrob-rro crptoycd.

Erlibitr A-7 rDd A-t rbu fiv; priacipd eoafi3unrioar of oonnrreirlly rrd6blc
rolrr puapr. Thoro rro jrougod by rpplicub! r.s3. u-foUorr

(AXB) Shrllow (un to ? maqr rmrjlotL)
lfurfrcc-uouabd, ria3h-rtrtc *atrifupl pump md DC aotor rat, rrG upi forrtrlb* tlttt surra[.- Dq..rty drivm fioa ttrr PY rrrry ttrou3h r conrroltrr, thcy

plkrtknr up to r dcr& of rbout ? srr (* rcr hvol).

(C) Irltr;arrdinafDccn (to iO-lO ncrcrr daortl t er thrn t0 4!,Ue,
Subcorfcd nclprmtila potirirc dblhccnott pu!!9.0rclpuopr) rr wd for
ianroodila- or drcp-rrlrr trbL rbpe rpplhirio* wtrcrr-d.ili ito*r rlr tiairGd rot6f ttrra la m.lby. pv jrtpuap ryr.,tu cra u. DC cbcriciry Uut rcquirc an*crcotdiaiooitt to E tci tit cyclia3 artur. of puap J,o?Gr rrquir?rfoar ritit th. pv
rrily outHll clnncrcrirticr.

lFor norc dcbilr oa FY rrtcr purnpin;, rad ta iorroduction ao ryttco dcri3n rnd bid
tquctl for quotrtbo rpccifietiot r* Ptotpvoluic Darign Asirtrncc dratcr, ,ryircr pump-
iag Thc Solu Altrartivo,'tANDtT-0tOa (Atbrnucrquq SmOl Nrrioarl Libon16rig,
Astil l9l7l
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(DXE) Intsfatedhta4rT*a (ro B)-lO. nryi&rr desrh)" Morc thrnJ0 ml ,/dty

Subaartcd mtor/pmp tGo o( rubmrjod Fump ud rurfrco motor ryrtcar rc ruit-
rbh for irtnroadirr rad de9 *rE ttbb dcptbr rhorr riquircd florn uo morr
ttrs !O o,'l&y. Of &. t?o tyDs prarlnd, $crr Lg bel lrtrtcr fbH orparhncoritl rubocrpd caarifud Dotr/punp rcu. $ubu6od mror/purp roo rrG rvrit-
$b I DC q AC ryluan. Tho trcod rith DC rubuanibhr L to urc r rsbtivsly
rrr "bmrhH 6o!s darif sE rrcd io r tsrbcf DC rcror rhicL roguiru bnrh
rdnmrn. ftolorduis AC Dotor/fuop.yr!rn, rrrr ooo&Grcirlty rniblh td
tlrtd protre, Tf,ly nlilb oorrrltioort AC norr/.arnp rrtr &rr brvc bcro urod for
d.crd.t h nray oqlatrh* AC rrcan r(niro ra bvrrtr. Tha crt of I DC
Druihr nbcriblo rad rl AC ruhcriblt ritb u iavcrtrr rn csrrtatly dnilrr
llGootb t}r rladrhra of rh. DC bnsf,Ls oolor rdvfoc thrt ritb ixtcrriag
dmad. tir oat of DC brnrUol mut rill dcctir lad bal ryre6 oolt rill br
to*r Sm AC rcbr.ilibt ryrtcu.r

BtErlrl cu Dr ut d i! r FY puopial rntco. tlinihr !o Gtoctrolic cort o[, . i:-
ety $otrta carbhr tb. fy rotor/punp rli to ogcrrr u highrr rfflcbrch tiortby rrduc-
ilr tb ?Y rrrry rin lf tic roll ybH b br, brtoricr qa rllory tbc punp to ogcmr $
r lo*lr gmgiq rlei otrr r loqpr D.rid of tto. duriq & dry, ttoroby prrwtda; tbc
PBap froo ruldla @. Er$atitr any rrdrcr ownlr rrD$o aoil by prrtty rtirphci4 rrny
rad ?rt r nnl rbnlr rian. hrurlo dd eopbrity lld ut, rad thor rr lm
rmcbnd rlti cirrjiq rod dirt rlloa of tb. br,tttry.

Al.2 Drrfrors CLrr*rrbdcr

fbr prforus o( r ff e{arht .yr!.6 b r dilrr fuacthl of rrdhbb mditlt
taatrity.od ti. dftci.E, of 6. loorlpoop rt. rlt} bcrod t!.ohrloo rad lnprorod
rffi/ptop rt tfticltri.t, ff ryroa prrf*allcr iacrrol, rcdtllt i! r.duo.d do$tt rd*rff oor8.

Srdftt rrtlhbiltty oa Mr,tloe b relrrd b filontt-hon por tqllrr actt, p.r
dry GrA/rrrldllt . tr nnrs froo ra rurtt, d , b1 Srthlr,rtdny rirtOrltr. ltrohtbn
ll*tb ttry drlly rd mlly rlrfc.diot oo cllub lnd locuto!" A rytoa b dodprd to
tpuli for tb ruts or lowt iarohtha aoati.

Tfr rfflclacy d t,lopc.rilt @{r'lrygrt chojll ou tio dry r &o pomr
oslpot froa tlr rrny clrlgr rio rosiiar rvdhbiltry. TDr rvrr{o drily opcnrllr
*fkqrcV of fi rrroilrrop rt rrlaGr flm ttt ro ,0S doeotdil8 6 60 mrcinclyrcu.h &b rrlyrb".fncioaci.t al ara rnd ,ti rr ErE d for thr oorr/puap rt ffi rlrtpr
lad lsrrnodbVdre rtlrr tlm rDelicrtiu, rryrctlwly.. ft .. affr;bwy trh.t u.rrr 6r w al rloctroolc oorob or pod w rrrrlilurr,lpu!, Errci.f. ftG! lgffi
r'rr lrld. r ootor/goop rt rffrlmcy d att- L ud"

lEctol, ,.. A.Y. McDoolu lr{raufrturiq Coapuy, Farroarl Coaouakrtie!, Mrrch t9t?.

rUEXrlh, 8., ?ioorplolc Utrr hoglag.'la Pnocatrrloar of tta htorottrtcr
Iavathj la D*cbgmat Coafcrtlos. Mty a-6, tgt?, p.V-r.
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4.4.3 Cso

?Y rrny coct b-ortc! reportarr on r doilrr pr gck rrnr bb (t/ryp), rnich irtbo rvrtsra car divitcd uv e-d*q,6r or tro ;;;"d";par rua oodirbar. ErhibirA'9 prcrstt tL PY 
""ti.rd ,"oorleiip 06r! Brod-i! rhb rarlyrir. Tkr oolu rrruCIGiir Burct,o of ry eunpiar rvroJ iIG oc ro-rr on ,lor". Erhibil A-r0 b r rrcticrryacatr*n d |v rurpbr rrrrc' iac'.tbc o*', ir*itl* of rrny-'rod 30ro, hvcr.

Igrlha C..t .f FY lbl graru
7v

Arrry loua
(?nl 

-
<200
20-r00
,00-t000
>t000

rv
Arny Cac
- ill?alr_

3.00
,.75
7.n
?2:tb

Motor/luap Cort(l/Tor

7.00
..25
2.fi
t

L bdcd, t'.n sofrti,o !o ri!r, irrrdhtrla .od rrny-ruhud hrr*o sf- e/'b.ut (r996r;r.r.ry w of roB rv oocur coirl.--b. crlrr b daih, ro mwuirort ec rotoctriii-iiiliw.p rorr. shcaAc I rt.d, t O.?trye b Mb ry .rry m iJ{xtrcbtrrror.
toulc tT. [bu., bc., A.y. Hchld Mfr; Co.. Ctroorr Tri'obr, tac.(r937).

oF'ribo rarl odatctuoc mclr for tt. Fy urty In aiaiart rod r*lmtorl m l*of apitrl wt Br you. ecntirn rna"uriori.u ;; J; $o aoror/puap * rtcpcnd!o eot ortcll ot tb ,&rtx,r.g ryttto. Tbar.d-il;b"*.d la r lrrcr roctba.

A.t llrrllrl Co6bu.&c Eofii. ?rrreia3 iyroar
A.t.l lrr.odstbr

t$ao St lawuhl of O. lmrmt.ooabffiior cadac (lCE) * tic tlrt of tb. 20the?!rErr. 0r rcE Lu bmom u dn*t *r*r{ pr**-;; h rouoo rrcl0f both t;,&vobpod md dorrcropiag rorH. Io*;lrI c'nilr6;rri;hrvc pa&oio.orry Door trrdfor porcriaa nEotl iq& ri*ouri6'ro utiritr iuctrfilra ia tb ,_ rs 5,*0- Donc_troltr '.r|l.

'?e* rrtt b r nradrrd o..u of anrrurint -3nra o::tpur d r pv rrrry. Ii irffrrtrd s tbr Do?c? produoGd ui tx-rv.rrry urdcr pat ru,rrijhr ooaditioar of 1000Vlo,t,25eC tenperlturlr td r l.t rir ru. r
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Tho ldvrnu3cr of tlrc ICE lhEt hrvc lod to iu widcrpreed urc for rcmolc powcr
-r::t fF. pft ry yelrt rrc tvofold. Finl, thc t';l,aicd rad icooomic ch.rlctcr rrtim of thclc-Eltlcludinj iu hi3h povcr-to-raight retio, conprct tize, inrttnl r6rt-up crprbility, rnd
rffopiteblc cort hlvG ia mrny ;,.rcr bca rrpciio, to othcr opiiuo, for powr-r ,6rirr*oor,
for rhich hurnm or aoimal hbor ir oot "nbk. Sccood, thi vcneriliti of lCEr'hrvc tcd to
$it ,il9trread.ule ftrr divcrrc rppmtronr rod io rhc crtcnsivo rrrilrbi:iry of Jn3iner,glrtr. lod crpertirc Orou3hout thc &vclopin3 world.

- Thc tro 3cmnl typcr of intlrnrl comburtioa cngiacr urcd rround thc *orld lr; thGdi*tl cajioc rnd 3r' cajicc. Gt: .r.r3tocr rrc prcfcrrcdlor ruaflcr poyGr rpplicrtionr iatb 500 IY o 3 lv rrogr rad whcrc ttc urgc p.tem ir aot moro thrr tuo to four houn rd.ry. DiGlol io8r8€f rrc urd icr dro* d fo*cr dcrnradr crcoodin3 I ty r; ; rbb to
opctrtG for orcb l,onjer poriodr crch dry. Thc typicJ tite:inr of t?a*t n[ioitf ro foyou) ir conridorebty gratcr iirn rlc lifo of c grl sarke (l to t0 yan!. oi caiiaer
lsod to bc rordt rad lijhtcr, rod tbrrr rrc urpd ior nolitc ippuoaiar. 

--p*r.-oriin 
r,cotruraly, rrc lrrlor rod horviar rnd thur bett.r suitcd to intloarry powr ippiiLtionr.

Givaa thar rypi:i.i *ilrr rupplf punpial ogplicrrioar irvolvc aorG thra
3 tv of porGr. roquiru aorc tlua a hiurr por fiy-of opentbn rad toagcr cnginc tifc, rod
ha';e sg66sy porcr dr r thc rcll, drorcl cniiaeg 3rG prcforr* forLpllueprypunpia!. .Crel co;inGr ut of pn uaod for irrigrtiin punpiat aoodt r.horc tt"ii figrf rci3htud nobility rrc aro*ly nhd.

A.5.2 Dkral Funr Cooiiguntioar

I ?bcrG !r! thrct nrror diocl guupia; &ri3a irul rtrt M ro Do coarkbrod forItoctiot r puticuhr y!t?, puapitS rcguirumot. FinL r choirrc n.rt Urardrtrno, tour r diuol dirccrly driviag rhe puup or r dirrol foo.rito, ,.r Um-rltl Crivinl ln chctric
rl},t48 rod punp. ryqd, tlr ao* rmroprirta tind of pu6p 6r u.r re,grict*iilu urlocrd. Ttitd, it vilt bc acccury !o docid. slnrhcr rir pump riu ui rurf*r rcuatod orrubacnibh. Tls orjor iaforrrtioa lrGdcd io ort, rxro iociilou i, it$-AtthA ,b. 

- 
.?lE trbb (hord i[ ErotGtt), thc rolse rad rrtc of *rur &ornd (voiurac ii cullc aGro;rd llor in lirtn par niruao), thr epiul rnd oponrio3 cori coartniau, aoa thr 

-'
n aotGoo of tb rir.

A dirfnn of-ihq!? difforont punpiag coofi3unrlonr L fouod lot W pumpin; iaErhibitt A-6 rnd A-7. Tho nria cheo3o i! tts eoaiirunrirrm rtoa ruio3 Oiclilrcr irrtrt rt priao DDTet touror rouK tc i clcrcl cagiriarrcd of r errotori'rt iJlriv.
Tha &cbba to uto I rubncniblc vrrrus r rurf:co-nouatod pump dcpcndr catirtly ontbt d?9tr of or rrtlr. rupply. A fbrti!! puag or rurfs-oountcd tump ir only urcd rhen

thG tto.d b hlf ttrea rbout 12 mcton. eluboinibb purp b fcoontiy ru6 ritlr trorart latt tfro t2 nct l'.

Thc cboitlc betvocn dircct-drivc ud 3caentor cct dicrcl puarpilg ryrcrar for rcmou*rtcr_tupply b hrtcly r functioo of thr dcpth of rhc *rtar trbh rr, i-trrioerri orfhriuility rd rophirthttba thrt ir rcquirod rod cra bo rfforrtad. For hcdr bclow !O@rltrl' dircct-drive dhlcl punpr rrt thc cbcrpar ud rnoat rstirbtc *tcnrriiro. yhco rhchd arocdr 30 mctlr, r rubacnibh motor/pump ir ruconwM, At thir poiat runnin3rirGl dora r docp rcll ntbcr-!p.. fag rtreit b-prcfcnbh for inrrr[rtioa rnd retirbitir/gur@r. Io rdditioa, tlrc t-vrilrbility of thc vcrrriib olcctric po?G, fron tlrc aruir*o, r.tcra bc ruF,d for othcr chctric h.dt. At 3rcrtcr ratcr dlpthr, ihc ircregcd cori rnd
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toscrhrl lousi f161-to-punpcd rrtcr efficiracy (duc to thc gcocrator rnd motor lorscr) ofr dicacl 3cn-tct ir offrct by iu G.rc of inrtrllrtion end .ei";ioeo"" rnd its vcrraritity.

A.5.3 Pcrformracc rod Opcntiog Characroristics

Io tlo ebrcoca of virblc rltoraetivcr, dicr.t purrpr hrvo for m.ay yerrr boca thelochmlqy of cboico for h4ar rcnotc puaping naJai. 
-iorrrr., 

rrro rccelt emergencc ofrcu-ttfhlolojicr hrc bcjua toaig$hi rolrc of thc diredvratqer of aicsct-eiiineg,prticulrrly in rcraoo rrcu. Tlp-thrl aajor proul"rr.itr, aiir"r oqir* r*"*rot.po?rr pcrteio dircctiy !o tbir oponrint pc*onmrncc.

Fitlt' th comphrity of brnttiaj:oc *iqt ioiag diacl ra3ina is rcutely fclt intEaoit rGls wbcrc !p.rc Frtt rad tniacd tehaicirar rri nrety rriitrbtc. Iotcrorloobtutioa ca3iaer tgcuirt I tyltcDrtic nrintcaetco *fuaufc b enlurG rclirbtc opcntiooover tlry- trtcd cDSiDG lifc. In runl lrtac vhprc rupporr *rrica found io urben rrGu arcrct rnihblcr thlrG -lintcnrncs rbcduhr rrc nreiy obtcnd, bdintto poo;;rformrncc
rod rhortcncd livas for nost di6cl puap!.

Sccond. tlrc depeaococc of dicrct engiaeo oa fucl thrt i! rrcly locelly rvrilrbtc endt'\crcforc hrt to bG ingortcd fron otbcr rcjionr of ttro .coniry or world introduccsproblcmr rad cocB ia tcranof opcntioa ri'c rotiruitrty. ociiicria3 fucl io-*oou ,ro.ohrr qrovgn coltly rnd romotincr unrclirblc to r poirt itet-"ieblo dtcrnrtivct hrvc beenrou3ht h rdditbo, rircc rort Gouotricr hrvc to irop.rrr rhcir f;i, thc-iil;riiicrr"ngcburdcn td ilE tGopoliticrl dra3cn of dcpc&ocv o-o ro*iro rupplien rrc iffiiagtybciag felt.

Third' dicrcr cagiacr uc rcmntly.wcnit,d for th punp,ot rodr thcy m ruppty-9l ryh thrt ticy opGtrt lr r bicl crriilry, 
"-d ;;-;darooraor, rnd hrvc r rhortcrlifc' hrrchscn al dtelr.ofaa-buy trtn crp;itv u icoitior.*y for futurc accdr orbooruc m crraful crhurrtion of tii bod rr; n ,i.. t! rcoc reprioiironr, l diorct cn3inc,rcrp*ity ory crcccd thc pcrf h.d dGorod by e frc6r oi g nucf , { or !.

A.5.4 Qpitrl eod Opcnrin3 Co*r

DkttGl puaDilt tFtcE rrt chrnsrllirzdby frirly brctpitrl o16 md riSoificentlyhith rccurcot opcntiot 6tt. Tbi, cc.i.*ructurc incounja thc urc of iicrcl pu6p!,bccl8a tbc iailirl @1 ! toncrrlly rffor&bto rd $.;H;t ffitf cen bc &fcncd ovcru crradcd pcril of tie. -------' w .-'v"

Tb crpitel lrttj{.r dkrrci cr3im rrc.il -& *r. of rbout t300 ro $,!00 pcr trly
9{ qqaoitv. TbG sra of diaer :cocoion uc rigiii,-;sdi from rbout 1400 tot2,000/ty (roc Erhibit A-lt;.c -rterc 

b r ri3aifl-ni.*tiv of rcetc for dicsct tcn-,"Eu tltc Doltr rcquireocatr ircrau. Dfo'rcl cirircr ric-i*"lrrot lctr rrc 3cncnlly aotlwilrblo bclov rbout 3 tY, but rc nuurrctuiJr" ilri-.iluinj t00 lty. Exhibir A-t2dprrr tho coet of punpt r r function of powtr roquiremcnE.

tourcc Mcridira Corponrion,'Rencwabtc Energy Tcchnotogy Applicttionr ldontifica-tioo for Etvpt" Us Agcncy for latciartionrt Devetoprlit ioitr.ct Na AID-26r-0t23-c-00-
'067-00, 

Ttsk 2-2, rebrurry-19^s_6;_Kcnnr, J., 'Coit iaa pcrfoinrnce Drtr on Dicrcl EngincGercrrtorr rnd Pumpr,'sexptr-rlog iiiuuorrqr".- s.ii-ir xrtionrl Lrbontoria, Mlyt9t1).
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- Thc opcrstitrt cost of I dicrct lcaGntor rnd pump hu esscathlly four compoDcn6:filct cort, Etintcarnc? cost, opGntor coot, tad rcpdr-cort. Fucl cott ir r function of rhcti,3 .od duntpg of thc lord plecd oa thc dic*t. MaiatanaacG coit b for routioc tunGup3,filtor chr'83r' ctc.t rnd for nrjor cngino ovcrhrub thrt rbould bc pcrfornea m curor"gelinu* officbrcv rad rctirbilj,ty. nsnir cort ir ror rcpiria3 *ifuogtio*. 
- 

fr'rto, "*tb for diocct eppticrtbnr for thiCh I nn-timc or full-riic-&rrto, is prcrcnt. A ranplcof thao orB' brotal do*n for diaoi puop. ia Kcayr, ir iiJ-o in Exhibit A-t3. Thc rotrtruaiaj s6 for r diacl puop crs tc g rijr u 2r-r0q6 of inirie! crpiral c6E.-

DN.s.l hr3 Ojerrdt3 C,orrr

Locetion

Kcnuiai, Kcayr

Konnriai, Kcnp

hup
Rrriog
fkw)

7

2t ITJ76

Mriot.
Cat
(l/wI

t23t

%56

Rcpdr
Coct
(3 /vr)

3r00

$00

Fncl
Coat
(l/vrl

t2r0

Opcnior Tocl
Coct Runaia3(l/vrl (l/vr)

l33t t926

t39{ t2,126

4.5.5 l$rlbr SrtGr Ttbb Dcprh Dbct punpht

Thc prtfcrrrd diccl-punp onfLtntbl for r[rlby punpilt rpplicrtbar rirh r I tot0 octor ho.d b r dircct-&i1c rlicrcl oalm rith a mrrG-iouatod ecorifulrt punp. Ihcdiaol cryir eornaoatv urcd- ia rb?* ,yp-- of ;nt ;dii;jpefictioar ir dwl.rpiorouatrhr brotvor r tw-cycb cagrnr ii* r t.'!. nFfit-Tli rypt t r.di-r csntri-furrt puap rhrt ir muatrd oo afo ooormc catlnfy'froa ttr rurfro.

- Ttb ^d!!clryEp*! coafijuntioo hg &aoortnrrt r uth lovcl of rttirbility o,craoar rLrn r 30,000-toy S! qron nauiriat r 
'..io( 

oriirior.-rr r*rari ,,poiiiot.ffict sy i! ti. fi.u b rbout ?-10t. 
-Th._irlari,otrf;r 

rbb rrr.E rru rcbtlvcty br.p* grr.ptrt, r a LY unlt loutd aom rbo-ur 3.;lo tilu oouinl. Aaarnl ogorrting ooor,lot ilctsdila fuol' rould bc rbout tl,oo0.F {rfo] *bol p-grty rrirtdd rad opontcd,6* rntcan brw dcooutrrt d !00t rnllrtilrry. "--- 7'

A.5.6 lorrffirbrc/Doce yrtor Trbta Dcpri, I.or-Flor Dicrcl pumpial

Tbc prafcr"cd dictct puap coafi3untioa for iatsmdha/dcp wcll dapthr of rbout20 !o 'm n &n rad tor no*r ttas rh&-30 g../ari r i aio"r cagacdtrwttta;trirr rjrcrpurp. Tb. di.rot crjir.r-cornnoary urcd i; tiii *irii"r.ur;t . f;r;:-A;d cajinc.Tb puap oonaoaly urc ia thir rppticitbn ir r politivo ot[prr*rrot punp uii4 r dorickrrr daip rnd I nbncrjcd puup cylhdcr.

- ^Iry diGttt plP?iry dcifa br dcnoart r$d I high hvcl of nlirbitity ovGr nolrthra r 2l'000-hosr lifc bcforc rtquiriat r nrjor orirrnul] 
-rrrc 

rvcrr3c ogcrrtia3 criiciiacyi! thc fictd b lbo'.rt ?-10S. Thr irpiu'i comt for tfril;t-t1i would bc rbout t6,r09 (t9t6i'
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forr rf'5 LY unit. Aaaurt.opcrllitrg co.8r Eot includia3 fuct, wc.uld bc abour ll,j00 toS-..{o:. Yhca propcrly nliaaiaco rao opcntod, &crc iystcms hrvo deraonstr.rcd ebout 9796ralbbility.

A-5.7 InarMira/bo yrtcr Trblo Dcprh, H[h-Flow Diecct punping

Thc prcforred dicrol punp coafijuntion ir r dicscl cngiac driving aa ctectric acncm-rr vhhh i! tut! &ivcr ra cbctric ootoi ud pump. Thc cicrct cn3iac &n.oori urcd inthir oafituntba ir:-four-sych ca3iac ,irh;Ae$;;;;. rrrJtvpicet ruri for thisrpplicetbn b r ccatrifu3rl rubocni5tc punp uith rn-cloctri" rotor. rhe aotor ind pumprro iutrllcd u tb bottoo of tic rcll Bccnrrc tbc rubocrjcd puop oarv rqur6 cloc6ieductort bctvcco tlf-d!*I lcE-tct .od thc botton oi tiio-rctt, rhc inrtrltltion of thcpuag b carbr thrn ritb tho prcvioru frunp daitro

" -!!i diG.tl plP?int dcrga hr dcrclrtnod r hi$ tcvct of rcliebility ovcr EorGthra r 20'000-bour trfc lforc nquitirr r nrior o"jruri] rtrc rvcntG ogcntigt cfficicncyio tt fi?H b roaarhrt brcr rt ir,outi-rt,-drn io.ociiiro.r rcns.r ja il-iiil.mro, rncBotor. crpiut csts for tlrii rysan rouH bc rbout t9,5@ tiggol for r 6.0 r-rv uoit.Anaurl ogcntiaS cottl, 
-oo1 

includiaj fucl, rouH bc rtrour Sr!00 to t3,i0o. whca propcrtynliatrilod rod opcntod, thsG ryraor hrvc dcnonrtnrled rUout gSS-ier,ntUity. --

n.6 Slonrs

7t.://

' ./'- -'

I.,t

t
./

Ernv $otr3c i! tbc fora of tttrr, bdtcry, or firt ir rrnnfuy inmrpontcd io F[-r,d dioGl-br$d *g -q ruggry ryrtmr. rr e*irry iuactloo b to borno dc,.nd rdtupelv.- slonrc b lbo qS g prolccr .r.itror i*rra; vr ia"* h py ,yrtcliio r*rrupgty iEarrup,tkro fq dbcr rys&u. srorrrc try ,rrtruy oouia,rci-ror uropurp_becd optbu tt ?rttr b lnihdh upoa doalia. Coajiilarg uurly prrctio.honc $o'gc,rhco *rEr [g o bc crfrld boru,-t*t ? n;h.od6tor rrrndpipc-bGrd RfrS ryrrcm.with r hrndgunp-Bt 0:ytq.' if 'ro quireu f.ti;E; *rmr ruppty ir intcmrptcdutit rupdn rrt mrdc. c)wrho& *rrr itongo rinkr @.t Fry dEifiratly dcpcdioa onlocrl cooditbnr. Trryag..co!q rrorc froo-rtoor ij00}6i?;;i-;I 1."i tirfrdr?,r tfi) nt rrak (!or! ii.riuii'e-iil.- -

- - 
Storrfc cl$i&t coa*lcrcd ls mk rlaaro& rrl tpicllly batrum om-fourth udom-third of deily .rctret rrrcr rcquinai.m crncity ;I*;".rid.tiou fot dicrot ryrtcrrr$ ooc&y of ttortas b pmvido for nuppty iaeriptloil.t storqc roquircrena ior rv-powcrcd rrrbt puDpiar ryrtcu rac typiatiy om rotl13c o.n to g6vcr im6tba nriuccrod p..t &mrad. Acoordiq ro ctriiu it sroair xrtionrf

citv il-m oiv.ur'p-lc. ililtbtrit, o,f mp,oriu",, #?t*;rt3ffi"ffi-q'cG Svr ri[ prcvidc 99f rnilrbility. ]or ri'hp[, .-*-ryritrbilitilrrirr.t r*rbout four d.yt i! r yGlr, rrror ou6ut rilr bs b.t-iu ioirn r"or.
Brtary ttorr33 tytttG ooarirt of brttcria coansctcd in p.ntlet rith thc PltI nrnytil Ep,fo iguap tGt Thc brnory r?! s Gtrcrty rtontc rad r oartrnt vottrtc rourG!

7

r 
-pfflippiu yrrcr Rarours c.oumil, Turar yrbr suppbr Dai3nMrnual,'1979.

- -thepara, R. N.''Sizinl lfrDdboot for strod-Abac Phoovolnic StonSc sy!t!nr,-sANDtT-t0tt (Atbrquerqna Sudir Nrtiomr i.broi;;i;, iprir t9t7).
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Erhiblt A.tSb

STAI.IDPIPE DET TL (2 tepr/rfenrtpipc!

A-?t



dctcrminod on r lYh brsir rad iacludas'rescryc'crprcity or that capaciry bclow wbich theblttcrv ir oor dirchrryad. Brttcry rifi-ir e funcdd;? it! i;rrre9 dcpth. For decp_cyctc&risa bettorhr. r i-irer lifc h conrc.,ati"ety ;;.d;; iilJc.,v &pth of dirchrrgolinitd io ,0S of rhc- Est:t crncir!. --

A.7 Snadpipa rnd Dfutribution pips

sandpiper rrc u!.d for py- or dhrar-brod rrtcr ruppry,yrr?Er. studpipcr orpublic feucct rnrcr dirtributi,oa ryrtlru, ruppty _to, ffiurn hio.;a;;uilii,pipiog ropublic *rrar soin8. Ertribir A-tr$on i irio"ioi;;[ rtradpipc-b.d runt rnt rruppty ryroo. Strodpipa rlc Eorr oooraniciitiri t iffi^p-bucd ryrtcur. Wrcr poinacu bc chlcr b r6i&aoa lad .ddidooj *& iioffiry, Ssrdpigc cct b cr_ti*bd rt iEO DGr nodpip., .nd-ioi;r.6. ;pL;;frjl rnd l co'c,.n, .fl,o .routrdtbo b'st of tb. r.radoirrc for 6it a-rJcfi"rrc liailillru ,.ui..e,o. oirGultro pipinloil! rrc octirrtod rt rbout t5 pcr actcr i"rafi;. ;'il'if,rorcorn for diitriburioapipi4 rad raadpip* is chowaio rrlrlis A-ttil'fi;,-rcspcctivcty.

A.t O&M Coct Eltinrtcs

Ol}M mg rrc crtinrud for rcprcroatrtiv-c hrndpunp, pV, rad d&!ct *rto, gunpiogrlrltn corfiturrtionr. ojtM cocs inciuoi;it-e.rdlEr, rad tnorportrthu coct*tiurrr r' providod f* UrCp*p, *; -d ;tAfr;; for rhrlby rod ilirredimr/doop-rrll rpplicrtitrr. ruc oqi-ifiirlar rn ucd o 
-cuo,lrr 

oilM cort u r prrear ofcrDid cat for ur ia fr a*rta: ---- -v E w E&5'''rs rr{,r'r e(trI u r tr'

Tb auobcr of vbiu b tt tslup by ndaorirncc pcrroamt trtc ialo ooatllcrrrbo6r ruuri'ro EdoE r.trcc oocdr u ;att L iarcnccuroc 
-r"iiii.-s 

rcguiruocn$. Thrlttobor of ruuutcd rriauaru ,itia pcr ycrr ir rr.il.d urin3 rotirbility ttrcory byortinrtiot tlc rrpcctcd ourt , * i.irit pGr runp DGr yo.r.

Tr... ww d nria'aucc pc'oanar aouurrod i! tbr cort rDrrFb r,*
o vilhr M oE) - trrrrar.*r:.l r, c.'rd mr by r &tpe*d aobcr of tbccooauaity.

o Artr lldarauoo (AM) - Aa ucr aoetrdc b oatncud b prcvHr nriarnrmrrvbol Ttr-qrr accirat cro prore.ffifriiilot"o ,jpd,6d nr:r6urorrvb thra VB arilraracc.

o cclrd Mrtararu (cI{) - h,', nriarauo b nurrcd by ra crrcrarr .tcasyrith thr vitlryr rcccptior-ertti-pr.iuiutL. it cM nrar tnrvGh froo r b*ernp to tha vithta !o p,rovi& rhc oo**rry rrviccr.ornpnr o.i!&o.ncc rio ,opur rrvkrr thra eid$r ,mff* cu rupgty noro

E'hibio A-lt b A'20 ttEU th. orry eoct btrrrdo*r for t, pp*otrtlw puopiaStr.''a E$ibi. A-2t rhrou3h A-23 *.- *.frlffi;;;.* rchoduh .ud co,o for ttrcS:*ffi #ri,;H;i,r,uiiIii-##ffiilJ.,L..n,i,.n,i;thfi dpunp,
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Rcfcrcncc Norcs - F+hibir A_rt

A. Shellow-lift headpuap srpiril rld iutdhtion costl.

B. DC rurfrcc-mouatod ootor/pump lct. Iacludcr t.25 frctor for inrtellation coru(Moridiro corpontba, 'Evrlurtion of Intcrnrtrba.l py }rojoctl,, lgg6).

C. Dir?ct &ivc 4.0 LW di6.l cagilc (Keanr, J., on. cit.)

D. Estiutc for Tan lundpump.

E. Aanurlizod oost of replrcoocat p*ru insluding eotor trrurrcl; Eotor (rt tir-yc$
iat;ryr&), puot, r6b. rd io*llon (A.y. M;Donrld Mf3. C;.t

F. $plrc prru for diacl co3im rad ccntrifuill pumg proportionGd bctwcon AM rnd VBbvtlr. (Kcnor, oo- cit; Chroner TriSolr tod.l

G. Lrbor coasir'*^of_.Villr3o-Brsod rttcndrat (VB), Aror Mochanic (AM), ud Ccntral
Mriarcaencc (9Ul rr rcguircd. Vi[rlc rticndut rr 0., dryl pei *.rjf-io, hmdpump
rnd photovoluie ryrtcmr.

H. Equirnlcot lrbor dln for notor brurbcr rnd rcd rcptrccment rt 3- rod f-ycer intcr-vth, rtrpccrivoly.

t. EquivrlGat lrbor den for ca3ioc ovorhrut rad pump rriatcnracc .r frcqucncy of cveryfour ycer (Kcoar, oo- cit-).

t. Irbot rrur blld oa stimrtcr providcd by Dr. Rvurrt Rochc of thl yorld Bmk.

K. Oao trip ,cr ract

L. Rcprcrcau r full-tinc opontor, ravcn deyr pcr wccl (Kcanr. oo. git.).

M. Eranpb rlbrrccr.

H. Eunph t-rarport co.0.

O. Miaimua rf tro E n pGr ctct for AM rnd C-It{ lcvolr for pV rad dicrll ry33c63.

P. Crlcuhrod rr fotb** Tripr r Dfut occ r Trrorport Cors.

a. Ertiunr lor Trn hudlrunp, vi[rgc-bvct nriotcu:acG (Dr. Robcrt Roc[c).

R. ftlculrtcd r folb** Mca/Ctat r Lrbor r lrbor Rrtc r Trip;, clrccgt whcru notcd.

8. Trenty-fiv6: plrolot of rttcndent lrbor corb uruncd dircctly nuintcnirrco.rctetcdfat Pll rad dicrcl r)rrtcmr.
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A.

B.

c.

D.

E.

R?fcrcnqe Notas-Eqtribit r- tq

Avcrrgc ctpitel rnd ialullrti,oa mctt of thr* haad punpr ruitrblo for intarnodi-
rtc-dcpth ryplicrtionr.

Jsct punp/ototror rct itclrdr l2t frtor for iartdhtion celg. (Moridirn Corporr-
tior, 'Ernlurtion of latcrnrtionel PV projGcs,. l9t6).

Dirocr drivc l.t kW dkrcl cajiac (Kcnae, on- cir-).

Ertinrrg for rchcod hrndpunpr bood oa drn ruppiicd by Dr. Robcrt X,ochc of thc
UorH Brnt.

Aalulizad Ht of rtplrconcnt plrt of Jrct punp ovar tb lifc of thc punp. ID-
cludcs brthcrr, Eolor bnubcr, oil, bcerb3r, bclu, ud ooc Dotor rcprrccncat.
(Chroatr TriSolrr, Inc.)

sparc plr! for diccol cojinc rnd jrck punp proportionod bctscca cM, AM, md vB
hvcb (Kcatt oo. cit-: CAroarr TriSolrr lac.).

&tinrtat providd by Dr. Robcrr Rocbc, Wortd But.

Conrirt of ths.c drn oquivrlost g.r yar for dbacl ovcr[sul rnd ooc dry cqui-
vrlcot for jrckgunp uhtcarncr.

hbor rrtar brrcd oa ortimrtcr providod by Dr. Robort Rocho, yorld Buk.

Sat Rofcrcacc Notcl - hhibit A-tt.

F.

G.

H.

L

,.

,/
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Refercnec Notcr - Fnhibit A-20

Estimatec providod by Dr. Robcrt Roche, lf,orld Bank.

Multi-sagc rubmcniblo dc or ac (with iavcrtcr) motor/pump se$ (A.Y. l{cDonald,
Gruadfos). hcludcr 1.25 frctor for instellation costs (Evaluation of lntcraational
PY Projccs, Mcridiea Corp., l9t6).

6 tY dicscl gcneretor sGt (Kcaos, on. cit.).

Averegc of Yorld Brnk estimater for Yolaatr and India Mark II hendpumpr, provided by
Dr. Robort Rocbo, Yorld Bent.

No raticintcd rchcdulcd maintcnence rcquiremcng (Gruadfos Fumps corp., A.y.
McDooetd Mft. Co.). huop/motor roplrccncat rt Gquivrleat pcriod of f.l ycarr.

Soo Rcfcrcncc Notcs for Erhibitr A-tt rnd A-lg.

Noninal ooc trip pcr yorr for inspcction and repair support (i.e., failure ratc
cstim.te! show oao failure cycry two y?ars. (sce latcr Exhibits.)-

'( -'-*-:

A.

B.

c.

D.

E.

F.

G.

,,\
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RrpLAcErdENr pln rs rou3ilIl'k-3t* rou
STAGE CENTRIFUGAL PUMP - SURFACE

DC MOTORISINGLE
MOUNT

Meintcnencs ltcn

l. Motor Bnuhcs (S)

2. Punp Saelr/Inpcllsr (t)

3. Motor Replrccmcnt (t)

l. hrnp Rcplrccocot (t)

Croiat Co,t i625 0O

vcerr

36912t5rE
30 30 30 30 30 30

20 20 20

2& 2t0 2to

250

l"
t!, \i Procat Wonh @ t0qb

of l&nr I-3 ovcr
l2-yar lifc cyclc . t 220.00

Aanurtizcd o & M coat r 3 32.00 (vl rtolr,ilpunp rcr lifc of t0yon coaridcrcd mrnel)
Soutw A.Y.

dircouatcd soer

Dc oR, Ac sT,BMEnsTBLE 
"5ffi,#.i'#.sTAGE cENTITuGAL PUMP

Cmid e*q Sra* *
No rhcdutod anintcnrnoc rcquitrno!ts.

IasufficiGot fictd crpcrkrDc! b dctcruino
lifc for DC brushtcu.

AC rubncrriblc iactudor irvrrtcr.

Nooiarl fifc of 7.5 yan rclcctcd.

l.

2.

3.

a.

Souracc l.Y.Yrtartd Mfa.
Arrochta ir Rurd Devclopmcat.

A-30
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EXHIBIT A.23
R,EPLACEMENT PARTS SCHEDULE AND COSTS FOR JACKPUMP

Maintcnance ltcrrr

2a6tl0
t. Iaocn (t) t0 t0 r0

2. Motor Brurtor (t) 2,

3. oil (3) t0 pcr ycu

a. Bceriafr (t)

5. BclB (I)

7. Motor Rcphccmot (t)

t. Funp Rcphccncat 20 yern

erpitd Corr 31250.00-

Ycrn

t2 la 16 rt
l0 t0 t0 l0 t0 l0

25 2t 25

6()

2A

la5

-i

:

I

t_

t

I

I

I

I

I

I

t

t

I

I

I

I

I

I

hcrcnt Trortb @ l0{
of ItrE l-7 . 3 170.00

Aanurlirdl o & M cort - t 30.00 (IDctndcr t 10.00 ranrnl cocn for oit)

Sourcc

A-31

bucd oa 32,t00 ryrba Dricc h.r H2 rrtt rnry u I ?.00/Wb.
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Erhibil A-2{

FAILUBE RATE ESflMATES

I

HANDPUMPS

Corpoocntr

Friluro Rtrc (*/hour}
MTBF (l/frilurc ntc!
Opcrating Horrr/ycer
I F.ilurer/ycrr

SYSTEM CONFIGURATTONS

66hro-c (A)
1,5(X) hours
2,190 hours

t.5

PV PUMPING SYSTEMS

Componentn

Frilurc Retc:
Systcra Frilure R^rta
MTBF:
Opcretia3 houn/yeer:
* Failura/yan

0 (B) 200rto-o (c)
340r!0-'

2,940 hours
3,60O hourr

0.t

t,t0rt0-i (c)

@

Shellor Woll
Comgoocac

Frilurc Rrta
Syrtcn Frilurc Rrt x
MTBF:
@ntin3 h:,:urr/yctr
* Frilurot/yct:

r700rt0-. (c) 370rro-c (c)
20?0110-c
tltS hours

It25 hourc
3.t

A-32
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Erhibit A-24 (Cont'dl

FAlLti;lE RATE ESTIUATES

SYSTEM CONFICURATIONS

DIESEL SYSTEJvIS (Cont'd )

Decp Well
Componcnts

Feilurc Rate:
Systcm Failure:
MTBF:
Opcrating hours/ycar:
* Failureslycar

t700rt0-c (c) 520I,10-6 (C)
2346x10-a
424 hours

1.t25 hours
4.3

B.

c.

t40xt0-6 (c)

f;hihit l-24 Refcrence Notcs

UNDP/Yorld Bsok Htndpump Project lrborrtory endunncc tcats. Avcragc of pumps
tcstcd. Datt supplicd by Dr. Robcrr Rochc, Yorld Bank.

Modulc failurc ratca .rc on thc ordcr of t - 1.5 x 10'6 (Saundcrr, John, .Thc con-
stDtntor Optioa,'f[otovoltaics Internationel, Junc/July t9t4). Calculeted array failurc
ntct rre negligiblc (comparcd to othcr componeotr) duc in part to rcdundancy afforded
by module parellcl connoctions.

Failurc rate dar.r atimetca bascd or Bcllinger, D. y., G. M. pititcr, R. E. Slrctton, et
rl., 'Rcliebility Prcdiction rnd Demonstretion for Ground Elccronic Equipmcnt,'Tech-
aicel Rcport No. RADC-TR-6t-2t0, Romc Air Davclopmcot Ccnter, Griifiss Air Forcc
Baso, New York, Dcccmbcr, l96t; rnd Hughcs Aircraft Compauy,'Nonctectric Reliabitity
Notebook,'Tochniert Rcport No. RADC-TR-7i-22, Romc Air Dcvclopmcnt centcr,
Griffiss Air Forcc Brsc, New Yort, houery 1975.

Fi,
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, 
}If,RIDIANCONPONATION

COMPANATIYE EVALUATION OF WATEN SUPPLY SYSTEMS
TIANII}UMPS VS. PV PU}IPS VS. DIESEL PUMPS

!.on
. NUNAL WATEN SUPPLY

OOMPAI.{TIVE ANALYEIS PBOGNAM DESCNPTION

Thc followia3 lr r dmcriptioa of, thc l-otus^ prognn dcvclopcd ond usad in thc enalysis.Tbc prognn urc! r auubcr of _Lotug 
.@ fu.ngdo*^fit- *. esuM, @vLooKUp, G)seRT, €)IF,eclloo0E, etc. Pb.sc rcfer r Lorur nlnuat ror r oorriptioi or ilrei fuactir*. ''

DFSCRTPTTON Or VARTABLE
Discouat reto + I
Aanueliziag faetor
Arrival rltc rt rnter point (pcr hour)
Bettcry cost (t/k1Vh)
Allowtble battcry dcpth of dischargc
Bettcry cfficiency
Bsttcry lifo (yeer)
Battcry sizc ia PV-brt tyrtcn (kWh)
Battcry cost ir pv-brt rystcn
Brsc reter stongc cost
FSra. of PY lrrry sost lootup trbtc
Civil rorkr lifc (yeen)
Civil wots OrlM coct ($)
Yrtcr ollccti,on tinc coct (t/hour)
Ec8in. of onponcnt tifc lookup ablo
ILadpunp &livcry ntc (l/nin)
StraCpipc dolivcry nu (l/nia)
Wrtcr trbh dcprh (n)
P*l cagiuc sizo rlocod (tly)
Dircount ntc (frrctbn)
No. of yclb for 5 hr diclcl opcntionq*"! cagiac rnnuet. coot (t/yclO
Dicrcl rttcad.nt (houn/ycer) -

DicaGl rystcr/cepitr rnaul. coct
Dicscl rptca/opitr crpiul mct
Diacl civit rorb uaurl. coct
Dforcl civil worb O&M coct
Dicr?l fircl ryuurl coot
Dicaol cngiac fixod cost
Noninrt dioscl opcntiag hours
Pi"r"l enginc nominrt life (yeen)
Di6cI syltcm wttor ccrt
No, ', ;lb *hca dicrl opcrrte! longer hours
Dic*t ronrnl OtlM cort
Dir*l pump coct
Dicrl pump cfficicacy (fnction)
Di6cl pump O&M cort (96 capitrl coat)
Pi*t pump annud O&M cort (t)
Diacl pump sizc (kV)

VARIABLE NAME
TPLUSDISCNT
ANNLFCTR
ARVLRATE
BATCOST
BATDOD
BATEFF
BATLIFE
BATSIZE
BATTERYCOST
BCSTORE
BEGPVLKUP
Crlnl,IFE
CTVILO&M
cLcTcosT
COMPRPLIFE2
DELI{P
DEI,sP
DEPTH
DIESEI.SIZE
DISCOT.'NT
IELSHRYELLNO
MLANCOST
D6LATTEND
D6LCAPITANCST
DSLCAPITCAP
ELCTYILANCST
DSLCX'LO&MCST
DsLFI.'ELANCST
D6LFXCIT
DSLHRSNOM
DSLIFE
D6LM3CST
SLMAXHI\ #ELLNO
DSLO&MCST
DSLPMrcOST
DSLPMPEFF
D$LPMPO&M
DSLPMPO&MCsT
DELPMPSIZE

B-1



DiGtGl puog rnnurl coEt
D&rol rltor storrgc cost
Dbrcl wrtlr rtontc votunc
DiG$l totrl rnnu.l cort
Di{!.I totrl crpitrl coct
Dicrst driry uro houn
Dlrol erjho rsturl uacful lifo
Di6.l Dump yrrirbb cocr ($/E dcoth)DLd punD vtriebb sr (t/nr-hour)
Di6.t rel{r) oocr
DiGrd po!r, rtorrtG drn roquircd
Ed of FY coat lootup trbh
DL!.|ojim frxod car ($)
Diocl Jyrtcn crtitrr erpint oost
DiG$f catt!. vrriebb cocr (S/ts)
Frmily ria
Ftrl ocr (tfiar)
Furl to *rtor cfl-rcicacy
Fbr nr for ricctia3 h[h-voluns punp
No. of tourr! pGr t ctta,
Ileodpunp ranurl cort
Itadpuap O&M oort
Eia oo. u6!& hcun/vilhto
Ilradprap crpitrt sr (t/vi[rfc)
lP{?otp D.t creitr €eitrt dd ClprroaZn)rrrgrpuog urc crr (t/opirt-yr)
Ilradpsae yurr coltoct tdo fdrip tllrrllrd0uop rrr.r odt stoa tm tn[a/rfplFird m/[rortnrop
Ilradpuop lifr
Ilrodluop ?ror oo.t (!/a)
llrdposp OlU st
ILadpuof lotll rllurl cort
Hrsdpsnp rod crpiot eoer
Ilrndpuap rucr olhctkn dE (Ei!4)
Ilrdpuop vrrirbh coa (t/a)
llradpuap ranll nlt ciri
l{radpuap nll crpld oct
XraAeuap rcll Ol,M orr
Ilmdpurp rror oo[octln tiat
ltrr"- lusle,uap rrE rbliwty (lordr/tour)
nraaesop viltrjr &ity *rrt-d;anai --
3?bqgn (Uyt,/or/arry oo ptrn of irny)
Jy_.or rlcuad (UEtr fcr cepia-dry)
lf,rr. rlb*rbh dhrol opcnlial fouirHu. diml rclt *rttr iueut Int/al-,"rl{rrioun Drnonr rrrcd pcr traipuaep
Itilu. hradpurnp vilbjc popultloo-
ilu. PY punp ur boun (houn/drvl
ldrr. Py rctl drity ourpur (ntldty;'
Mrr" pcrroul rtroJ pips
Mu. ttrld pipc viilgc popuhtion
Miaimun ti*rittW puag eolt (t/punp)
Mia. rc. of rslb trqoind

DSLPTIMPANCST
EI^STORCOST
DSI.STORVOL
DSLTTLANCST
DSLTTLC13ST
NLUSEHN,S
DgLUSELIFE
DgLVARM
D6LvARQ
DSLWELLCOST
DSLXTTRSTORE
ENDPVLKUP
ENGFXCST
ENCINECOET
ENGVAN,6T
F.!,ZE
FLELOOST
F(.rELTOWTREFF
HIFLOWPMP
HOUSEtt
IIPANCST
TIPANOCM(ST
HPATTENDMIN
HrcAPCUIT
HECAPTTCAFCST
HDCATITrT?CC6T
,IFCIfTBL
HICI,CTIME
Hln(DcsT
H?T.IFE
Hru3WTNCOST
HFO&M
IIPTTLANCST
HPTTLC^reT
TIPTTLTIME
HPYANT:sT
HPYELLANC$T
HPYELI.CAFC6T
HTYELT&,MANCST
HP$TNCTCTIME
HTryTruOAD
H?TTAM3
INIIOL
LrcD
MAXMLHNS
r --iXD6LYELLOP
MAXHTSERVE
MAXHPVILLGE
MAXPVruPHRII
}dAXPYWELLOP
MA'(SPSERVE
MA)6T"/ILLGE
MINPMFCST
MINWELLli

g-2
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r-

?Sr ooar {t/ln}
l,crtti of pifc (alvitlrfo)
tbpu!rrbl
PY rtrry raEurt gt
PY rlntao raotrd toot cort
PY rrny riat (Yp/puap)
?rY rtE &rrt hounlyar
f-brt uanrl ar?ry oct
FY-b.r" rrny *pitrl oo*
7Y-brL urry ria (Up/wcp)
fy-bri drily Gsray dc&rad (fyfldry)
fY rld b.ssry OIM sr
PY-brr FlcD rnr born
InY-D* prap rtr (V/puaO!
fY-b.t. hnrry cott
PY-b.L r,rny ria (tplltll)
f|'-D.t rlll corr
lY-D.t. ao. o( rl&
lY-ble ralud pGr c.pin oar
FY-brL pr alpir crgiut oat
PY-b* civil rv*r ralurl oort
tY-t ,t clvit malr OtM cort
FY-D.I ?tsr s.r (t/er)
fY-t t uny I hmry Otll] cr
FY bdraor of, ryac gncirlcy
fY-b.t. nru, relrrl oorr
fY-brt prarf mfirrl o6
7Y-irt Durlp OtM cr
fY-DrG rrr E $r sa
fY-br. pol ralsl ou
fY-!.r b[l gctrrl om
W g opin c#d om
t1l W ogil rlln{ sr
7Y elvlt rortr ulul orr
7Y clvit rorlr Ollrl ml
lV rrry tifr
lY xre I ryrry om hoha ltb (t/?p)
7Y ur tDrttiplt t
?V rrs om O/ar)
7lr rary Ol,M a* O/f*r)Ww sirryidur
fY giobr m
ff po9 llnu.l 06
7Y psaf OtH cu
7Y prap *fir;fary (rkf brrmy)
7Y eurp frieiray (ritlrxrf trnrryt
Hi$-no? FY pnrp tifr
l,oa-flor ff prno lifr
lY br.,Iu? Dra, OfM (i crpirt oar)
7Y fifb-flt; peep OfU $ ryid et)
7Y pollo opirt oorr
7Y grap rb (?lrttt)
7Y rrrry fiz rra;r for otiq ,u6g t rrny
7Y rr$r $orrt, elptul oo.t

PTPSCST
HTItENCT'I
TOTULATION
PYANCOST
PYANTTLCST
,YARNAY$TZE
TYATTEND
TTBARRAYANCST
IYDANN,AYCST

'YBATARRAYSZ
'VBATENEN,GY?YBATOIM
WSATPMPUSEHR,S
IryEATTUMPSZ
tvDATIs,YCST
TYEATUNITARRAY
TylATYELLC?ET

'YIATYELLHOrvtcAttTAHc$T
TTDCAPTiCA?
trSCYLANCST
rvDcYl,orMCST
ryEMrctT
TvEOtUCSr
rvEsErr
TvtruMrAHctT

'YBTUMFCO6TlvtluMFotMctr
TvuToncCIsT
rrrlTtlt{ct?
rytrTlcu3T
rvcAlso$T
rYCA'TTANCTT
rfivILAt{cusT
rycYLoil.t^t{ct?

TUTE

'YLTUPT!trvx
TyxromT
ryott{AlrtcutT
Tvtf,RcAF0OST
rvilrEco8T
?vlHtAtffi?
f}'tXtAl,l0f HCff
lvt}[ttA?f,rF
W!'frgtr
;vtt{}nILIrE
TYruPLOTL.lrE
rYIf,,tIOrM
ttl'PMIUI'IHI
TvnnnrcAFCST
7yru[,TFYATTtr
TYT,ANOE
rvtroic^roosT

,,1,
I .',
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FY rrtsr rt{rrryc volust
?Y btrl crgitel cott
FY rcll ooct
PY m. of rclb pcr vilbto
PV rrtcr rtongo rquinoror (drn)
l{iaiaun rricr drntod (tirn/capitr/dryl
frtor deered u crocr-otrr poiar
I"elr*oco3 prGr.lt nic. frtor trbh
S&,ilbd hk rrjo ntl (3/bour)
St$dpig. wlcr colbcr dEB botup ublc
$utdpip nlcr oollcstiol rinc (Eio/trip)
C.ncr por raadpipc
No. d rrp./mudpip.
$nldpipc *rrer lrtboril3 tiro (aia/l)
Stradpipo rrrcr colbct tire (hrlviltl.lyrl
Snldrigo dclivory rb (b.e/hr)
Srndpipc drily **rr dGrrnd (orlviltrlc)
Srrrdpro. oal (t/vi[to) -
Aarlyrb lifc
Irtpr trah Loi3ht + pdepln1 bm.r
Ho. o( trgt pcr ntcr poiat
Tioc U C-lpcd oo clstic dcorad curvaTiu rt q-lpcd ol iatbtic &nrad curvcLd qn*d pc, rrig (litr r/rri9)
Tinr il cloo oYGr poiat (fulot)
Tim rr srilt ov;r poirt (rti!^)
,V-blr. buary ris (tWh/purp}
!.rcr collictlro gcnoo.r nlrr of tie (3/hri
Strdpipo u* alti-icry
UrE goiar rr ho,en (houn/rtry)
rdfial rpod (lalhr)
?dlia3 dbr!c{' (, rrsr pohi (a)
Trltia3 ria* (ain/rrip)
Frrtirr of fr.ndy ima rp?!t oo ?rtcl
Cott of r rrlt
YcIl ttpo !o bo rrtGcd for urlyrb
ltaoor podrriaS rorl hmrrlfrm.ily
Srt ct rrtcr erlloct. tie froa &anad cnrvo
Ho. of ntcr poba
lluiann rdt yhtd (rtltour)

FYSTOIIYOL
PYTTLCAFCOST
PV*:ELLEOST
PYYELLT.IO
T,YWTK;TORE
a0
Qx
R,PLTBL
TKLDLBN
SrcLCTBL
SPCLCfiME
$rc6T
$PTAPI}
SPTTLTT},IE
STTTRCLCTIME
SPYTil,oAD
SPTTRMI
STNDPIPECO$T
SYXLIFE
TANKIIT
TAPS
TELAST
TINELAST
TNIPLOAD
TXHNMI
TXMIHL
I,'NTTSATSIZE
I,'NSLXYAOE
USEFT
lrEHns
?ALT
UALKDTST
YALKTIME
?ATER.INCM
trELI,CUT
sELLTYPE

"NKHRS?TRCLCTIME
?TN,PT
YIELD

-('.J-\
- 't-;t

, rt,'/
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I{?rrT DATA LIsTrNq
i

lptolrrion (klyhiE},q.y - FOAI

Yrter coorunptilooi
(tircn/ceplrley!

Ycll typq

lv^qTFR DrI rvrRY RATrq
- llrodpunp, (Vaia.)

- St od pipc, (Varia.)

Iocoml tD6[l oe rrrtrr, (*)
NlTbor of wtrricr,/frnily
nroroun rtltcr mcd, GrcD]
Vork bun/fiarily
Hourin3 &arity, houra/hr
$rlkin3 rgcc{, lm/hour
Mrrimum Wlfig,|lr:ip
Yrtcl poiat urc, houn
No. Trpr/rtrdpipc
StrodpipG uro cfflchacy

Mer. Vctt ybb (srltt)
?rtcr obb dcpth (a)
Srory. tlnf h.ithr (D)

fY oo.i aultipliar
Minirurr rc. of rollr

Min. Pump colr 6/puup}

DiGrGl an3ina tl/bYy,

Ston3c cafi (tI
Pipinl ,*rt (J/ml,
Stladpipc @r (tI
Ycll co* (3I

S.INSOL

20 - LFCD

3 - YY LTYPE (l-S500/5M. 2-llJO0/20M,
3-t2500/20M. a-ti000/20M,i.{m) / 4$U,1 "

GEHOSqYELLTYPE- t r0, t r, t 5. t 5, I 2). DELHP
l, . DEISP

! r YATERINCT{
t r FSIZE
l0 -Q0
z0/t'tRlZE - WRKHRS
25 - HOUSES
3 r YALK
2fi . TR,IPLOAD

6 . USEHRS
2 t TAPS
I r USEFF

t0 r YIELD
CIT|OCHIYELLTYPE - 1,5 30 2A,2A,{0) - DEPITTt0 . TANKHT

I .PVM
I r MINWELI.S

7.W
4.25
2.ta

l.00tPvM
7,TS.WM
r.wwbt

@,!F(DEPTH<.7.500, t 000)

€,IF(DEPTH<30,3000,5000 I / Ktt +
orF(DEPTH<t0r00Ja0), FoR kYe3

!000 
.IQRT(VOLUME . DAY,S OF STORAGE)6 - PIPECST

150 - STNDPIPEGT
CIHoo6E(YELLTYPE- t,r00, I 500,

2500,5000,t000) YrtLcoET

8-5
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,00
t000

Notc for tl!9 Yp, Fr prr*p o6t b'ffi o! dicrGr puap oofr r]ii[vxj.*od foroI I lelrnwl difforpacer.
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--/ I
-.'/ I

-,- /
_./ ./ t/-/!

200 r BATCST
0F(DEPTH< I 2.0rt,0.35) . PypMpEFF
0.ft - PY}MPBATEFF
0.f - BATEFF
0.9 - FYEGEFF
0.l . SLHM?EFF
0.S - FLTELTOYTREFF

! r SLHRsftOM
12 . MAXDSLHRS
16 I MAXPYPMPHB,S

0J r EATDOD

t r fYTTOnYoL
t . US.3ITORVOL

YIELD'IIAX}1/?M?HNS
YIELD'MAXIXXLHNS

€E(DtryH<7 o,r(uuHx$6,{0"20),
tolF0rsEfinSr6,20,tO)) r Hpotlt
t r Cmf,OtMt r fyEATOtH

lt . US.OIM
l0 Fl tl3 < HIFLOilPMP r TtfPM?rO&M
, FI t.t' HIFI0ylf,{, r FypMFOtMHt

0S . lfLDLtn,
?r2 . FyATTEI|D

0.r.t6t r H?ATTEtrtDMtN
XriA r DS,ATTEND

0J r FLIELC61I1

l0 r H?LIFE
t0. FOn M. FYIFHPI,OULIFE
?J, FOn n"Of:l>nmffnff r ff?MIHILIFE
tqDErm<?.to,t0)m r C$YILIFE
m r FYLTFE
I t IATLIFE

: DlSl'tOUl{T
. SYILIFE

0.125. Ur{Sl[DLBn
(YEl.l, N0.O)

t.q I tLuDtsooutttT^( -N.YEAR )),

Elttcry 0o|r (tAfri!
PY pwop offkicacy
PY pung cil vl brtrcrf
3.tbry affisicrf
PV bil ofl-rcicocy
Diaol gunp dfickitey:
DiaGl ftrol !o rn& rdf;

ldooinrl riitrcl oprruiol ([n/dry]
Mu drrrol opcrrrfu tn (hr/rby}
llr.rinur PY-brr pueg fn tfriiOryl
Albryeblc b.rrry DOD

Stonfr/rnaa (rhn!
Storrl./dilot (dan}

Mrr. fY;Gll crtput (r,rlt&ry\
Mlr. Diel rcll ougpei (u,rtAy\

llrodpuap &ff $ of apitrt con/ns!

!!-vil rorlr OfM $ craird corVyorrl
Ftr rrry t b.r. OfU (i crp. C&yr}
Ert OfM $ crrl.rt filnty** " '

7vm/ponporx(t q.Crrrtiri,
*ttldrmd. nrOAffiI
lv eory .fi.dur (touer/ruplrlr!
llrrdpsog, tYl@/rrtCIroa:-

(tglrrlrra pohUfrr!
Dh.t rm&lt Cocalpmelirri
rrrf fi $lllrrl
Xl*erry lilr (lrr}
*larr.lrpe ltfr (yrn!
llprotlry tilr (frn}
DLd lifr (trrr}
Ci"ll eib ttrt (yrn!
7l rrrnt lifr (yrn}
ItE , tife (trnl
Dircomr na
Syrco tifr (ycrn!

Trtcr olhetitn utt rrc (t/tolr}
Corr rrrr ailcr tiu?
hrrar vrlrr of rdocma

0.r
m

c.pirrt .cuipo.lr rararrdq r*txDEc(xr}{r/( r <, ffis$#f*ffilffi ll

,/
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___+-) ,,u,

Thb rnrtyril it hsod on firl f!"ute$r thc tir (T, niaurat 1lrurl I pcrroo ir wi[ing ro
tD3od 3rrharia3 L lircn/crpin/dry of rnar ruinr itc rrtor dcrrad eui?cr dcrived Ui ttrc
UNDP/World BrnL Hrodpuopr_Proicct (rl reporia ia Yortd Brak, 'Runl lyrtcr Supply radSraintiou Timc for Cher3e.). Trocurvcr rc ulod, in thG ilofutid &ernd ,"fioo, Ucrcbrborhig bstrun L rod T i,r dtra bfc

Yrcr colbction tin / in lrrtic dcrrd curyo .
Tt (min/l) - l00o.YRKHRS/(LrcD-q0rrsIzE)^2.60/too0

. TINELAST

I! th. chrtic rcfioa. th rctrtbarUp ir
Yttcr oolhalra tim/ctrrtb dcord cutvc r
Tc (nb/l ) .-*ffiNCM/ I OO.IYruCHnSt r 000/LrcD/7.@ / tW

Thc tie rt dp croorovcr poiat fron iachrtic to Glr$is damrod b rcfcrrcd to ., thc
'sroctovcr poiaf. Tho crocr ovcr poiat rrtrr dcmrnd, ex, rd tir", nt,-it rir* ur
wr'r u," rt * "ji(rfii,$ffigyg;oo+r)+

CfilRN..r$zE.Q0,.yATEruNCM/t0O+t ))/ (2.(WATERIN-
ca{/roo).FsrzE)

- 200O'YRKHI$$TATERINCM/ I OOf 2l
((2tFIilZE Q0.YATERINCU/I00+r)+ GISQRT(aIrXLZE

'Q.fwATERlilCtrryt0Olt )) . T)(HRM3'

r TXIIIRI{S.(0,|I0[[.

Tb. tir oorraeoldilt b L r LrcD ir Sivco by

schctod rrrr colbcrbo ti'r.. (Eiul). Td r toIF(LrcDex.TELAgr,TINELAsD

Tb auin'''r luobG, o,f pcrroar rcrtrd gor ?rtar goiat b oollpubd by rbcrtag tho nunbcrof ?:roor (Fop) rnod_rtra ?tor noirtar uuiirl r-cirurilo tb ;tD. ifrpo Iriilbg ro rpcrd (Td). frnr cd"lccdoo riu b ooi,iLr:
t. fr&iaf tina
2. Qrrcuia; tioc
3. Coatrioer filtta3 tinr

T'dlia! tinc dcpoodr on tb dirtroo ;rltcd .sd tb. *rttiaj DcGd. Ud&ia3 dirhrco
dopcoAr oa tho poputrtioa dcldty rad FOE

VlIt dbtrns (natcn) . @GeRT(FOp/r'SleE/HOUSESttO0O0)

Yrlt tinc (ai!/trip) . DISTIYALK/|Cf,f,fi

lurui{ tioc b conrput;d uria3 rnndrrd gucuia3 nodob (Soc X. Wrgnor, .kincipt6 of
opcnlioar Rorcrrch,'sG6!d cditb!, prcnib nll crupar 20). Td 16dilil1 uodctcdu r ria3h !trrlrin tytten rith Poirron iaput ud erpoarniirt rrvbc. Tho ,tinCprpr, rhich

t -;-'i t//

TX (hrlnt)

TX (ni!^)

-),/ 
'
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h* two trPs !l erch wrtcr poiat ir Dodlbd rs r two rcrvcr rystco sith poirson iaput andrrpotenthl scrvice. Thc cetcuhtioa oq,etioo! r,e rbova bcrow:

Yrtcr deiivcry r.tc
(hdr/hour)

Arrivrl (trifslhr)

Cotlct/HP (oir/trip)

- DELHF60/TBIPLOAD, FOR HANDPUMP. HFYTRLOAD
- DEISF60/Tf,.!PLOAD, FOn STANDPIPE - SP,i{TRLOAD

- PI0PLPICD/TB,IPLOAD/USEHRS

. G,IF(HFYTIILOAQ1I IFVLRATE, I/(HPUTRLOAD-ARR YLRATE),
ONA).60 - HPCI€TTIME

COIISI/SP(mia/trip} .@IF(SFIYTRL0AD,SPTAF.ARRYLRATE>0,
dor(AR.R VLX,ATE^z/(SPTTR LOA D'
(a$PaffRrcAD^2-ARnyLRATE^A))+t /SFyTRLOAD),G,NA)I SFCLCTIME

?otrl vrter l.thcritr! rinc b 3ivea by:

fotrl iimclHP (min/t)

Tor.l finc/SP (niclt)

- (WALKTIME+HFC!"CTIME)/TRIPLOAD

. ($TALKTIME+SrcLCTIME)/TRIPLOAD

An itcntivc prmdurc b urcd o ptoct ilrc populrtba (Fop) n rhich rr oqrnlr T&

Mrrimun aurnbcr rerrlrd pcr hrnCpung

Mrrinun aunbcr *nd pcr ruadpipo

- +.IIAXHFYILLGE.LrcD/ I Or0
- +*IA)(SFYILIC E.LFCD/ I 000

. @MIN(Y!ELD.!000/LTI USEHRS,
€ru,ooK up(f,rTn cLcTtME,HrcLgrBL,2))
. MAXHDSEBYE

r @VLOOKUP(YTR"CLCTIME,
SRCLCTBL,T f USEI.F - MAXSPSERVE

Thl follorial crlculrrionr coopus thc augbol of rclb rcquird gcr vilh3c, tbo ryrtenoooponcot rizcr, rnd inirid crpiut, ranurtizad apitrl rao irartr co*.
Hradpurnp - nuinua villegc Dopuhrba (*) - +MAXHPSERVE.UTR.PT
Strdpipo - urinun vith3o poputrrha (*i. +ffeXspsiiVf.yfnff -

llrndpunp drily rrrr rnr (Dt)
$trndpipc drity rrtcr uro (Dt)

No. of rcllr rcdcd rith Fy & ao blncry

No. of rcllr acodcd rith diacl u:t

B-8

r @MAX(MINYELLS,
@INT(+SryTR *t3 /Y'E,LD./ rNSOL {o. e ) )

. +EiLHRSNO*|, hrr,ldrly. @MAXIMINWELIS,
eINT(+SPYTRMS/

YIELDID6LHRSNOM{O.9))
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.t-,/i

No. of wclls necdcd if
Di6cl uscd more hrs/day

Hn/dry urc dioscl

Di6cl en3ino life ycen

Punp drc (*rttr)

Sroragc volumc (mt)

PV rrrey rizc (Yp)

Pipint hngth (n)

Nomiarl pump rizr (tly)

Storajc volumc (rnt)

Dicscl coginc (kW)

\ ,/ 
/\

- @MAX(MINWELLS,
@IF(DSL5HRWELLNO- t,l.

@II{r(SPyrRM3/MA xDSLwELLOp*o.9)))

- GIIF(DSLSHRWELLNO - DSLMAXHRWELLNO,
D6LHRSNOM,+SpryTRM3/DSLMAXHR wE LLNO/yIE LD)

- @IF(DSLUSEHRS<5,IELIFE,@INr(DSLIFE. 5/DSLUSEHRS))

. 9.t I TSFIVTRMS.(DEPTH+TANK HT)/
3.6/PVPMPEFFITNSOL/PV},ELLNO

- +SPIYTRM3. PVWTRSTORE

- +PYPUMPYArrS/ PVB{,SEFF

- 90'YTR PT^9.d(!rA)$PVLI_CEIF$IZEIHOUSES)^0.6

- 9.t I |SPVTR M3.(DEPTH+TA NK HT)
/36OC/D6LPM PEFF/D6LUSEHRS/DEL MAXH RWELLNO

. +SPYTRM3iD6LYTRSTORE

- @MAX(GIINT(DELPMPSIZE/O.8{}.9).3)

Number of .rellr requircd w/o blttcry . pvlyELLNO

Numbcr of relb rcquircd vl brtlrlty - @MAX(MINT/ELIS,C,IF(PVWELLNO.!,t,
@INT(SPYTRM3/MAxpvwELLOP{0.9)))

Emr3v rcquirod vl triwtv (klvh/dey) . 9.tt.sptyrRM3.(DEprt{+TANKHT)
/ WO / W ?U?3 ATEFF/BA TEFF

Bettcry rizc (kYh) . +FYBATENERGY,,BaTDOD

.a'{

f:-.

Arnv $zt vl bat. (kwp) - +pyBATENERGy/pvE(xEFF/INsoL

Pump urc hn/dey (uin,pat inrol. hn)
. G,IF(+SPYTRMS/PYBATWELLNO/YIELD

<INSOL,TNSOL SFWTRMS/PVBATWELLNO/YIE L D)

8.9
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;-{'
ur-'/.,'

./1

aoST AN4IjYSIS

- +YTRPT.(HPFI(DCST+HPYAR6T.DEPTH)

. +?TRTT'VELLCST

. +HFCAPCGTi}IPYELLCArcST

llradpuop pcr crgirr c$itd sr (l) r +HPrn,CAnCOST/MAXIiPVILLGE

PV SYSrFru sf (No BArtTFRrrsl

?unp cocl (t) - (PIF(FyrnnAlnszE<r000€,MAX(Fvr1'ELLNOT@VLOOKLTp
{PyARRAYUZE FyLKt 

"TBr, 
r rpviineitstzi, ---

FTTELLNO'MINPMPCST), PvvELLNO'
ELPMPEFF/pvpltrpEFF(BLFXC$T+

IX$LYARM.(DEpTH+TA NKIfD+

sonjoc6r*) r+BCSroRE."ro-#;ll**/PvYELLNoIINsoL))
FY rrny 6r ($ - OIF(FIA8RAYISUUE<IO00,PVYELLNO,

EVLOOKUF(FYARR,AYISIZE,ryLK ['rt3L'rPVA RRAYXIZE,
rrrELLNOr(o. 7r+€fJ-LOOr unpv^hh,lyszi"rvr.riirrar""all.PryAtllt/tYSIZE)

Pipiaf co".. (t) . +PI7BF1.pIpELENCTI;

$radpipo sr (8) . +YTR.FIrSFC|6,r

wctl crt (t) - +SELISGTiFrrELLNO

Totrl Pv rvtoo sr 0) r @EuI{Fy gtrrEM coMN)NE}rr c6nt)
FY pung pcr qpltr sr O/pcma). +FyTILCAPO6T/MA)$FnLLGE

hap c6. (t)

llradpunp c6E (3)

Ycll cort (3)

Totrl cat (t)

r c,rF(FyEAr"uMHtZ< Iqo4MAX(FyBATyELLNOTG'WOOK Up(FrSATpUMpSiZ_, pvLK-t r?TBi, r p 161 apg."ffi 
- -

FyBATVELLNO. MlN PMFCST),
DSLpItpEFF/pVpMpBATErFpvBATf,iELLhO.

(EXILFX€ST+D8LyA R tr{.( DEpTH+TA NK IfD.
D6LVAN,Q'YTN,PTlPVBATYELLNOIPV'EATPMPUSE HRS))

. +PYSTORCAFCGTStonp co* (t)
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PY errav cost (t) - @IF(PYBATUNITARRAY< t 0o0,pyBATtyELI"Not

Pipinl cost (t)

Stadpipo c6r (3)

IYcll cost (t)

Bettcry co.t (t)

Tool PV ryrrln 6or (t)

CVLOOK UP(PYBATUNITARRA Y,PVLK UTT8L.2 )'PVBATUNTTA RRA Y,
PVBATT/ELLNOT(0. 7,+G,VLOOK Up(pVBATUNTTA RRAy,

FYLK UPTBL,2))IPVSATU}.IITARRA Y}

- +PIPEGT.PIPELENGIII

. +YIRFITSFOffiT

. +WIELLCGT.PYAAT1ilELLNO

r +UNITBATSIZE'BATCUT'PYBATVELLNO

. 1pSL!M(PV-BAT SYISTEM CPMPONENTS)

. +FYETTLCGT/MA)GPVILLGEPV-ht pump pcs crpia coct (t)

nlrlrl- PUMllNc sYsrEM COSTS

hnp qr (t) - @MAX(MINpMFCIT.D$LMAXHRITELLN0,
+DSL MAXHRlYELLNOT(NLFXCST+DSLVARM.(DE pTH+

TANKIfD+DSLVARQISPWTRMS/DSLT SEHRSIDSLMAXHRWELLNO))

Storyr st (l) - +BC$IORE.€6eRT(DSISTORVOL)

D&JIGI @Or (t) . +D(il,MAXHR,WELLN0.(ENGFXCST+ENGYAR,CST.DIESEISIZE)

fipinl c6t (t) - +PIPEC$T.PIPELENGTH

snodpipc sl (i) . +YTRPIISRCo$r

lYctt co* (3) - +YELLCGT.DIILMAXIInVELLNO

Totl ryrram co* (9) . €SIJM(DIESEL SYITEM COMFONENT COSTS)

Diool pcr opitr 
"rr 

(J) . +DXILTT! CO$f/tt{AXtFyILtGE

wTn CLCTIME/60pUNSLKy4G8.365,0)

sandpipc rrtcr coltcctioa coot (t I ylrry @Ir(cl,crcor6T- I sFryTpM3. I OoF
WTRCI CTIME/60'T'NSLKtrAGE'365,0)

Hrndpump coct (t/yc.r ). +?IFCAPTCOS1 G,VLOOK1I(HpLIFE,1pLTBL,;).ANNLFCTR

Yctl cort (Jlyeul . +WELLCO$T'WTNr]1'ANNLFCTR'G,VIOOKUP(SYILIFE,RPLTBL, 
I }

r' i )'.,.

ANrltr I W ?rt COI r FCIflO}.r COISTS USI}{G rflifnpurvps ^ND Sr Nnrr,rpFs

Hudpump *r&r colloetioB corr (3/yar) - @IF(CIcTC6I.|,HPyTRM,.I0OO.
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Headpump O&M cost ('/ycer) - +HpCApCOST.HpOilM/t00+
SKLDLBR' YTRPT'HPATTENDMIN

Wcll O&M coot (3/ycrri

Toal cost (t/ycer)

ANNUAT IZFD CNCTS OF PV DUMP SYSTTM (NO NATTFRIES)

PY erny coot (tlycrr) . +FlfcAlcsT.@vtooKWpwIFE,R pLTgL, I TANNLFCTR

coMFoNENTS)

Handpnmp pct crpitr cct (t/yser) - (HPTTLANCST+HF*TTRCLCTIME)/MAXHPyILLGE

Hrndpunp urtGr coot (i/nt) - (HPTTLANCST+IIPYTRCLCTTME)/HPYTRM3/36S

Pump coot (t/vear) - G[F(spyrRMS/pvwELLNo<HIFLowpMp,
+pvpuMFCr FCST.@Vt@K Up( pvpMpLowl. tFE, R pLlBL, I ).ANNLFCTR,PVPUMFCENCSTE6IVLOOK UP

(pypMpHILIFE,R pLmL, I ).ANNLTCTR)

Civil rorl er (t/ycerF (ryYELIf6T+PVSIORCAFCOST+
PYPIPECGT+SI NDPTPECOST)

.€'1'LOOKUft CTVILIFE,RPLTBL, I ).ANNLFCTR
PV O&M coot (l/yar) r +PVCARCGT.PVBATO&M/IO0

Pump o&M coat (i/ycrr) . @lF(spryTRM3/p\ryELLNocHIFLoyptuft,
+PVPIIMFCAF6T.PYPMFO&M/ I 0OIpVATTEND.

SKLDLBR'PTYELLNO,
PYPUMRCAFCST.PYPIr{FO&M}IV I 0O+

PyATTEND.SK LDLBR.PVYELLNO)

Civil rort Ol,M coct (t/ycar) . (PYSTORCAFONI'+PVpIpECO$T+F|.YELLCCTF
Crv&OfM/t(nlHPATTENDMtN.SKt ptnRrCSl r

. +VI'IIPT'YELLCOST.CIVLO&M/ | 00

- €6LIM(HANDPUMP SYSIEM ANNUALIZED COST

- @UM(Flr PLrMP SY-ATEM ANNUALIZED COET
@MFONENTs)

r (FiIAI{TILCOST+SPX/TR q,CnME)/MAr6pVILLcE

r (FYANTTI,CNI+SFSTBCI,CTIMEIISPVTR M, / Xs

Totrl cct (llygnrl

hr crpitr cqt (3/ycu)

Pcr n! cosr (t/nt)
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ANNITAITIZEQ COS_IS OF pv;BATTERy pUMp SVSTEM
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llbugu.rq!., H l?lll
Publls lrrvtsr Ellc. 3 Orr. Co. (r)lft03 B.sry lor.a

t. trrllar
t0 Prsl llrrt
'. 

O. lor lgIrrrl. [I 07101

tEl.t.s
ttt lailurtclrl LooD
Ot.!g. lrrl, ?L l3?Ot-lll!
ptf tatrgy lyrt,rtr. t!c.IttE! nt. ?rul f,rycocl
P. O. lot ztO
Crtrnovr, Vl ZZOL,

B.rot. Porrr lnc.
IttD: Jlr lrlcb
619 t.llagtoa
tt. colllnr. co totza

Brnrurblr loargry In;tltutrItt!! Cerlo lt Port.
lOOl Cona.ctlcut lY.. t71t
Irrllngtoa, DC ZOO!6-5504

Irrrercb ?rlrnglr Inrrltut. (2,
Ittn: Crrl Prrttr

llra llyrlt
P. O. lor l31ll
Irrmrch ?rlrnglr PlrI, lfc 277a,

tobblnr ra0 llyrr:
P. O. tor t6t
lprlagltrl0, Otl t360l

locly louat,rta lnd.Itto: l. trr6lnrly
Dt.u.r ,at
O16 taomr.., S lla6a
f,ltm C. lurrrll
ltr torrt Olta lot0
lordlrg, Il OllaT

tll Iltr
lctr: l. Illrtoa
P. O. lor IOO
Ororgr lrrblagtoo Erry.
tlacola, lt Orfat

lrlt tlvrr lrotrct (S,
ltt!! Jlr l3orrlt

Itrvr Ctrrlrrrrt. O. lor lll0
lhorah, tl atoot

tra Dtrgs Otl 3 Elrct,rloItta! Doi l. lrrllel
P. O. tor ltlltrn Dlrgo. Cf t31l, ''

llrDlrr tolrr tt.t.r.
ll30 f. fhorpr
trllrberllr, ?1, ,ZrO,

/.i
\t
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8tr llvcrr Bolrr. fDc.IttD: Cr.E lllllrrr
ll! lrordury
Sorrlr, Cl l,$iol
8nD
Itttl: D. Colltrr
6201 8 Btr.ct
P. O. lor t3O
Stcr.ll8to. Cf t5!5z-lt!O
tolar tconotlet, lac.
Itt!3 llrrtln r.tzr.a
727L W. Drlyr
Drllu, ?I 752t0

Solrr !lrctrlc
Itt!! Hug! Dler
l?5 Crrerdc Court
loharrt Prrl, Cf ,l9ZS

Solrr llrctrlc 39.ct.ltl.r
Itta: Jlr lrlch
153t llvrrrldr
tort Colllnl, C! !O5Za

Sohr llrctrlc 8yrtilt
IttD: Ilcherd V. Colrlar
l7l? ttoo.t ,.v.au.
Ileul Cltf, m alll0
Solrr EnrrEy Indurtrlm ltrn. lZ,Att!3 Drvld Oorla

toott 8ll.s
L?zO ;. trea 6t.
lrllrgto!, Ut AZZO}-20O,

Solrr f,nrrgy irrmrcL lart. (3,
Ittn: ttcirr0 Drltrrlo

,ton!. Errllnr
tob lcConnrll
?or Surrl
td rlrr

!tl? Col. tlvd.
coldrD, gp ioaol

Solrr laglarrlng SrrvlcrrItt!! tlr !rllt. O. lot ,lza
OlrrDlr, I ttSO?

Soler ?radr lntorn.tlon.l
Itto: ilrnurl J. Elraco
63O-6i.D lv.Du. * SultG 3il
8.n tr.Dclrco, Cl ,atl!
9olrr rorlr
IttD! Lrlgi Srddqa
It Ertlrf tvr.
Iootpcll.r, Yl 05602

8ol.r.r Corpor.ttoo (f,
Itt,o: Irlcolr L. lmr

Joba Cortl
Prul GrrYlron

1333 Plccerd Drlvr
Iocfvlll.. IID 2O85O

Solac lntrrnrtlooal, Inc.
Itt!: Irh.q thrbryrr
12513 Cbrdron lvraut
!t vtholD.. Cl 9O25O

South.rn Crllloral'r zdlron
Itt!: Ilel P.t.Dott
P. O. lor IOO
lorlrled, Cl ,17?O

toutbrrn Corp.oy Servlcrr
Ittn! J. ?trotby p.tty
?. O. ,ot 262,
tlrrlogb.l, lL ,rZAz

Sovonlet Solrr Syrttra, tac.
la75 I..t frpl. lorG
?sof. fI atota

SDrclrlttl ConcrDtl, tae.
tO23 ttoo 1v.,, Sultr D
Craogr Prrl, €A tlt0t
Splrr Corpor.tloa (e,
Itt0: nog.r Llttl.

8t.Y. Hogro
Prtrlotl Perl
lrdford. Il 017tO

8ton. t f.b.t.r Engr. CorD,
IttD: Drvr lgu.t.
215 8un.r Bt,
tortoa. lll Oltzl

)
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Strrtrgtrr Unlhlttd (?),ltt!: lill l{urrry
Iobrrt StrGle

2O1 8rn lntoalo ClrclcSultr Zul
kuntrln yllr. Cf gaoao

Eualrott
Atto: Lerry gcilsrrlrr
8or 11Ol
Irc.t., Cl 955U1

8ultr.clar golts !n.rg!, 6y.t.ralBt!: Olrnn tldcn e irrollrtor
3OA U.8. 30 E..t
Bsy llryla, If a67?l

8f BES Etporheot gt.tton
Ittn: VtrD B1::or
f,ty ll.rlco gt.t. Unlvrrrity
Bor 38OL
L.t cruc.f, tBl tgoo3

?rnnrlrm Vrllry lutborlty l?lAtt!: Jora lood
Shrron Oglr8ol.r tpgllerttonr lreacb

l5O Crtdlr Urlor Buildlng
Chetteaoogr, tH t?a0l
Itr Clt,rdtl
Itt,n: J. ?, gchatftr
D.Dt, of tlrctrteel EnglncorlagCh.tl..toE, BC Zrlog

lldrlrad Blgnrl Corp.Ittn: H.rry g.rag.r
l31O Dlrretor,a Eou
P. O. lor 3Zl3O
Hou.toa, !L7A'Z,
Ualvrrrlty of Lorcll (!)Ittn: Jort rert1!

?horrr cortillo
trbd lrkl:

f,rchrnlcel Eagina.rrnq Doot.Lwrll. f,l Oltia
Ualvtrrlty of ?orer

rt lrllngton
IttD: Jecl lltzorI.3t 6rh et -ogtcr Etr.atArllagton. tI ?6019

U,8. lgcncy for lnt,rrnatlonal
Drvrloprrnt (UBAID)

Ittn: Jacl Vrndrrryn
Dlrcctor. lncrgy t ttaturrl Bcrourctr8r. 5O9. 8l-18sr.hingto!, DC ZOSZ,

U.8. Dopertrent of Enorgy (l)
PV lncrgy trchnology DlvlrlooAttn: l. H. lnn.!

l. xr.ntl
V. Iler
l. Bulrslr

IOOO Indcpondrnce Aycnuc gtf
Ierhlngt,on, DC ZO58S

U.S. Dcpr. ot tncrgy (21
It,t,B: Dcrn Grevor

Jor lcltlger
lnrrEy tccbnoloEy Dlvlrloa
llbugurrgut Opar.tlotrt O!f,lcrllbuguorgut, ttrt 07t15

U.8. Drp.rt,lrnt of EnrrgyItt!: L.oatrd J. nogcr--
Itnd/Ocr.n T.chnologiu Dlv.looo Indrprndrnct lvl. gr
Ierblngtoo, DC ZOSti

9.8. Orp.ttr.Dt ol EarrgyIttn! J. Eurbrugb
DOIlIlnd gyrr.rt
IOOO tndrpen0rncr lve., gf
Iuhlogton. DC ZO5!i

U.8. ?lrh rnd llldlllt irrvlctIttB: B. O!.r
lnrrEy llorgGr
Lloyd too Bulldlar, Bult. tgrz
50O I.l. f,ulinonrh BtrmtPortl.od, oB g7?t2

U.8..Vlrgln lelrndt lncrgy OfllcrInrtltuttonrl Cont.rv.t,l;i rrognr
Lrgoon Corplu, Bldg. t. toor itlBt. Crotl, U.8. vlrqln trlrndr OOETO

Utlltty Porrr CroupIttDi ;. gtrrD
9alo D.80to lv.. - untt oCh.trrortb, Ct ,l3ll

/
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Tlrglntr Posrr CorgrnyIttn: ?. lrrnrdoyrll
P. O. lor 3C666
Itcbrond. Vl a!Z(l
Irrar Soler purgr
Itt!: lobtrt f,.ti.t
eta L.! Irvlag
Iood Dllr, tL 60f9l
Irrttngbourr l0vrncrd larrry8y.t.r. Dtylrloa
Itt!: J, lob.rt lLru.ll

Irrlrtlng f,.n.g.s
P. (,. Bor 15!
Irdlron. Pt L566t

tbr lorld trnt (?)
Itt!! I. Dsrll

t. Zrvrlr
Itlt H Ett.ot, I.f.
Irtllngtoa, DC Soatt

torrrorlr
Itta! 3t.v. !..s
F. O. tor e3!O3
llDnr{urrgu., [ ,712;
6200 V. L. Drgan
6220 D. C. gchurlrr
6220 l. V. poorr
622t C. tr. rlon[ (6]
622, If. I. Eorrr
C22, L f, Chapaan
6223 f. 8. Fry
6223 D. f. }lcnlcuccl627t [. H, ?ort622, ir. l!. gtavana
622, ,, 6, fhona. (AOO)31al g. A. IrndrnbtrEti (51315{-1 c. ll. Dalln iza|'61rro8tl3151 lf. L. crn.r (3)80rd P. f. D.an
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