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1.1 

The 4rwewnt ef rural uates mippliu ha8 beon l mmjot fc4cal point of rural 
dwelogmnt effort8 in dmmlapbg aamatriu. amae offerts h&n?8 not ahtays wt 
tith mWcu8, often bauUU ina&qWti l ttukt&on hu boon &mn to proper 
equfpmnt ulutiaq ad 4ue* 'Ihr importmoo of 8tren@hening local institutions 
that m capable of jmdling nsceaury equipmmt-support functions, including 
8y%temdWi#a, in8tallatfon, operation, ma.intananca. and repair, bus frequently 
sot boem remgr&ed. Even am11 de8igmd pump- 8ysteas aftan f41 prematurely. ~ 
dm to I Ia& of plaSU&ag and bsuffkfuht fUnding for tlm lo*-texm racurrant 
COUB of m8inteMue mwl rqmfr. 

Q tb put feu m, ay8tm duigrbu8 hwm hi- to consbhr recurrent colt8 
in tbu plpg ulaction proau~, prharily in tarpam to the ririry, comt and 
tneru0hg 8amcity of comentional enarm l uppliar in dwaloping countrirr. 
Attention is rho 8bifting to alternative *norm sources for pumping, 
particululy Sn rural areaa uhan worm oftan do not have SCCOII to thr nmtionrf 
puer pid. fn I;utb UOU, wzera ham typtcally had or.ly two optionw~dlerrl 
rprtm or ba&pumpr. Dramstic fncroues in petrohurr furl pricer over t!a lart 
tw ~RCMEW bve heightwed fatwoat in other typea of low- to mdiua-capacity 
p~lrlp~& mch u tkwa pamred by uhd and rolar radialon. 

TUB samal was writtan to nid l wide variety of prople who are lmwlved in 
mking &ci*ioar abatt uatu pumping equipment and itr use: 

l wt8 of weat romurcu dovdopnmt projecta; 

l dwdcjmmt p.vforriomlr (with &ow dO6rer of oxpcdmco wf th 
P-P@); 

a homt-cuubltry l d expatrirtr l n&inmrr l d trchnicima workin 
in both public r=rd private 8ettorm, inciudin6 non6wernmental 
oq&afz~tioM (ma) ; 

l Psaco Corps (PCWs) or other voluntesrm with a technical 
b-tsground; ad 

0 technically inclined pump were. 

It ir intmtdsd to enable reader8 to underrtand better and rvalurrte u~ore 
Car8fdly the montages 8md diUdVmta6u of different types of pumpfng systems 
8nd their coapomutr (8.6. , pumps, eu@u, md controls), arsocirted costs, and 
l@ng-km aprratioa and uinteumce (CJW) requirements. WA this information. 
re86br~ c8t-t ~&8 b~~bdgubl~, tort-effective choices of water pumping 

1 



lteqy bmaaoks bswe bun writtea on tb aubjut of naral u8tmr rupply, 
i.xzQatioa, and plrrp aelecrian (see the mmotatmd bibliopapby ia @ponda A), 
mti1 uuntly, rwt of thwe fammd prhmily on the tdmical aspecta of 
cbouin&rpuq, fuuu4ua?rure~ tomcosts& av8SlabiUtyoftechnical 
8kiU.8 md. apcxe pmte, rby8tom nliabillt~, aam af bmtallation utd/or 
opUation, end related cou9der~tions that m osf uy be of puamoimt irportance 
te usem wwe dir,~rued anly briefly. 

wueers iadmmlop* cmaiu factavi&ra& of constraiatsinm8uring 
the-reliability of i-At& ou$plicrs, il&el~ - 

l lack of trahed, uperionced mchadca and u@xmors to handle 
system duigr, iartallation, opr~tion, uintonance, and 
wir: 

a l&t Of fU1 &lbd SpUS puts; 

l very lb&ted rel~ction of lomlly l milabla system typer snd 
si2u to meet qaecifie water nmds; 

l l sustimu wide vuirty of loadly wmpportad pumping 
equipwnt, &mm not bscaum it maeta local nada but rather 
bumse the donor prefer+ it: urd 

l imdeqwtr im&mation on how properly to match availablr 
quipasnt to u8t*r puspiry thuds. 

hop ulution aut t&e all of these corutrsints into sccowt. - _ 
sItmmtlac-s*loctln~ a system without b&b& 8daquat~ly infonBsd-eill 
admbt&Xy incrrur rear costs and ~fntonance ad rap&t roqulrrmantr, 
Imapprapri4ts qu.Qmmt rrlrcthn cam huvo mjo: rdvarrs tmpllcatlonr for a 
projut ). rltc1ud1ry 

l inadqust~ or yoasly over-rim6 rymtom csp~city; 

l over- or under-umd w8ter 80urcas; 

m Increased capitsl equipment costs; 

m bQher mcurrsut COSt8; 

D overly frquem Irsintmsnce and repair; and 

m wmecuury 8yst88 doWntim due to fWl 8hOrtSgSS. iMd8qwte 
rmmuble enemy resource base, or lsck of on-demand water 
pu8pirycspabrlity. 
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w d pZovidS8 infoNtion Sn thS opuatiry ChSrSCtSri&titS. design 
proee&ms, ml requ%mm, 8nd aiv.mk~S ad disadvaatq88 of vuious 
eq@mm l ltsrnatiwes to help reeders m&e a better p\pp l lection for both 
6mndw8ter awl m&ace-water we. 

1.2 

Ihis manual IS de&L@ to l aeble field teehnicisns and msnqur uho do not 
ouuurily kmvo utansiw experience in rator en@keering to sake rppropriate 
cboicu of W&U pup&a& system and coaponents. lt presents the decision- 
mkiq pSocus u l lo@& pzqrusiou, fir8t di*cusr$q what infomation is 
mu&d befom usmi&kg pup- system l lternstives, end then showing readers 
bou to *the and enslyu the a6aded &nformtion so it can be used in applying 
a ut of ulection ctit+rir. 'Iha criteria are &iven in flowchsrt fsshion, so 
users CM epply the &tr they have acquired to uke useful, accurate Lecisions 
shout prpia& OquipmRnt altwnative+. 

‘To ubiew this purpse. t!w msnusl sttempts to 

describa the procuo af properly srlecti~ pumping opuipment 
for cull-rule potable water supplier, based on site snd 
ES8SWCS charreteristics, em well es the l ngineoring, 
uonem~o, snd institutionel therecterirtics of each type of 
qw-: 

USf8t with the inftisf l creening of water P-Pin8 
technologies by describi~ what informstion is necesssry to 
detmmbe eqtdpaent needs &nd how to gather it; 

proWids &tailed guidelines for analytin~ the data required 
for 8 technical compariron of dir8el, wind, hand, and solu 
puPin& 8y8t8m (othrr typI8 Of Sy8t8SS uy be included in 
l@tSr r8Vi8iOM Of thi8 UIUW); 

inform readers on racrnt and part operatin experience with 
dieselB aolsr photwoltsic (PV), wind, snd hmdpump systems, 
includi~ probleu snd &tempted solutions se well ss new 
8pprOUhs8 to uking different da8igns more appropriate for 
opersting conditione in developing countries: and 

give ~rtirutss of typicsl capital and recurrent O&l costs for 
ths systems cmui&red here, along with guidelines for 
adapting thsse costs to reflect specific conditions in the 
war’s country or raGton. 
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‘Ibis mawal is written for li vi& audfenu-it is not fntended to be l 

comprebueiwe refermae -1 on the l n$bwrin& and l onomic derfgn and 
mmlysia of all sull~sulr wetor pumpfry -ipunt. Where appropriste, readers 
ere tiexre8 to other references (set Appeudix A) that contain in-depth 
tzeatmnts of puticulu topics, so those who ue intmestrd in the intricacfes 
of a certain subjut cm examin, other resources for l ddit~omal information. 
Mere, detail hu bun ucrifited to provide broad covermp af sll relevant 
areas. 

1.3 

Ibis unml uses l straightfommrd pwp selection nethod that takes into account 
technical, sociel snd institwioul, and cost factor& in choosing the most 
approprirtr pmping system(s) for l @wn level of water demnd end specific 
art of site eolmtraht8. It show resders how to collect and analyst the basic 
engfnuring and cost data needed La select any of the four system types 
considaed here-diesel c solu PSI, vind, snd handpump systems. There ue s 
Wtilty -f otbar -8 of pumpin& aystea ueed in developing Countries, 
includ%.~q hydralic rams& bio~es-powered pumps, end sniul trection pumps. 
These em not covered in this menuel, but infometion on these systems is given 
in the bibiio~sphy (espeeielly Rsenkel 1986). 

The selection process involves severel sta6er of information 6ethoring and 
enalyses : 

l 

l 

daterminin~ m at u, based on the number of 
hater users (e.g., huun, snimal, end l @cultural); 

mesmui~ snd calculetln6 the w re- to meet that 
water demnd, based on the physics1 chsrecteristics of the 
utter smrce and system duiy; 

m 

Fhwebuts 

~wiewf~ what m is loav aww or can bq 
w to dofim the range of sveileblr pumpin options; 

ertiutin~ the e, tvew af u 
eW8red in this unuel-diesel, solsr, wind, and hand; 

deter6inin~ S fp~? w for en economic 
&nslysfs that compares the life-cycle costs of competing 
systus; 8nd 

reviewing ather suo~ is- (0.6.~ socisl and 
hstftutional) thst are important to the successful long-tam 
operstioa snd uintenence of pumping systems. 

sxtd illustrstions are used to describe the pump selection process. _ _ After e8timatiug water demand end spplying the technical selection crlterla, 
severs1 vf8ble l Itenmtives often remain. A brief survsy of locally available 



/, , --1 

elpiprat al& 111 hfawl evalwtion of M ue8.8 Mpport hfm8trwtur~ (e.g. & 
equlmt dulu8, nabme8, l urcu of treat, pap welt group8, and loa81 Q6aI 
cut8) ompb88¶8u the Sqkortance of pup l leation cuitarla th8t foaw on more 
thM jwt t suw8. C8pttal ad recurrant cut dat8 that reflect 
typ¶cal8y8temcoa8 in&velop~~#ie8~ua~-rtoru!uca the 
mmber of 8ccept8ble optioM. Fhdly, 8oeial 8nd iartitutioxul aritorfa are 
8pplml to ub, the fhml8electha. 

~let&teubdedc0m8tsabt8u8ocS8tedrithv8rbu8typ8 ofpuRpiny8y8toEs 
UO f8i?ly obriau+ cad -11 k8=lh, mf4 CO8t8 (C8pOCi811y f8E m) u1 not. 
‘2birW&tM.t8tfC88#thCtlpiC431pI rforwnu of prqixq qu&ment in dwmloping 
uameha @mud en fbld-teat Vt8) 8Ud tba wl%MlCr Of lOCd 

Snfrastmakral mpp8rt for loq-term mlhbility. Until tecantly, vmry little 
recumeat cost rrdpuforrtncr &ta hme bmn mmil8ble th8t 8CCurOtaly reflect 
the unsque coMtrht.8 faeetk by lasera in dmelopiry countriu. The cost 
uth8tu wed Sn tU8 nnu8l ue bud on hformation g8therod in a v8riaty of 
dwelopSq cmant~%es; they can be 8djustad to porrit tha lnalwion of local 
8h-8pUif iC &U . % CO8t d8t8 prO8UItti hOr8 dr8w homily on a four-yur 
8tu@ of diuel, 8olu. w&a&, and hmdpmp cut8 in botwum conducted by 
dh8UCh-8 ilt~81bWCl~t. blC. (m). 

Ilm flmclmrt for the over811 trchnolo~ 8olaction proms8 ir prrrmtrd in 
Fipre lb UhSle it my 8ppur remwhat camplax at fiat glmcm, it codlfirr a 
caples dMi8ioWWkbq pr8~@88 th8t iDClUda8 COIUid8zatiOn Of 8 1arga1 rPlaUnt 
of hfbxmatlaa. The follawi~ arn8tivm d88cription of the pump relocticn 
ptouu refera to puticul8r rtap8 &mm in tha flew&art. 

1.3.1 &t*rmbbg Umtmr R*qtinnnt8 8nd 6wrgy Rorourcor 

'Ihfitrt8ttpinth&p~88i8tO~&V~ 
(LIIU‘W* h~hidhg coMtr8int8 on the w8t.r l ut~o in forms of head, 
yield, 8nd qualiw u -11 u locally 8V8il8bl8 l wrgy rorourcor--blare1 fuel 
Mpp~iu, 8olu Srmd%8tioa levels, merag wind rpoeds, mm! 8v8il8bility of 
hma‘n lahw for pwplng. ‘Pbi8 8tO$ should inCl& 8 C8r8fUl r8Vi.W Of 8%iStin6 
Cuter eofktim tdd~~a8 wrd 8t par Iit*, if 8ny. Aftor decidin& whrthrr 
Or mot 8 pamp $8 approprtate, 8nd datwmhin~ 8ructly wh8t you have to work with 
at the abe* pu shwld begin to sv avaa 

Chrck local ruppliorr to dotrnine the 
tp8 af mtRB& 838ra# th8t UI ’ #8il8bb, br8nd rum08 of lunufacturor8, 
r8ngu of QUQI& for en@18 power and pumped wkr from a varhty of headr, and 
c8pml equapunt cutr. 

Rut, w adwgg, that are already 
locrlly mU8blr. Drt8rmiM #one s for 
ywf applicatha by muuetlaag ths follwiag qwstions about l 8ch option. 
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8 Do the power raqe8 fit the 8ite requiremnt8 for flov r8te 
8dbUd? 

8 18 8Li11Ui labor avaU8ble far equipment inrtall8tion, 
opu8tion, uintenanae, 8nd repair? 

If the equQmmt is already befry ured l~crlly, the anwar to all those 
questions +hould be ye8. Pf tb answer to 8x1~ Of the 8bove i8 no, you should 
~lin--QthtrQQa . 

1.3.3 Rough !@8tu ktie and cash-Mow Ana1ytis 

AtWD.hl& pbc -r t0 l 11 the QU88tiOM i8 ye@, 99 a rOm 
a. Chaptera 5 thro* 6 p-i& information on 8y8t8r de&i&I I 
tiy8&8 mkd -tar 9 provider 88@e input8 for C&&h-flOW ~dy@i@ for the 
w of 8pt;u(8) tbt are loally Sva~~Sble. Use Information from loal 
dUhrt Otb YOUY 8pPtO%i~t8 @y@t8El tk8ed8 t0 COfQhm8nt th8 desiy prOC@duros 
dUarib8d bt -8 M&f. 

bt, & flow s by l uvering the following 
+Q@8tiOU8 l 

a Can pmp users or purchasers raise sufficient c8pit8l to buy 
the 8jtS-H outri#G? If not, do they have 8~~088 to credit? 

l Yill pump ware, or whosvrt i8 UltiMtely re@poMibl@ for Iche 
SJF8t@D, r8eli8tiC8lly be able to COVSr l Xp@ct@d recurrent 
CO8t8? (hlld8 Uy hWC t0 be coll@Ct@d frOlI U88I: f888, r@tUfll@ 
mCrw POUtb, 01 f&S@ COll@ct@d froll thO88 Wt@ril'b& SniUlS. 
tieviri6M for wetin& rOCUrr@nt O&! CO&t@ should be l pecif ird 
b8fOr8 th8 &y&t&l i8 purcharad.) 

0 Un pump u88ra (or other ~0upa r@@pOtUibl@ for uintarunce 
ad rvir) Cover the CO&t@ of unexpactsd, but ineviwble, 
bruakdwmu? 

If the -r t0 q Of the88 qU88thWl8 i8 no, for Uh8tSVSr r888On, you should 
which may result in a differant cash-flow 
given the particular cfrcum8tancra. 



If the cash flw 1~ acoptable, decide whether t&are are other reasons (besides 
ia1 caaideratlon8) why yw might vat& to consider other options. These 

hue mull eertalrdy not ba limited to, 

8 wdt partlolpatiom and p4mo*ptlomk (Have users been closely 
lnvolvad in the daelrlonaaklng proce8ab and da they ham any 
&jretioms regardlug tlm mtrrant &Ate of equipmant?); 

I relhbility (Arr them other ryrtrmai that may incrsrsr 
Ih avaflkmbility of vator ruppllrrf); 

I m&-tic ogaratlon (YouId individw~a nr gtOUp8 imlved 
prefer that a pump oparator or attendant [pumper] be hirad to 
mmraaa tb qzratian of the system or should the system 
opamra uwttendadt~ ; 

I nt gerwrotlon (18 incrimslng employment locally a 
cmcmnI, parhap at additional colt in term of money and 
aonwnl4tlc4T~; and 

e tralnitqg (Zf tha technical mapport mkillr available locally 
am only m&r@ukl, ir anyone willing to provide support 
~firmncial and/or administrative] for rotting up training 
pB&S to chanlo thir situation?). 

Ilf yam art satisfied that the ryrtsm you have designed (wing equipment that is 
skmm&y hoeutly available) fits your needs and it is not necessary to consider 

for procurrmrnt. If you are not 
. 

B,3.5 hsrerrin& Syrtrer lUot Available Locally 

probeblr ryet a options, brawl OR the informetion erbwt 
r various 

Pie your ritwtion bmt? 
6y6t45 typer iven in Chsptrrr 4. Which seem to 

ihvi v the llrtr o d-vantages md dboadvantagcr for 
arant types of ryrtsms, b, atd on the comparative information given in that 
ter. &wide which SdV6llt6 s bknd disadvantages are tI!ORf i!UpOrtUnf in your 

partfcuhw srt of cfrcu58tanc4s. Discuss thrpl with prospective system users and 
thvse a may have to provide various support services--system design, repair 
of breakdowns, and provision of rpara parts. 

fng OR tha system options chosen for further consideration, the easiest 
dacida whfch of the faur types of systema are mast appropriate for your 

r~qtPfWments is to d%termlna thosu that can meet the basic operating and site 
E tr6fnts. Far exmple, far wind pumps, is the wind rpead at the site during 
t *&riga mmth” (f.e., the worst-case condition when available wind energy 
ie lofmst fn rsS6tian to water demand) above the minimum recommended level in 
Mtsrs pa second (3.5 to 4 m/s), and the fatal head less than about 60 meters? 



If bDt, wird pupr abuld p-ly Ilot b8 aermi&red q furthar for th18 
applimtim. SiDiluly, for 8 801W plrp, 18 the maerap 801U radl8tlon in the 
duign nnth gtuter th8n s kiht8tt+OW8 per 8m Yt8r par day (kwb#d)? 
(see amptar 3 for ah aplmmtioa of 8olu t8d&8tiOa Du8wannt8.) If not, 
fouua yam rtt.ent%om on o&art 8yatem mltemmtlwu, Siril8r winSmum 8electlon 
Mterla cask u8ed for eaoh type of 8y8tem and 8re &8eU888d in l ub8equent 
chqbter8 on 8y8tem dufgn. 

IA.6 bpUfli& %8lht&iW WtU b8fv 

At thb point premmmbly at 1-t OIM ayatem alteroatlvr‘ulll have p888ed the 
Dinimm 8electsoa titusa. Th Iy1t 8t8P 18 t0 u for the 
UlUt8d~tiOlt8. &8$Uiay8tUl~tiW &j?8tOWb81&.QWill 

0 allow you t0becom8 1ore faili8r with exactly what p8rurtera 
uatk con8idered*n derigri*ukd, more important, when 
Wil@UCh typ8 Of8JF8tmU'd 

8 fotce y8U to t&hit your &@W?mptiW about uhich @y&t&B will 
be but for your 8ltuatlon. in t8N Of t8ChniC8l ittpUt8 
(e.6.. f-1, YCiWkiCt, Wbd SpU8 pUta) Ubd Output (requited 
qtuertith8 Of W8t8r t0 be dallvered 8CCOrdin& t0 a 8ch8du~e 
Y- W-W). 

hmla&qatcr &81&n, you mhald rxulm unuhcturrrr’ llter&ture obtained from 
p#mpia# eqtkipnnt di8tributor8 in tb l ea. In doing so, you vi11 find out 
vhcbcr U not th8 8j?8t- pU aZ8 b@i~fn& WU CODpOWntS (8.6. SQijin.8, 
plroI1 8Ed CWtdht8) l&08@ C-City 18 8CtUdly viehfn for 
-tally available 8q8ipm8nt. For -10, you-y determine char given the 
nlatiwly fmmrabl* wind 8paad8 at your 8ita and thr water d8und profll8, 8 
wbd pmp tith 8 rotop 10 wtar8 in diameter uwld be rppropriate. Hou8ver, the 
luglat viad pq?s ham rout8 th8t 8t8 typic8lly only 7,6 m8t8ra aero88, which 
tid sot delivw u much w8tar u you require. In that cue, you should 
midm wi4 two 0I Icbm 8mellcr vindmlllr or e a-, 

1.3.1 8hDpUitt& th& CO&t@ Of th8 Selected dptiOW 

If m of the option8 ex8mirwd can net the physical conrtraintr of your 
8ppliUtiOa, th8 OITt 8kp i8 t0 #9 m tiu CO&t W&&&D Of tbpI0 Obt&Q# 

Iblr ir basically a r8ffnmmat of the 8pprosim8ta cub-flow l nalyaia conducts; 
WliW. IbL POiStt i6 to 68t 88 8x8ct an 88tiS8tS 8s po@@iblO (liven the 
mmibble data) of the propaaion of cub flows that vi11 occur during the 
838tU’r; 8DpUt4d lifStiD8. I%i+ will allow you to uk8 ro88ofublo &ci8ion8 
8bout Whether or 119t tho8e cub fhU8 8re acceptable fOt your l ~@t@lU and which 
Of th8 n#litti~ 8lt8mtiV88 18 th8 14#t-CO&t OptiOn. 
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irtc? .ethet thQ 
Tf nQt, go b&c 

men carefuly. If 80. li8t the comproai8a8 you via1 hM?e to uke if yau decide 
ta we thy baa-cart qwtem, maher than anothr tocbnically acceptable, but 
acme twtly, 8y8tea. For in8tance, lea8 enpmxuive *quipsant msp hme lower 
reli&ility, there my be lam chance of ptting repairs completed quickly, or 

the ry8tu. Then, bcide vhether any of the 
you or myatam unarm. If so, racowidrr other 

&e# are acceptable, &e ahead and solicit bids far 
th aystbm from 2raterr yau cont8eted pnviauly, 

This promsr i ‘ _ntentioxmlly somewhat repetitive, so deciafons will notbe made 
lQ#ltiy at ? ly on the basis of first impressions or unstated motives. 
syJ8tt that : already available lcwlly are favored tnmr those vhich will 
have to be Jorted. Experience ha8 shovn that systems vhich are nevly 

mut adequate attsntimn to developing an asrocirtrd rupport 
cur 
of 

ypitallp fallm into disrepair. This is not to nay that 
rhauld be mmided. Rather, it is intended to emphasize 

that tky .(: are additional obrtacle8 arrociatad vit). introducing nev technologies 
v&i& ean br kxmmuamtaB2e unlers attention is &ven to developiw the required 
suppI: t inf raarueture . 

fladmrt the overall appraach to mskiry a selection among srvoral 
tiffwent tochfmlegkaa. The procerr of determining the actual design of 
indi\aiduaB mytteam and rxactly vbt rite-specific operain constrainta ate in 
Pfect is smwtrrd in later reetima of thlr manual. In the dstrign chaptera, 

preessr ilw&att~ are presented that lard reader8 throua the derign process 
far the four types c?f ryrtama considsrrd in this manual. Preformattod rheetr 
axe aEm prmb%ed to help simplify duta collection end l ulyris, thr rerultr of 
vbich are wed in wt4yzing technical performance md colt8 for each system 
QP@* 

‘This amuwl is divided into 10 sections. To cosrpure any pumpins technolow 
.t first datrrmine wutrr danand at the sito. 

this, 
Chapter 2 ehovs 

It discusses vat@):-rosama charactsristics that are 
rtant far system design, such as vu11 yield (if the source ia grounbnter), 

pumping bead, ad vater quality. After dircwsing demnd profiler (i.e., hoar 
mu& water is needed md when). this chapter concludes with a subsection on 
important factats affecting vutar availability. 

r 3 dascrtbes how to calculate the energy rsquirasmts far meeting the 
prafilr determined in Chapter 2. It discwses the charactarirtics of the 

lfaur types of energy considered in this mmual-diasrl fuel, vfnd and solar 
-r&y, md humn pmmr for handpumpi~qp-and recoarnsnds sources for gathering 
umdd i~~rmatPon m crrwrgy resmrces fn your area. 

10 



ti m of prqtq oqulpwkt 8nd thdr oprdng chu8cteri8ticr am covered 
lnamptor~. In the ptmp aelectbn procus, after weter de88nd end head 
r8quirom8nt8 8ro d8tomiud, the u%taop 18 chcuiq 8 puticul8r pump to 
Ytch thuo pumtor8. Than, 8n l ner#y 8-8 (e.a., uinbill or dierel 
mqiu) ir ulut8d to provide the inputonergy nqulndby the pmp choren. 
TM8 clmpter hcludu -ie8 Of the irport8St dW8nt84$e8c di8edWnt8$et, 8nd _ 
taphal appllcatiom8 of different t3@@8 of pmps ad l iurly 8OurC88. 

Ttb8 uxt four ch8pter8 (5 t&au& 6) feCu8 on teChn&Cel 8y8tem &rig for the 
fm w Of-w -68 WNWi&m& in tht8 WltWb-dh881, 801U, wind, 8nd 
w puor, 88Ch @tO? b@M With 8th initi81 de8CriptiOll Of typic81 
St, fOllOQld by l dbCUS8iOlb Of 8y8tU ChereCtOri8tiC8; OPer8tiOn, 
m8iatumlu8ndrep8.ir mqubment8; e& typicel cepitel 8quipment cosm. 
8YC8pt for: th@ UCtiOlh al¶ bd&bU4l8, UhiCh f8 l R&Ch 8irpler tUhMlo~, 68th 
co8~kubs with a &t&led -1s of the design of a pumping system usin& that 
teASBle@JL thu emmplu indicate where l ech type of energy 8ource can aad 
-t b UUd, bOUd 861rljP M tUhdU1 Criteri8. 

The find two Ch8ptera on (conoak 8nd other nont8chnit81 conri&ration8 at0 
th fb8.l 8Up8 in thC 8CrWhin& Of r888fnb& 8qUipunt OptiOM, Up to thi8 
gOiS4t. Ody mF88Mbtatim CO8t8 Ue &iV8lL bCUrr8nt CO8t8 h8V8 not been 
amlyuk and rm economic 8mly8i8 hu been undertaken. Chaptrr 9 bri8fly 
di8a88e8 8Idytkd Wthd8 8nd th8n 8hO~8 bav t0 8pply them by t8kiII& the 
rudu thrau& two d8taiZed rmmpl~8 th8t ccapue tvo pumpiry optionrG Theme 
u88qh8 Ue Ut8MiOM Of tb t8ChliC81 8ymt8H dr8i4@ CU8I pr888ntld in 
ah8pter8alwou&a. 

It fir net neaerury to read the entire menuel to get h8lp with deciriona about 
ww mtU8. Sk&p UO’i’i te l-t8 iniotE8tiOn Of 8vCifiC int8r88t 20 YOU. 
bUeVer, ell Chepterr mheuld be re8d before equipment ir fixully l elected to 
aumza that 811 pertinent 88ktion crit8ri8 are c8refully considered. 

11 



To ulut en 8pprOp~i8te puRpiv 8yuem, you mu8t fir8t know the water 
nqui-t 8t th@ 8it8. The unter requirement 18 wrully rurured in cubic 
rtus per thy (d/&y) and depends mainly on the rite of human and animal 
e!mks* althou& it mey 8180 include rutt-8c810 irriytion or other 

Ihe amaunt of water used per capita &ponds heavily on 
c6rnmdwa mmter it mom rerdily mmSlable, per c8pita consumption will 
iMreue- fkemmber this when 8stiMtifq futurs inClcbU@s in deeend. 

m Ubrld Health 0rg8niz8tian @liU) ha8 l 8tabli8hed the minimum water 
requirement for bwm cmmumption 8t 36 liter8 per prr8on per d8y (LPD). In 
prwtice, while M m ir often ueed 88 8 derip v8he I thim 18 often more than 
th8 ectwel CWb8UI@tiOn typical Of mUly -81 8%088. -81 W8t8I demand V8ti88 
With hUtiO#k, CU8tO88 8nd CUkUr88, CliMtO, di8t8nC8 to 8nd C8p8City of thr 
w8ter s8urce~ and amount of effort or eo8t umoCi8ted with w8tiry th8 draund. 
7h&8 UCtiOn de8Crib8 hoW t0 88tiB8t8 CUT-lit W8tOr r8qUirWnt8 8nd 8V8hl8tO 
MVi-td Cdttfant th8t limit the qU8altity 8nd qU8lity Of V8t8t which C8n 
he ebtoinmd fru 8 @en 8o~rc8. ?h888 &t8 l u88d in th8 pump 88lOCtiOn 
preeeu pdmazily to deterrlne pupiq r8te d, hence, the 8ymtem'm power 
rcquirnwnt8. bbfOX88tiOlb On lOC81 U8t8r deUf&d for p8Opl0, 8niMlm, 8nd Crop8 
ir often av8fl8ble in 8fr88dy 8ximting dev8lopwnt r8portm for your are8. You 
abald check theme reportr l ncl intepete that informalon into the demand 
l 8thtien procedurem giwn belaw. 

2.1.3 Site-Specific Condition8 

&tat 6arnb i, d8fMd8ZBt Oh 8it8-•PeC:fiC COnbitioN. AlthOU#h 68n8riBl 
@drlin+@ h b8On l 8t8bli8hed by Uny devdopwnt 868nci8m 8p8Cifyh6 the 
tinhwm d811y conrwption for peopl8, 8niulm, 8nd cropm, 8ctucrl conmwption can 
(8IX! dU8) v8Sy ton8id8r8bly, Thi8 memel 18 intend86 to de81 Only with 
d%i&il& zNtO% fOt p0-h but, in f8Ct, 88w Vi11860 W8t8% 8Uppli8m Vi11 be 8hO 
uud to Wter sell livo8tock. Typic81 ~868 fiyro8 uo given below fort the 
loEt commn conmtmers. 

Dumld in 20-40 20-40 s-15 0.2 10-15 
lit~er*~day 
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Th8 tutor roqulroant ior pe8ple ummu tbt pe0ple #et th8ir amtar from 
CO&t’d~~ bUt8d 8t&f4bUt8. 
bea8raMembly~ter. 

Ifheume tapa me -86, expected conmmptianwill 
The tmtal water nquirnwatfor apump:+ obtainedby 

dtiplyiq da8 mmbor of peeplo mb adm818 to be unmd by th8 per c8pita 

==F’ rjd-Yw-oer 

d8mnd8 (mter~ tnt&mr, 88111x4 w8ter 
conmnr8, etc. ) in th8 uu the pap will 88nm (the 88ric8 8r8a). 

~~dCwlat&n&tb tetdwater reqUiremntfOra8OllttieOarea, cormidarth8t 
pup10 m8y keep ure -8 when wt8r it aae readily avaU8ble. Al80. p8ople 
ftcm B till- outoi& the teNice me uy wnt to we the 8yrtee 
if th8ir w8ter 8awce8 f&l or if it ir euier for tham to 68t v8ter from the 
tam q&em. 

2.1.2 Variation0 in Ceaawption 

~~r~tionruiu~r~~uofe&y,both8euolully8nd 8nnu8lly. 
Sime pwpin$ sptems m norm8lly 818ed to provida enough water to Mat th8 
h&e8t (er $eek) deily demukd, it i8 wrtmt te dU8rriM Whet pook domend 
till k. kak durnd em ba a function of rociel (8veryone caoing home for tho 
helU8y8), qrkult~r81 (en cropplay pettern 8nd u8terin~ mch8duler), or 
~'#8tcck coa8Uelretione (u&818 returni% from gruiry land8 duriry the dry 

uon, or ui8it8 firor m88dit tribe8 with th8ir herd8). For pump8 drivon by 
feneuble energy 80wce8 (8wh u wind or 8018r power), you 8umt almo d8t8raine 
&et &&ly - i8 f-r the YW8t4880 8itU8tioCk. called th8 *d@mi&II wnthsn 
m8 dusgn 88&h 28 the uleadu month uhen mfer8ge d8ily W8t8r deund 18 
&tUtUt in tOl8tiOn to the 8#8%18bility Of th8 mw8bl8 8n8rgy t88oUc8. (The 
rutim 415 tiab 8nd 8of8r pum$ de8ip live rare inforution on det8rainin& the 
de8@ mth.) FOr die8ef 8pte88, which oft8n have 8 very hia on-domnd 
miq tat8 and 80 d0 mt %O+i%e U much 8tOr868, you uy 8lmO hW0 to 
Can8tderhakrlype&deund. 

2*1*2 Gravthinbund 

Utiartee of 8yttu capacity roquir8 uamin& 8 drrign period or horizon, vhteh 
t8 t)QBiCdtg 8 W 10 jW8r8. mi8 C&n be diffrrmt fro8 the BrtiZ8tiOn period 
for ecmmic co8pui88n of diff8rmt 8y8tem8 (181 Ch8ptrr lo), a8 long 8m thoro 
i8 th8 pt8#Bti81 iOr 8rgmdiw th8 8ymt88'8 Cap88ity 8t th8 8TDd Of thr dWi@l 
pUiOd. All 8y8tu &Cim &~i8iO~ 8hOUld t8k8 into 8ccoUIIt th0 f8Ct th8t tha 
alumni for water will ptobrbly incrame wer tima. l?e~nd 18 8ffoctod not only 
bJF WtiOEh &SOUth (-10 d m-18) but 8180 Oft8n by 0888 Of 8CC88m. Per 
C-it& UUSU8ptiO8t (UUSW8d in m) WWlly Onlj? iMrO888m 8i@fiC8ntly if 
eerrfre iecr*me8-tbet 18, if uq ate w8t8r pointm 8re fTk8t8l~Od nearar to 
wets, partieululy y8rd up8. While it 18 difficult to aonomlize without 
inferutfon on fOc81 populetion grouth, ret88 of 2 to 4 perc8nt p8r year are 
typicA for n&r81 vill8ge8 in devolepiu~ countri88. Thim uy 8ound smell, but 
8 4 puunt -1 growth rate BUM that the demand for water vi11 increase by 
over 40 petcrst in to y88r8 (not U8Urin6 uty ltlcrouo in per C8pit8 
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~tao8) c lMruud amad 60, to &toatth ia populetiofA u&d par Upit 
umewption cm bo ulcul.8tod wiq thi8 fotmah: 

u&et reqt&amnts pl8co different &mud8 on the various 
T!mu deumb ue handled In different waya. For diesel or 

iatmued duurd m be mt 841J by iUXU8iq the 
flow rate (em@ke 8peed) or operating the 8y8tu for mare hour8 88ch d8y. The 
lrtter tr 4l80 tnm for Imdpmp8. Solu ?v udwtnd pu8p8 ue wwlly 8li&htly 
WU8iMd XOhtfW t0 -at dU8nd in 0-r t0 UCOWLt for fUtW0 iIlCt88888 
ia m. w, tbi8 C88 be 8 CO8tly 8f+proach, pUt:CUhrly for m 8y8t-8. 
m p114 CutpUt U8 b6 imuuud by addin& WJdUh8 to th8 8jr8tUc t+ to th8 pw8r 
lidt 0E the motor. Once inamlled, wind puq?m have littl8 fl8xibility in 
wet&a& m M, 8e it ir iqbertant to l stiwte grouth in damand 8m 
ChSd~ u peulbla b@fm 8fZiq 8 Wind q8t8H. An example of how to l rtimate 
du8ad follov8. 
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ht8@*11: DeterriaingW 

A Pitlyr he8 MO ruident8, but bring the 8uamer, SO 8tudentr return from 
a my be8rd* tclwd, increuing the populetion to 350. The 8nimal 
~8tiOn i8 % ChiCk8M 8Ibd 7s uQ8t8. The popul8tion Browth of people 
mb 8thiMb i8 88tiWtd to be 4 petCent pSr p8r. The &St@ period is 10 
-8. ft i8 ~S~NW& that per capita con8qtion vi11 not incre8me, mo the 
third term ia the for8ul8 8bove equal8 1. How it deund determined? 

The putut M till occur in swat, when the popu28tion 16 350. Per 
capita cnnrption is unnad to be 20 LPD for people, S for goats, urd 0.2 
for CM&. IhuS, pre8entdem8ndi8 

(39 x 20) + (?5 x 5) + (SO x 0.2) - 7,385 J.,PD 

From the forxul8, the dmand in 10 ye8r8 will be: 

7,385 x (1 + .04)~‘~ - 10,Sll LPD (or 42 portent more than 4) 

2.2 

Uldle the number of weter worm and their individual consumption needr 8re wed 
to ee~cu~ete hnd, 8etwl daund 68n be corutrrinod by the 8v8il8bh Water 
mw IU XO8t Ca8#lc if jtOU 8lN ChOO8in6 8 pUnpin mymt8IB for 8 &iVOn mit0, 
the water Lowoe tr already known. Tha l ource auy bo l U%f8C8 WBt8Y (e.g., 
tb'8tlr 18k@S, end W-aede 0% n@tU%rl t888tVOit8) 01 grOUnthtOr (borsholos, 
dU& Ud18, md 8priU#8). To detumine whrt typo of pump(m) cm b8 umrd 8nd tho 
mrx%mm~ da~M that an b8 met, you mumt knew tert8in mpecific ch8r8cterirticm 
of the water uuru: 

R the yie2d of the source in cubic maters per hour or day (m’/h 
0% +V, 

l the l t8tic w8ter 18VOi in mter8, 

0 the drewdown in meters (the drop in water level during 
purpfry?~ 8nd 

w the qu82ity of the w8ter. 
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Pm pup uhctioa, the Nt iqmrtant charuterirtic8 m yield, 8t8tic w8ter 
level, and dmudmm. 'Lbr~~~top\qwUri8dinctlyp~~tioarl 
w t& wtol pwpinghud (expl4tmlbelow) mb4 flaw rate. ti pump&w he8d 

muhum nuuiarble yie2d of the wetar l ource, which im 
the mximm mount of vator th8t can be puqc8d vlthout 8igrificantly depletiry - 
t&e 8eurce (me 88pecially Drhcoll et al. 1986 for mu8 information). Pinelly, 
the choice of equipmmt My a180 depend on &ether or not the 8Ourte h88 
8~fk8lbt~ter~l~ty prehleB8. br bmlfr, iSkfOlrutiOn about yield, level, 
m& &e&ewe rbould be mmSl&le frar well-completion certificetee or teat- 
pwping logs. Yield can limit the flov rete for pumpi- w8ter 8nd, in turn, the 
mmber of heure ef plrrpiq th8t m required to met de8end. Thi8 mey affect 
eqdpmnt ulution thee 8ome type8 of equipWnt m better M&had to higher 
(diuol) or lamer (8ohr) prying rate8. 

2.2.1 FlawR8te 

Dally vetat demand can be met la different weya. For rxamp2e , if the daily 
water requirommt i+ 100 &t&y, the entire amount cm be pump8d in one hour or 
it can be pumped over the course of 10 hours at the rate of 10 d&our. Pumping 
the wuer u qu&ci&y as po8rible 88va8 time, but it 18 not 81~8~8 porrible or 
8dWiMblO. @Wpix 8t toO high 8 r8te fru 8 8ourC8 With limited yield Wy 
CItlu @XCU8iV8 drew&w% ‘Iht8 would inCre888 th8 tot81 puq&& h88d 8nd would 
roqufm mm eneqy; it cou2d 8ven c8we the pump to run dry. If th8 water 
8eur~ 18 e yur~8rcund riurs it 18 unlikely th8%8 would b8 any prob2or woting 
roll to aduate voter requirementr. except in the came of 8 drouet . However, 
m8t well8 and 8priny 8re imap8ble of delivering 200 d/hour. Thw , 8 c8raful 
-t Of -22 yield urd pUp:q r8t88 18 WC8888ry beforr 8p8CifyiUB the 
@wprarac* 

fit drilled and dug -118, it i8 iDpOrf8Ut to know th8 88xiaum rwtrinrbla W811 
yield 0% MXiN %8tO 8t which W8t8% c8U be COntiUWffy puaprd. Thi8 p%OVidO8 
m Uqprlr lidt fO% th8 wing rat8 8828Ct8d during the d88i6U PrOCOrm. Th8 
-11’8 Uaircr 8Wt4iWb28 yield 8nd dr8Wdown utId8r th888 condition8 8%e Umdly 
determined 88 w%t Of th8 t88t-pU4dn6 prOC8dUr8. D%8wdwn 8nd, h8nc8, tot81 
-in&heed 422 he 1r88 when the pueping rat8 18 1088, end th8 likely dr8wdown 
for h@t pwPiS& rat88 Cm b8 88tiut8d. 

Eer 8 given wete% deo8nd 8nd cenetant flow rate (8uch u 8 dieme pump would 
drlitnr), the Ue8ign pumping rate 18 determined by teking the daily water 
Uquhomnt in m?$dey atd divSding by the Iwbir of hour8 of punp operation per 
d8y to get dyhour. Your CbofCO of techno20~ 18 dep8ndent in p8rt upon the 
requir8d pmping r8k. 2hir pumping r8t8 Rust Wet the delund for w8ter' but 
it -t UOt UU8d the 8OWU’E 8Ustafn8b28 pumpin %8to. 2f it do8S, you fnwt 
*ithor lnuuu the nwbu of bow8 per day of pump oper8tion, decre8me w8ter 
-, 0% dW8lOp 8 MU W8UIc 8OU%C8. 

fn titian W the W%iuW 8WkiWblO yi82d for 8 8ing28 well, you mhould also 
-MidU tb EWtdlUb28 yield Of the 8@f8r C8tCbUt 8%88 in which your 
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898-(I) 18 t0 b@ bUtOd. For esemple, in eome dewelopiry countrie8 
(w 8d Y-M m pod ales), the uce8bi~ly luw meber of 
tubmmllo drilled In 80~ uucl ham ruulted im 8 drutic leweri~ of the 
rqlon8l 6roudmter t8ble. YMt bppm8 wh8n th8 tote1 utr8ction of water 
from ell of tb tubewell $8 -tar then the m8xlmm 
8quUer. 

8wtdn8ble yi8ld of the 
If U8t0ricel data on wter replen%rbaent r8toi ue 8v8il8ble, 

utimtte wb8t effect the pmpw r8te you prop080 (8nd the number of pump8 you 
m plan&q to inrtall) till hwe on y0ur wter teble. , 

2.2‘2 Total Pwpiq Head 

%ud’ i8 l tom wed for rever81 nl8ted qWntitie8 thet together comprire the 
effecthe prouure apinst vhich a pump lifts water. Head, wwlly liven in 
ytere or fut of w8ter, ir e cembinetion of the following component8: 

l ehvetion (8tetic veter level plw l tetic dir&ergo head plu8 
e-1 b 

l ptpe friction, 

l pn88ure he8d. 

t!r-- t8 Ue illWtr8t8d in Pi-0 2 8d expl8inod in grO8tOr dot811 
. Qeluee for l eeb coqhonent mat be w88tmd or c8lcu28ted to datermine 

toul puDpin& head. 

6hv8tien heed it wwlly divided into thr88 part8: 

l v--thr vertic81 di8ktm from thr w8ter levd 
t0 tb 8Wf8CO Of th8 GoUtid; 

0 mth di8t8M8 itea thr 8t8tiC W8t8t 18VO1 to the 

lcuer8d level uhon tho pump 18 oper8ting; 4nd 

m wth8 vertic82 dirtence from the pump 
eUt2Ot te tho highort point in the 8y8ton, ww12y the mtor8ge 
t&Uk if there 18 OBW. 

S-tic W8kf bV@l Cm e8~i2y b8 m8SUr8d during rite visits or obtained from 
ucurete wall-comp2etfon records. 
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~tbrr~~prrpr.yuordforrui~l~~~r~~iu* *dmudawnir 
uuntily 8oro for wt river8 8d 8trum8, Wth borehole bellr), the 
-drprmdrrOaeqtrihrpUf0- *mllbu&QuwI~l~t,ladth!a 
prq&qute, brrrb#n~o~tfosr~nni~~~proputut-prrrpiab~co~ 
mdlaoften@enlntun of the apecSfl~capacityoftha uell (meuured in 
d/-s of dr8abw8). Dmwdoun ummlly iacremea u the pumptry rate 
-. 

mkfmrtunately, -11 dramdam fil\tru m often not rudely available. In l ch 
CUU, tUt-@Uph& 8h8Uldb doaw 011 ti Ut@r 8OUrC8 b8fOn dO8i&K&& the 
w-e lf pO88ti18, do tht8 dU?il# OZ 8hO?tly 8ftU th8 &iO8t put Of the 

Jsu, Uh8SB *Id rsill l%kOly br 8t it8 lOM8t. Ski8 till rinimito the 
po&bility of autmrrtiu~thaySeldof]rouruater route@. If thi8 i8 not 
pemible, tb dMWdWn till h&V@ t0 be l 8tilYted. p-fW8bly With U8i8t&lbCe 

fremkydre-geolo&8u fmmut?whyouruea. The 8ub8quant 8election of 
prqh?g rq\riprot 8hmtld reflmC the8e mcertah condhions (800 Chaptar 4 on 
available equlpnnt). 

st8tiC biUhU&e hud i8 8 L\mctiOn Of tb. 8y8tU &8&p 8nd local topo8r8phy. 
m C.qmmIt Of l leVMiOa he86 Cur be nutted duri~@ lit8 Vi8it8 or computed 
ftar8itO ~Wdpl8M. 

Npe ftiathn lam depmnda on the flow rate 8nd the lewth, diamator, 8nd 
coditbn of the pipe uud. Rictioa 108u8 can be c8lcubt.d uriw fOml18l, 
bt th@JJ C8n be d8torrimd mOre W8i1y U8iw 6r8ph8 or t8bl.8. To \\!~a 8uch 8 
grqb&, you a&et kww t& type of pipe b8fn# w8d (ylvanized iron, rmoath 

plmtie, etc.), 8tnce friction 108888 v8ry vlth typo of pip8. For l x8mple, the 
&t8@hS in pi&UM 3 CU b used t0 88thte th8 h8d 1088 for ~8lV8niXrd iron Or 

plutie pip8, OccordinJ to tha follwiry 8-10. Addit1oMl friction lolr 
tabhs ti f@m8 for l U&d@+ ran&a af pip typ88, dimtOr8, urd minor 108~18 
for pi* beds md fhtiny 8re @mn in Appondlx 1. 
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esmple 2: Pipe Riatiaah b88 

piadthefriatbnb~8 iaWter@Of haad fOr88mBOthplaatiupi$8thati8 
250 WtU8 lW$ rmd 75 Rilliwesrr; iIl dimtrr. 
rrateof3liter8~m. 

mt@? i8 bh# pUD@&d 8t 
The pipe hm twa banda of 90 donor and 

T&8 left rib of F’Q#K@ 3 for phtia pipa &mum about 6 mator of head 
lau&mte frletioaper 1,ooouknaf ptpa len@ (folltndlqthaarrow8 
--ml. 8iMO tbr pipe $8 2% WtU8 bC& thi8 V&A8 DUSt be 
d&M&d by 4, @M & friction head 1088 of 1.5 wter8. Ihe l qubmlent 
lemgthof~bcadr~2.3x2 
1.2 x 2 - 2.4 wta8. 

- a.6 wte?s 8nd that for the et@ V&V&8 i8 
Stnce thi8 total 8dditionel lm@h (7 meterr) is 

emlyrm8llfk8edaa of the total 250 mterplpa loqth, tha bonds And 
Vak'wprodUcena~~blehe&d 1-8. SO, th@ to-1 friCtiOn 1088 i8 8till 
1-s wan, 

Aa l mcomd example \ufi= the oue procedure, friction lorrrr for the mama 

pip+ lm&tb and flaw rate, but 50 millint~rr in dianta, would be 37 
divided by 4 or 9.25 nter8. 
-tof'lo88. 

@in, the bonds md v&m8 8dd l nrgli&ibl8 
Riction 1088@8 fb? thi8 pip l ?@ 8iX t-8 88 #r88t 

u for the luger diamat*r pipe. 

The preaediq ex8mple 8h0w8 tha iqor%kce of u8lq pipe that ir the rl*t rim 
to smm em energy COSt8 by lrinimlai~ head lo8ao8. One comon rule of thumb ir 
tfvt p&p48 should be 8it8d ao that friction 108808 are 1088 than 10 percent of 
t& tOtd hUd. kroth.? COlOn ?uh Of thumb i8 th8t pip@8 rhould b8 rited 40 
th8t =t*t -tOCty in th0 pip.8 ll8VU O%CO8d8 1 v8. FOE thtr l X8Bp18 8bove. 
for the t%tiflimtOr pip., the W8t8r vrlocity (C8lCUlrted by dividing thr flow 
?8t* b th0 C+or8=8*@tiUWl 8rM) ir 0.97 D/I, Which fit8 th. CritOriOn. For 
th U)-millinter pip0, it ir 2.3 R/I, which de08 not fit thr critrrion. 

tsolacity bad %s 8 ~a8uro of the l ner# lort uhen 8 movln8 liquid rlow down, 
Wdb U dJW tt fh@S ftor 8 pfp intO a 8tOr888 -. For pWpOSO8 Of 8y8tW 
de*fgr, it $8 nuurd u pre88tmi 1088 in nkrs of w8ter, c8lcul8tud using thr 
forDu&r 

VOkttjr hUd (in wt8r8) - - 2 X 9.81 (I;89 

*?* v b th8 8-?8&8 VdOdty Of V8t8Lr in th@ pip. 8nd 9.81 i8 8 COIWt8nt. 
FOr: wsf r+rSl-scale puqfug 8pplfcatiolu, th8 velocity herd i8 mull 8nd c8n 
bo mfely igJnwad. 
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I 
I 

Detuaine theveleei~heed ifwateri8be~ pwpedata rate of 103/h 
throqh & 1OO~millimaer pip0 8t 8ea 1-1 WAdat aON1 8tmspharic 
aonditioM* 

Fira, finidthevelocityv* 3h8 cr888-rectionrl m8 of a 1001millinter 
pipe %8 -031 3. m8 ft@kte cmb bm obtained from 8m pipe 8ioe 
tablu, mcb u tkme @ven in brircoll et al, 1986, or by crlculatinp the 
areafrartbefoxmula: 

A-ppiw(diurter)~/4 - 3.14 it (90.1 x 10%~)~ / 4 - .0064 d 

m veloctty eqUal8 the now r8te dbtidad by the cro88-8ection81 8rea, 10 
the velocity in the pipe $8 lO/.OO64, which equal8 1566 @h or 8bOUt 0.64 
r/ib tkiq thi8 ?UUb in the fONle l bove ai,ur8: 

valecity bad (in meters) - 
to.44 lDj8S 

2 X 9.81 (@8') - '*01 m 

8 nloeity heed which $8 nqli~ibla in Dolt circmrt8ncrr. 

?TW8NZa he8d i8 tit@ add&tiOIml pro88ure raquirod t0 pump w8tOr into 8 
pro8wrired t8nk. Tbi8 pr888we can bo given II rddition81 metera or fut of 
head rrrin& the fallowing tomrrfon: 

1 ~$9 6.69ktA - 2,306 f8rt of vat@r - ,703 uter8 of water. 

(p8i - pounds par rqu8ro inch) 

It ulll mot ofton br 8 factor fn w8t8r supply rystru in &veloplng countries, 
8~pn8SUdZ@d8yStems8r8 86ldOE used in ~8’l8rus. 

Iking t& approub drreribed here, rota1 pumping h88d (needed later to determine 
zhB&&mSW npuf-t.8) C8n be c8lCUl8ted by &ding together the V8lUe8 for 

cgponrrr-. 
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0 ebUtdcd eonhrretvnc8 (OS VifiC COUdUCtiWitjt), 

a m8-i- coaumtration or pH, and 

l ulinity or total di88olwed 801id8 (ms). 

merhasslma mea8u~e Of the m&nerd content Of Vata?, prirufly M~~O~~UIB and 
adciu. lkrQlur in th@ range of 100 millipma per litrr (wl) $8 conridered 
=-P-1*. &thou& up to 500 q,41 may be acceptable &pendiaq on tha 
mmilability of bate? 8ourcea. & hUdU88 ilSM’U8I8, l lbCrU8t8tiOTh u\b 8C81iw 
0 pipu a& p&m@ e8mponent8 ir more likely. 
f-ri~tiom ud dearusu 

ti? tiD0, this iM?O88e8 pip. 
the diameter of tb pipm, thw affactiq tha pumpiq rate 

ti hwrea8iq th8 powr requirement8. scale d8pO8itiMN CM a180 decrorse well 
efficitarg md my even lead to the 1088 of 8 vrll in Utrom8 ~8808. 

Hi&b eomdmtame (abow 7SO micraho8). low pH (acidic Vat@? below 6.5). 8nd/ot 
bi&h 108 lewelr tabovo 500 l @l) indicate agperrively corrorive vator. Acidic 
ueter, even with low c0nahacturer or low TDS, 18 alro corroriva. Othowirr 
occeptablo water uith hi& IDS levelr cm dogrrda l quipmnt rimply by an 
uMuivo lm8ar. U mfC1a8 Dovi~ ovar the pup’8 8win6 part8 Vo8r thorn down. 

Corromiaa cm k &mica1 or l loctrochamical. Tha forwr occurs when a 
mt rri8t8 ib 8VffiCiOnt CMentr8tion to caua corrosion ov8r 8 broad 
- (e+, 8 Prg CUin@. The Wm Of bronze and/or 8t&@lO8r-Ste.l C~oMnt8 
will likely rmducr cbmicol corro8ion. Elrctrochmicrl or galvanic corrorlon 
i@ C8U8cd b - 818CtriCal CUrrOW flOWin& batWOOn tW0 differ8nt Wt8h in 
aontut. To rodeo the tirk of galvmlc corrosion, dimimilar wtalr rhould not 
bm dirwly Joilml togethar. Instaad, 8 wnatmductiv8 &mrket rhould be urrd, 

2.4 

A drmd praffh rmfert to VU&r demand over tim8, usually 8 ye8r, 8lthough the 
mx@pt UD k 8ppfird OVU the COUI8a Of 8 d8y. 
u Mmd u ml1 u 8upply. 

Water demand v8riem depending 
liusw ubd urinal8 tand to drirhk more w8ter in hot 

w -. If vl-i i8 8Vd18b18, CanrrPptiOn Will fW?OUO 8t ruch tiW8. 
(If rurfea water b rvatlable, the demnd for pumped water for 8ni.m8lr will 
durouo.) wttnr8 during dry 8eUon8, 1oC81 Vat.? 8-11@8 8b$dy dry Up, 
80 eonr\rr9thD bsiUM8 at 8oW V8tU point8 and 6rutly hCrU88r 8t those 
rr&?O WOtU 18 8till #V8i18b18. Duriu& dry 88uon8, boreholo yiolda typic811y 
drop tn nghts when squiferr hsve low recharp r8ta8. loasdic people c8n 8180 
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futor8. 

Zhe wly proftle dqmmkm aa &a type of pump. Ebr ample, a dierel pump 
aonmllyeperalrr at 8 aowtantrate andcan&livmruatmr at l mam8xW8 notice. 
~~~~of~*~~onrrrcb~~r8ule. Soluortind 
prgr~~l~.rrrwtrr~yu&a~~r~m~ce ~8amihhbh-wh8n~8m 
im dbini86 or rtad ir blauh8 ah sbr uiabri11'8 8-t-Up uind mpead. Tbi8 
b88obvlau8lmpmt8on8y8temde81~. Fbrirartmce, mppo8eyouwant to imt8ll 
rmolarpsrp, krtmyatemmerawntwater earlyinthemaniry. Tomeetthat 
portiom of tfu d8.U~ demmd profile, a rtorqe tank i8 needed to re8etve prrt 
Ofth@ptrriorrrrd8f8OUtpUt. 

& 8 &Wmx8l n&e of tomb, viad md rolar pumps 8bould b8 de8igwd vith three 
to four w of 8torage to ucolmt for the fact that they C8MOt deliver u8ter 
OIL M* lU&le VUfatiOM in demand un be m8ugad by darigning 8tor8ga into 
l pm@& 8y8tarr, u88l8lly thi8 help8 Yet only rhOrt-term vator neda (revar81 
dqm 8t m8t). not w-1 variatione fn deund. Stor8ge tanka or b88inr 
mitily bald 8tb -t -1 t0 l UOtul V&lb&e'8 daily W8tW d@DWd, 88y 20 
wbia rtam. ft ir not ustully l commhal to store l nou&h wter for five day8 
@mn tb aomt of 8tOrqec pWtiCUl8?ly when uaily rlovated rtora&a tmnkr. 
Hwovor, if l 8itr 18 80 remote that it -8 five or more by8 to fix 
w, the aomt of additional 8tor8@ nut be cwparod to the cost of 
#rreldit# ia 2#t@?, hi@mr C-t PlnvrrrtiW Mint~MMO to iM?O88. 8ySt.m 
?dbbilit& bUkU@ q8tU8, or athmr m8aI-l to inaure vater availrbility 
b?ilk6 r]F8t- OUw8. 

-?W ruQlllltO8, rbicb 8In di8CUS88d in detail in tihq?tot 3, C8n 4180 vary 
-1y. pbr examphI, di88rl fuo- s $8 oftm un6v8ilrblo in remota areas 
w WiNby UUOnS, when roads buOn impu8ablo. R8nev8bl8 owrw puaping 
98-w 8wh U uind and 8olrr -8, can d8liunr Water only vhen adequate 
-?QF m-C.8 UI W8ihb18, not duriq calm or cloudy period8. Othrr 
8@uorUlly d@pWdmt frctorr cm affect ryrtrm porfarunca-for $nrt8nce, 
WtM fbodin& euuld mire rrdirrnt levrlr in a river high enough that pump8 
bemmlaclo&&&. Iho peuibillty of a-1 8nd re~ro~l v8riationr in vuer 
dam@& m&d supply abould be t&a into l caount w#m derignin& pumps. With 
wt.@ Ufoty mm8tm8, dmand can ~8~811~ ba aot. Remamber that far rim8 
Wh8rm dM8fid wuiability $8 high, no r888otubly d88ignod ryrtm c8n m be 
oxpoatad to m*t damma. 

2.5 

mt@r mailrbilfty $8 ttw p8rcmuy of tiom wumr i8 available to users during 
a 8p8afied period, ?hfS fi&UZ8 i8 1wv(Lr tm pOrC8nt, 8inC8 l VU'Y SyStem 
r\nabul$ybruk8 dun, Av8flability un8lmo8t 81~8~8 be incroued, but it c8n 
b8 $nCr888$m#y 8Sp8ufv8 to do 10 8bwa 8 c8rtainlevel. PWBp8d WUer supplier 
q b@ V-Wfbbl~ fO? thru rUsow-the DUhanic~l q8ttID fail8 (0.6.. the 
-for 8t8p@, the uuru bac0~a8 iMCCe88ible (the Vater able drop8 below the 
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ppg~tab),ortheeae~ruourca fd~8(thvind8tOp8, th6ti6861 fUdXUIh8 
out, or the mm $8 awered ritib cbud8). A pod derigl p?UtiCe for water 
ppgiat8yatew tcr tm focw oammari~ water m&lability,whichdqka* on 

8 equipmnt teli&bilftjr, 

l varirtions in vater and energy re8ourc08~ 8nd 

8 the mmilability of backup equipaent d v8ter 8ource8 in the 
event of l qmtu or amace f8ilum. 

Iha reliability of dfffemt kind8 of pmpiq equipmnt and ry8tem de8Qn8 t8n 
vary eomMmably, but relhbilky -1ly depends on coat 8nd maintenance. 
Often, better equipment coum more. and there m tad@-off8 betWben buying 8 
-tU th&t hU & hi& C+td CQSt Wd hil a MqUhUOnt8 Vet8U lo%?-COSt 
equipuntthatn6QdE8hi&hlewelofQ6?t. U8err uy h8v6 to m8ke compromiser 
if they lack adequate fund8 for hi@-quality equipPant. However, the lnO8t 
importmt ttratqy for pnvmtily problem and minimiri~ cortr is to kn0v the 
~imit&tioM Of the Wter 8ource k&for6 yOu choarr & 8ySt.m. 

1.0*1 Equipment R611&ba11ty 

kliddtity 18 usudly measured U th@ wan time betveen 8y8t.m failures, 6iven 
iahaar8 of oper8timr, mi8 nay qat on the worqe, 8 coaponent (e.g., PUap, 
en&m, or belt), fZ , cm be expectad to fail after the wan 
tim be- f8ihW88 h88 tlapaed. kttrr (4nd oftanmore 6xpenxiv6) component8 
o? rpftm h hn&U SUZl ti688 b8tUS8lb f8ihr@S. uSUrr11y, it 18 VUY 
di.ffiCUlt t0 ftd thi8 idONtiOlb fO? different C~OWnt OptiOW, 80 8ySt6lO 
&If&M?8 Dumt r*ly on ret0m6nh 
of mquQaamt* 

tionx when ChOOSin6 different type8 or brrndm 
-i, 8ySt6lR fSihU8 &OS8 Wt dSp8lld Sil@y OCl the q\ulity Of 

o& part8 Uud, ~li~ility 18 l lsa very dependent upon other f8CtOt8 Such am 
the r68dy WP8ilrbilfty Of spare pIrt8 8nd people with teckniCa1 Skill8 t0 
adntatn 8nd repair q@mant. 

6yara1~brri~rt ururrlly try to pi>ek eompon6ntr with the hi6ho8t rfficiacy that 
tbq ban afford f8Ie SMCion 4.1 for 8n rxplrnation of 8ffiCi8nCy). SOIWtiIlWS 
mw mqukpmmnt with puzpurtadly ht3, 8fficimcy 18 turd in a ryrtra. Only 18tor 
4b v88r8 di8covor th8t the uou put function@ wrll fu 8 rhort tim6 but dorm not 
hmm tb 6xp6ct6d r61iability 8nd fails pr6m8tur6ly. In g6n6r81s we proven 
mqmmts that yc+a and loal t6chniciuu 8r6 familiar with or th8t Isv6 proven 
thru1W@8 throu@ lang 8nd l udy WI ~fmawhue, r8ther than buying iae 18tert 
iwovatfon* tt 8o=Wn6 l 18e UpUiRWt with 114y Or W&8mili8r units. In the 
b# mm, pIown r61i8bility $8 much mare impOrtuS in reducing the cost of 
wtor dalh8ry tbum 8 -11 perc6nt&e difference in OpSr8tin6 6fffci6ncy. 

26 



0 mmtSn&bordmle p\rpr rnllbelow thm lovut oqmctod wtmr 

level ad tiwer pupr 011 anchored floata wttb floxibla 
diubr&e hue2 aid u8iq 8cfuM to prmmat clo6@g and 
sabuqumt~topmp88nalmtof8; 

l &u&g&q adequate l torap to mut demand dufl~ ahort-tam 
8y8tm outa&et, apeoted or ~~cted-fender, wantudy 
eveqy ayam breaka darn. 

lhtr &r8 otb8r type8 ot qq~8acher which CM incr8ue Wtef l r8118blllty. In 
Mt fr dul@b proems, a~ntr much a# 8n@U and pump@ ato 
Qpitily wefslred to l cert8&n *xt*nt. Since pump8 repulra mor8 pouw to 
8taZt tbr trrrniw tbn t0 k@8p them &oiry, mOtor8 h8V8 t0 8Upp1y hi&or 
8-4 tbl# fWUti= tow (8t@ Chrptef 5 On dio8.1 l n~ilw8). For 818CtfiC 
-t8?8,, tbf8 YIRI loU Up8 Mt h &fiVW8d to th8 motor. m&a, motorm and 
parer 8uppllu (e.8.. m Urq8 02 Vil'ld-Pup rOtOr8) Wt be 8it.d 18r68 amU& 
80 w C8n pfWid@ a8 much u touf t-8 th norm81 running tofqua to 8tart thr 
?l--* 

-t8 Mt &ho be W8rsiX8d to account tof 6rrdual d86rrdrtion of 
m-8 rwd pmtb in d88Ukd OVIr the ry8t8&8 8XprCtrd lit8tiw. Ffaf 
@M@& Pam8 et ClO#&d dW to 8c81in& Over tiM, thrrrby f8ducing thr 
dlmter thfoqh vbleh wur cm tlw. 
md, tof l given pauer input, 

'2h18 incr88rrr thr total pumpin hrrd 
f8dUC8. tha f&m r8t8 through th8 pip.. 

Slmll8rly, 88 electrid cwpaneat# wear, voltage 108888 occur that r8ducr the 
orrcpltt Of *lUtZif m-8. Am bi8rel 8agln8s bacon CarbOnl28d vith um, they 
zc8 8btt pornf to driv8 $uEp tfu&Misstoas. Thr88 8nd 0th.f typ8r of 

- l-888 WIW YOU Mt bO@n with a 8li@tly bZ(&Or POWI: 
8ama if ywu uput l crrt8ln amount of v&ter d8liv8a-y five ye8rr 8fter tha 
wulli 18 b8t8lhd, gul&ltnas for compoaent sizing that &dram three 
pfeblws m given in Qmpurs 5 tbfougb 6. 

nm lmed fof pfwelBt1v8 niat8Maw 
i-8,, 

cannot be overuph88lmd. -8 runbrttrr- 
wre l ffSCi8tbt~y MUI at 8 lwef cost per wit of v8tef-+h8n they afe 

ro@almlyn&Btaln8d. Y8t, 8a uuf gf0up8 my not have adequate lncmtiver 
to mke cafe of tbif qqaeat. Ubllm it uy 888~ feoonabls to 888~~ that 
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Mu8 wmt8h cue of pwpb& equlpnnt, ~guh wlnt- Will not 
uceuarlly be curled out, thu l28ue8 are di8uu88ad further in Chapter 9. 

Ewfy ppgiq q&em w&l1 mmntually f&l. Sy8tm d88&gn8rx mat coxulder hou 
u8er8 will dealvitb8ucb fdhm8. Youmu8tdeterm%n8bwlo~anout8Seuill 
be acceptable to u8u8, renmberw th8t no 8y8tem G-8 water 100 percent ot 
tb tirr, mU8 tb 8itWtiW i8 WV WkU8U& a ri&bt.w pIft8 Or p.Op18 
tith wwtiti tUhlbiCd 8kitb Will fhOtb@ Ofh brnd at h @it8 t0 tiX 8 
mystem lmdiudy after a brukdwn occuu. 
8eveml d8y8 at lea&. 

m, m W-l, 18 lik.ly t0 b8t 

Sy8tes &s@a a?muld t&e into l count v of d8alia~ tith ulntenence 
ml-. Flrnt, ycunud tobme 80~ idea ofubatproblema uillbe cewed 
evenbybriefoutqe8, Do people typically l ton tha drlnklw water needed for 
8eWetid8y8attbelr ~8,o?~~ydrrro~ter8~r~ltirr88&y be-w@ 
they bmm rm ott-8lte rear-? It there 18 little or fba oft-8lte rtore~o, l 
mty 8torw tmk ahwld be blu enma& to 8tor8 water for at le88t one day. 

Seem& b&&up 8y8teu can ba wed uhenmer the primary ry8ter f&h or ir rhut 
dmm tort nlntmmnce. Wife thlr almoat pranteer that you vi11 8lw8yr h8vo 
W8-r (X0 lq 88 y8-Ur 8-r&# 8OUrce 18 8UftiCi8nt). it 8180 ma8n# that thm 
qua till be mm expeMlve. further, poop18 otten do not plrc8 a high 
priority on nintaini~ backup ryrteu, and 8 b8Ckug 8y8tem will not do much 
gpod if St da@8 not uork uben you nud it to. Son puplng ry8t8u c8n eerily 
h &8- to lacorp8ratr backup l n@n88 or energy 8ource8. For example, 
8uppoxe a ?U my8trr with x vertical-turbine pump 18 drlv8n by 8 pulley on top 
ot the pmp dmtt. 
tlectrlc motor. 

brmally, tb8 pulley ix driven by 8 belt connected to the 
A backup die8el en&m could b8 inxtalled by mounting it l O 

tbt if th8 8ol8r qmtm f8il8, due to equipment f8ihf8 of rhply to 4 18ck of 
mm,, the dieuf en&he could b8 wed to w8t dound uatil the PV myrter ir 
Wfki~ ayin. Itrilarly, hudpupl could 8eWe a8 beckup8 fof dir801, wind, 
otdupupiryqrstws, l ddluelr couldb8ckupwindpumpr. 

A tbhd r8’lution ir to bm# more th8n on8 water rupply 8yrt8Im (pump l d vrtrf 
uufc*). If mm ryrt- f8ib or nmd8 to b8 tak8n out ot r8fViC@ for 8ny 
feuon, th8 uund will 8till b8 8ble to 8w1y Ion minimum 18V81 of rervlcr. 
OI Mume, tb$r nquirrr the 8dditlon81 8xpenre of diwng a recond borohalr 
md i~talll~ and uintatniag l recond pumping ryrtrm. 

Aay 8a&#@rt8d soh~~tion for bandling xyrtem feilurr urt be wei&od 8yinmt the 
cut el an amcputed outqm--if v&or is uammllable for a certain laorent of 
tin, w&t WO the conwpmce8: 

0 C8ammughw8ter be liftedby hmd to mspply l tle8xt drinkin 
wkr until the pump is fixed? 
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l c8nra#pdhw8tubttMkedlRorttMpottedbyothetmR~ 

(e.8.. m =tt8)? - w m -la, rht WUkd th18 
coat, axl who umld pay for it? 

0 Wbddpeuplebaktotraweltoot tomposarUymmm-t 
amther wter - until the 8y8tem I8 mqaited? 

l ‘CBwa WtU i8 b@w UUd fOt ~iCUktUt8k puIIpo8e8. uht 
lnppam if th oxop f&m? 

tiCOh8 Of the Optian8 dbCUa8eddkQWe Or 8ldhr mr&mey-rdlaf mUwe 
rut be Wd&d wt the cut of a bdtup aptems additional 8tomge, or 
dmelopiagotbervltu-• 
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& bportantupeetof dmoaim&pupl~ equipwnti8 detrfmining the enerw 
fqulfad to pmp w8ter a& uu881~ whet l mr# 80ufC88 ctwld be utilized. 
%bi8 Ch8ptU OffW8 & Wtbd fOt C&kCUk&ti~ Wtm - d 
&8f&Ct@fi8th88lbd~hhd~ OtUPefie~ Of8lW&'jM88OUW8. 

di8CU88e8 th. 

3.1 

Enuw is the capacity to petforr work. ln tha cam of mmvlag or liftlqgwater, 
~Lc emfgy it tb capacity to mmm a qmclfled amount of v8ter a cart8ln 

. Enerw is expfe88ed lnj0ule8, w8ttbur8, or horrepouer-houro. 

?bmr i8 the r8te et which mark 18 parformed, mm88ufed in horrepouer (Hp) or 
watt8 0. kth tern m important la &trrmlnlt~ the 8ppfopfl8ta 8lte for 
prpqinl; mP== 

ilw Ey&atallc awgy raqulnd to lift l certain volwr of rata 18 &Oven by the 

t011adag equalan: 

a, - (A x g 2 Q x M/(3.6 x 1oL) 

WheteEp hydfeukie energy in Idbb?8tt=hmr8 (kUh) 

A' dmmlty of u8ter (l,ooO k&l 

U' ~8vit8tioaak constant (9.81 D/d) 

Q- volur of water pumped in d/&y 

n- tot81 pmping haad in mtofa 

Subatttuting tb8 &i#n coat8nt8 (9.61, l,ooO, 8nd 3.6), the rquatton rimplfflrr 
to 

tr’ .00273 x Q x H 

h 18 dif8ct:ly PfapOrtiOnrl t0 tb8 hUd 8Xkd th@ d&fly VPkf &88nd. ThU8, 
rtfictly in t8fms ofby6f8wlic enarm fequffemmtr, pmping ZOd/day from 8 head 
of m nkf8 18 th8 8~ a8 pumping 50 ti/d8y thfough 20 wtef8 of ha&d. T8kan 
tmwtbf, th lmd 8ad d8ily w8tef fmpaifwmt determine the enefw demand. 
bU@V8f, tbi8 Convraimt 8bplifiC8tim -8 not Uk@ into 8CCOuM difforenceo 
:Jb fZiCt:Om 108888 Wb8!b Wkf 18 pmped thfOu@ V8fiOu8 km@8 Of pipe. 
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nt mkulatad wing the ahow fomuta it 
rw to move water becausa of 
and 21. For amampler the enlargy 

m la? ?8dl8tlon to p d vatet is 2 to 4 percmt. 

t lr tm the order of 4 to 8 percent, 

1 cuffs to wtar purrpad by humms is anywhere from 5 to 10 
pezee3t. 

8e efficiencies alone do 
es--such as cost, eais 
rr for 8 rprcffic typ 

mportrnr consideration in 
wind rtent 

@WY 

iw~ilablr rcpourcc 18 is to 01 tko 

,, motor, pump, tranrmirrion, etc.) 
a of the paw 

t&z mmr ef~l~l8~i~8 are usually about 
1: out to thr power in. 

6%-W prrcant (hi&her for larger 
enclsr rang,@ betwrn 40-75 perwmt, d&pending on how wall 
itr load (I.&?., the brad and flow). For convsnlenc~. we 
flad pump, motor, and tran mission (that entire rubsystcm) 

rfffairncy* or *rubryfmm efflcisncym. If pumps are 
lntogrel unit vfth the motor (ouch es a submersible 

ly refer to the combined pump and notor efficiency as the 
For example, if the moeor efficiency is 80 

and the ~~an8~~u~io~ efficirncy 75 

0.80 x 6.70 x 0.75 - 42 pert 
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, , 

A. Whet 18 tb8 hydreukic enetw required to pump 20 d/d through 75 meter8 
Of budt bar tb tOti ~iV@ll 8bOV8 

k tin -1 - .00273 x 20 d/day x 75 I 

a- 4.1 kuh 

E. If tlrr pprp (only) efficiency 18 60 percent, how much eneqy wmt be 
ptovlded by an engtae? 

E - 4.1 kWQ.60 - 6.8 kuh 

c. kf vlltrr 18 pupad over 8 rl%-hour period, vh8t 18 the required 
mchmft81 power output fro6 the engine? 

6.8 kNh/b hour8 - 1.1 kU 

i88tr tbet the choice of flaw rate (20 3 in a mix-hour period or 3.3 Id/hour) 
doe8 abt ch8nge the margy requirement, but doer dmtemine the power output 
requirement for the pumping &vice. Diesel engine8 end PV modules, in 
p8rtfcukar. are dmctmlnated in power units, the rate et which 8 device is capable 
ot pettomi~ wok. 
UlWtlotl. 

lhi8 f8Ct 18 ilrpOrt8nt in 18tU UCtiOM on engine 

3.2 

Tt8dltfonel rner~ fe8oufcos tof dalivrfingveter include gf&Vity, hand lifting, 
8nd wind enafgy, in mm0 c88w. Hare recently, prtfocheaice~ fualm end 
*ktrlclty h8ve b8mn utilized end, finally, the we of molar energy ham become 
pasdble. On6 ba8ic aspect of the pump selection process is evalurrtlng the 
m8if8bility 8nd potential for uming different energy remource6. Clearly, if 
mter cm be delivered by gmvfty. it is likely to be the most reliable and 
e88t-eff8CtiV8 &96tsr. -ever, if the capital cost of 8 long pipe or channels 
18 hi@, of water qu8llty 18 not suitable for the intended umc, other cystetns 
should be tonmldered. The following mectionm provide guidelines for determining 
the fwoufce inforution needed to uke 8 prelilirury weluation of pumping 
8quipmnt opt:oM. 

33 



36.2.1 H&nd Wftin$udcIltrjrfq 

Other than ptity flow, lift&q and carryingwater by hand is the oldest method 
ofmw&ng ft fmsr source to a destination. Many hand-operated delivery systems 
have been used uomd the world (see particularly E’raenkel 1986). The major 
lhltatfons of hand lifting are the sustainable energy output of humans and the 
relatively small uater delivezy rate. Hand lifting can include every option 
fzoe a rope and bucket to medern, hi@ efficiency handpumps. Remember that 
under aertrkn cfrcumstences, the bucket and rope method of drawing watar may be 
perfectly epprogrtate for seme sites. ho not dismiss the no-pump option bafore 
considering it thorougtrly. 

A WCs arrimum continuous power output for short periods is about 100 watts 
(0.1 up). This c8nnat be swstrirmd over the course of a day. For an average 
dult male, the energy output ever a day is abeut 0.2 to 0.25 kUh. Assuain~ a 
ptrnp that is lQ percent efficient, this would amount to pumping only 3.2 d/day 
for a head of 20 meters. With multiple pumpers, which would usu?Ily be the case, 
0.75 to 1.0 kWh could be produced over a day. 

Thest limfta severely constrain the amount of water that can be delivetrd using 
hmwbopu&ted pumps. However, if the energy requirement is small because the 
wster requirement andkor head are very lag, and a willing labor force is 
ava.ilable, human-p-red system should seriously bo considered as a low-cost, 
la4+mintemnce option. The main question would be whethrr or not daily water 
damand could be met with handpumps. 

3.2.2 Fctrdmalcd Fuel and Electrical Energy 

Patrchemkrl snerw sources-diesel fuel, gasoline, and karosene-are widaly 
available in nearly evary country in the world (there sre, of course, periodic 
shurtsges end fuel delivery problems). levertheless, it is important to consider 
their fuqact OR syttem operating costs, as wall as whether or not they ate and 
will continue to be reliably l vailsbla in the quantities needed to meat daily 
~r~srgy rrquframmtr . Since gasoline and kerosene, engines are not nrarly 80 
comaan as dtmral 5oEors for pvmplng water and arr generally 5oro rxponsive for 
u#use Il-ncsle water pumping needs, they will not be discussed further here. 

Fuel availability and costs depend on many factorr, including 

0 supply 8t the natiensl level; 

a rdisbility of national and regional distributLon systems-- 
public and private, formal and nonformal; 

a the existence of priority allocation schemes; and 

a local variations in &ma&--an unexpectedly high periodic 
demand sometimes dcplstes fuel supplies. 



Tb mit&ilWy of aleatr%aally opemted pmps bpend8 oa their pratirity to the 
electx$ei~ ptd a& the nllability of eervicec Since @id power is uncomen 
ln mwt rural areas of developi~ countries, nid-electric pmps will not be 
ca5sidered further here. Hwmter, ia mat cues where reliable p&d power is 
mmUeble at l site, elctrtc paqw ue the preferred system for technical end 
cut reasou. 

Tkw approprSatenes8 of a die.ul, l lectriul, or any other pmpiq system mat 
be at 1-t put%elly detesMned en the bui8 of put amrgr sveilsbility, its 
1-1~ ave%Gbility ln the future, m& the &me of mystua ml~ability that is 
-Md- When eonside~ diesel or electric pmpiu systems, you should 
&terdatrs&tkwrpa8tproblam8 wtth availability and fluctuations in fual costs 
-grwtM- warrat coasideriq other types of systems. 

Meselagim~ueave&1able in~rrtrd~routputr~ebrrmen2.0kWmd 
2Owptts <set). so findSngecpa%pmmt rith the right cspacity is 6enersllynot 
s preblem, except for wery rut1 outputs--less than 2.0 kU. A full discussion 
of factors affecting dime1 fuel consuqaion rates and methods for calculaeing 
cammqtion ad pueer output ue given in Chapter 5, 

3.2.3 sour Radiation 

Ihe perfor6aDu of a 801&r pwDpin& aysrl;- will be proportions1 to the solsr 
clrwtg fallirq on the M urey (the set of solar modules that produce 
electxfciky). Solar mqy or irradiatioa is measured wf th l pyrmouter, which 
gWes read%- in pouer pr u&t of Rcritontal area, watts or joules per square 
vctu par s6cud (iZ* or J&m&s8c). These power measuz~mmts ste integrated 
OIMt tim (ususlly s dsy) to $ive l nugy in kilowatt-hours or ~egsjoulas per 
q-re meter per day Wh@d or HI*). 

Am en exuple, l m solu radiation dsy in a semi-mid climate at loss than 
25 de-n latitude pro&coo about 6 kWh#d or 21.6 llJ/dd, since 1 kWh/dd 
equals 3.6 NJ/dd., One puk sunli&t bar is dafinad 81 1 kUh/m%. The 
ltteretam ef some N pup mntufacturerr refers to the number of posk runlight 
bws u a way of quickly clatiwtlng locsl l olar radiation levels. Remembrr 
r&t irradietlan cm very cmoiderebly war l day, math, or yaw, depending on 
fee81 wuther eondithu and latitude. 
ri@ficmtIy Iram ahe yam to the next. 

In addition, mnusl war4ges can vary 

Solar and riad pup alsing fa bssed on thr concept of design month, which was 
waftoMd in chapter 2. OurLag that month, the ratio of available energy 
(mthly mm&e solar irradbtion or wind speed) to the hydraulic energy 
E8@SWUnt i8 at its lowest (see exsmplr in Section 7.3.2). In general, 8018r 
pllllg)ibf systems rkwld not bo conridered unless irradiation during ths &sign 
unth Ss prrtot than &out 5 kUhHd. Agdn, this guideline is so5ewhst 
fhdble, dqwndbg on siteqeclfic costs and operating constraints. Uorld- 
ride #pr of solar radiation dmsts do exist (see Kenus snd Glllott 1985), but the 
date m mt prociu mmqh te be used ns the basis for a site-specific system 
drziga. 
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lb uu88 tV tarp suitability 8nd perfoxunu ttm followi~ inforution is 
nem.dd,&temfnbw: 

A the average daily solar energy mmilabl~ at the 8ito duriq 
WehmmthoftEeyeumri 

A2 i8 trw of rfad 8pad data, rolar irrdiati6n data arm l uwhat dopondmt on 
thetur8iaaf&microclimate. kuaver, solar irradiation is Benerally net so 
variable u wid speeds, nor is the amount of available solu energy so 
se~itiwo to the auunt of irrdiation AS wind energy is to wind speed. Hence 
t&effects OfdiffwuEmS At the rite from recorded data ue not As pronounced 
for solar u for wind-energy systems. Thus, solar irradiation deta from 
pyrmmmter sites that are as fu away u sovorol hundred kileuters may be 
acceptable. This ts fortunrte u the worldwide network of stations measuriw 
aolu irredi~tion is much more limited than that for wind aeasuremants. 
Wuhtio~ In the amount of irradiation dapand on how diffemnf the microcliute 
at the prapoad puapiq location is from the recordiq site. 

T&e l lectrSeul enargy produced by A PV Array depends not only on the operstiq 
tuporM8tre md incidant 8olu irrrdiatlon, but Also on the size of thr ucsy 
a~# thr angle at which it is tilted up from the ground. The bore nearly 
pmpsndfcular the aray is relative to the sun4a rays, the more elrctricrl 
margy will be prodmad. Details on solsr pump ~121~. baled on the enrrgy- 
reamme idorution diacussrd ?mre, ue prwlded in Ghaptu 6. 

3.2.4 wind Re$fmeS 

Tho powor available in wind is 6ivan by the following formala: 

P, - 0.5 % p* x A % v*a 

wboro p. - pawsr avaihble in the wind fn wstts 

ph - air density in kg/d 

A - cross-sectional UQA of wind being intarccpted 
(1.8.. are8 cwered by windmill rotor in d) 

v, - air velocity in motors per second (m/s) 

Ihe that the power in rho wind 1s proportfonel to the Q& of thr wind speed. 
‘XMs mans that w the viud speed increases the powu available by & 
f8ct.u of m. It ~180 means that smell errors in estimating windspeed can 
result h Zarge errors in estimating availablr powsr in the wind. To evaluate 
tba potential us8 of vhd 8s 8n energy source, meuuroments or estim8t88 mat 
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Sfacrrwtpeqle9illaotranttomeasure the wind at the proposed site for a 
par before duidiry whether to purehue a system, windmpeed data l re 
occamio~Uly mmilable for warby dtu mm hourly l verqes. but morm often l s 
dellyormonthly mmrqps. To ammemm tke location*m l u5tmbility for uindm~ills 
aad to utlmte performMe, monthly l verqp ulnd aped8 near tke rite are 
requlzed for a period of re hart a year. If available, racordrd data for 
loagmr pcrtob am way weful in urrreing uhether that yur of dmtm im l n 
ueurate repruentati0n of wSnd l peedm at the sit*. Tke more deteilmd the 
ddmpmd dmta umd La mymter demip, tke mre mccurmtely you cmn predict the 
performawe of pmPticular rind8Ulm. 

At l mbhu~ tkm follu$ng iniorution is nmmdmd rbaut tha wind rog$mo to l mmemm 
Sll ptrf-: 

l mntbly mmrye wind l pmedm over tkm eourme of one yemr (used 
to determine tko mntks with low wind l pmmdm); 

l tkm hution mnd b&fit of the recordin inmtrwamntm umed, 
rilrer. rind apud u8ri.u witk krigkt; l nd 

l a dueriptim of tke tmrrmin where tkr wind rpeedm warm 
~cmcordm& md tke topoarmpky betwemn tkat location and the 
pr0pued pump mite (Items, kills, mnd other fomturem cmn 
drmutiully affect wind l pm*dm). 

In addltfan to wind &u, otkw irportmmt fnforrr*tion &mt sumt be collected 
amttlsmprapmsedpumpmfteinchIdem 

l the l ftr'm l lmvmtfon above sea lavol (tkia mffmctm air dauity 

8nd, bmm, tka 8wunt of power in tke vind) and 

I a &scriptian of tkm termin mound tkm posy l lte. 
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he ydc of local wind mpmedm over tlw courme of l year. Vhe anmrm output of 
a riad w ir dtrectly pmport$d to power mmUble in the uSnd over time. 
r& wter output for l perthulu rind&ll is proportional to thm energy 
&lable, mJh&ch &pemd8 om whd epeed end rotor ammeter, mnd inversely 
proportioarltotheto~lhrrd. 

Siam rind p~ttera or rem can be approxirutely chereeterired by an averm6et 
npeed beuured in q/8 or dlu per bar [8pk] at a @en h&&t) over A liven 
peead, umtally c month. Generally, wincMlln l kould not be eonmidermd if m 
8itd8 averqe rtiad w w the math tith lowert mpeedm is less thmn 2.5 
r/r Ot th8 tOtd prPb&hUd i8 OVer 60 B8tW8. However, a ce8bbinmtion of mmny 
8d.te mheunmk factorm finally deterrine8 the hwemtever~e wind l peed l t 
u?hhriahillr are apractical alternative. 
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Dqman&amtberrlhbtlltyofthe&ta~, the ce@etene88 end 8ecwacy 
0f tin wlMmpm& &nfommtioa, mf& thm coaM&aat wuler ukick it im collected, 
corzcct&c8bmwyarsdtokappliedpr6perlyto utiutethevind~tthepropemed 
ate, Tb8ebkcl~ 

8 I corrutUm Sf the data-collectba period is short; 8nd 

l r~rrectionfor lecdterra$ncmnd$tham. 

Tmkmntopthr,mumheorrmctbar8mmnafEmctlacaS uindmpead l mthmtombyu much 
u3oto4operunt* A dWcum8ion of torrecti0nm 8nd the calculationa required 
to CkHII a -11 aud predict ttm pmrforunce is provided in Chapter 7. 

It $a Smportent that $tiorution onenergy romourcom be mm cmmplete mm poamible. 
In mat CCUI, tldr y~lll ~theriry deta locmlly. Site visits l re kigkly 
m for zecordtng wrtmat remaurc* par-tam mnd mmmemmi~ l xpomure 
mb terrmin unditionn relevant to Frible wind or l olmr rlwrgy ume. In 
m&Ntloa to dmta collectiaa et the mites otku l ourc8m of intorvtion on l nugy 
reeeurcu iaeludm 

l tEe uetbrtel wnt of wteorolo~icml l ewicom; 

8 ahpmt8 and departmat* of civil aviation; 

l raivetmity or pdyterbnic l cienee dmpmre#ntm: 

0 tke cplatqP8 dmpartamnt of l ~iculturm; mnd 

l l ~iu rempenmibtm for l nuw, minmm, and/or dum. 

~tionml 80uzco8 of inforwtion conearning the energy resources d$mcumsed in 
tIU8 section 8ro brlafly demcribed in tke annoteted bibliagr8phy (Appendix A). 
w emtiuter of vui8bility in wind or aalar ramourcmm uy 8180 be k8lpfu1, 
ampmdmlly if little or = other dot8 8re 8v8il8ble. T81k with locml people 
8bm8t thmir permeptians of uu wutku toudit$onm. Their perceptionm uy be 
particularly us&al in mamesmiqg daily varimtionm in resource levels, much mm 
perids of UlD or cloud covet. While muck info-tion uy not l lwmym be 
acewAter renmber t&t lost villagers hmve been livid in the mm pX8ce for 
8 longtiu and, thum, uy bm &le to verify &ta from dimtmntwe8ther l t8ti0nm. 
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- mmt tgottvnt tuhnhel cbmrectmri8tiC fat predicti~ pump perforunce i8 
thepwp-• hmp curwem (NO ~148 of which l re l koun in Figure 4) 
btpht 8 pllS.8 -tati- r-0 tab tmN Of tit81 heed, flOU r8te, 8lkd 
effkienmy. lilhfle mmmh w -1 km8 l unique pup curve, dlffermnt typos of 
f&4+8 brr CkWeCt8ri8tiC -8. Ftgure 4a ah8 typialpump curves for 8 
vwthal turkhe pip end Figure 4b for A positive dimpl8cennt pump opmretin# 
at a wariety of Ufferent mpeedm (note that the 8xam era reversed in the two 
fQpre*) e Zb8e pmp pZfONnc0 curves l lmo includm povrr consumption and 
effkhhmy -8, EffiCienCy Curvam can be wed to rafbe l ymte~ dmm&gn by 
indiutin& thm pU8p thmt op8r8to8 moat l ffidently for y0ur mymtmdm tot81 kamd. 
If efficiq mfl m tM¶t 8VA&bk1m, YOU C&l CAlCtiAte th8r 6,iV&tt tk8 fbU+tt& 
W, flata ?8tmc snd mr requiruont, win6 tke energy requirmnnt crlculeti0n 
pruented in tke prwbus uction. 

Ib l ffiahncy 61 the pwpins aymrmm and its emmpnmntm con kmvr 8 conmidermblm 
@ffeCt OIL m-at Wt8. A l ymtu vitk lower l fficimncy conmwmm more l norgy 
pllrph~ l given smmunt of watmr tbn e l imiler l ymtam with kigkrr l fficiency. 
wr, &are are often trmde-offs bmtw8n ki#w l fficioncy end 10Wmr cmpitel 
cut8 L ?iffiCfm t8 8 fWEtion of rack mymt@R Cmonmnt (0.6,. pump, en&W, 
sbd trensduion) end bow well tkm l ymtea vu designed to utch tke pkyricel 
c0MtT*int* of the weter uurco. Tkfm -1 (pertlculerly Ch8pterm 5 tkrougk 
8) SrrlWm8 &t&led dimctwionm of tkm concept of efficirncy, its role in 
eyntea deskqr, mnd bm0 to rmduc8 costs by cermfully into&r&tin& 811 cwmponmntm 
&rpQiry mymtma. 
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4a cumtrifu&Jd @rundfor) 
VlBrticlBr ?mbina ?ump 

4b Positive Dimpleceaont 
bt4+y (?blU3 Pkunpm) 

TO 6PtQ~be tke requirtd fiow rate and heed, you mu8t know the ch&ruCter$i#t$CS 
of yaw wat8r murce, at5 dimcwsed in Chapter 2 l Cenerelly, it is recommended 
tket the rwaxage flaw rare, in cubic meters per hour (d/k) or liters per second 
<l/m), should b no #uore tken ebaut 70 petcmnt ef the rucimum mwt.a$nable yield 
of the we00 or otker wager 8awce. This will help minimize the primibility of 

dry thm Iource Ad trill xeducr axcemmive dravdovn. thw decreasing the 
8mergy rrquiremmt . Bdw 70 percent of the -11’ a yield, the flow 

rmte is dmterminrb by the ueter requix-nt in cubfc mmturm per day (m?/d) and 
r of hour8 you went to operete the my*tem. 

The flop rata for diesel MS is erment$mlly constant becewe of the engine’s 
tmmtent aperetiag rrpsed. In wst ceses, you would simply choose the flow rate 
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(bel~tbm7Opercmatl~t)neededtonetywrr#ter rmquimntif tkm pump 
irNmirtoeaghth6ur8puday* Fl0w rAteI for hmdpqvm @marAlly do not 
wtZI+lhitony$eld oftkr#termource, bute&pmndmnt ontbampmed 
et utdch tha p9 %n manuelly operated. BUAUW Of the CUbiC ~lAt$Onrh$p 
ke~flour~te~b~¶mpwd,prrpi~ rmtmm fortindaillm canbwmy hi& 
-iru lur-• &A psbmral rule,Qaotdwiptkm outputofatind l ymtuto 
be rare then one-third of the meurce*m uxinn dmUy nut&mble yield. For 
uqh, if thm mourme yield is 3 d/h (or 24 at 3 - 72 d/d), l whd&ll should 
k riud to pup ne mare than l/3 of the &%ly 72 a yield, at 24 d/d. 

port molar prrpLw 8yntue wMt8ut battariu, output w8ries mmt the day, with 
tb m guere~~y atcurrb$ UoMd noonwhmn thm mun i8 hi&eat in the sky. 
~~&flynarrre~(nnr~~~yautputdftti&dby~rof hours of 
operethk) ahouldbe 110 more thmabaat 70 percent of thm W&t&r sauce*8 w$mum~ 
swtdneble fled. Fbrboth the solu enddnd cues, w$ng thus design limits 
till brlp preweat war-wing of ** w8ter source (8nd conseqwntly lerga 
dU@mO durhg periods when the energy resource is l tr0ng. 

8M@e 5: lhrp ibfON8U At 8 Given Heed 

mt is the fbu ret@ of the puqb in Yi@xe 48 when the tot&l l yatu heed 
ir 7 -term? Ukmt rauld it ke if the heed were incresmmd to 9 wear? 
Uhet are it8 l ffieioncy end p0wer requirr#ntm? 

A. A pwp'rn aprretfng or duign point is the valum of tkm point 
011 the p\rrp cufvm for tots1 l ymtmPr heed when the pump is 
nxming. Fr- Piwre 48, tka opereting point (Point A on the 
graph) of tha DP-16 pump $8 17 I'/h et 8 heed of 7 WterS. 

ILL, tztrm -is km&d is increemad (by pumping to 8 tenk, for 
-lo), tke wolun ofwetor output decreuem, mince it takes 
-re mnmrg~t tm pwp to thr rdditionml keigkt of thm l tormp 
tmk. Again fror Hyre 48, if 8 ground tmnk &d&d 2 wterm 
to tat81 l ymtor kemd (-king it 9 wtmrm), tkm pump output 
would ba rmdummd to &bout 10 #/k (Point B on tkm graph), 

c. Am mtrted above, st 7 mmtmrm km&d the pump dmlivmrm 17 d/k, 
b8d the v8hu of the efficiency curve et tket fbw rete to 
get 8b0ut 71 percent (rm&dfng off the ri@t side mcele of the 
gr* t0 Point C). At 9 meters heed mnd 10 G/k, it 18 only 
60 puce% l fffcient (Point 0). Sn htk cesem, pouer 
consumption (shown in the b&toll curve) is jwt bmlov 0.5 kU. 
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PIpr eleetrie-~ubmm&ble plq ntm, where the puq and itm lotor 8re integreted 
iatoaarPait,prq~~ep~oftra~rultiplmbud~norrc~m 
raad l ffhiemlu for differeat motor wlt4mm (8u the rolmr pump curva8 in 
nPar, S), or for biffmrmnt rotors rsith m@u l ltarartir4 murrant (AC) 
mQbmra&blu. Pbr tU ptmpm, an l dditioaal pumter thet mpmmlfiem l yetem 
perfornnu in the lewd of molar rdhtioa in thm phna of tha urey. For A 
rndirtioa hd, 8 mint ORB tb MlW@ iXdiC8tU hOWluchUtU th. PIIlDp Will 
delLwufor&@enM. An emmple of then -8 i8 @fen in pigura 6. 

War&mum typmm of PIlgr hmw pmrforMnme curwm8 tith very biffennt mhmpmm. 
Fl#mre 7 rborr typiul eumu for centrifugal 8nd ncipr0c8tm p-8. 
Dndu8teadf4hwthue cttrru Apply t0 8 $bUtitiU 8itWtiOth Will h8lp YOU t0 
ch8o8emeppropri8tetypeofpump. For uuple, if 8 uell b8~ 8 water level 
&et in ~ea~omlly tnrhble (Le., it depends on rainweter for rachuge), there 
exe 8dwent8ges to thaorw 8 nsiproc8thk& over 8 centrifbg81 p\rrp. If the 
ceatrffiapl p8qb operete8 et the middle (most efficient) point of it8 performance 
cum0 during the wet l euon, whmn the Water level drop8 off in dry ronthm, the 
totd pampi- heed vi11 Incrume c thw redwing efficiency end output. Howvex, 
0UtpU fOz 8 rSCip?WAti~ purp i8 EheSrly indS$be!bdSnt Of the heed. If the Ymtmt 
lmwel drapm, the ayntu will continue to ptmp naerly the l m8m maount (88 10~ 
u du water d0me not drop bolos the level of the pump), but et 8 higher power 
cotmmpti0n t&n ff thm water law81 ware caamtmnt. 

Hmqv typar of pampa are mve&lmbfe, but sewn l re comonly wed in diesel, sol&r, 
raLbd, ad hm&qumpi~ mysteam. Thmy exe listed balw, &long with 8 brief 
brrttipti~ Of their miC81 War AdVAntA~U, 8nd di88dV8nt~88. fllWtr&tiOnS 
of em btstgna for tlmm pump types l re shown in F’iwre 6. The comantm here 
eomc8rnC~ywrd, trrci8lly SVAilAbla, mull-mcela pu8pm (i.e., less than 
10 Ml). Ilka first tkme 8ra 811 oantrifugel pumps-tkey 811 keva 8 10~ l terting 
tmrpw mud their output mnd l ff iciency exe vezy depmndent on tha opereting km&d. 

a 

&:: murfmme-amunted motor and pump for ki~~wlum, low-herd 
~~iCAti0ItS. 

m: eua of $nmt8118t10n, access, end rapeir, And 8 
lou l t8rtiry torqw. 

B: lirfud S-mater suction heed, relatively 
inaffisimtc0up8radt0 centrifuylm thmtkmve flooded inlets, 
much u mubtmmrmtbla mnd l kmft-driven units. 

2; down-hole, hi&-volw, high-heed, integreted8otor/prrap 
. 
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(Jrcuzzi Manufacturing Literature) 
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(Driscoll 1986) 
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s rsibk Centrifugal 
(Stewart 1982) 
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Shaft-Driven Centrifugal 
(Grundfos) 

Positive 
Displacement Rotary 

(Mono Pump) 



ing Contrifugalaand Typical 

Jet 
(Stewart 1982) 

/’ PAI 0, WABR 

Positive Displ acement 
Reciprocating Piston 
(Driscoll 1986 1 

Diaphragm 
(Stewart 1982) 



m: auki-•tqa to ace-te a w&de range of heeda, 
not ra8trfct8d. 

B: sandy or hi&Q reline water cauaea repid 
desadetion, u&et qu8lity 8ffecta repl8cmnt intern81 for 
ptmp and motor aa there us 8UblWr8od, hi& capital coat, 
expensive to repair (pump *et roquira8 removiryr unit from 

well), require8 &ectricity (i.e., cmmoture other driverr), 
brusblerr diracteurrent (DC) mabmerrible motor8 rtill in 
dewelopment rta6e co present DC and AC aubmeraibler must be 
pulled for periodic bruh replacemeat, invertu lonrer for AC 
&meraible~ when wed with PV, limited cqacity rince 
currently emIlable unite ere l ll nominally one kU. 

l 

p+e: down-hole. odium-volume, medium-herd pump driven by 
zotuy shaft. 

m: &ace-uruntod motor offer8 ease of maintaunco, 

mot limited in terms of auction 80 there l e no priming 
problem, hi& cepecitier aro evaileble. 

B: Shaft lotaer reduce efficiency compared to 
mbmermtbler, ahaft and borehole alignment are critical to 
proper opration, inat8118tion ir difficult. 

pU: meditn-heed, medium-flow, down-hole pump and surface- 
munted motor. 

m: cnt be ued beyond auction limit, very reli8ble. 
ea8y 8cce88 to 8otor for m8intetrunce. low rt8rting torque- 
least expensive fnteamediatr-hoed pump. 

B: rolrtivoly inefficient, 

l 

pU: hi&-head, low-flow, down-hole piston 8nd cylinder, 
driven by tuckor rod from surface. 

w: c8a pump low flow8 8yirutvary high heads, output 
is indqmndmt of head, Ample derign. 

B: ufntenmcr requires periodic repl8cement of 
188th~~ artd cylinder, 1ore expensive than centrifugal8 of 
8aea sfz8, rel8tively inefffclent 88 leather8 degrade, moat 
comanly wedwithwindmillr, pul8ing flow, in PV rymma (me 
Chapter 6) requires batteries or power-conditioning units 
(FCUs) for hi@ starting current. 
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: wdium- to high-head, Pwdfuts-flow. Rmo or Xoyno pumps. 

: generally very ratbust, output fairly independent 
of hard, mt confined ta auction limit, no priming problems, 
&aod affieirncy over uidr rrnge of heads except for under 20 
meters. and ‘iw back-flaw valva xequlred. 

: mmd CL wry hard u%ter cm caus% pr%m%tur% 
do~radatlon of rubber stators, raquiros gearing, can overload 
umtur~ if downsttemt valves a~% inadvertently clesed, 
fnstttlation is difficul:. Although nawly developed nitrfle 
muters have lover starting torque, standard units require 
battery or Bctf to supply high starting torque. 

8 

: flow produced by flrxing diaphragm that is gmerally used 
far lo+head, law-float applications. 

: few roving parts, low internal friction, tolerant 
of sand or other particulatea. 

: cmstant flmcfng causaa diaphrap wear, fairly 
uncemmontyp4 of pump. 

A t of factors tu take into cansideration when selecting pumps cannot 
easily be quantified but should be carefully considered in choosing any pump. 
at%se inctude: 

l rquipmmt reliability ioften a direct function of tha 
c lexity of the darign); 

8 frrqwney and complexity of mttntsnancs requirements and 
technical skill levels l)r additional training needed to 
per farm msintensnce tasks ; 

8 degree of we in your area- if a pump is commonly used, local 
mechanics are probably familiar with its operation, and spare 
parts are likely to be readily available; and 

8 potential for standardization of aquipmsnt, with the goal of 
minimizing spare parts fnventories and technical training 
requirements. 
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To w extent, pkmp8 are applicatfon-8p8cLc. -r @=@*, hrndpuslps 
obv¶ou8ly ham a mry ltahed l pplicatim for irription. huevar, v~rfous 
qpe8 of h8ndaperated pa8p8-for iartum, rower pump8,mandard reciprocatin&- 

plum a (**a*. Dmpmtu or It&a lfuk XX), and rotary pumps 
(tan#Mb)--brcp, beea u8ed tn 8m?ual countrir8 for riCrO-irrti6~tiOfi. h’iU8lly, 
rwer-pwpaa& appllcaticm8 for water ntpply or 8Mll-8Cah irrigation 8yitWkB, 
which mrmlly viz-e high flow at low hsad8, \PIQ eefitrif'u@ pump8 because 
Of th8ir h%& MpMity, rtlidilfty, UKt U8e Of IrintWk8XlC@. mr 8ppliCatiOXIs 
raqu.irba& 8 hQh eapmity ayum, mrfacrammted centrifugalr are omployad for 

low heads, and wertid turbine ~ntrifu@r for deapor wellr-both l re 
r+k8thly bWQO.Mi= Md thdr m+,OrU - l 8ily 8WviC8d. To provide 

dr%nk$n& water from rrllr, 8ubmrrible8 or po8itive dbpl8camnt pump8 era a 
morelaely Choke. They ut u8u8lly more effLtimt, but their capacity is 

lamer. 

Ihe8e ue ju8t801t exaplu of pump 8pplicrtions. Table 18hour practical head 
rad output lirlt8 rtith vuiou8 prer tourcat for these and roveral other pumps. 
%i8 bfOrmat&on it rhorm &8phk8lfy in Figure 9. TO l 18tga axtent, the 
chetee of a ptmp till be dictated by eonrtmfntr 88rocht8d with the water 
murw-wtt for the he86 8nd flov r8t8, and the vari8bility of the 
amace. In mmy casmk any one of revera dfffarent pump typrr will perform 
adqmtrly. lhe $mpUtAnt point i8 t0 choore a 8y8tOB th8t will Opet8te 
rffkiemtly and reliably under: the d@rf&n conditiona 8t your 8&o, 

Ia pretied term* the uay to relect a partlcuhr pump ir to flrrt chooro thr 
w th8t f8 Ipptopti8te for your particular 8ppliC8tiOtt, b88rd on thr 
advmtapr, biudWan~e8, 8nd r8ng88 for tha flow r8tr 8nd hmd @van in thir 
8eotsofA, Then, ba88d on UI informal 8ummy of the local av&llability of makea 
rrd mdetr: uf that type, reloat four or five modolr with pump p8rformnce curves 
where yw;r rite’8 oparatfng point $8 roU&hly fn th8 middle of the cuNe8 (rho 
2t-Ui8 rqwmentr tha flou rat8 and the y-r;xir, the head). The final choice is 
&Umdnrd by uhfch made18 rmqufro the h88t l argy to pump tha amount of water 
YOU r8qUhe frOr 8 giWW ha8d. mi8 c8n ba d8cid.d by noting which pumps have 
the hi#H8t OpU8tin6 ~fffCi.My for tb 8y8t8m08 tot81 pUBpin ha8d. kk@ IUIO 
you 8rr urfmg tha corrrct pump cum8 in or&r to nflrct th8 pump’r oprrrting 
Opcd (*4.. for ~sitivedimpl8C~wnt pumpr) or V8ri8bl8 voltage conditions 
(far electric-aubmrribla purapr), if three 8pp1y. 

A8 8bmm So T8ble 1, cetfrin ,drlvers 8re 8uit8ble for cert8fn types of pumps. 
lhi8 SeCtiob df scuue8 the qu8lit8tive difference8 batwean driver8 end, where 
8ppropriU8, th8 pumps th8y 8re best 8Uited for. 
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warfable 

uarhbft 

uar f able 

l-6 
l-3 

2-3 

2-6 

l-160 
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MWC1~~th88taIUk’d pri# mo'v@t sa. )iPlt of tha d8I?e~opi~votld (see 
Chap&m S). lby can be used to driwe warly any type of pu8p, *if&u directly 
or thrw& a 6eauator. Dteael~@~~ arenormally eharactaritadby 

l 

l 

l 

8 

l 

l 

l 

l 

4e.4.2 

law cap&t& costs. but relatively hi& recurrent cortm for 
-i 

16eal fipfl$uiq tith 06H &a8 to uirtin& imfra8trueturd 
8upport artwork8 of widely varyiry qualfty th8t include 
UaiWdWCb8nfU 8zkd 8pU-e Put6 -1ie8 (81thOuJ& this can 
vuytidaly frtor country to country, and awnby 8pecific 8rea 
rrithh8COW#r); 

fuel mailability that is hi@ly V8ri8bh and affected by 
8eaaoaally &pen&nt truuportatian netwdm; 

fuel eoltm that often vary reerorully but are aenarally 
incmuin& &n -81 8reW &8pita current deCiO88.8 in world 
oil pricer: 

adaand pmpiry tapbiliqr, u OppO8ed to nind or rolu 
pump, which are depmdant on tha l vail8bility of variablr 
rammblr 8au# nrourc88; 

l quipnnttb8t ir ceamOn~yav8ilab~e for errenti811yunlimited 
upacity in tems of head and flow rate, weapt Ior rull 
lmdm (le88 thm 2 to 3 k&l); 

nfatiua port8bility of rullu unit8, uhlch 8r@ genu8lly 
bi*wedi Md 

tha n8*d for an attendant during oparatiorr. 

Sohr prlzia~@ 8yrullr typically con8i8t of a W ur8y (1.0.~ the power Iourcet), 
pmmr-ceadftioain~ l quipmmt, 8n 8lectric motor , 8tld 8 pMp (888 Chapter 6). 
They ue wually chuacterited by 

0 relatively high capital equipment cost8 and low recurrent 
C-t8 fOF OpU8tiOn (8iTbC8 there i8 114 fuel reqUir8Wint), 
Rb8iE%8MM8, 8nd tq8fr8; 

l 1fdud Cwfty for COlHWCi8lly 8V8ihb18 eqUipIWNBt--Up t0 

2.2 Wpukpwu input, which can provide 8bout40 $/day from 
2s mt8r8 Of bs8d (81thOtl& thi8 CIII V8l!y Widdy flrOPl Country 
to country 8nd eves from one uu to another within a 
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-try), fiven solar redfatioa lmmlr in many dQvdOpfn& 
aouatrb8 (awe: l ltbaugb tt i8 VQry -1, it 18 pa88ible 
to iuull uvu81 8tuked ?W uubwr8fblQ8 in one -11. 
bwever, thi8 i8 ummlly let 8eon8mically vhble); 

l OLD on-demnd puspbk6 capabil~Ety, thou@ water rmra6e tank8 
or batterrier can be wed to rinimilre thi8 liritation: 

8 lW pOEtdbilitjy fOt W8t iZUtQl~8tiOCN bQC8U8Q Of thQ m 

uray-ume rwllrr unim of laaa than about So0 watta puk 
ua be mmmted on tr8iler8 for portability; 

l rlectmm&8nScal control+, filch 8110~ for unattended 
operation; 

I ~ceptibility to VWddiSr-8tOM5 can Quily break the 
gluing on PV rodules; 8nd 

m v~q? hi& r~liebility for the pomt 8upply (i.e., thQ 8rray), 
but not 8lw8y8 for the energy rupply (the run). 

4,4.f Yfnd sy8t8M 

&cbaakal wind pu8p8 typically con8irt of a horiront8lly or vmrtlcally mounted 
Wiabfll (i.e.* rotor) 8nd tr8nwirrion (&eubo% or other typer) mm&ad on a 
tower. Hoat often, rod8 cmmeated to the tr8nnmi88ion drive 8 down-hole pirton 
P-P* Wind pump8 urn typically cheracterized by 

l hia capital equipwnt c48ta 8nd rel8tively low recurrent 
coat8 for oper8tion (bec8ure there 18 no fuel requirement), 
uintenancr, and rep8ir; 

l limited capacity given tha rotor dimetrr on comerci8lly 
amilable muhinu (up to 7.6 wtorr) and wind regimu that 
are emmenly encountorod (lore then 9 R/I under f8irly 
tavur8blo conditions); 

8 110 on-denand pllrrping capability, which n8ce88ikte8 prwidiq 
8 18rp mount of 8tor8p capacity to increue w8tu 
avaif8bfllty; 

l the porr!.bility of local manufrctutr; 

I amportabilfty;and 

I m8chanfeal controls, which permit unattended oper8tion. 
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S8mbp8rated~ur~y8~1e lewerarae tbat8owe pi8ton,bi8phrdgm, 
OX rOt&ty dorm-bole p. tiy UQ ChUMtQdUd by 

a werylowcap$~13Lbm.c~tc88t8; 

0 eweof irutallatbn,operation,ad luiat-Q; 

8 v@zyl~tedeapae&ty for riwe unStm--1oaathanabatS d/d 
forupto#4Owkrlmade, butmereat lomrhead8;and 

l thQ gaUibility Of lOCd MlWf8Ctrrru for 8OY 8iRplQr W&18. 

IMa m8Im81 &ma mt deal epecifically t?tth other 8-t- -8 hQrfdQr th8 four 

dutrlbed ebwe. 'Ibr QpprOltiEQt8 head a& flaU liBit8 for thy pup dri\nrr 
di8mmrcbbtreare@eninFiaurelO. Six other kind8 of pmp driver8 8nd one 
othu c#fipratbn (hybrid 8yuu8) ri@t be of potenti8l wo to 8uma rudus. 
Zhu8. the fo~lauia& ue briefly de8cribed here (8ee ~eenkel 1986 for coverago 
Of Q8 QSCQptiOthd~ WidQ VUiQt;y Of -8): 

l electric ~~r&tOr8 urb yid-commctrd pump 8et8, 

l Uiad-QbctriC turbine8, 

0 biopa or dual-fwl pump, 

l itiwrarmnt turbine8 

Q-5.1 wectric8lly-Driven Pump Setr 

!6MrQ ohctric puwu fr wailable, &rid-coxmected pump 8ete are often the most 
cast-8ffective 8y8ta8 optfon for mr81 vat8r cupply. Comp8red to dierrl-driven 
p"raps, Q~8etriG 8ots ua &.8au8lly euier to install, requirr Is&r uinterumce, 
8@ us8 d88pU fud (electricity e8 OppO88d to di8881 or guoline). HoU8ver, 
for 8&tQs without my @d 8f8CftiC power, the high colt of oxtending 411 
QSi8tfs&gid tumor8 ?amot8 l e88 mwally m&e8 other pumping 8lt8rnativer more 
cum-effective, 
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la lrdw ccuQtrlu, diuel-dFswa &eQu8tor8 m uud to power l 1utrtc pumpe. 
Pbr 8ltu tith Other luoQca8ptitiw end+BU8 for the l l*atricity (a.&. , village 
lt#d.8g or piadirv p&n at r&&t), biuel-pwereb electric gqnorators for 
water paqh& my be cut-effective. Ia -rd. ma& qmtem offar the 
flm%biltty of umiiyr l leatric pup motora, hut arm inmfficbnt fta m l mrw 
per8putwo ia tbt the eaergp 88 cofmerted fram M-1 to moch8nicalto 
l leutrlaal fomrmd theaback to8mchmdcal. Wtenmivm eomtdmta thmtwould 
pu&tcoq8rt8omtithalte~tivu arewmmilable. Thue ayam also require 
capoamta tb8t are mre complat and diffkult to rap&r (e.g., l loctric 
gem=--) * 3twy alma &mand l ddit~oarl akill te uiatda UM repair and, 
hwbm,eata&la88oeiatrdtwni~nae&. Sdrn ir l fakly uacomon application 
in~tkW~~~Q&COUQtY%U, 80 itrill QOtb df8CU8S@d fit?thU iQ this UnUl. 

Fhmlly, local W-gidP h&m bmn nrgga8ted u a way of pawring electric 
pups in mral- dbtant from a mtional grid, IShi-kids-ralativaly ~11 
udu ia tezmm of pouer pnemtion (about 500 W)-could power a vmrimty of 
lmda ia a local wea@ mtch u motor8 and lighting for cottap industry, village 
lQht&a# aat! mcattonm, utd pmping for the rural w8tu supply. Main, 
tbh apprweh ham maw -r&t, but it im fairly rare at praront ati will not be 
camidrrrd heFe. 

4.52 USndGkctric Twbhms 

W~**leetric tuxbirwm received m considerable boomt in popularity in the Unitad 
States md Europe dudng the late 19108 mnd l mrly 1PbOm when over 15,000 wmrm 
iawulle4 h Calfforaia. Thmme wchlnmm wmtm mitmd in l rmms with mvmrmgp wind 
8pud of-r* than t em, a l prod that fm rare on l taylmr bmmim in most mrmmm, 
Thai=electrh tubin m umuallydmmlg#d to oprrata most l fficlmntly l thifirr 
wind spud8 Lhn ar* wdrmiut wind pump8. 

men high WsQd spuds provail (i..., pator than 6 to 7 m/m), wind-rloctric 
trprbiQU CUb b. tk 1olt CO8t-8ffUtiW ChOiU fOF potaOF 6OQW8tiOll 8t F@QOtS 

8it88, lhsrcrrr, much high -r@gm wind rp88d8 at@ not urually found in moat 
devdepiQ& cmunt,rlem, biF8Ct Wat8F=pwiq 8mliCdOM fOF Wind-dUtFiC 
turbinmm arm l till in the dmvmlopmmnt rtrge, and them 1s little lonptrrm data 
--mtmCO8t8. tOF thur F.810111, they Will not ba dimcummmd further 
haa. ibevmt, U&F@ windrpud~ l re l ufficimnt, thr potential of thlr new l nd 
bt8Fe8tfQ& ypplfutfon of wind pouar dmmorvmm to bo monitored mm dmvmlopmmntm 
ucwr. 

4-5,s kriwl~hutfoQ Rap8 

Ihtwl-drm pmps fADpI) hnn bun wed to supply water for dxinking and mall- 
scale ititiytion for thouma& of yurr In countries much mm Egypt l nd Iran. 
Racmnt ruurch 01). ApPs (Kennedy and Ilogrrr 1985) hmm focused on incruoing 
their rffieimaq 8nd reliability, lowering their capital costs, l d developing 
tit8 thatcmk manufacturrd indevmlopirycountrfms. Uorkhmm bmmnunder taken 
in umttr%u like 8otswmm (see Hodgkin, H&own, and White 1988, vol. V) to 
hlop aa mcHl4rown tr-fssfon that can be rued in conjunction with s 
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8m trrrp, m&U thaLlaa0. tiIhUe~la~-flou, rel&itnly low-efficiency 
e-tzaatl-pmps m be- uard wound tha werld, very little cost dats IS 
tilabl~ oairpraradwerdoartbtri~tbanlavmttotha applketionm cowarad 
latbl8a8nu8l. 

4*s*4 BlogaemxUusl+ka1Pmps 

Blow ptqb.8 Ue Sti&ttly rodifird int@Ftd CuhU&tiO#h U@nas (usually diO8dt) 
wblch tarn biow, l product of tha dauarposition of l blomau. The main 
-tlble vtofbioyr tr mathsma, but&also aont&ar othar &SSSS 
SWhUUXbO¶b~d@. 
C@WQtdU (a-6.. 

Mops m kwa baan uaad axparhentslly in msny 
XadSa end Botamns) but hma mt yat schiawd widarprasd 

corwrclsl acuptsMa. bd-fii@l Ul@lS8 U8 8hO UUd t0 drtiV@ W&t&r PUQPS. 
IheMbfwlsm ~lydiaul~l<to~t~rnti~s~ad)uLd biovor 
p$war m from a bluau gulfler (to run the aa@m after it mts wsrmad 

Gamiffier p\9r &m baen umad in t&a Pbllippinas snd Thmiland for 
ir&tion pupiqbut, syla, hava l chiavad no riplflcant share of tha pumpin& 
market (nor, it must be l mtd, hmvm wind or rolw pumpa). l’hm primary l dvmtr~a 
ofthmmea&bum irth~tth~y~~t ranawmbla anarm n8o~rcS8 and, dapandiwon 
tha uuntry u&are thay sra wad, ahou mow potontisl for tskltg the plmco of 
f4bOFt@d foUi1 fUd8. 
sttandant O&M 

Their prtmay di88dwnta&a is that thay hmva sll the 
lSm&stioua of diesel pump opmrmtion, raquirlw fraquant mnd oftrn 

axtaudwa malatanmnce ad fraquant nprir, dua to tha typical impurity of thalr 
fi-1. 

4.5.5 Rlwar Current Turbinam 

B&war curreat turbinas are bomfcslly modiflad psddla whaalr which sra lnmtsllod 
in rivers or mtnuar. The wstar current drives the prpp blmdem in l circulmr 
motiea, wbfch tr umumlly mechanically converted into s rrclprocstin6 mtotion to 
d&t 8 pi8tWi prr(s. 
spplfutlou8. 

Tha ptPpm are typically used in lowhaad, low-flow 
Thasa ptmpa h baan used l xprritmantslly in (uong other 

cma&trbs) Hali 8nd Southeta S&n but bva achieved no l i@flasnt aonmarcisl 
mwccemss While they b the distinct sdvsntsga of bain& locally wnufmmturabla 
in @my C@UlStZi~8, thy bV8 nOt pinod 8 F~pUt8tiOEl for bring FObWt 8nOU&h t0 
6ttFW.t R&By patmtiml cumtolmmrr, 
in mevwal dmvelopin6 countrlrm, 

Rmmmmrah on river aurront -8 is continuing 

4.5-6 Hy&sulir RsImm 

In ccrtaln rltustlo-ns, hydrmulic ram pumps are mn l xtromaly useful technology 
for pu8piry W8caI. Rmlstivaly l imple in dasign snd construction, locally 
mmfsctvmblo in q cauntriam, mnd vary dursble, thay csn affectively lift 
warupt8150 YtSI8, usin~noaxtrnulpowar. ~yu8ethr~tantisla~r~ 
of -tar fallfry a cartsin dfrtum fo lift s smaller 
gHtar dlstsnaa. 

uouut of wstar up s 
2h8 usjor coustrsint t8 thst tholr spplicstion is l muaraly 

l-tad to rites that hmm cha nmcemsmry l ltituda dlfforanca batwaan the water 
sawrem 85% the pump to drive the rsm. This sftustion occurs often enough in 
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yoy camtrlu, particularly Sn 88utb ad Cuhtr8lAmrlca, that ram8 are 8n 
sqlomfkt,1f1lmst8d, ptrplI3& tachno10~. 

43.7 w=ld sr;r- 

m df.U&MBw OfaaUly v w Of PlrrqitU d8Vhe 18 thSt it aCCs8iOrUlly 
runmautoftheawr~rwouraa wad ta drive lt-dlasa1 fual 1s soaatimas 
8uw&l&le, tha rtrd stop8, or thara m 8awarsl cloudy dsys in 8 row. To 
WthUprsbl-, hybrldsysuU thatuseron thanaaapsuer l pply (8.6.. 
ml&lad, q. 01 ti*uubmdptrg I- mym~)havabaana@oyaduhare 
tb dmmmnd for water $8 etiticsl snd m-8 csnnetbe tolerated. ltybrld systems 
m dm8talways aore axpamlve thsa trsdltlonsl systems with 8 81~10 drlvor. 

& exq~le of I hybria system is nt/dlamal. uhara W pouars sn alactrlc 
MSble pump whenaver solar rsdSstlon 1s mufflclant. If tha array, which 
CI tb uia driver. prducar lnsufflclant power bacsuma of ravarsl cloudy dsyr 
la&m, tb diualaqlna is sutouticslly m&a&ad by the l lactronic controller 
ad gmpm water until tha PV unit tsn yain produce sufficient power. Such 
8y8taw aorwtly uma a sin&la pq~ with two drlvarm. Since the dismal unit 
- iirrl only uhen it is running, than 18 no pmnmlty (amida from thr 
em@&8 iattlal cspltsl cut) far hsviry it always svallsblr in reserve. 

IWle hwkup 8y~tur m ri~llu to hybridm, they usually use ao@etmly 
-t mnt8. kr aSs@@ $8 & Villa&@ W8tOF 8U&@y 8y8tm that ham 
mawersl different yQtar 8owce8. A ~11 dlamml angina $8 inmt8llad to pump 
framthehart mowca am * prlmsrypu8ping unit. Vhanwstar bacowm unw8i~sb~a 
for wh8tavar ruun (a+ c bmskdmm of the dlasol l n@a, naad to parfora 
wlnta-~~~~, or bplatlen of the water source), hsndptmpr lnmtsllad at another 
8ita(a) m umad u b&&up&. Howavar, in msmt l itumtlonr , hsndpumpr cannot 
sq#y tha 8s~ amount of water am the diamal anGina, so a reduced supply must 
aaffie~ until tha primsty dlamal system is syln oparstlonsl. 

An 8ltem8tiva to puFehsm1n~ and lnstsllin~ hybtid OF backup pumps ir using 
bXpF rtar8&a t&is, If sufficient WstoF can ba pumped during norul oprrstion 
10 that 8nOtB&wtIr feF mmverrl &ye is svoilmbla in s l torsga tsnk, umarm will 
bnn s8l sdsquata supply in tha avant of system fsilura. 

Ibc m%t fear chsptarm discuss detailed procrdurrm for damignin& diesol, molar, 
wlrd, md bmdpampin~ mymtemm. All are based on the fundmanta pump 
cbr8et8rirfict discussed in this l oction. 
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Asthemut m m of priw -VW $a rJEh Of the developi~ world, cUese1 
elk&.bu are used to &we 1 tide variety of pmp8. In many CountriO8* thon ir 
a brad wthml mtmorkt <foxmU or informml) of equipmu% distributors. local 
dealem, mecbdC8, md ~rtatioa facil$tiU that mpport8 d&arm1 on&k*+ 
used for papin& mb other purpo8u. la most uu8, &a881 pump s8t8 8re the 
8tmdud a@wt wb&eb all other types of ptmpia& sy8tus mat ho cwpsred. l%e 
two major factor8 in chusa an spproprt8to diesel sn@ne are msnufscturer end 
-1. A nnufscturer pith a m reputation for quality product8 should be 
tbsen. Abo. it ir tmportsat to consider the local mmilability of equiprzent 
ad expedencad techdeim8. a@ne configurathn8, urb locel dealer aupport in 
terms of spere puts imeatories. T~Q choice of modal dapen4s on the sits- 
8peeifSe prping tuk. 

5.1 

Through drtve sbafts or pulleys and belta, diesel an&mm can br ured to drive 
almust q type of pkmp. They CM l lro drive electric pnoratora to run l lactric 
pup sets, which is a conflwation that hm schntsger in C~SOI where 
subermiblt pumps are fmmrd md grid electricity lr unavailable. However, 
thSr mama1 addreues only the direct m&unical application of diuel rnginor 
t* water pmpsn&. 

T~Q r-e of diesel en@e output la l rrontially unlimltod, with unltm uvrllable 
feam 2 lil Lo 20 W. Thim manual focuses prim8rily on the 2 to 10 kW range for 
smll-8cala water ptmpt~. Diorrl pmp sets are ruually cherecterized by 
amderste crpiul eutc and eempamtiwly hi& recurrent coats for fuel, 
8sSntewwe, and rmpsir. Th8y ue rel8tlvoly porkblo, rincr anginer up to 10 
~nomslly woQb 1~8s th8n 200 kg. lb typic&l mull l nginer (under 10 kW) and 
we let&u re#m (40 kit) 8re rhmm in Photogr8ph8 l-3, 

Mcmd em@rwa are intrmal=cambuation en&inar that we dierel fuel (rlro crllod 
pa oil) 88 an onargy lourco. They normlly have combumtion-ipition symtentr, 
mmdq r&t tb f-1 is lpitrd by high tnrgoraturer fn the comburtlon chambat , 
which arm predrrcad dstriw the l n@ne'r comprerrion stroke. Spark pluy are not 
llormslly wed in d&es.1 afBglws, except in rue inrtancem that will not be 
con8id8s8d here. Diuel en@u are generally categorized in the following 
rrxo= 

l hQ?b or low- spwboporatina at greater or 1~s th8n about 
2,ooO rmmlutltms per 8inute (rpm); 

l 8-e or ultf-cylinder4l~~r, more powerful engines h8v8 
8 purer IS&U of luger cylind8rs; 
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Tr8&t&om8lly, diuelm&ne8 for waterpurpialh8mbeenslowqa8ad, relatively 
loqaut~ a@w8. Thou that m clearly built for lq service are 
gmM&ly m; they often ma at 1-r 8pmde (less than 2,000 rpm) and tend 
to k 1ore apendve in texm of tlm initial cut. Howmmr, they uo often mme 
durable~euiertoworkanuhen~tmmca orrepaira are rcrqutredbecasr 
of &ir dmple de&@. iht h.t&u epeul, 1Qbter l n#nes that are now becoming 
rrrildlr 6ud tobe leu expemtve iaiti8llybut 8lso to have a shorter senrice 
Ufe. Some lQhter, hQh-speed Japanese diuels fall into this c8te8or-y. From 
tb st8dpdnt of life-C@e eo8t8, it is not &ways CleU which is the beet 
cboiu. Decidb8 between low- andhtgh-speed engixms till &pond on other 
factore. ti u hmd+ mailable for the aquipment purchase, availability of 
spare puts. aa@ quality of sezvick 

Sia@e-cylinder l s&hes typhally hawe rated power outputs botwmn 1 and 10 kW. 
Ibltbt)tliadSt wm ut m&l&la in l VUiaty of 8it.S StSrtiw 8t about 8 
Ml. 2hey tend to rua more rroothly than sin&e-cylinder onginer but ate 
lbornlly mra upeluive. Whether you ume (L sing10 or multi-cylinder l nginr 
depmdeprimrtlyonpower requfrment8. 

i?atereoobd an&m tend to ba 1Upr 8nd som8uh8t quimter When running; thry 
do motroquizo a cooli~ fan -or fins u air-cooled units do but involvo the 
edd&t%arul uintemnce of keeping tim eaolant at a crrtain level. Luger sir- 
euleden&wa maad l eaoli~ fan (very mall onea sametime rely only on fine), 
the operntha of which l nt8ilt 8n usecieted power 1044. Most l nginer under 10 
LSOereeir~cmled. 

&th two- ad four-stroke dieeel en@88 l e 8v8ilsble. The form+ have fewer 
rouiw p8rt8, tend to oper8te 8t hlg)wr 8p8ed8 8nd wear out faster, are leee 
l ffieimt, and bme l higher powr-to-trright r8tSo (i.e., they pradUC8 more 
power per Lilo~88 of 8n#ns urifit). Oil m8t ba added to di.881 fuol’for the 
pr8pm operatloa of nsa-•troke l nginer. Othwuire, dam&o to the ongina may 
maIt ‘ For moat water pumpins applications, four-stroke l ginor are prafarrrd. 

Mamel @@n&S a180 differ ln th8 WSy th8t power i8 tr8MfOrted to the pump. 
ti m cmwcted to the pump shaft throu& 8 g88r box 8nd others throufi belts 
axipul1eys. Such tf&8stm8 fnvolve u8oci8ted power 1088r~ that have to 
be auoumtsd for in en&be sizing (888 Section 5.3 below). 

s-2 

Mu81 prlrapb& 8y8tus ue wfd8ty used in most develaping countries, and many 
type8 of m&he8 8fe usually ovoilable. The most important questlon to ask when 
Cbd.U& l UWfSCtW8t 18 WhStbSr YOUhWe ready UUSS t0 8dewte SpSrS part8 

8nd tr&md local ~ch8mice who cm repair the engine. Csroful conrideretion 
dmmld be givem to the & of the 8qulpment, the product support provided by 

61 



aturar and its 1-1 rqmssmntatives, and operafAng and repair 
ilities in that particular country. 

caution is a mted when considering *offshore~ purchases af nachanical 
euppliere, or when buying any equipment that 
Evan if eoma epare parts are included with 

t, rare will eventually bo needed. In addition, 
irod and are not available locally 
manufacturer, and local mechenice 
ts particular idiosyncrasies. For 

ong-temc 
s&r&e 

trouble-free operation depends largely on local 
and repair the aquipment when nacaseary. The quality 

service infruzmuctura vary considerably between countries as 
well as within a country or region. 

Et is a good bdea to carry out an informal su~oy of locally available equipment 
fore deafding what to purchase. Discussions with dealers and local engine 

overhaul shops can help determine spara pares availability and can identify 
ar makes and modolt with good reputations as well as those prone to 
. At ehis rtaga, you can learn about apacific installaeion and 

snak fsatures that may affect your choice. Consult sevaral sources to 
irat infwwtfon and opinions, eince individuals urually have their own 

prrfermncer. justified or atheruire. Wbilr the initial cost plays an obvious 
z&Be tn aeleetfng a pertfcular manufactursr’e equipment, consider that a lower 

ewt may men louor quality oquipmant that will bo expansive to naineain 
that utll fraquanely raqulrs rsplacemnt parts. 

After srbctfng the appropriate flow rats and determining ehe eoeal head, the 
pm&r rqutreswnt can bo ealculaead as described in Chapters 2 and 4. A 
particuhr em&e% of diesel angino is then chosen on the beeie of this power 

Tha perfamence of any diesel engine is usually specified by 
wmfacturers in terms of three variables: 

l fwl consumption. 

AlI vary with angina speed, so they are quoted for specific speeds ar given for 
a range of spaads in graph form. Examples of typical diesel-engine performance 
curves for tarqw, power. and fuel consumption are shown in Figure 11. While 
fual cowqticn (grams of fwl constunsd per hour of operation) increases with 

fuel consumption (in grams of fuel consumed per kilowatt 
ith operating speed. In Figure 11, the Kubota ER 1200 is 

dosfgned to operate most efficiently (i.e., lowest specific fuel consumption) 
emand 2900 rpm, whila the Lister ST1 operates most efficiently at 1500 rpm. 
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prerformgnaecurve ST1 

5.lb Ulster 8Tl 

Power uutWt'-LiScer #-1 

~ngfne Speed 

3wo 
2600 
2OQo 
1600 
1500 
1200 

Continuous nsximum 
Power kW (HP) Power ku (HP) 

7.6 110.5) 8.7 (11.7) 
7.5 (10.0) 8.4 (11.2) 
6.0 (8.1) 6.7 (9,0} 
5.4 (7.3) 6.0 (6,l) 
4.5 (6.0) 5.0 (6.7) 
3.5 (4.71 3.9 (5.2) 



‘Ilu %awpletea power raw of a dSou1 ax@-, vbfch Ss stamped on the 
mmmf~tureP8 wwplate, is tha pwu mmilsblo under continuous full-load 
cadttiow (Le., vhon tlm load or pump is drawiq ths full ratsd pawu from the 
zr;z t!mPm6i= spocd iudkatsd and mdor specifisd cmditions of 

rumre,and humidity. Thapouar available irem anoporating 
w#na till' nomsllr ha 1088 than tha manufaaur~r states becaurs opereting 
eodhioam are mlikely t8 utch tbom of tha uammplate rati%. Dims1 l ryinm 
~~dbbr~t;&reducad by l certstin psrcsntqo to eccount for such 

An sn&isWs power autput csn be cslculstrd urnin 
nuufacturex*s apeeific&km and then deratily the l n@ne for the apacific 
site md eperet%w conditiaru. Be-rsting rscouandstions very by msnufsctutsr 
MM m&m,, but Uster gives these typicel de-rettru fectors for the following 
conditiwaz 

0 for hi* cn@xm-sir inlet tmperaturr, der8ts the powor 
output by 2 percent for every S. 5. above 3V Cmntipeda; 

0 fok Iawer buowtric prmssurs (i.o., higher rits slsvstion), 
de-rsta by 3.3 psrcont for wary 300 wtur of slovstion 
bayund 150 wtsrs &ava ssa lsval; 

l for hi& huddlty, uhich is also dspsndent on tsmpsraturs, dr- 
rats up to 6 psrcmt (the precise vrlus has to be cheeen from 
s tabls suppllsd by the mnutacturor); and 

0 far purr-absorbing squipmsnt, cr da-ruing futorr l re 
up ta 10 perccat for rotor-driven radiator fans, 5 percent for 
belt drivss, and 3 to 5 percent for tr4msatssions. 

'Ibose dw-ratin& feetore u8 calculated fnd1vidually and then ulded. The total 
&-rating psrcenuy is subtracted from 100 porcmt and then multiplied by the 
zmud PQYI~ for l full lord to determine the da-rated output for the rpm 
6pscified. 
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((75b - lWm)@OO) x 3.5 percent - 7 parcont 

t& de-ratin factor for temperature is: 

((38 - 30)/5.3) u 2 parcant - 3 porcont 

Relt lasso call far deratfm6 by 5 percant. Adding thsss frctors 
tegdmr, dro total dwratb& fsctor la 15 psrcsnt. Thuo , thr power that 
can bs dalivemd by sn ST-1 oparstfly undm three conditions will be: 

4.5 W I (l- ‘15) - 3.63 kU 

Wh wmf~~twrst*I: ltkratum should tntluds inltermtlon on stsndard conditions 
muI &=rating c~lculstkonm. Ths total da-rating factor cm sasily bs 20 to 25 
pucent.. Xa practice, this mema ths pawu that cm ba l xpmctsd from an engine 
up k ably 75 to d0 percent of ths rated pawsr indicated in ths rpecificstions 
fat m chasm apeed. Selecting sn sn6ine based on namspletr output alone can 
maan purchmsi~ a unSt thetuillnot be 4ble to woe l tuk’a power requirements. 

-8 the dertatad autput fOF sn l n&%ne ha8 been calculated and matched to the 
pip's mr requirement, sn engine mods1 can be chosen. In doing so, engine 
laadf~ abald also be taken into accaunt. Rswmbu that losdkng 18 a measure 
of the pw8r required of an angina relative to tlm maximum de-rstad power it is 
espabla of dslSverim& L-ding does not depend on the total volume of water 
m, but rather on fhw rates aadheubiti8 dependent onpower, notonerlly. 
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ion of t&me, but it can have 
t vsrisbles sssociatsd with engine 

ss comu5ptioa and msintenance requirsmsnts snd costs. 
tians, mengirrt shouldbs svsrpoweredby 20 to 30 petcent (i.e., 

Rorully, dhSQ1 *nj@es are most fuel- 
avafl*bl* to meet unususlly 

~1~s aperued at lower 
le-mls mm cooler. ‘This dsttesses fuel efficiency and increases carbon 
in ths cylinder(s) snd exhaust manifold, which increares service 

~hQW#!&S‘ 

oadsd engi~s-runnfn& at leas than SO percent of full-load 
am-are msmon in many situstions in dsveloping countries. The reasons 
improper determination of head ss well as poor engine and/or pump sizing 

i5a.d 8mEhiq. Another explanation is that for the very low power demands 
smcouatsrsdwith soms small-scale applications. it may not he possible to select 
sn eqine which is small enough snd has a slov enough speed to permit proper 

(7Q to 10 percent) due to the limited svailsbili~y of small diem1 
s&d/or l%rQitQd yield of the water source. The lower limit of diesel 
that ue oomsonly available is shout 2 kU. There ue SCMJ engines ss 

iii8 1 kW, butthry ue me-n. In such cases, alternatives to diesel 
en&nes shavldbe coaridsrsd. 

C&St coast-dor~tfaas include initial equipmsnt and instsllarion coBts as wall as 
recurrent coats for operstion and preventive snd corrective malntenanca. The 
ftitfd thotalled cost of a diesel pump sot is signlffcantly higher than the 
mpft81 cost of the engfns snd puwp. It also includes labor for ths 
b8kstalPation, trsnsportation, and tho cost of other equipment and materials 
fmcfubSng cemmtli fencing, s pump house, water meters, non-return and gate 
vaZwc, and piping, smon~ other itams. Diesel engine costs vary considerably 

try on the stte md procurownt source. In 1988 typical cost ranger were 

l U5$300 to lJS$6OO per kW for untta botwrsn 2 snd 10 kW, with 
smiler en@nea being IDO~B expnsivr per kW and 

l US$ZlM to US$500 par kU for units bstwecn 10 and 25 kW, witI\ 
smsllar engines agrin being more expensive per kU. 

Thass fi&sares du not include ancillary equipment, such as transmissions, 
ge8daxor, 4md fuel otoraae tanks. 

6Iscurrent aperuing costs Lncl&e labor for a pmp operator (if that Individual 
fs pa&d), fuel, lubricsntr, and consumables. The cost for 8 pumper typically 
falls at the lower and of rates for local skilled labor. In some cases, a 

r*s duties cur be combfned with other related activities (e.g., serving as 
a errstaker or guard) , thereby reducing the cost of employing a pumper. Careful 
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L 

ubue mz-full-lord fuel consumption in l&r 
@Ubk-f%ml cummptlon in*am8parlkUh 

So - qmcifie pavSty of dieul fuel (ummlly 0.07) 
Lp - a@ste"8 rated full-load poum output for a rpuiftc rpm 

(not derated) 
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zbrdteula@m in-h 6 $4 cmuplmdtithmprrp thmtim 60 pmrcont 
mff&ahat md drlfwmrm 36 d/&y ftar IS ~rtmrm of bud, rum&q l t l 
auatmnt rpr wu a 6-tmur period. 
math@mtmdfkamlcmamwpthn? 

mat $8 thm mn&$llm lmmdh6 mnd 

F%rmt, &tudw ttm pwar requtrumnt for the lord. Rar thm formulm for 
hyd?wlIa enev (h, dawnd @den in sutlon 3.1: 

4- -00273 x 36 d/day x tf I 

4 - 7.4 kuh/dmy 

Tbm pwer (?) bput to tb8 pump im than: 

P - 7.4 M&/6 hmurm/6Q pmrcont - 2.0 kU 

Slwe tba da-r&tad power output of thim on&n (frmm Ewuglr 6) im 3.83 
kw, thm l&n6 till hm u follwm: 

lmmdiq - 2 ku)3,83 kU - 52 parcmnt 

'Mm im mt lmnt thmn dmmlrmblr. Opmrmti~ thm l rqinm l t l lowor 
apudwould~ thmlmmdily. 

Fra dmmturmrmc lttermturm, the FLFC for l Limtmr ST1 is 2&O @Uh at 
l.uw) w or 1.24 l#bt, umiq thm comwrmion formulm given above. At m 
lmmdtw of 52 percentr actual fuel cmnmumptlon cmn bm rxpmctmd to bo 1.24 
It O-52 or mbout 0*64 l&&b?* Thim fiyre will depend to l onm l xtont on the 
mm&mm'8 cmmd4tion* but it fm l good l pproxiution, 

FOrm@onengiw, pup, l ndmitmcditimnm, fumlconmimption per cubfcumter 
of-tmrptqmd tilldmpmnd on thm lOmdh6. At m lower lomding, thr eqine will 
W- fwl~rua.Stofwmtmr -rd. Urnin the l mme procedure given in 
hmmplm 7, y8u could cmlculmte the difference that IO&ding Irkmm in fuel 
UOSwption per u&t of water pumped (umin6 m more precise but complex 
~elmrnonmhapbmtueenfuel conaumptton l nd lO4dtn6 thm chat &mn l bova). For 
-18, if you bmve l Llmtmr 6?-1 that is ummd tm pump 30 d/&y from 90 motors 
of bad, you can vary eha flow rate and, hmce, the lomding by chmngin6 the 
mmghhm mpmmh Ammumiq tbmt thm hemd remains l mmentlmlly constant, l nnuml fuml 
wuwptiaa for tb two dfffermut lmmdfny would bm 1,830 litrtm l t l lo&ding 
of 34 pmzcmt mnd 1,430 mt 73 parunt. This represents m l mvinp in fuml mnd 
lubriunt cmmtm mlone (per unit of wmter pumped) of over 22 percent, not to 
wuthm tbm re&ctiou ia UiR tanmnsr costs usocimted with running the engine 
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vpnwrmMt&aebyxmdum~eubon Ml-, Analternmtbm 8pprm8ch lmumlw 
&mllueqimatahfdrul~. Zathatcue,youuouldmlmoemwmmoney 
amup&al cqulpmmntcomtm, lncdd&tSwr toleuer oparmti~, 8mintenmnce. mnd 
&ve&mmlly)~repleom-.ntcomtm. Th&m ~lemhowmtbe*rtmnceof 
proper~intbmdemQnofdieme1 plrplryeymm. 

5.S 

~~rsqutrnratr~~~~~~e~upmtnnt~\n,corrc~t~n, orcurative. 
mtituwhmm inala urriu~thtrhould~donron8~ti~~mim 
toensure e.ffScient operation of the mymtea m uintenance la required 
formmmulmnmlprmblmemtbmt~ lemd touqinmorpumpfmilurm, butmrmlrotpmrt 
ofaomml muvie*. mluintenmnce lmmremponmetom bremkdoun. 
Corrutivm mndaurUiveuintanm~e cmmtitute unscheduled mendee. 

?rmvmntiwm m irpr%em tbmt l erwlce is omrried out on l routine bmmiml 
-Ito tbemrofhocIllt of engine-e or a tlmd schedule. In practice, 
mellric~ %m often wt perfom reprluly, so curmtivm ulntonmnce ir required 
aftutbeqinehubrokendown. This bm o'bvloum conmrquences for the 
nl&ab%Uty of t&m mymtlr cmd thm lifethe of the l quipamnt. kemkdmunm occur 
for l ti& vmriety of reuonm, ineludfw poor lnmtmllmtion, a lack of operator 
l ttaktion, ti faSlure to provMe n@mr l *rvice or poor-qumlity l erviciry. 
The &rly4ng - of bremkdam frequmncy uy be mre corplicmted and can 
ml&m l pear wubrmtmndl~ of the system, lack of incentivea for pusparr to 
porfarrr -11, es& Mng problem. 

4hm l mtmdaleam mmcbmnicml myat-, a diesel engine rrquirom l nmpermtor , regular 
umlaiag, and puiodh repair. The pumpor’r skill mnd the qumlity and amount 
of eeWlcll& emd repmlrm thmt are required are carrpletely interdependent. An 
epetmtot lm remible for dmy-to-deyepermtlenof the pwping system, inChIding 
8-d l topplq the englne, mnd replenimhicg the fuel. The puapu is also 
mspaem&bfe for pmmntln wlntenmnce, much u checking the oil and pormibly 
681?@~& it (m8 raqtdred), tlgbtonln& loom. nuts mnd bolts, and other minor 
tasks. CUmctirr malntefmm is urumlly pmrfommd by l nchmnlc, whom. tmrlu 
SaEldr ern9* the en#ne, clemnlry injector nommlem, replmclnr; worn 
bmltm, Qdjumtibg velve cle8r8nce8, and chrrylry thm oil, sir, and furl filterr. 
wk%llQ r& fumbl~~thn 8y8tU end ~0011~ &y&t88 8d replmaing Othmr worn 
HupeIwntm u SBmeammmry 8te 8~80 pmrt of pmriodlc rrrvicm rmquireamtr. 

'&he 8mzm#fmmtaercm lL;termture prwided vith tha engine should lnd~cmte proper 
btuvmlm fu urricing (see Appendix C) . To 6lve a menme of the ran60 of normml 
me~Iee nqrrLnrnk, otl &-em are typically required after every 250 hourm 
of es@rw opmr8ttou mind dea&eniu:lon after mvery 1,500 hours. The mctuml 
zmqaSrememt8 for a partlculu mystem liy vmry with the operatin environment, 
Sp#iUtfW, ad WbmniC'8 8kl11 SUd tr8inin& For l xmmple, if the engine is 
mpmrmtlq at l low lemdfng, the decubonlmmtlon interval l lunaldbe l herter. Vuy 
oftmn, bcmumm mn@nem do not recmive preperuintenmnce, the risk of bremkdownm 
ir iscreamed, the owerhmul lnuwml la reduC8d (vkich lacreuem costs), and ths 
lifetim of the enghe fr l horteued, hat without mxuption, the routine 
B mmpct of the mmrolce infrutructure for diesel l n@nmm is the 
wuk8aLe 
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l tleutaam brmmk&m pex ymmz (end pwmiblf ke) tbmt requhem curmtlvi 
mln~%8fairlytypicml,dm~onthe e8@ecm~m8u# coaditionmnd 
t& qualtty of muvlce it baa rueivd. 

nmautof waabdklrd 8uvlcSq is Mgbly vmrimble. Emtiutem of l ervlco mnd 
~cmmtm,nmt~l~fuelmnd lmbor, l re likelytobm inthe ran68 
of VQO,lS te raS$O.SS pat cubic mter ef water delivmmd. This figm may ba 
M&bworlouu dmpadfq on labor comt8. the opmntor~m skill, ukd tha quality 
Of th8 ~p8SIkt, v OtbSt fUtar8. Amtherumyoflo8kln# at this is th8t 
typical emad 06N cut8, net lxmludi~ l xpenrer for fuel end operator lmbar , 
v betwua 2S 8nd 7S puamt of the l qinmLm lnltlml eort ar 5 to 15 portent 

of the eymtem'm inmtmlledcmpltml most (uhichlncludem nat only the en&nu,but 
elme the prp, the eeaerate pad, the tunmmimmion, mnd other IHU). 

Ib men&e life of eny dmvSce dependm on the conditlonm undar wMch it is umed, 
which isldem inmtmllmtlea dulntenmnme. Under opt* condltlonm, an en@ne 
8buldk rqblmcedubenthm ceet of uint8inln& it exceodm the co8t ofpurchmming 
mnwoee. !Bwmvu, umormO percoptlma of l s@ne life 8180 play a role. If 
ummrt anticipate 6ettlw flrr ymum of renrlco, a new enginm uy be purchased 
at five ye&X+ even theu& thm old mne is l till functionml. Light, high-•pomd 
en&hams mrm llkmly to ti rhmrter llfetlmem than hamy, rlow-rpmmd mmdelm. 
mm butYl;g ta ertimete W&re8 fox rquipnnt lif8tim8 in your 8ltuatlon 18 to 
ulr otbor mnginm umer8, toe81 equipwnt de8ler8, mnd opermtor8 of reprlr rhopr 
&Ut t)lc dCe8 md ma&d8 you 8te lntermmtmd in. 

Mly, thm llfetbr of mn englme 18 glvmn lnformmlly in years. The nerul 
rmm&e lm tu@ tm three yeur for lmuer qumllty, hemvily wed, and/or poorly 
n%ntatnrd -mea to 20 yemrm or more for higher qwmlity mystmam that are 
mly umllmmlntmlrwd rab overhmulod at regulu intervmlm. Lifetim haurm 
of oprotlon vary from undar 5,000 to over 50,000 hours. About 20,000 hours is 
a -18 ~tioa for plmaniq and comti~ purpmmom. A complete list 
ofdle8el~eneedmead8rec~ d schedule for rreting there nerds 
U&iWmlBllBAppmWmC. 
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ta ccmvert sunlight tiirsctly into elrctricfty. While 
r a variety af an&m3 6pplfcntfans (e.g., 

health ciinics), it is 
trt areas As of aid-1988, 

alar pump+ have been installed 
dmmlopmnt have significantly 

is power source, which has 
to 50) are mounted on a 
The individual modules 

While the FV arrays themselves are 
tatton on the use of solar 
apital cost of a system. 
to tha level of solar 

uniform solar irradiation 
ts Ire a cost-effective pumping option. 

uard in fkld appfieationa for about 10 years. SOW early 
Conaidsrable 

ing production co 
Still, rolar pumps rem 

they do have th 
cmtain circusmta 
1 as the design, 

msr be&r ?V pumpiz~ system ccmsfcto of axi eleetri~M power source <i.e., 
@=qo c 8 maQ1’,> ati 8 pump. The electrical output from the array is 

uwfor , uhieh &rims tha pump. Many variotionr of this simplest 
Bffferant optfoturl components. nor% complex dasigns are 

o kzreaar the affiaiency or rrliability of the water supply, 
same she. Schemtic Brarings 

ubmrsiblrs. vsrticel turbines, 
s) are shown in Figure 12. 
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e water outlet L 
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unit 

Rising I 
main 

Pump drtur 
rhoft 

LIV@l of 
- u0t.r tobte 

Vertical Turbine 
(shaft4rivlencentrifugel~ 

Flastinq Suction Unit Centrifugal Suctisn Unit 

(Kenna and Gi!lett 19851 
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6.1.1 nb8Powt&wce 

PUSS&l08p-*COSl%h aurrcnt and Volta&a uwkr spscified l mli#ht 
cmdft1sM. mbile 8everal type8 of m cells are ccmmly umd (a.&) si*la 
ezy8t8l,8awyatalliar,mb amorpbm),aurly~pornr~s~buplo)md 
~~P-PMv-- xotorr wed In solu papin& 8y8tuu ham specific 
slsctr$calopsmt$qcbsraeteastics choss~toMtchthase of ths srrsy. This 
lMxeus8 the amrall 8y8t-m sff$c$sfKq, so mars ustsr is delivsrrd psr dollsr 
immsMiadw8y8tM. lhs wtchia of motor8 and srrsya no longer prsomts 
si@fic.snt prcbleR# with equipmMt stMdudfMtion amm# differant 
MMfuturuc~ equfgment, SIMS most cummtly rvallabie ivmodux~a hmvo rimilar 
slectricsl outputc 

Arq8c.$bebe~ ; yduc' 8 wide rsT#s of 8lsctricsl maput. xoduler l a 
tit& the tordnsls dnus to plus sad plu8 to minus) 

tolMrses8 Volta&8 &:'hem. rator apead et a constant current. U$riq$ 
Mdelcs la parallel (with termaM minus to minu8 and plw to plus) 1ncr.88.8 
the currant output end wtor torque at s constsnt volts&s. Motors l e darignad 
to aprste meet l fftcisntly at s certain currsnt snd voltage, l o can mwt be 
taksm to uleet s mtor with l loctricsl input rsquiromsnts that match array 
output In order to $et the best prrformncs from ths l yrtsa. Similsrly, rho 
mt8r output must match ths apusti~ chsrsctsr$rt$cs of ths p~lrp in ardor to 
uss power sffScisntly. Equipmat buyerm usually need not utch thrro componentr 
tbemelwes, u this is momally already t&m can of by PV moduls and pump 
MMfaeurus and &y8tem dosi@tus. lkuavar , became of the importsncs to proper 
~tlr~tstiamofcorr~tl~~tchf~thrss cmpmmntr, the procsduru nacrrrary 
todo thlrhewobee~ includad in thtr manual. This will sllou you to confirm 
the speeificstioaw @mn by squipmsnt rupplisrs. 

Equipmat d&strSbucorr All l pacffy tbs l ray mire snd configuration (i.e., 
Uirl~ err sqgmnt for l rprcifle current and voltago combination) noedrd to 
plrrp s emtat quantity of ustu frem s aivsn hsd, busd on manufscturer’s 
rwamedatimm. Array &~a sre ~ivcnr in tsrm of pwk vstts (V). Thio is an 
indicator of the l rray*s sspected povor output under pwk opsrstfng condttiona, 
rabieh srm drfirvd so 1 ld8ti rolsr irradlstian an ths array end an opsmting 
tempsraturr of 25’ Csstl~uk. Typlcrl power modulsr are rated at 00 to 40 W,. 
Ihr outrpur of FV mmduba vsrlse depmdh~ on the opsmtln~ tsaporaturr and lsvsl 
of mlu ixT&imMo-1 cl. * the rolu warw pu unit of usa tn vata par rquus 
mater (Wm. 3he hi@ t&s l olsr irruIiancs lsvsl on a PV cell, the higher thr 
pmw matput is; ths hi&m ths opustia~ tompsrsturs, uhich doponda on thr 
abiantslr tapustuze, th8loumr the meput. 

nt win& system das$gns csn be wsrisd by edding one or more of the following 
csapuMnt8: 

I comtroll8r8. Th8fr fmctfora includs &ulsZln~ currant 
ad/as voluy fror the l &iitd to the motor, shuttin down 
tbs motor for vsrioiu rrfaty rasons, snd controlling the 
w-w- of 8 float 8vitch that turns thm motor off 
ukn the rtorsgs tank ts filled/ 
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l Iwutua. nkwyctmlqptbrm9’8 rlectricalotItputfrtmDc 
toA& 

8 ?ouu-point trukua. 
M effmentay. 

lhaae convut aulili&t into l ctricity 

0 B8ttu%e8. mn!yprows~acoar~t~l~tothero~urd 
8tore eneqy, 80 the my&tea can pwp vatet even vhea the array 
%a UMble to &liver l - povu directly. 

m thm-trw dwhe8. The88 move the 8rr9 80 it $8 diractly 
pexpd&euhr bo the l m& thereby iatetoepti~ mora radiation 

and incre88~ the povu output. 

Several typo8 of umtxollez8 are u8edvitb PW ptmp8. in&&i* immrtar8, powr- 
poht tr8cku8. and battery-chuy tontroller8. 
elutr%city. 

The Pv ur8jr prodUce8 DC 
Saw 8olu pump motor8 oper8te directly on DC, other8 rquira AC. 

dn~er~~tocoawrt~gor#tflcar~ur~yintoAC~rfor~op~ 
wtor, h bwutu am l l8o met u l controller to ahut &mm the motor bofora 
muerIe or ovwhoati~ occurr and cm halp the mator and array operate 
effhhntly in othu vaya. 

Selu ~11 oper8tiag dmmcterirticr depicted aa currant-voltqe (I/V) curvea 
m ahwa ia m 13. They ahov 8 aortain currant 8nd volt* output for the 
rdrle under vulat8 lrrrbimcr (i.e., rolu irr8di8tion) 18velr. Thara 18 l 

put&ulu paint on an ur9.1 opuatiw curm at which it producrr maxbum 
pmu-4he wprlmm pouer point. A q?pe of controllln~ device callad 8 wlmm 
pmmrqmiat tmcbr @PPT) forcer tha array and motor to opuatc at or noar thir 
potnt, Far example, atan iradiance of 1,000 W/i', th8 mob10 rho-m bar l 

mu.fmtm powr poant at 14 volt8 8nd 3 ampr. An MPPT doar not maka 8 Pv array 
pbydcally treck tbr aumc but eon we davicor that tilt the array so it is 

perpradiealu to th8 8an"8 rayr, thu8 producirymor8 power. U8ily an HPPT uk88 
8 ayatam more umplu and add8 to tba cost, but under corkin circumtmc88, it 
cmk be 8 mat-•ffrctirr wen8 for producing 8ddition81 powu from en 8rray. 
B8tt8riw 8re l mutlwr uaed with PV ryatru u rtoraao d8vicrr and/or 
comc?ollarr I, Solax Irradiation ir intrrmittmt dw to variable cloudy 
eod&tioM and the l un”a wvwmt urou tha rky during the day. Battorler 
at@#e rktrfml emera fros tha array, whiah can than bo wrd by tha metor to 
&r&o tha pup uhm Irradiation ir lnadaquato to drive tha l ymtam directly. In 
oddittoa, bttwier CII) uwo u controllarr to pravida conamnt voltaam to rho 
--* co it operates 8t 8 mora cswkant and hi*r avuap efficiaiq. 
Batteties hum dbadvwta~oa that l hauld ba con&bred in tha symter derign 
P=-=* The- in&a& addition81 crpital coata, higher maintenance 
rrqpframentr, 8ad puiodtc replu-t colt*. 

Smmral kinr)r of mm tm.ckors can be urrd to move an 8rray 80 tht it is 
pupmdfculu to tha 8un’I rayr. 
umplutty* relbbillty, and cost. 

The88 vary con8iduebly in terms of 
Under certain conditions, 8rray trackerr 

b8m beea 8hm to preduco increuer in 8rray output of up to 40 percent ovar 
tb cour88 of a day. Tbfr nmt gain must be veid#d against the incremed 
cfJaple%i~ ad co& of thau deviC88. 
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me0 Solar, Inc. & mmuf*eturu’* litrrrtur8) 

hrtfCt&Orly in are88 there -11 yi8lbr are 10~ 8nb draudoma hi&h or vhero 
water t&188 v#y coaridrrably dw to droqht or ummully heavy us@, rafftty 
d8Vitra much a8 low~v8t8r cut-out l VitChOO and motor w~rhaatin~ovrrlordin~ 
pmt8CttSn l huuld b4 lwludrd in l p\pping l yOtOm, Soma COm@UCial W pump0 era 
81w equippld uith thr88 84fOty d8ViC80, but you rhould rOqU8St that they be 
iIl&t&d in q quOt8tiOn On thm prier Of 8 8yrt.D. w l yOt&M should 8180 be 
properly &muz&~ ta pretrct them fram llghtnlng-this ln8xpon8iv8 rrfrty moaaure 
@ImuM mvu be amorlookad. 

el +f +b -iwalliu w-u-~~~~~~ &- *t=rs+ -'llalru TViAh=:- &==riS", -u-r -pave -r-.r- re*rrrJ ..w.- 
@mataes 8ad di88dmnta&88 in terms of tbi? corploxity of opar8tion and 
r81?dllp tbir l ff8CtO OR 98tOm 8ffiCiOWy, &I@ &Of? COOtO. The amph8818 in 
pwp drOi@b and cwpoUnt 8818cti# l hwld be on trying to achieve iiOne*term 
Wlibility, r8th8r tbrn thm hi#mat por8ible 8YOt.m 8ffiCfOlE)L Itrli8bility 
bu Of- km OhWlh to h l l trO#‘l& fUMtiO#b Of 4 ~OtOR'O dOOi&n l irpfiCity. 
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6.1.2 ma baotu8 

sevuel tlrpu of mtora m wed $a 801U’ pupin& ay~uma, imcludiq DC rotor* 
with or w&bat repbce8bla bruahea hd AC motor8 rith imnrtera. DC motor8 
nmmllytrubmaheatocurycurmnt. Ihue ia8+emto b8 replaced ooca8ionolly 
whentheymwotndoun. 3thbpo8unoproblu for l urfaoe-mounted motor8 that 
m wily acamrible for u%ntemnce (ummiry that the rephcurnt bruth88 ora 
locally mlmble), but for Bible m, uhere the motor and pmp l ra 
-ted uduwatu ma an" &Me&r&l u&t, chan@q tha bru8her requiroa that tha 
wblep muldrappipebepuUadfromthe borehole or other w8ter source-8 
vjor opuethn. b.Wntly, 8- MXkUf&CtUZU& (e.g., A.Y. M&Donald in th8 
@nitedStote8)&nsrdewelopedbnublua Dcmotora foruretith 8uba8raiblo pumpr. 
TM8 innovatim till r8duce recurr8nt coat8 for periodfc uinten8nce of 
-iblew* mince thebxu8bu willnothmm tobo replacedon theme unite. 

m lOIt typiul kind Of pump8 wed in PV 8y8tw are liaad balov. Thai? 
-t&t- dW8Cteti8tiC8, tJPiC81 8p~liC8tiOtk8, 8&8nt8~.8, Ukd di8adV8ntOg88 
ueredi8ou84edincbopter 4. time p-8 an lieted yein berm With tha n8ID88 
of - uell4moun 8upp11u4: 

l &elf-primin eanttifugal--AEG, A.Y. HaDonald, and SEI; 

l aubmerrible c~ntrifu~ab-Czustdfoa, A.Y. MmDonald, Tuna, 
s, COlar QOltAiC8, Tot818 and R8nklin; &nd 

l pu~itiv8-di8pl8c8.8ent, raciprocating-pirton (juk)- 
Cbroo8rpTri-Sol8r, kd, Ergo, end Soluotor. 

I&o&C- ~8in@lud8: 

8 pooitiwwdi8ploc868nt, rotrry44om, and Rabbinr 
wm*mym 

8 jet--AX ?h&otuld; 8nd 

m vertical or brop-ml1 turbine-Chronar/Tri4olor, Guin8rd. 

fn ganara~, w oyrt8m8 that require high flow for lw hr8d8 (e.g., for micro- 
irriytiom) 1~88 rurfue~-mwnt8d, 88lf-priming centrifugal pump8 bec8uro of their 
big,h wpcity, rdiabttity, end l e80 of uintmunca. Subwraible unite (which 
UO~fUtbORO8t -), po8itiv8-di8pl8c8mont pwpr (pirton and rotary) and 
vortlcal turbirwr ore ur8d for dup8r valla and boroholaa. P10t0n ptrap8 l e 
typsecrIlybi&b4lood,lou4louMit8. Jet puupr ue uud for aodu&ts hood and 
flaw 8pplfc~tiotm, but l c not comon. 
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0 detly-ea the mmrbea afkd met8 mdu short-termwaather 
p8ttem8c8ueecloudyorpmtimllycloudy coadition8; 

l aeuoamlly-48 var#ry lonptum weather pattern8 occur over 
the pur (eC&*@ 8on8oon80rdry40880n8)8nd88 th88qle of 
&CltMtiOlt &MB&e& (i.e., the a+e batwean the mud8 ray8 
and 8 horhontal 8&8Ce on the wrth), which ia nflected in 
the 8wPa lower pwition in th8 winter sky 8nd hi&or porition 
iathemmu; 

l -1ly-48 -ather PttOnU 888Wi8tad With &OU&ht 
~tiOW, CtOUd8, 8ir pdhltiOn, ULd 8ONOO1u V&y; Ukd 

l &eO&?rphiC8113P-88 8 fWWtiOn Of l&titU& 8d miC?OCliutiC 
weather cenditioa8 (e.g., 1OCd m fO6 alId dWt l tOEM) 
8t th mite, 

cl&=@8 r8dUC*8 80181: in&i&tiOn on th@ 8??8y, l o8etiDeO t0 th. point WhOtO 
mm mt@1- cm b@ p4mpd Tom th l y&tOm h 8 battory bank for l lOCt?iCal 
&tOr&p. &hr ~rmdiation varioa d8pendin& on 8nrnul V8ri8tiW in worthor 
feuEb am droqht eonditiom in Sahalian Africa) u well 88 on rruonal chan&88 
WCB a~ - (uhich in I8m pl8C88 lilu fIIdi8 and M818y818 c8n obrcurr 
=UlJP d1 UUbb 8dOr irr8di4ttm for Up to 88v&ral month8 arch YOM). 

A t2JptCai oprrrtinf &y for: a 8olu pwp ia dapictrd graphic8lly in yigura 14, 
t&i&b abow =tu81 w88urad tit8 for 8 rotu pwp on an average aunny day in 
Botawmn. I& g8ph iUdiC8te8 the hydraulic Or 8Uh8y8t8R effiCi8nCy (8180 
rar+hs called ‘rfra-to-wataP efficiency, but 8lvayr the r8tio of hydraulic 
Orwrm out Of the 88&8yStU bivld8d by 818CtriC81 l n8r&y into fhs OUbOyOt8ll), 
drr fleur 18Ct ie r/sG 8ud the 801~ irr~dirtfon intmuity in U/r'. The figure 
8hem8 h# tbe $ump &em slot turn on tidi&tely in the wrnin& but only when 
tha cut-da or threshold irsadi8tion 1~81 ia rmch8d. This to th6 minimum level 
of irf8diatioa at uhfch the 8rmy produce8 enough current to ov8rcoM the 
S-b& tot+8 Of the m &Rd mtOr startfry. It V&riOO With the l yOtOlO and 
mite c A 8tri1U IJIt8H f8 8hWU in Photograph 4. 
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4, Gmndfos Submersible Salar Pump for Village 
Water Supply in Botswana 
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Beam8e 6f the vu%d%lity in 8ohr hra&&m &hd thm consquan~ vui8bility 
Of plrp OUtPUt OVU 8 &V8lh PUhd, 8OlU w (lib tidd -8) ZBqUiYO 80W 
tlpl Of 8tUw 8y8ta 8B tbt wt.r s8 8b8!#8 8V8118ble to WU8. kg m PIlapS, 
oDt= CUh k 8tU8d d&U &CtriCdfy (t&w brttOri.8) Ot hydr8UliC811y 
(water ti#8t~a&e t8nk). Cmui&r&le &bate ha8 tak8n plwe anbattoxyvormm 
W8tU ItOll*, M wall aa an the ammt of l ch raquir8d for my @van 
~td18thb A&mnral tie of thumb i8 th8tsy8ta8 ahouldbadarignadvirh 
tbiw d8JF8 Of 8COrw. tit tyJb8 Of 8tOr8&. h~Cld8 Upan 8OVW81 faCtOrr, 
pxdmdly tha n8poctive local coat and availability of rtoral8 tankm md 
hettuh8, d MtXdUtly tb lik8libOd th8t th@ bttWi.8 Will b8 prOp8rly 
a8lntiMd. stU8e t8nb8 requ$re considu8bly 1888 8ctiv8 uintrnmce thm 
b&tteriU, 8d 80 are la88 likely to f8il war th8 low run. bttariri in Pv 
win& 8y8tam 8x8 not namally 8uuic~d propetly 8nd thus must br frequently 
rqhee4l at &rut 8spmue. 

- Of tb b8t f-tNX@8 Of 8018s Pupr i8 th8t th8ir lbQri& OpU8ting 
ot8 - riairvl campam t0 mo8t oth8r tw8 of 8y8t.U. A molar 
prPit& 8@t8D urtully OPU8t88 C~lOtOly WtoutiC~lly, 80 Pump OpOr8tOr8 8t(l 
8Ot 8ttiCtly roquind U thy 8re With dim881 .Fyh8S, ior -18. #or d0 8O’l8r 
pqm- r8qusre iwt. 

6.3 

sfosx& mtbd8 for 801U pumpins 8y8t8&8 r8ngo from vary rimple to highly 
a?@~% lhis HctfOTh ccnrer8 8bpfU W&O& fir8t UU! than more MCUrat@ ones. 

6.3.1 A ttrrpt* Method of Sohr sy8-a SiZifl6 

- 8iW&h8t lrthod Of 8018r rizin& C8kUlat88 the pOVer raquirrd, 6iV0n the 
@ftiartod b8d 8d fbU r8U rrquireUM8. SUbSy8t8UB 8fficfency 18 tha reti 
of mmrgl ma of a q+t# (f.8., water flaw for l given head) divided by energy 
put into tb system ~rf~ctric81 mm&y Outp#t from the 8rray). Uring a typical 
Utirrted mbsy8trr efffcfeney of 25 to 35 percent, l r8y 8fze c8n be calculetad. 
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t8 p19 OII@ liter PU 88Cd (118) With 26 m&r8 of h88d fU 8 8y8tU With 
a 8Wb8y8trr l ffi&ney Of m plZa.nt, wbt i8 th. l hct~ic81 output nordad 
-8lkurrJr) 

If 8 pap set r8n for two ha&w8 8t that rate, B conomption would br 915 
mtt8 dt%plid by tr0 hw~8, which i8 1,830 Watt-hour8 or 1.83 klh Thi8 i8 
tbc lsydrull~ Mu&y d808nd, uhtch ~88 di8Cw88d in cb8pt.r 3. ThO MXt 8tOp 
i8 to dctQndU th8 8iU Of uiq in up tkrt could 8U@Y th8t 915 WItt8 Of POWOr 
\Indrr PMk 8dU iVV8d$8tiOXl WllditiOM. 

80 



%%8 EOU$jb UAhUht&Ol% 8-t 8 8Qi8Z iYr8di8tiOXh 18-1 Of 1,m w# OY 1 
kWH. Solu iradiation data are often glvon in twu of kWh pu rquur mart 
PU d8'jJ bit we ftk thQ 8irplQ8t 8dlOd Of 8y8tU 8iZith&, if YOUf 8itm ha8 
rd8Uyuolm%rm&8Uoa level of6 kUh#d, thapumpin Emmplm Pwouldproducm 
the w water utput wu the caur8e of 8n entirr clay 88 if it wue runnin8 for 
6 haam at 8 ee#mtrat fk@ Y8te l qml to th@ tat81 VO~U@ Of w8fU pumped during 
tbr drip diidod w the tot81 d&fly 8018Y iFY8di8tiOn 01: 8bout 

6 &m/day r 1 118 YE 3,600 see,4mur - 21,600 l/day - 21.6 d/day 

Ihi w Wth8d Of 8jPStU 8iZiw tZVOr8ilB@ifi@8 tb0 rO81 8itUtiOlI in 8OV8Y81 
-I!@: 

l ti lmml of rolrr iFrrrdi&#tion actually wrier continually 
8%fW tb COUII@ Of a dey--WFtir,& 8t LIFO, iFYadi8tiOn 
tWY08888 to it8 WXfBU#b 8bout nOOn and than drop8 Off tQ LUO 
8&i&fl 8ftUF 8UlMlt. 

l System efficiency v8rfes wfth irradiation level and 
t8lBQW8tUX8--8ff%CiMBCy iqtFW#t8 &8 irr8di8tim iTkCY88888 (Up 
tm 8 psht, 8&&k 8H Fi@Ua 14) but drop8 88 the temperature 
rPus in th8 afternoon. 

e Pt is usuud that a11 of the 6 kUh/dd can be used by the 
~8-in fact, for 8y8t0lM without b8tterfe8, irradi8tion 
below the at-in l8~8l f8 w88ted becase the pwnp i8 not 
rurrnfry. 
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a -&ab+6~trrdirttionin~uraJlp~~) 
3.6 --lanf8ctu(kwhtoLu) ' 

h for ‘cmtrihryl 

tupIY8tUE8 of 8rray 
outpmtorlla (O-8 for warm CliR8t@8 and 0.9 for aool) 

- uh8y8tu effiaieney 

TJhbfeulabotter TJhbfeulabotter mt@B th8 MtU81 OpU8tiOli Of l 801U w, UC+ mt@B th8 MtU81 OpU8tiOli Of l 801U w, UC+ 
tht it do88 amt t&a tit0 8ecunt the cut-in md cut-out radiation 18~818 *t it do88 amt t&a tit0 8ecunt the cut-in md cut-out radiation 18~818 

15arrau, tIma m nlativoly cull errors uhich tad to 15arrau, tIma m nlativaly cull errors uhich tad to 
arlnrtiut@tbrd8llyoutputby~~rc8nt or80. arlnrtiut@tbrd8llyoutputby~~rc8nt or80. 

vitrrvllp q V8Ebbb rrte.pt -8y 8iX@ d h ~8Vit~tiOTh81 COn8t8nt 
8zbm@B8~*dutbcof~8nd~88aro8. IhO aYr8y/lO8d matchin& f8CtOF 18 
8 - Of du ebCt?iC81 hp8dSMO aiSm8tch b.tWOxh 8 m 8n8y 8nd the 
aubq~8ta bad (Le.) the mb&y+tm contxollor or pump motor in a biract-coupled 
4m-d l 84le mt8X pSOw8m8 8FO 8V@ihb’lO tbt CM b@ u88d t0 l 8tiMtO 
my t&Water aRpUEtrr$~~@ thi8 fOFd8, fncludily Gut-in irr8diation 1~@18 
to Fdht the f8ct aat the pump im not opu8tin& in tha 88Zty mornin& and 18t8 
8ft*mMn (u&umn 8nd mud#k~n 1901). 
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te crlculota ri2~ of tha 
tr of bad, using thy equ - 

- 1,177 w, 

salor Srxadiation - 6 kWh#d) 
e YSiQm faCtor @lib te kfJ)- 3.6 

Frm - 0‘9 
- Q.8 
- -30 

A 2& module - 43, Up, woultd be adequate 

m ritiq, Table 2 rhowr the array 

10 to 30 d/day) at P givrn head 
@rant irradiation levslr. Ths array sizer were 

fQFZd% abcm for nor@ 8CCufatb %rr%y rizing. 



4.0 s-0 72 T 

6-3.3 weing 08ta on t?Mdietion conditiotu 

?O dRBi@ & CO8t-@ffMtiW@ 8Jf8tU pwhy, hirtOYic81 dU8 On lo881 8018Y 
ir+8dbtisa ~itiOtkS ahald br wed, t&ma 8V8il8b18. hfutuMt~lyr ruch 
h&O-t&oh i8 8ddor CQlhCtd in Uny 8na8 Of #8t d8VOl~in# CQWtFi.8. 
lhprr, l 8th8tm8 of manthly irr8diation tmralr wet the yo8r must br wad. 
?ouibla FC Of 1M81 itrrdt8tfOn d&t8 (@,&, -t8OYcPlOgiC81 dSta 8nb w 
Uah8f&CtUS@F8‘ world OF ma Up8) 8Z@ dircum8.d in tih8pteF 2. ti 8VaF868 
drily irMdi&ttm hwf wed in uriy 8irin4 rheuld ba b88ed on the dorign Wnth. 
'Ih COtMpt Of &8i@kllwIth f8Y SObF -8 i8 8kil8F t0 tbt fOY Wind81118-it 
ir the lQQth in which it Will be mart difficult to meat rho vator roquirmont 
8t t& rite @h8th th8 W8118bh 801&F 8tlOFgy. 

tJkn &ting Up bid doctiwnt8 for 8OhF Pupr, 8pMifjf tha W8t8r FOqUiFOUnt 88 
8 CUtain 8VQFw d&y YOuat fF# 8 @V.n h88d, 8nd 8lQp1y Wh8tWU lOC81 
indf8tiob &CO 8= #8118bh. yhrn FWi@WfXbS dO8lOF8' qUOt.8, U88 the l %elQle 
giv@sh#bmf@ tOCbWk that th ~828~8 being proporod 8re r088OMbly 8128dtO met 
thQ WtaF d0UUd 8t th8 8ite. btddur’ e8tiUt.8 of w8tu output rhould be 
ritbin 15 p8rcmt of your c8hufrtious from the method da8Ctib8d here. 
Bthrviu, the syttem being pFOpO8ed will probably be i8properly riced to Met 
YOW F-i-tS, 

TIM fallawiag 8mmple illwtrNo8 the coaplete procedure for rfring 8 8018r: pump 
apd Its MapuMatr. 
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rrro~p14~ks.~idsmdforurr&t~vil~8i~innrrrl8udur, 
where au l lwted t8fik <s utu8 h&ah) 8tore8 w8tu pumped frm 8 nurby 
boWlo* ThedbtmEe froathebweho~e to the aor- tanksa the 
vlllrp ir 250 Wtu8. ‘lib, borehole cumntly b88 e 4-inch wuetu 
-w* It h88 been tea- for 72 -8 by 8 local drilliry 
eoutr8ctor, awl & y&d43 of 5 3he depth fro8 the tap of 
th@ bU&Ob t0 dW W8tU 888&W d&W- rhr t@8t-puqh& U88 13 Yterl;. 
hr8&8ttOn ou 8 801U army dkdxg the &8i@h wth w0td& be 6 kUb@d (Or 
21.6 &I*). %he rillap currently b8 680 people, 8nd the 8hsikh ha8 
&tududthatt& populatbu huusu by about2 percent annually. 
Qaxrontly, peqle w about30 lttexa each per day, but the availability of 
dhd Wlbas been 8o im@ar and its price baa been increasing so 
X8@dlp t&t tb@ -w bU b@&Ull t0 COU8id.r bl@b& 8 801U pw. Yhat 
type of 8olu paps* 8y8m8 $8 appropriate? 

&b thr curtant popuhtlon of 680 ir &rowing 
et 2 puaent per yeu tr,,. ‘the 8y8tu ahould be 8irad to provide an 
8d8quwe apply of water over ita eutin useful life (WI, which ir l xprctrd 
to k 20 yoaro (8-e caapanmtm till have to be replaced aa not all of the 
eq4~ttillluttbf~lon@‘ From the formh riven in Section 2.1.2, 
the drud ia yeu 20 till bo 

frrtun damnd - (cunmt bund) x (1 + F&o*" 
- (614 people P 30 l[day) x (1 + .02)P'1 
= 30 d[day 

1-8. 
Begin by calculatiry friction 

b8u8e th8t the uxtsum piumpiu~ f8ta can bo l 8tiD8tad by 
amslbr~ that the 30 d&ay output rrquirement will br pusped over 6 
“pwk. 8WbbowOm (6 kt&@d), IQ the p@8lt flaw rat@ will br 

dbstma that l 60~rillfwter galvanized irt~ p?~s rtll ba used down the 
borebole and that the ptlro till be ret 5 meters below the dynanic water 
lm~l. 1& total length of pipine in wtur will be 

13 Wrebolr) + 250 (pipe rum) + 5 (pump l t) + 5 (tank) - 273 wtrrr 
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Qwtan Selaation (continued) 

tx BL, the frfction 
rad ttrel pipe with 

Tha total 

head of 13 metore, the 
of 5 matem, 8~4 friction 

total of 20.2 meters. 

2.2~meter frtetion loss ia romewhat greater than 10 parcont 
tbarefore, you should use slightly larger pipe to 

azion loss (thereby reducing the amount of anergy required to 
Uith 100~millfntetar pipa. the friction lass is 1 meter. 

total head fr then 18 + 1 - 19 meters. 

d for 

Following exactly the s 
g a rubsyrtse rfficimcy of 

rtiblor available in Khartoum, 
of haad, ymu can cmupute ths utey 

array rtaat in u, 9.81 - u 30 
6 3.6 x 0.9 x 0.6 0.32 - 

x x 1,124 VP 

ffpxt 1s the minimum array rite in W, that can me 
Premmt l 

t your vatef 
kwmr, other rsquirrmmtr must be taken int account, me 

~~f~~ submersible you are looking ut runs at 105 volts. You Rr 
tderiry using Solarex modulas, specifically the MSX-53 vsrrion that a 

These 56 W, modular have a 
1 have to wirr 

divide 1,124 W 
nour6at Inult pie I 

by 56 
of 

ollerl eetr of ravrn 
cribed in the 

de&lcr’CO quota. Ta select the individual pump set, review the pump curves 
for the types of stirsibles the dealer carries, and pick the unit that 
cqmz.otes mmcf efficiently at the head for your site (19 meters). Yair 
q?et6ut rLzlng is nov complats. 
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6.4 -e---M= 

~~prrq~~drpraaprirrailyoarwa~a~~~~~riteurd~ 
prrgitlr a'aitc soluDoduleco8uummllym8tceup6ot4 asp8rcultofthatotd 
8y8tamco8tmdue&ulmllyquatrdiaterm8 of dalhmper~~ws$~. fn 
19U,~ecorrtrrur~~lO/PI,~~df~1~c~~of~~c~. 
~a1969, tbyrrr, ai* quoted U lar u us$4)b&to UsbS . mete prhr 
u8tmllydo8mt~ilElu& fn~tabd tammnce'cbup to 3 p trr davmlopi~ 
aosratriu,~~~arnauilytdd~~~~tor~~ to theprice. Forumaple, 
ia 1988 m&lea with l U.S. pitice of $S/~I$ were quoted in Botmmna for $8 
hrp 8et8 (i.e., Tf l puq 8nd motor) h8ilpad for u8e with )P ryrtew raqe i 
prim fhm m$l,ooo to m$3,000 (FOB the waufacturu), with the tUtit8 rated 
for lwerpmu maputcortiqlua an& oftenusedat 1-r hoa& (e.6.. surface 
mmted ceatr%fu@ 8nd jet pump8). Uaiuwithhi~rpmoroutputfordaepar 
wet'h rrmfkm~2,~ tolff1)3,~. -mibleAC pmpr~+o pnually the mst 
MpRMive bec8uu inddi~onto~prrp~rotor,~ynut~;mi~rter 
toconvutDCpowutoAC. Often, the hi@er cost of there units is more then 
offset by vtet reliebilitp ad, coa+rqum~ly, leer recurrent co8ts. 

@bU CUt8 UUChtd With 8OlU Prppiw 8y8tW iUChb th. Ur8y MUUti~ 
8-m, W&&U& OthU -8 Of mtXOlbr8, W8tU Wtrr8, Civil UOrk8 (a.($. , 
8 concrete pad for the array and piping), and rtorrae tdts. The80 costm can 
VUy COU8idU8bly depltaaial Of’ Whether tha *qUipRent and&Or uteri818 We uda 
locmlly or Smported. Cbck with local d8alerr for l rtiutar of them cost8, 

BWml aprating pracdumc for PV pumpa usually rrquirr minim41 usu 
InteractlmI, but thi8 dues aot msan they require no l ttmdmce uhatooavor. Dust 
&ould be washed from the collector array, as raquirad (ia,, when it is 
obwbualy coatlrq the mndulor), end for rurface-mounted motors, bolt tigbtnur 
8d aby awdmating of the mator or trmnsaission rhould h notrd. If float 
ndWhU ue UB& in the 8y8tM’8 rtOr880 twk, they should be checked 
paiedically for proper opu8tioa. U8tu output should ba racordad by ra8ding 
tbr fbW 88tU OU 8 bily bMi8. Thir wtll permit 8 wro rapid di8&msis of my 
mh88 #8tWi#& uSth the 6y8t@B, 

the pmua ahmId br urlgmd th8 rrspons%bility of monltorlw pump oporstion, 
mcmrdb& water-w data, 8d determining the nature maul oxtont of my bro8kdownr 
r&t occur. lair individual could be trained to &al with s&p10 repairs, such 
es loose or braken tires. We or she should also know erectly how to call for 
a rop~h craw if repafrs ue required. 8um1~0 of tbm complmscity of most of the 
eompanwts fn W pumping systems, it Is much mmt likely that the first response 
to bmakdmuns till k to replue l component rather then to make an on-site 
xepalr l 

In IC#IJ cfrcrrrtwcu, prrtfcularly at unsttmdsd or remote sitos, vmukls may 
break the mbules or rip wt the wfru . Qualified personnel perfonuln6 periodic 
~lntmmnce sbuldalso check for naturaldqra&tion, such as corroded terminals 
d wofn ln8ulatlon, Ttmequfpr#nt shoulddrfiniralv be fenced in to protect 
it from cbfldrrn and mtlmals and to protect them from electric shock. ~nlmals 
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coadittaar U tlm pup coathue to *rate, an inmfficient flak of w8ter 
)ut l m"yible pmp my aat prow&& ruffieient cool&q and~uy result in 
w--P-P* 

tbrAlrr typid coaditioa8 for prapwly d88ipd 8y8tem8, mnthly or bimonthly 
m%ntamm till eonai8t of vinully bupecti~ electrical connactione, 
tidrtrainq, mt8 md bolt8, clem&q the arr8y. checking the arr8y l lectric8lly 
on l qUUterly ba8ir to uk aura it 18 worki% properly, ati chocking the 
bOttU7 Irartr, if thU@ $8 OW. TM8 entire prom88 should t&e no more than one 
to two- of 8mchanicc8 time, not including 8ny travel thatuy be required. 

Wtprablm8 in M plopin& 8pteu occur with cwponents oth8r than the #ray. 
bl.88 they u8 wondslized, mUdUb very 8@1&~ fail. If they 8re severely 
M,, ~~@Nw to ba tcpl8cad. 8t sut raqmnsa (US$250 to US$SSO e8ch). 
LtS8 llschl011 coat-effective to l ducuo users about the importance of teaching 
ddth 8d Ottwr8 Mt t0 ti$@ thr W&U 8Upp1y 8ySt.R. 

lh6tprabl~ QCCW with the pump, metor, snd controller. Generally, the design 
gBfb8uphjf k)r;inb rolrr puqm h8r bun to mmuf8cture components thrt will be 
Se$w r8tbr thn repaired, at brat for mat situations in developing 
emmtzb8. De&r roprrsontativas (who arm usually rssl~d only to daveloping 
camtrfe8 titb lup numbers ef solsr pumps) for U.S. or European PV pump 
&8Ctrtmt8 Oft- t8m ware put8 for PUS (kg., irpSllU8 8lld SSSlS) Or 
will repleea tha unft If it is km&z warranty. 

*tot8 US =tlr p~ObbiMtit. Depending on the level of technical skills in your 
8T8b the rewinding of electric motors cenbe performed locally. L~calmechanics 
or mechan&olly inclfned users can euily replace the brushes, if the motor is 
eufly aecassible, Lam1 mechanics csn 8180 replace ptap or 8otor saalsv 
assuming th8t rfrilsr types of equipment are used locslly (e.g., arid-alectric 
mrsible pmp sets). With the exceptionof brush replacement, most procedures 
rbould be carried out in a clean electrical shop in the nearest large town, not 
in cbe field. 
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ad repdr a8 the tiw it t8ke8 to a&ire88 the problem from abroad. Uhon 
elm084 8 qpllu, rem8bu the hportum of local balera who uinuin 
auppliu of apare putr and cm fir or ue tillf~ to replace failed or dafective 
-t- 

‘2bcrr ir littb, tf any, bcal mmkfaature of FU pupi- equipment ia developiw 
ammtrsu. Battery-N controller8 ue ~8de in 8m developi~ eounttima, 
rmd tb,slkr of $pW corrpOrrtion'8 turdcrjl W tellandmdule u8ubly planta 
iatbe&lmlepaugllorldir rlowly incmaria& Given tha highly automatad and 
aaphbthated ~~~&~turSng tuhnQue8 the ue typically uud to ukm PV 
equlgmmt, ml1 of it w&II probably be imported. 
841~ M IOUI duler8. 

In many COMfd.8, thue 8rO 
In tho8e with lot81 68ler8, their knawledgo of the 

pW8htCt &bd PXGpU T-8 de8im ptOCedWe8 My b@ 8iniR81, 10 pOt@nti81 
cutowr8 M8tetthu hwe 8cce88 to &81&n guiddinm8 (cuch u thir manual) or 
la& l lmuhere for aq&pent. If thl8 $8 the came in your 8to8, you right 
M8a88idU th8 pouibility Of ~8ing 8y8teu tht 81~8 8ltmly #8ilabla 10~811~. 
~noth@rCeWM%e8, La#l~~le,~ll~equi~dds8lerohipr c8nprovid8 8CCUt8te 
8y8t8m d~8Qn, ptogt procuremnt from rxtrtlng lnv8ntorie8 or 88 8 rrault of 
&8Od ttl8tiOR8 tith RUkUf8CttUU8, 8d tr8inmd U.vI for iMt8ll8tio#i 8nd umar 
-w. 
rule. 

At pmmnt, thir type of rituation ir the l xcoptlon r8thar than the 

6.6 

sbmt nt pwqs 8re 8 rehtivdy nmw tmchnolog, (COmp8rad to diorol l nginea, 
oinbi118, 8l¶d hndpulpf), little is ta\orm 8boUt the l cQn8miC lifetim. th8t 
user8 un rsumambly upoct of molt 8ymtmu 8nd coaponmta. Vhi18 fiald tO8tl 
h bUlh CORdUCt@d iOr Cmrt8in tw8 Of 8y8t.88, f.W (if 8lBy) w PURpr h8VO 
bun in .ecbrul use for oar* than rover81 yr8rr. Hodula ~n~f8CtUtOrI now 
C-y prrrrrrt8r their prodwtr for 10 yaarr apinst ripificant lorr of powor 
UtpUt, 8nd 8Ccelrrrtrd tlOt8 h8ve indicetcd that modular will rrtrin up to 90 
pmunt of thair original power-generating capacity for up to 20 ym8rm after thr 
ititS81 im8tallrtim. ?he nud for module rrplacrmnt bacrurr of damge im xuy 
d8pQndmt on cba rite. 

Orbsr tampuamntr 8re not 80 robust. The motor will probably have to be replaced 
rrrry three to sovan ye8r8, depending on the level of operating power (i.e. , the 
hi&w tim pmmr, the l onu the motor will need replacement), the quality of 
ttW water (for submrriblas, poor water quality tends to corrode casing8 and ruin 
-18 more eufckiy), md the quality of tha installation. Electronic componants, 
such ~8 contm~ler8, may 8180 need replacement ovary thrao to five years, 
zztm thm quality of ths egutpmmt. Array mounts should namer nerd 

c 
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or wfn&Ello convert the energy in wind into mechanical or 
te drive a pap. Thds section cmfers whet you need to know 

8 gither: tlta waea~m~hry infcmmtfon to determine whthar a 
wf ill will wet the nd fm water at your site and 

8 select a prqerly sized wfn&nfll and pump if this type of 
qstesk fs appropriate for your site. 

tty of all wind pumps usrd in d loping countries are 
drivfng piston pumps, that confi 

s of win% pumps will be mncionad only 

rally subdivided in two ways-htxizont 
(referring to tha axis of the rotor) and 

vettIe it is possible to pump water using the energy p 
there fms possible configurations, the most common type is the horirontai- 

axis, e&anical system, which is uswlly referred to as a rtssl-bladsd, farm- 
fP or, simply. a farm windmill. Dmpst%r, Aeromotor, Fiasa, and 
ass wi~$~~~llr. are examples of this system design. Figure 15 shows 

c diagram of this type of wind rnmgy ryst 

Plea few main parer: 

8 8 horFzontal-axis wind wh rl, which conv its power in the wind 
knto tha rotary shaft power of the axis; 

8 a windmill “head, * which changes the rotary motion of the axis 
to a vertical reciprocating motion and mekes any necessary 
pa reductions ; 

8 a tail attachsd to the head, whfch has two purposes-it allows 
tRc! uitt&tt~U to track changar in the wind direction and, along 
with I brake, permits the win&nil1 to be furled (i.e., taken 
out of tk wtr%s and stopped) during high winds or when 
desired; 8nd 

91 



Figure IS. 3ypical Win&xii11 Installatfcm 

(Denpter Manufacturir 
Literature) 



l a tmmr,u8mlly falhcated of 8tee1, oauhlch the uindmilt 
b&18-t&. 

ti dU%&lb ir WUIY 8lq UUdpfth 8 t@CipNtb&-pi8tonpW#b. ltzs tjrptCd 
rultiblab confQur8tbn 4~ duI&md to prowid tha kqu&rrd hi& torque to 
8tUttbrpu9ath4Rriad8$UdS. 
8y8tems8uRwh8treduced 

At higher wind epmda, ttm l fficieney nf a 
du8 to totor 8aWdynSmic8 8.nd load -8CtOriStiCB. 

br a firtrrd rind @, 8 -11'8 pUU output i8 propO~tioMl to the 
dtmtu of the rotor& wei fur Windrl118 very fn dimtu fro8 3 .o to 

7.3wt8r8. W8tuoutputdepend8onthe 
eylbdu. 

-tOfewrgyddivu8d to ths pump 
Qli#b&t 8iau for reciprocating p&mp8 v8ry in tezu of diunter and 

lrrytb of 8trek8-th8 luger the cylinder dimtor and tha longu the stroke, 
the more water pmped per 8troka. Cononly nnilable cylinders run from 2.25 
to 4.0 irvhrr in dirutu, 8lthou& luger si8u a& b8 obtained. The stroke 
length i8 gen8relly determined by the detign of the vimdrill head. Towers 
t@Ulty W88 in h8i@tr Of 9, ",2, 8nd 1s R&O=. 

Recent effort8 8t Improving the doti@, raw!ucing thm ua* ht, and l amplifying 
febrication procodurer for uhdmilh Hera resultrd in 
-118. 

new gmuation of 
-8e differ from tZ8ditiOlUl &8i@U in mq 'W8yS, including the 

didlu+iW Of *US M&d CcltiV&B, which patmlts simplifimd fabrication 
tacbaiquu, 8nd hprmmd rotor l ffkiancy b88rd on 8 batter understanding of 
euodynde derig& 
uehhu. 

Photogr8phs 5 and 6 shov two ammplrr of new-goneration 

tither tpp of UiWll that has been tested and dmonrtr8trd on l much l m8ller 
male than the farm tin&ill 18 the Savonious vertical-ucir domign. The rotor 
CUWi8t8 Of 8WU8k ~~mfed Wtal blad88 mounted l rOund l eOntr81, VsrtiCal 8xi8 
of routioa. taiti8lly, thi8 Ck8ign l hovod PrtMiSe 88 8 l impl8, ina%panBivs, 
l uilyconst~~~d device for utilizing wind anorgy. 
applic8tiom, it has not prawn eftectiva. 

Howaver', for water pumping 
It fm inafficiont; problems have 

ui88n in untrolling it8 8pud to protect it frow hia wlnd8; towers that are 
8tZWg a6d Iuse mbou~ to gat tSe rotor up into the wlnd~mtream l re too 
wpewive; 8nd coupling th8 vortic81 l h8ft to 8 pump th8t will operate 
l ffieiently 8t tb rOtOr" low tOt8tiOMl Spud8 ha8 proved difficult. 

Otlmr wth8nbl ufnbill &81~ 8ra rrlrtlvrly uncommon, p8rticularly in 
&'UlOpinf CmtZia8. 'Ihur, this roction fOM8.8 on thr rtool-bl8ded, f8W-tyP8 
-11 8nd recut improvement8 in this traditional derign. 

7.2 

titer delivwy for 8 wind pumping 8ymtem depends on a v&riety of f8ctor8, the 
1Dst 8igB¶ifiCMnt being 

8 the wtnd rsgi88 8t tba site, 

l the p-pfiy b-6 

93 



CWB-5000 Wind&.11 for Water and 
Micro-frrigatian near Khartoum, 
Sudan 

6. 
Kijito 2Q-Fcmt in Botswana 
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The 8-e u8t mrtmtt factor t8 tb8 riah 8p8ed at tha 8Ste. Zh8 power 
rrrileble ln riod vuba u the c&e af th rind 8p8ed--if the rind rpeed 

&tblw, the w avdl&le hcreuu by a factor of e&&t. 6euuse of 
verlatW18 ia w&rut re* (e.g., gut8 and vu&Ale directWu), wind *peed8 
c8naBlykDeuured rad prwlbted Cm l 8tat&8tical8en8e, aad uatet delivery 
M 6Q@ k U-ted 8t&f8tiCdly. t&m i8 U &UU&bt8fi th&t l 8pOCifiC 
-t Of UtU rill k d&fVUd plr w, WUk, Or U&t. 3hi8 Cbr6CtWbtfC 
lirtt8 practical wiwMlt,wc, to qbplicationm tith fltible uater requirement6 

ormmR8ortofbekap8y8mR. St al8e nans that for urt applications, a 
8tor8ge tank will be uedsd, ~_upfcally hold&* emu@ wter for three to four 
m- 

(r;lth8'8& t& OthU fmtdr8 rt8t6d 6boV6 6n @O-t in the deli&n proCO66, 
tlmy Qaothme tk umelmfluence on performence crtind 8p6ed. The output 
of 8 8peeiflc tin&illjp8mp codhatie b 8t a &?en rite ir fnver#ely 

praparnioaat t0 the Pupiqt ~ad--as th8 ha8d inaU888, the wtput decreeres. 

All other futorm king l qryl, t&6 uatar output incrauu u the rite of the 
r8toI tncreue8 (8 luger ltOtOr offer8 a larger area for vind captur8) mad the 
bSght of tha tower tntreuer (WI& are fe8ter fWth8r from the 6rowbd). 

lotor 8i+1q a8 8 fairly 8ilpp1e proceduE6 (8ee b@loU), but 8el8ctiag a pump 
cylbls6~ brow C~lex. 
Prqtt#, hut 08tU 8tUt8d, 

Larer cylind8rr require er86t8r pow8r to initiute 

thay deliver more uatrr per rtroko. For each 
cemhimatien of rlshill, prrpixq bead, end wind regiw , there lr ur optimum 
poimt l t vhicb a b&m&8 ir na&ed betwon the longer pumpi* hour6 trquired 
ukh suller cylinbrr 8nd tha high8r pumping r8t88 for largor onas. At lower 
mmr8ge wind 8peede. rvllrr cylbd8rr l r8 umally 6818Cted to ruriritr tot61 
mter delivmy, 

1& rehtiodaip betuem wind rpud, head, and mount of watu pumped for a 
gbm rim of tin&ill ir rhmm in Figure 16. (Photqraph 7 rhowr th8 wiridmill 
OB ubbb ?Quro 16 I6 hued.) Th6 two liner rhou drily water output in cubic 
-ten fat 6 Clbas llt=foet dfcwur uehlrw and OS ntrrr of herd, uring 20 end 
4sw9.b ay1ind8r8. For example, at an mmrrge dally wind rpa8d of 3 E/I, the 49 
inch ~1Wdiw till pup only about 1.6 m’/d, but the l-inch will pump about 2.8 
d/d hamuse the tin&ill rUrt8 th8 6D6118r ~lbd8r moving in lowor wind 
w. Hmrwar, in ulnb that l r8 4 1/8 8nd 8bov8, th8 larger cylind8r will 
d&her cumMarably nre vrkr, puptng 6 u oppored to 4.6 d/d. This 
dffforwm bcm~68 88 the wind apeed go66 up. 

In -8t ccuntriu, tbre 1~ n@t l tide 68lrctlon of locally mmilrbl8 windinillr. 
It ir not 80 importmt to have 8 local dealer for vindmilla 4s Ir 18 for dlreel 
~b6cars+wSnd~Illr raquire 1868 ulnt8nmc8; U8VOrthde66, 8 lOCal 6OUFC6 
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Windmill Output 
Climax Y2-foot Diameter Rotor* 

t6 2.2 2.6 3 6.4 6.6 4.2 4.6 6 
Wind Speed (mhec) 
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7. 
Climax 120Foot in 
for Village Water 
Small Stock Wateri 

Botswana used 
Supply and 
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w fOllw tfrr duip pEz~S&Xe8 outlined in th.8 8eCtiO& it i6 Mt m66ential 

t0 --t&d ti1 thQ CSpCt8 Of t&6 tb6OXJP b8hiUd Wind 8Xb6rw U66. #6C6666~ 
c4mceptsrillb8~~~~utheyuiu. The general appro8ch in tind 8yrtem 

duigpt8to 

l d8terdmr rird 8p68d6 at th. 8it8, 

0 fiprethed88ipYind8p88d, 

l ulakte the necewry rotor rlre, and 

8 - 0 the propar qdindar. 

7.3*1 Site Ytnd Speeds 

7bm m mm waya to l rtim8t9 av8r8gr wind 8p66d.6 at your ritr. The firrt 
-8 tbt 880 lhd d8ta hW0 h88tl collectad 8t th8 8it8 but that lOfi&tO~ 
d8tr f8 Wdhble fr:olr 8 W8Or&b1O&iC8l bt8tiW rel8tiVOly n88rby. Th8 88COnd 

Q you ium rrcomkd r8vrr61 months of wind data at rho site, but 
mnUr1 tit8 l XC8pt for irdOZmatiOlh irOD 8 narby 

la tha f&rat cam (1.8,. no rim data), certain 
U~tiO8l fa&WR CM b 8pP116d to rrtiute Wind l prrdr 8t your 8it8 frue 
D8turolmgic8l imf0rD8tion: 

m a bQbt correctfen, if the windmill will be at 6 different ~, 
height t&n the recording inetrumentm; 

l 8 correcti for local urr8in conditions; 8nd 

0 8 CormctiSn f8CtOr if th8 atah bO@n recorded w8r 8 short 
dW8ti888. 

Them correction futm8 (d88critwd in detail belov) rhould be wad with 
c8ution, Eeemas8 the pomr in rbs wind is propartimml to the cube of the wind 
rprtd* avll errors in erthating vind apeed can lad to lerge errors in 
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uoiutimg wfnd~pup output. War@ possible. yau should dwqfs try to gathar 

at ltart 8ewnl Mnttu of Wbd-epeed data at your proposed 6&t& at the actauk~ 
plmad height of the vtndafll rotor. nl464 8hcrt-term d&a CM then be 
e.aralattdtith lam&w-temdrta f?om the fW~6tMt*orologic~l statton. site- 
spedfLc &U till help pou mom ecaretely determine whether a wir&mSll is a 

hve8tmemt or only I mr~in81 one. 

ate mcotded tith am iruttumnt called an ammometer, vhich im 
am l lectrbkl 6tatch that counts the rotatlOM of a aultfpta cup or 

r rot&t&n& at 8 speed proportional to the surroundilrg wind rpeed. The 
tioms are comted, multiplied by a comersion factore and ther. 
t&M ebpsed t0 &iUr en mreragb rpind speed in meter8 per 6e~md 

re -ted on pales at a fixed hei&t above the ground, usually 2 
Under normal conditions, vind speeds are greater at higher 
the $Jaxmld, Thfo is largely becau60 the effeats of surface 

6 amd turbulence diminish as the height increams. Tha variab%lity 
m tht d&stmkca fr4m the growd and the rou@mesr of the tarrain. The 

d dete should fndicete the height at which the data were collected 
~iec* b tb4 h4i*t of thr ummmeterj. The most commonly accepted maaure of 
* &iffemrPce that can be expec%d in wind speeds betueen tha anemometef’s 
rtferenee height and the proposed neight of the windmill 1s givan by the *ona- 
64wnth power lw*: 

uh4rr v, - unknown wind rperd at the vindmfll'r hofght (4) 
Vr - krmvn vind speed at the unmcmeter*s height (h,) 

Et fs much more df ffimlt to prrdfct awraga monthly wind Speed6 if the 
arfm~~o height at which the d6ta vere recorded is lass than 6 meterr. Data 
d.lrctrd st heights of lesr than 6 metom should r\at be urod to oeloct a 
wa ElP or predict prrforfamwa. 

Pe rchttwly ftet srsss with no trees sr bulldings in the lmmedtate vicinity, 
dtr rrlrctfon is not critlcrrl. Howsver, in mountainour areas or placer where 

tahm may bkk tha flow of vfnd, diffctrmcer in surfaca rcwg!me6s and 
ob6ewfa6 betwan the mwnwnetsr and pump aira must be taken into account when 
66timtfng vInd speeds for the site. Aa a general rule, a windmill tovar should 
be t&t emu@ so that the kowst part of the rotor HIS at hart 9 msters off the 
pound or l!? fact abovo any obstruction wtthfn a rad%-us of 400 feet. 
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In djwtingest.bstub&wt4tn 8ny tuo of thmme tmrrmincmtepriem, l 25 percant 
correction factor shmuld be applied, &crammiry the whd spood es surface 
roughus incruses. lQure 17 mhcwm the effects of vmrloum obstacles on wind 
agmild~-alfi~tb the estimated reduction in pouor at different painta behind 

Par mxmmplm, if l buildiq hmm a height of H, at 4 distancr 
of 5H dsnnrsiad iroa the butlding, she turbulmnce cmusmd by the bugldiry tmducos 
mr by 43 pecent. At l dimtanmt 1OH &unwind, the rdwtion in powr is only 
I7 percent. 

Xf the Iem& of the recorded data fr short, thmre im 8 ehmncm that average wind 
-qada burd on the data are not Uuly rmprermtatlva of lonptorm mverages, 
tf c&y mmm yew of inform&ion ir mvmilmblm, mvmrmgm speeds uy be in l tror by 
10 percent.* Awmrm~m for bnpr puiods (thrw pars or more) mra likely to br 
no mre thmh 3 pmrcent in l rfmt. If the durmtion of recorded dmtm is only one 
yeu, ft 18 maggemtad that metye wind speedy be dfscmmtrd by 10 porcont as 
l mmfety f-tot to erawe that thm tin&ill will not br undermimed. 

fbae is 8 8nothu l irplm, but usrful, tachnlqw for extrapolating from 
rutmormlo@mmt hta to l l pciflc rite, if long-term data arm l vailmblo from a 

nearby rtmermloflol station and you have recorded vfmd speeds for roveral 
m8tbm or more at your rim (if posmiblm during what you oxpmct will be thr 
drr~&lh Ulbth) [88@ b@hU). Divide tbo monthly wmrago wind rprrdr 8t the rite 
by tbm long-tarn mmr8pr for thm amw ronthm wmmurmd rt the meteorological 
u&U ta obtain l aomlMion fmctor, Than, ume thir fmctor with the 
wtemrmlogicml. dmtm tm rmtimmte tkr mvermge monthly oind speeds at thr alto for 
unths llritb TM mitw•pecific dmk. 
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ExaDplel2: Whh4mpwd IPr8phtion froa Another S&tm*m Dmtm 

YM baue iMt8lled a anuouter rt your mite to uuure uhd l pmmdm for 
sweul mnths. Pot rumdad an average monthly rind spud of 3.0 m/m in 
April. A nearby r;stmorologicml l t8tion (with mn -tar 8t the saw 
bei@ md 8iPllmr terrmln) mmmmurmdb.Om/m forthmmmnronth. Emtiaate 
thm wind mpmmd mt your l itm for m mmnth inwhich thm mmt*orelo~icml station 
ousured 3.5 1Jm. 

II 
I&m correlation fmctmr is S.,O[&.O, or 1.2s. You cmn thmn astimte %I+ 
the average uid spud at your mite wmm abeut 3.5 x 1.25, ur 6.4 m/a. i%e 9 
mceurmcy of Tim sort of utrapolation depuub on how clcseIy saosmwi I 
vuiatioam in u&n6 rt the 8ite follow those mt the weather station. 

1.3.2 Dosign Month 

During the course of a normal year, there are periods of high and low winds. 
Omr 8 mmbu of yurd, the pattern of thoma pariodm will usually be fairly 
prsdictablr m& should bm mppmrmnt from an atamination of l vmrmgo monthly wind 
8pwds for tb -@On. 

Xn addition to average wind ape.&, the water-demand profile at the rita must 

b, determined (mmm Cbptmr 2). so the dasi&n month cmn be drtermlnad. ThPm is 
the ~tb whmn it wfll ba mmmt difficult to moef the water requiromant utilizing 
wad Mmrgy. If thm demmnd fs conmtmnt, the dosign wind spaad will be the 
merage for the math vith thm loumst avoraga speed. If dmmmnd fluctumtes froa 
mntb to mmah, the dori(llrr tin4 speed is detuaimd by dividing the avuagcr speed 
edad by tim mwrmge daily demand in cubic mater8 par day ($.a., V/d/&y) for 
u&ma& md tbaa roloctiry tbw month with the lowest value-the derign month. 
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Aquiekkmpmctim&of+m grmph m&minF&w li kelcw rmwmalm twm X.i?dy 
cmididatu, Jatm-$'ad Dyuibkr. tilculitiirtu 8hov that the v&lam for 
fP#/d8y is 1.56 in Janwry an&l.84 in DAmbar, 
f8 J--Y*, 

Thus, th* da8fm month _-_ 1 _, , 

De&mining the Design Month 
by the ratio of windspeed cubed/demand 
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7.3*3 -red Rotor Di8matar 

Ttm rmtmr mrmm mma&d for m apacUic mite dapand~on the pwping hoad, dmoign 
wifd 8paad. rrt8r raqar-mt, m&awmll mymtam l fficiamy, &so c&lad margy 
rbfgchhcy, Win&ill matput ml80 &pux#monthmprnpcylimdmrmhmmma. At this 
8t8&& itrril%b- tb8t 8s~ 0ppropriata cyliadar mime 18 available. A 
wtbd for cbooaing the propar cylinder r&m is givan in Saction 7.3.6. The 
c8lcul8tbn for mlautiw m apprebprbce rotor diameter is 

Qf - (Q x l)/(p x 7.9 x VY 8 a) 

wberaq - required rindmU rotor dimter in rsterm 
Q -matarraqu&radfn~/&y 
S -tmtmlpu@~hamdinwtarm 
p -local~rdan&iyin~ 

v, - mvmrmp wind repined for dmmign month in Jm 
II - ummed owam11 l yttu efficiency am l percentage 

7.9 - unitm ccwmrmimn fmctor 

For 8 mtmmdard fmm-typa tiMmill md avarmge wind l pined of 3.5 ID/S or greator, 
umm l mymm l fficimnmy of 6 percent. l'hi8 figure 8hBuld bm prograrmively 
redaced to 4 percent mm thm mmrqp wind speed decliner to 2 ~/s. 
war 4 m/m, l rammommb~a v8ha for efficiency $8 5 to 6 perernt. 

For spas& 
For improved 

riabfllm, mwb mm the Kanymn KSjito or Butch CUD-5000, mn afficiancy of 8 
peltcant should be wad if wind speeda are 3.5 r/r or hi@ar, but thio figure 
abald bm pro&?mmmivm~y reduced to 4 percent l o tha l varmgm wind mpoad dmcllnmr 
tmt m/m. Air daamity is clouly ralmtad to mir premrure ad traperatura. In 
aost c8mes. 8ltttlda (1.0. * 
c8lcwI8tioM c 

pressure) is the largmst factor in air-density 
A sacondary factor is air traperature. Table 3 below SivOO 

cmrmctioa fwtorm for 8ltituda t&J l nd tupuature &). To estimmts air 
d~~ity for mxy mltitudm mnd tauparmtura, multiply the density of l tmndmrd l ir 
(1.22 k# 8t 8e8 level md 2@ Centiym&r) by both factors shown fn Tabla 2. 
ConsuIt lmcaf urcrtbar rervicar to get 8 raprarentmtiva 8ir density for your 
pUpO8Qd 8trSe. 

Tablr 3 

Air Density Correction F*ctora+ 

Altitudm (m) - 0 750 1,500 2,250 3,000 
l# m 

-20 
0.913 0.835 0.760 0.692 

Temparmturm (0C) = -10 0 10 20 30 40 
K? - I.271 1.125 1.073 1.020 0.989 0.958 0.925 

* Adaptmd from: J. Laki at al., mm (San Francisco: 
Simr’r8 Club &ukm, 1981). 
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tsxuQIlel4: &rlM~rrl;r~ity 

6etiwte tba.hd4naityat1,SOOaetere &owe emlewd at4WComi~adm. 
m&r timea Goaditione, rt, - 0.83s an4 

*33‘ 
- 0.92s. 

- 1.22 k&d x 0.839 x 0.92s - 0.94 
Thesefore, 4ir &neity 

I (This means that for 4 clfmato 
like that in Botawene, the power m8flable Lur tha wind ie only 77 percent 
Qf that at siea lcrnl md IV centigade). 

Bxaqle 1s: Rotor Oiuater 

What ir the required sotor dfamater for a standard farm windmill Lf 
eond&tPonn during the design mnth are V, - 3.6 m/e, H - 25 matare, and 
Q - h&'&y, with an air &net ty of 1.0 kd? 

D,* - (Q x H)/(l at 7.9 x2$’ x n) 

D,? - (7 x ""7&9-",'..& x .OC) 
. 

Thus. D - 3.3 utere or 10.9 feet. So, chooer a wkdmfll with a 12.foot 
Cametar, cho next laqeet amitabla eitr. 

I 7.3.4 ReBp Gyllndm 

PO afee l pump cylinder properly for a windmill, the concept of eystem deefgn 
ratio QXJ mmt be intraduced, Thiu ie the retie of the eyntem’e deeign wind 
rpsrd (~~1 to the evorega wind eprrd at tha eAta for the dsrign month. Thr 

eyetsm’e daeigr wind epard ie the iactentenaaue operatine wind epaed at which 
eyetam rEfiai.ney rr~ch.8 a maxl5um. For o toe1 -bleded, Rem- type windmille , the 

daeign wind speed can be approximated ue 

v** * -15 X (S x H x D,‘/(D,’ x G)) 

wham vd - everage wfnd speed for deei@ month in m/s 
S - etroko Length in centiutetere 
I - total head fn meters 

D, - diemeter of the pump cylinder in inches 
D, - rotor diameter fn meters 
c - windmill par ratio 
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A wiad p~lq that SB well itched to a sita rbould reach iu optirr l fficiancy 
uoundtR&eaweregerriadrpttdtbere. TM8 is the cue wbaa & ir 1.0. In many 
inmtames, tbb fr Sndaed true. Houever, tba deafper shouldknow that for vahaa 
of& tbatare 8lQkly ~elou1.0, the ti~llufll operate for alifitly lonpr 
period8bacmwe %tInrhs tnlQhterrinds, but ~t~lldrli~r:l~ssu~t~r ovasell, 
whhh mey hmm en lmgect on the rhe of storq tank required. For value of 
&above 1.0. l uSn&ill my deliver rli~tlymore water on the everap, but less 
durhglcmerwhdperiods. 

'Ilu m w8lue for x, is usu&lly bam8.n 0.3 and 0.9. Your choica will 
depend to same extent on the eluticity of demand at the rite, but a muonable 
e.mprmSu ie to ust l &sign parameter for & of 0.8. The rquirod cylinder 
&se rill atprad on tb# walue of & 8electad for your r&e and can be detamined 
usin& the followary formth: 

c 
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Rmmple 16: Qlbder She 

A Daqster wlabaill tr to k baalled at tha rfte fn mle 13. Xf & 
a8 0.6, dhst lm the propa uyunda 8lM? Hate that complete a&he 
~&fkatfeaw 8heu.M be @en fa the mmaufacturetb8 ltter8ture on the 
tdnIbil1. libr a 12-foe Dempaar, they sre a rtroke len@t of 16.4 
centiuters and 6esr rstio of 3:l. 

&? = ((q % VI*)’ x D&? P G)/(.lS t s % H) 

Dt’- ((Or8 x 3.6)2 z (3.6S)'r 3.0)/(.15 x 18.4 x 35) 

v - 12.s 

4 - 3.53 ib2che8 

The rfrfag wthod @fen hen ir sdaquste for chooring a windoil~ and puap 
cylhbdar . Hwever, ft tt poa8tble to ubr mOre ucurata l 8tiutione if more 
rdmble inform&m on tha utnd raaouree ir avaihble. Casputar pro6rur have 
bun developed chst petit mwe l cewate end datailad l timatu of wind pump 
autput. 

Ibi8 section &he8 rrpr*rentetive co8t8 for revor types of vindmlllr 8nd 
u8ocl8tad aqtdpmant, u uell u typical rrcurrent O&4 coat8 and toquiramentr, 
For -18 f?OR th0 Ia RSSlUfSCtuIII, tb@ Upitd CO8t Of a VindRill hCr0u.S 
w%tb fncrusfn& romr diameter. b 8 6WMd 8rtfmte, WifkdlRi~lr Colt brtwern 
QS$lW md US$MU (rmt includtn6 towam) par mqurra matar of rator arue 
xfiy hr6rfy on tha country of amufacture, Tower corm ara proportional 

Fer the saae-8io8 rotor, trrdltlomal deulpa (8.6., Southern Crou 
sud Fisk) l * r8m8tb88 1888 rxpa~iva than @ lmprovrdm modela (Kijlto or 
GoRL-M4M), but the price ir highly &pendent on the country of origin. For 
example, a 16-foot Pfur on 8 &O-foot towar cortr about US$13,600, shipped from 
Fisu Uimbillr in the -ted seater, 8nd 8 12-foot mod01 on the mme towor 
C@8t8 US$6,54W. In contrut, 8 Kif i to from Kanya coats about US$ll ,OOb for 8 
&foot dfmt8r rotor on 8 OO-foot twer, rhlpped from tbmbua, whtb~ 8 120foot 
uyrto. cortr us$s,ooo. 

The price of l pump cylfnder &ponds on the mnufacturer, the dfrmstst, and rho 
uakrhl, Cylfnskrr manufutured in developing countrior ara 6afurally lorr 
WhO bUtCMb8 Of &OOd~~ity &p8ndin6 On ti 8OUtCe. They are tyPiCelly 
81milable In the 20 to l-inch range for USSPOO to US$SOO, with larger sizes 
costing Rare. The co8t of even larger cylinder8 fncrw8es greatly. Host 
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cylldm'a &Se m&e of br888. 
Situ tith VUy 

8t&de88-8tu~ cyliaderrt cm be purchued for 
aorroaive water, but thy are oftan prohibftivrly expemive. 

The prbu @ven here for vSn&Ill8 end cylbder8 a* current u of the 8umer 
Of 1988, bUt WVWywith ti dtr;i&b albdMtIUfWturin6 dWOlO~~t8. mOy 8180 
deped on the country of ori&k--for hN8ncr, Kijitos are ude in both Kenya 
mu# Pal&am but are amid fbr tiffereat prfcu. 
aaclladembQtp~~8mdinmkr8ac 

The prtces queted here do not 
l 02 bC4~ &RfMWt tuiff8 Ud n8triCtiOlu. I f  

pouSble, contact l local di*trSbutor to et more accurate prices for your area 

A8 %8 txm of all prrpSq equQnent, the quality of vfndmill operation and 
preventbe, correctfve. md eur8tive uintenance (&fined fn Section 5.5) vi11 
bm 8 d&&22&~ iRp8Ct 022 rbt 2Xtlhbility Of th@ 8y8tM, the U&dtUdO Of 

rearrent eo8t.8, snd the l&fob of the equipment. There upect8 of windmill use 
we tlouly interrelated, such that followSn6 proper procedure8 in one area will 
fawmbly affectotharQ&t rrquirement8. 

Host tiad systems do not ared l full-time operator, unlike dirrel pump zeta. 
Uhen tim rind blows, the whthlll pumpa water. All farm vindmfllr and moat of 
the bprwed dtri&na have safety wchmimt to turn the rotor out of the vlnd 
to protut it durin& period8 of hi* tind. Dospite there relf-rqulatin6 dulgn 
fcrtures, a put-tiu OpUStOr or csratsker MY be sdvfrable for 8 nwmbrr of 
re884m8. Birorhrrtub would include the follovlng: 

0 periodically check&n& the vindmill 8nd rtorqe tank, 

0 plrfora@ li&t maintenance, 

0 wmuslly furliry the windmill vhon the rtor8ge tank i8 full 
snd unfur8in& it vhen more vator can be sddod, 8nd 

l reporting ujor npair nerb to repsfr~crwiro. 

‘Ibc i88vQ Of win& 8 part-time OprrStOr 01 CarUSkrr will VSV depmdin6 on rho 
pwp application 8nd corPuntty 8tfucfure. It should bo noted that the coat of 
thb ttam cm uka 8 difforencs in detrminin6 the economic end financial 
feuibtlity of l wind pump. 

1-6 

Fisk noms1 prwmntlv8 uintensnu requirement8 for windmill8 are minimal, they 
are hportsnt. m includa rnttfne tighten&n6 of all nuts and bolt8, chan@ng 
t& fubrk8t~q ofl, greuing certafn puts, and periodtcally chsngln6 the pwp- 
cglibdrr lutbers es they war out. Ignoring any of the8a small tutu, cm 
dMSg0 Cb8 ~~&fns end, 8t bo8t, vfll decreue it8 expected 8eNfce life. If 
tbse tuks c&2 be 8ccorp%frhed by 8 local crretaker inrtud of an 8ru 
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Q, operatiw costs will ba reduced beeausr labor and trumportatfan costs 
In rdditioa, the @y&em is likely to be mom reliable if the 

for rsaintemmee rests with someone I&KB benefit@ dfrrctI);= fraa its 
This fe net parslble with wme tarkm, however, such as 
r h&hers, which usually requires tools fsr p!~a lf*tinig. 

pad8 on mmditlons at the site. It i8 
be cheeked vfaually at least owe a month and 

ks be tarried out mnually. The life of cylinder cup 
degree on water quality (i.e. S grit ar sand in the 

ets th4n a purr to over two ye8rr. 2n the absence 
an awrrqge repl4cement fntarval af on8 year 18 a 

e estimate for p24nnfw purposes. 

Hium problems that do not cause a system to break down require corrective 
smirttmauce. The most tosmon problms typica22y involve the windmill’s manual 
fidfng RuhenisR. Brokm furling cablas do not disable the windmill and, in 

nt eases* the problem can be rectified at the local level. However, if left 
re& a broken furling mQchani&a vi11 prevent t being 
y turmd out of hf& rinda L which could cause lr 

arlntenance ir mqcrirad for breakdowns, outside iatancs is 
to restoro the windmiLl to operation. The most c 3 curative 

pr&bna are broken ar dlrconnectrd pump rodr. How often this 
robEem arises ta highly dependent on the quality af the 1 installation. 

kled rods or crooked borehole catsings can egular breakage 
The problem may attee only every or ar oftm 41 

A typicd rate far a rem ryatam ia otw4 
a psr. 

Field azperierm has indicated that an average windmill installation will have 
thrw to fwr maintrnance problems annually. The reliability and serviceable 
tffs 69f ndmil2 ry+tee will be increased and cants decreased in proportion 
BD the of maintenance and repair work that can be handled at the local 

us the rerpmsiwmmo of outside help, when it is required. 

‘3”,3: 

Pang,-tmn coat-@tfa?ctfv@n of windmill ndn on a system having low 
ra%trrme COQCI snd 4 long use life. Historically, the popularity of stsel- 
I&Bade&, farm-type vfndsills in many areas was due to the fact that they 
p05sasseal these attributes. ufth typical lifetimes often in excess of 20 years 
MM! ctcC8~iOd1y u long 4S 40 t0 50. Windmills have not had such a favorable 
mmrd in dam g countriiks. Often, the first or second breakdown has bean 
t 11’s useful life, because local people were nat often trained 
in prqmr optration and repair procedures before the system war installed. This 
situation emphasizes the importance of identifying a capable maintenance and 
rsp4tr orgimlzetion before installfng a wind pump and establishing a 
nratfsfactory, cooperative. and responsive relationship between that organization 
cud ths users of the system to ensure a long, useful life for the machine. 
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cm8i&r&ble ruoucb. d &!mlopMat have b underteken over the 188t 10 
yeat8 in m effort to prduce mte l fficimht, mliabl*, lm CO8eandpump8 that 
m be maaufacared lawally. & part of the watted l?aion'8 fatorMtional 
Drhk4.q Water Supply ti &nStation Dmcade, tha ttotld Bank ha8 fundad 
aaqamtfwe rtMfe8 of bmdpwpa (Arlmoraff et al. 1987) that lmm focuud an 
elm cmmpt of till~-lewl opetation ma mmapmant of uintaarara (VLOH). 
WUlt p19r can wily be inrtelled, operaed, and maintainad by village 
vchrniC8 md tOChdCi8M vttbaut Up8ll8iV@ tOO18. 

It i8 iatltutifh@~ 8pp8Mlht th8t bU4bt448 m th0 hUt 8XpOMiVO. 808t 
reluble teehnol8~ for nay 8pplicatiw8, puthularly for law-dmmnd 8it*r 
(about S d/day). lItan properly maintainad, tUIl4Bq8 can bo vary raliablr, but 

mty iuwol-t in uhtemnce and rep&r i8 uwally rqutrad to l nauro 

tb8lrlaag-tea perfo-e. Such immlvamnt dmcre8re8 tha naod for U&4 
ampport fra out8ida t&m local tom&ty, which ofton m&or handpmp8 a more 
l ttr-acthe optson in the l 3@8 of dmrelopont phlUW8 8nd, mro import8nt, 
mer8, Uar@ump that e&n be uint8tnd leeally are likely to nrult in much 

h%@her Mter mmthbtlity for thy COMU&?~, compared to Other 8y8taM where 

mbtenmu or repair depend on the fntorvontion of cmtr8lly bared rap8ir crow8 
whbh m smelly overburdened. 

TUr ch8pter di-•r the t&ksk%crl cbr8ctCrirtic8, coaa, and rupport 
requir8Matr of ttmk+qa wed for dM88tiC W8tar 8upply. Siring i8 8 such lorr 
Irk% dUi@b i88tu fat bd&?U4?8 th8n the Other 8y#tem d~8cuu.d in thtm 
nm& 8a the mlecthn Crtteria pra8mtrd tmr8 focw more on Oth8r irrwm 
related to 8esnteMMe 8ad rep8ir. That* i8 a uldo v8rioty of haman-powwad 

pamplug aystrrr that UC used primarily for a@cultural purpo~om, including 
fWt-pawed tSm8dhm, 8h8dmf8, and Ch8in-Ukd-Wa8her pumpr, but thorn will not 
b dim furdlok lure. Komady &b Roprr (1965) 8nd Raeuk.1 (1986) offor 
in-bgth dbcuulo~ of thou other type@ of human-pamrod punpr. 

0.1 

h: % rtrr a& wdela of lkau4mp8 8ra mmilablo worldwide. All dopmd on 
hM8~ p#r+ md, th~8, h8~8 8 liait8d pUEping r8te 8nd h88d r8nge COfRp8rad f0 
th 0-r m8cbmdc81 8y8t8u considered in thi8 manual. ~M@llB&b8 c8n be 
dMd8d into f@uT c8~gorietr 

a af@ lift-positive-dirphc-t plllrp8 c8p8ble of pumpin frOtB 
w-8 Of w to tit 45 MtOf8, 

a -irrbkk lift--for lift8 Of Up t0 25 mtOr8, 

a tow lift--p tQ 12 mtW8, #rb 
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8 8uctioa puqm-up to 7 mQtQr8. 

Ihem lEllU&Orir# i~l~hl~~liftr~iproc8ti~, diaphrqm, progreuive-cavity, 
d.i?QCt-8Ctt~, d 8IkCtiO¶I -8. Illutt~atians of aever comon typos of 

s ult 8huwn tn PfgurQ 19. Two typteal inatallatioru are ahown in 
mmtogmph8 II and 9. 

8 more difficult aud axpensiv~ to maintain at the 7~ Lage level 
tbrn l--lift pW@8, 

8 O@WotQd 6t Q dQCrQ85Qd pUmpin& rata a8 hQad dncreQQQ8, Qnd 

0 @merally lrrr ruit&blr for local manufacture in developing 
CQUUtriQS. 

A saemd &sign mitable for high-lift pumpi 
Sfdlar ta a 8et~w pump in itr operation, 

progrQs5iv*-cavity pwp. 
ign incorporatar a rotor 

Xmg within a eater that progrerrively f Qr up the drop pipe. The 
an4 Hqwm brunds ate example5 of thlr &sign. 

A third type af high-lift pump is thrr deep-well diaphrrgn darign. It U5Q8 8 
61~ribtc mahran8 that ir repQotrdl?y stmtchad and relaxed mechanically to 
pro&d, tb p45opiq rction. ThQ French vWr@lUt is pQrh8p5 the br8t eXMpl@ Of 

q?pQ* Thurr pump8 are especially suitable for irandy or rilty WatQr. 
vet, c-red to reciprocating-piston pumpr, they ara genarally more camplox 

and rxp+mai~ and often rmpuire sprcfelirod partm and toolr for maintmumce and 
repair I 

@tZQEt*&QtiCNl 8~rtQfu8 
ttltr 

F ruch am Blair end KenIaroo pump@, mu ruitebler only for 
OE up to, Qbout 12 umli 

wit t t)rr Pdventage of 
the pumpor BCES dirrctly on the pump, 

ebe- pumps turd to b8 
Comparcrd to the deoigns mentioned above, 

w law in cost, 

w more suitable for viklage-level aaintan8nee, and 

w fmpproprfsta for C108vy ~80 -they should probably not be 
cwufderod for rfta# where tho water demand is shove 1. S to 
2 d/d8y. 
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Deep Well Piston Pmup* 

Direct Action P0sfer Pump** 

Surface Mounted Diaphragm m* 

*NcJunken 1983) 
**(Fraenkel 1986) 

Shallow Well Suction Pump* Helical Rotary Wmo) Pwnp+ 



& India Hark II Piston landpump in Botswana 

9. Mono Direct Drive Bandpump in Botswana 
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8wtiat w opr8te by arut- a putSal vaaum topullwat~rupw8xd. Thus, 
tbrJ m wefbl oaly for Uft8 of ma ran than 7 uter8* a 1Smit that dacrasos 
l t~r8ltltudu. Swtioa pup mast almo bo primed before we by pouri% 
wteriatothqmcerba*ltthapl~. Still, the88 pup8 m vmy popular in 
mre#ubmehm&arel~. 2h%8typaofpulBpmwhtobe 

l 1ariaco8t, 

l euy to l mrvtae md rep&r beam88 all mviry; collpormntr are 
at w lewel, aud 

l priruily m&ted to meet- firtrly limited water n~ecls. 

Sin#lau- md &ntum&a h-lift prrpr are emmmti~lly l implifiod versions of 
hi*-lift pmpa, mly hi&-lift and auction pmps vi11 be dimeusmd further in 
this dmpur, 

8.2 

Zhe opera* &8racurl8tie8 and mpirsrrntr of hmdpuapr are ri@ficmtly 
dSff:rttrar fra thwe ef dh8al , 8018r, and wind l ymtum . Ihare diff*roncclr 
betueen hmdpwp~ rad the athor mymtau incluh both hmntapr and 
w. The out importaat advantqer of hadpump l o their rimplicity 
af opuattaa, lar cost, aud ptmtlal for local uintenmce. The rignificmt 
db8dvaa~rnOf~ am that their capacity ir vary limltsd and thay 
-ally cammt be uud rtth piped dirtribution l ymtau. To l m extant, there 
draWeke cm be wwcae by ru- more than one pump. Of courma , thir would 
mmlly roquirn mMltioarr1 utot poiatm, which would mntril hi& coats for 
srtu%n& or dfuia# uro mlla at c&tom ubre &roundwtor ia p-6. 

Ih -Sty of bmdpqm v-i.8 from 5 to 20 liter8 p8r minute, or 0.3 to 
l..Z~prrhmurma ccwrtimmu buim, &pmdingonthm hard mndpump typo. In 
pwt.ice,, output ie o&en more depndmt on the userr than on thm capacity of 
the P~@-mma if pmpplr ~8 orgmirmd, lined up, and rmrdy to brcin pua@n& aa 
m u the psecaU~ param finimber, it rtill taker tiw to rceova the full 
aontdur umdm rh dir+hafgo ptpe ax! raplam it with an empty v88881. Output 
ir al80 affeetdtq t!m ap8M (Se*** effort) with which l pump in used, a factor 
t&t vuhm eouR~&Rr8bly from URor to URW. Undof typical conditions. a rlnglr 
luadpwp up &livrt 4 to 5 &dsiy, l ough for 200 to 2so poopla. This capacity 
1idtE xb asa of bgdprrpr tm Vill8Wrn md 88ttlm8nts ritb sull populationo, 
mP8Q if mltiplr pap8 ar8 in8klld. Depmdins ou particular mite con8traints, 
a qmtmm ai ibur 01 fitn ham@umps may provi<k l r~liablm vater oupply that ir 
awtaomptittvo with otlmr options. Zhim, of cmame, &panda on th8 costr of 
a&n& u&R rrrllr for u& pm& 

kmlly hmn#mps deliver water only to tbo wollhrad and ,mnot l amily be 
drgrkd to wnt~al+mdpipa or yard-tap distribution rymteus. Thim fact has 
mm irrplfcatfon,, I”ir+t, vator sourcem should be withiu a convenient walking 
dfrtmnca for users. Any wonoaic amlyris of the number of water points to be 
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twluded fn a system should co~ider the opportmity coat of tim required to 
ecblhe t water. 

eavfrq~ are re8li 
red to distributed water supplies, sipifitant 
when a storqe and dirtribution syatam la not 

8.3 

are usually handled by the commmity 
In the foxmer (a .g. I VLQH) s the community 

I pwpiry systra utd only contwt8 out&id& 
In centrally bared programs, rwponsibflity for 

c contactrd by the community whenever any 
Studios over the last savorul years have repeatedly 

eommuai~ ItwoR-nt 
operarfoa of 

in an important fPrctor in mccsssful long-term 
To ti greatest axtent possible, community 

p=wtieApation in pumping pro@cts should be snzouraged from the oarlfost 
p&mRiRg stagsr . 

Aa is true Cot more eomplrx trchuologtrs, 
iw~RRrtkQR Qf 

th@ propem design, procurmmt, and 
s ate necmsacyI though not sufficient, condit~onn for 

maintsnancr, md repair procadurrs 
pump darign focurar on reducing 

on +tx This approach can saw -nay and tim% 
communication, tr 

rovida an O&i structure that more directly responaivr to 
ifowawr, centrr~ird programs th mobila aochanics that oerv~ 

c gro~raphie areas can compWnant the VUA4 uodal by mobilizing trainad 
ES, toah, and tranrpartotion when more+ contpllcatod ropairr are required. 

u&e training components to identify and develop 
r to parform light maintaumce, provrnt 

gropr egoration OF vendelion, and quickly mmmon 
end rapa!rr aa raquired. Caretaker %ff%ctiv~n%ss 

eful ha~dR~~ u 

ar Rr~QRt~~ 6taP 
%nd k%qalg the 

tightming nuts and 

& 
a 

caza taker. 
local lsval by tha 

As prsviously defined, curative maintsnancr includar actions 
that ara nwessary to restore pumping following a breakdowu. Most handpumps are 

tidy VW#I designs, no Lt is fraquontly imposstblo to handls all mafntsnanca 
rapatr at the villago levsl. pairs are required when below-ground 

tt fail duo to poor water quality. heavy use, or simple wear. This type 
usualty tmvolver the trsnrportation of a repair craw with sppropriato 

rout a centrsrl workshop In such cases, a prompt rosrponse is necessary 
co am3ur~ * rtmdy supply of watsr. 

-baa eolrpsadntr that occasionally require maintsnanca, repair, or 
rop9ammont are the cylinder, cylfndm or cup leathsrs, drop pipe (through which 



meter ir m), and 8ucbr or pmp md~, vhith drtve the piston iwide the 
c&&t; ; pbtbbt?tUp8 Or turn t!k8 -tOlt On NOM-m p-8. 88plSC&w CUP 

rerrepdr. Depethdi~aathe typaof cylinder, thismay 
lmolve pull* ths entire eylindar or jwt the pimt0n. ?eriodIeslly (with 
gcsr= f- at dtrm wfth poor water qmlity), the drap pQe till meed to 
bt repl8aed. -tiwS, pump rods bee@&@ di8COnTUkCtt~ ti lurt be ZsplSced if 
theyaammtbe f%8hedoutoftbe well. 

Ylbem8t m uiatenmnce probhm encountered above 6Zound 18 the OCcuio~l 
aced~repl~umnbaari~ ontheprrrph8ndle. Otherproblem immriably 
arba wltb the pwpbador other eompoasnts. The frequency of awh repairs 
will depud ua tbr psttbklsr pump selected for the site snd the esxe it has 
received duxilq URa. The amum of lo8t puspiq the and repair costs will be 
8 function of the nsture of that problem, the avsilsbility of netessuy spare 
put8, ~tbarespmsivem4ss of theuintensnce structure. 

& rmsmmble v for fraqwney of repairs i8 three to four t-8 8 year to 
osse every two yam. The level that is l ceeptsble will dqmnd on the 
rwp#slrmru of tb repair 1Rfrutructure and th total a8QuRt of tha tha 
#+W#b tr Out Of 8@tVhe. tf trprim CM b8 dO!W 8t the 1M81 lev.1, Outs&S& Will 
k darter and a bier breakdum frequenay uy be SCCOptSbls to worm. If 
Mp8hR TWtb8 dOM by 5 CentrSfiSed MiRteMMe Units it My t&k@ 8mv8ral d8yS 
to a wek or mra before problem are sddre88ed, and 8 greater frequency of 
mZ8 tr Wt 88 likely to be tolermted. 

r& e%psctsd lifetime for handpumps is difficult to 8stimate 88 it depend8 en 
tbc cedblofm and -t of we 88 well am emro the l quipnnt ham received. 
Raeaver. typital rsqp are sqpdmn f tom 5 to 10 years. 

Ewple sre often reluctant to eomider hsndpuspm b@c&We of their obvious 
l$mttatiow, dmpire the l qmlly obvious potential for cost ssvin~m. The 
follawi~ autiona of& mat.8 buic numsmdation8 reyrdin8 eon8trsint8 on 
b8SU@m@ UEI t0 U&i&t yeu h dctrmininl, vhathrr or not h8tdpqS rrr the tight 
%hOfCS fW w S&m. 

8*4*1 Aparlcation titts 
ks@ups 8bmuld sot be considered if tbe total hesd at your site is more than 
45 to ub ~tmfrn~ due to the physics1 difficulty of pumping water from greater 
doptbs. You shmld slsu taks into l ccount whather the maximum snticipated head 
will bs frotthor dncrmased by drswdown in low-yield welIs or seasonal 
flwtwtfow of the wster sourca-both are liksly with shallower sources that 
am more &pmxtont om ~8880~1 ruharge. 

If the maximm aktiefpted pmpitkgbaad is less than 05 -term, the next concern 
it tit8 motor raqufrawnt, Gfven that a typical handpusp can serve 200 to 250 
paapls [i.e., prowMe 4 to 5 ti,dsyj, the number of hsndtrzups and wells me&d 
fer lager sites can easfly be sslculatetd. In some circumstances (e.g., very 
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repot+ rites &me diesel fuel may be expensive or diffhult to obtain and where 
Diane my not be available), four to five handpumps may be a 
optioa than a single diesel pump that ha8 greater pumping 

ts assaciated water atom&e and d-istribution system. Certainly, 
of developirq addittonal wells, water storage and distribution systems, 
uintmmnte usaciated with these tompments must be conaidared in 
uhf& typs of aptem ta use (see Chapter 10 for an economfc analysis 

nience and heslth concerns should ba considered in systsn design and 

till siting 8nd user convenfenc* are nut as important for pumping 
that can distribute water throqh central 8tmdpipes or privata 

Kmmvu, for handpumps te be a viable option, they should be 
110 more than a reesonable walking distance from users--400 to 500 

mites whum mter sources are located well outside village 
rbsps to reduce the risk of pollution) , handpumps are probably not 

ause of the dfstsnce and tfmet that would be required to collect 
viatar. Iha nmd to prevant uell pollution is also important. Pollution may 
%eeur tbr direct entry. as occurs with open* hand-dug wells, or the 
mijpatbn ontaminantr from the ourface D Provisions should be made for a 
w&l eprrcsn and Ctaak-avaym or drain to kerp the area around the well as clean 

dxy es peasible. 

Eta te af equipmmt , the procrrr of ryotrm derign for handpumps consists 
aroftiy 00 cheering the pump and, in a faw easer, an appropriate cylinder. P-P 
srkcettom depends on a number of factors, including aneicipatrd maximum lift, 
water rsqt&rmnts L dfrchugcr rata, ease of maintenance and reliability, and 
reshwmcr to corrosion and abrarfon. Additional concerns are the availability 
of the pump locally and, wham appropriate, the potential for local manufacture. 
Mhen selecting a pump consider these factors in tha following order: 

m operating condittonr --head and output requirmmta, 

l fltty-ooe the ratings given below, 

l zasfstance to corrosive or abrasive water conditions, and 

m potential for local manufacture of the entire pump or some of 
it5 components. 

In many area5, handpumps can be purchased only through agents from abroad. In 
others, isported hsndpuarps can be or&red through a local dealer or distributor. 
Oceosfonslly, local suppliers stock imported pumps or even models manufactured 
locally. There is increasing interest fn promoting the local fabrication of 
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8 cost-, u the result of lower labor and rhipp&~coata; 

0 local technhirnr' famttiuity tith the unita, thereby 
euuriq better uinteaance and repair capabtlitios; 

l local lncu8 ##nerrtion. 

In dd&tion to l mdereteiy developed bdwtrial upability, m l dequete 10~81 
or re@nkel merketrut eat&W before local mmufac~,‘.~ of hmdpmps 8hould be 
tr#rt&red. At the project lmml, the decirion to use handpmps should include 
m W8b8tiOXt Of th8 pOtWti81 for fUtW8 f8briC8tion Of the 8tir8 pump Or 8W 
--* If 1OCd WtUf~ttdlt& i8 8eriOWly beit& con&&rod, V8riOU8 
uwctated ued8 ut be 8tUdS8d. Hi&-quality manuf8cturing of pump8 and/or 
8pU@ pUt8 USb b8 M l pW8iV0, tiU-COMudry project. m i8plfC8tiOM 8nd 
co8t of 8uch a prom8m mm be c~rofully conaidmod within the overall contract 
of a camtry-tide water r88oUrce8 development 8tratogy. 

tf m dtt@rrilW tbt -8 Ue th8 8olt 8pprOpri8t8 tUhllOlO&& ba88d On 
the Wter drlnd 8t the 8it@, the Op8r8tin& CQNtr8int8, W&d other f8Ct@r8 
diUU8Wd @bOff@, ti b8t 8in&h 8OUIICe Of i&O~CiOtl Oil choorily 8 p8ttiCUl8r 
ipq WUfUtUXU Wd Wdd i8 Arb8oroff et 81. 1987. The 88CtiOn titled 
‘%Wd&Mp bgmtiW* cOfht8bU 8uuUy dO8CEiptiOW of Ov8r 100 Uk.8, 66 of 
uhkh ware tuted &u&n& the Uorld Bank’8 handpump project. Bach dercription 
irrlti YLI mmrall 88888mfht 8nd r8taw On dir&U60 #?8t8, 888a Of 
rrintrarmre, r8ltdbfltty, CO-8iOn IyIiItUEI, 8brUiOn W8i8t8M8, and 
wwfuturi~ ued8. After firrt determining which pump8 cm bo procured 
lOUlly, U88 thi8 nfilr@ZkC8 to Choo8. bOtW.8n th8 l V8il8bX. lod.lr. Th. book 
alao cont&ins l 88t of faur pump rrktion tab100 organirrd according to hard 
I-tB-), 12, 2s. ti 45 R8tM8. Within thU8 four C4t8gOri88, pIlrp0 l r, rated 
OII l ch of the 8&X mu8 ltrtrd above l m88@ 8UllmA~ 88lUtiOtl tablea We 
WlWodue8d in Appmdix D. 

fsvm CUp8+it& Y8t@IC Colt8 f’o+ tWZU#Mp8 Wit-h thO88 fOZ Oth8r t8chnOlO&i88 
COMidUed irr thf8 manual, 8paci81 cue Rust be t&m to include 811 rel8V8nt 
Cork. Only tho88 items that 8re c- to all 8y8teu can bo overlooked in 
mch mmparfmm. For aample, if you consi&r wing multiple hmdpwpr to meet 
8 drrrrd for dfrctrfbukd W8t8l, you lurt includ8 the CO8t of dmmloping multiple 
water IoultC88. 8frf18Sly, ff thir i8 to b8 w8i@8d 8yilWt the Colt Of a 
dbtributdd W8t8r 8upPly provided by 8 df.881 pump, rW8rber to fnelud8 COSt8 
f8E- ptw bi8tribUtiOTh, W8kr 8tOr8gQ, md 888oci8ted E8intWWlCe &nb UpkM!p. 
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The tnstalled capital coat of a handpump varies depend@ am the type of syatra 
its location. Fricea given here are for 1968. Lou-head pumps typically 

eostUS$200, but may be as lou as US$SO, particularly when thay are manufactured 
locmlly . hapa for hi&err heads, uhfch are usually imported, can cost 
cousfderably more* between US$300 and US$l,OCO per unit plus shipping. Pump or 
sucker rods cost about US$2 to US$3 per meter and drop pipe about US$S to US$7 
per meter. The cost for a well cap and concrete drain varies considerably 
depandirq on local labor and cement costs, but averages around US$50 to US$lOO. 

8.5.1 Operdkting Cost8 

operation ir fairly stra&htforward. The only "fuel" cost is the 
rtt 8alaq?, if any. kiandpttmps do require attended operation, but in most 

pump operators are the water users thcmseivas and so are not paid. Even 
+a* a proper econoet~c analysis of handpumps should consider the labor cost of 
pumping water* When considering different system options, be sure to include 

of supplying water. For example, 
lacrted outaride the village. 

sow handpump sites *may be 
If you are comparing a handpump system (where 

water usart must carry water from the pump site ta their village) to a diesel 
or other 8y8tem uhfch pump8 water to public, centrally located standpipes, the 
cett of any additional labor for carrytng water from the handpump site to the 
central lacation should be tncluded in the analysis (as ahoult!. the cost of the 
distribution system for the diesel system). 

t raquirc a time and labor commitment from users, who could use that 
sthar ways if another pumping optian were chosen. This is not urually 

a factor when considering diaoel, solar. cr wind pumps. As mentioned above, 
bTy tare of a handpump should be entrusted to a caretaker, who has some skills 

and perhsps enough tools to part&t him or her to fix minor problems. This 
perawn may or may not be paid by the comeu3tty or as an employee of some public 
agency c 

8.5.2 Maintenance and Repair Costs 

Far cmvmfeMe, smhtrnanc~ and rrpair needs have been divided into nine 
poeonttaf problem areas: 

m the pump handlo; 

m the fulcrum or bearings; 

I the rod hanger, where the sucker or pump rods attach to the 
bottom of the fulcrum; 

l the pump rods, beearning disconnected from each other or the 
pump element; 

* the rising main or drop pfpe; 

l th@ piston seal, often referred to as the leathers; 
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l tbr pxmpial;eleueat-for exa@e, the pirton in recipracati~ 
pump8 mnd th8 diaphrap in diaphrw pkmpt; 

8 the footvdv8, which ptevestr water from drminiq out of the 
drop pip8 andcawing a 1088 ofprimiw in 8uetionpup8); and 

8 other problem& 

For pirtoa ~8 (&a&l- hi&-lift reeiprocatiry, loualift 8uction, and 
direct-UctfOn typu), the tuthut are typ$CUlly the w8t cuwn itu needin& 
repmir. They w&l1 probably requ%re repl8cement every rix month8 to two your, 
~~on~~i~ofthruaterurdtbs~~eeofp~ura,with~8vy~e 
increu~ the freqwncy of replacement. The cyliuderr till lik8ly last five 
to 8(Iveayear8, depemdhq On the 8&me factor8. A typical maintenance and repair 
crew can repbee the leather8 or cylinder8 in on0 day (not including 
trmzmporcation to the 8ita), mmn if the cylindu and drop pipe8 have to be 
pulled. If the drop pip88 hove to ?&e pulled. 8 special ri& or tripod may be 
we&d to lift them fmm the borehole. 

Ibt W~II&R are th 8eCond wit common problem l ru in pi8tOn pump8. 
on tbe dehgr, the replacement of bearin& CM be very difficult. 

OIp8nding 
khJ PW 

du$p, 8wh u the Afridev, we pl88tic bearing8 thu can be l uily repl8Ced 
ih OX&? to riniriae th$+ problem. 

Par Ham-type pwp8, the bobbin8 holdi% the pump rod8 in place will have to bo 
replamd periadicdly, in addition to the pump rods and drop pipe8. In general, 
the pump itedf $8 vey long-luting and will probably require replu8unt only 
-tJ- to ten year8 under normal u8.. For dbphrqm pump8, the part that 
$8 wU likely to rued periodic roplmommt $8 the diaphragm, ovary thrao to 
five yeara. Typical frequanciem for thr maintenance and repair neeba of nany 
pump8 mre @FOG in the Oh&pump Cb8padiw" 8eCtiw in Arla8OrOff l t 81. 1987. 

A ?euonablr l 8tfmt8 for a typical coat rmp for the uintwunc8 of handpumps 
18 =825 to rts$200 pr Y8arr 888URilIg the pump 18 u8.d rOgul&rly for about ri@‘bt 
hours par day. 
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Technbal select$om 0fpugSq aqu%pmatbu bsur explsinsd indstaflin tba 
pmcuu8#cbapters. ~nor,you~dbr~lrto&torrinrvhtch~st~u~at 
otfailto~ttbprpi~nqrri~nt8Atpur aim. If no 8y8toB8m8stths 
ulectlon critet~a, & reevaluation of the criteria, site, or p~o~sct is 
lmmuary. Assud~~tyouhrw nsrromd tha choica doun to one or more 
system optioru that are tecbnkally acceptable, you must now mska certain that 
these pump- systems can k operated and uintsLnad properly. 

Before fwther ulectsng systems from amoq the remaining aquipaent options you 
mat uei& a nidar of additional factors involtin6 the complsx intsr- 
relationabip between tlm physical quQmmt, p\rp ussrs, snd inftsstructursl 
mwort tytwork that keepa tke squfpnt opsratiry over the low run-systsm 
btcrtlpwrs. tquipwat dmslers, installation personnsl, operators, snd msintensnce 
ad rep&r mews. Thue factors are not nsarly so assy to qumaify SI the hssd, 
the flow rate, and the varbua cost &muss discusssd In prsvious soctionr. Aa 
8 dsdsion-msker, yau must dstrrmins what tbsss factors sn snd uslgh thrir 
relative hport8nc~. 

The flmt Smportsnt criterion in squipasnt srlrction is the tschnicrl quostlon 
of ulmtbsr ths system tan dalivar the dmlred mount of water. The next is that 
pmpsr operation, uintsnsnce, and rap&r support ufll bo svallsbls to ansura 
that tbs system will continue to supply water rolisbly over the lory term. This 
requkes m hfrastructure that can prowida tha following importsnt nor&: 

L spara puts hvsntoriss, 

m skills6 operators snd wchanics, 

a trsnsport~tion nstworks, 

a c-cation, and 

l clear linss of suthority snd responsibility. 

fa eaeb of tbs five brosd csts6orios of msintsnsnce rsquiraments covered in tho 
follawb@ s8etions, a sarias of quastlons are posed that can be used to 
d8twWnn dtotbsr or eLOt tbs locsl or rs@onsl fnfrsstructurs will bs sblr to 
?OSpand to tba nssds of ths specific typs, m&s, 8nd mods1 of squipmant you srs 
comsfdsrsn& 
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9.1 

detembmt af whether e pumping system can be 
is the avaihbility of spur parts. All parts 

you relect must be ausilable at som location that is 
reached uithin a remanable the) or the pumppt 

UfQ. Sendafag gu&delfnea for 
) uaual~y dkuide rpare part8 into 

s and other paxto. F8st-mm&g parts fnclude ftew 
c-n correotitta maintenance, such as 
Theaa rhould be readily available at a 

and Mel you choose. Other rpara part8 
ly needad include cylinder heads, crankshafto, and 
atso Ba a~ailabf*~ but since ths need for thorn is likely 

you cay be able t3 tolerate a longer delay in obtaining 

s and tindmills, fast-moving spare parts that are often needed are 
y Umfted to cup or cylinder leathers and wooden sucker rods for 

Since these are fev in number und relatively inexpensive, these 
art latw vulnarablr to outqpr caused by a lack of parta than dime1 
b&f&k rtrquirt mny fart-mavin& partr. 

any fast-mawfag zqate parts, 

Selat PV pumps do not typically 
althou& all hand, wind, and PV pumping 

witt ocemsfonally raqutro unexpected repaira (such a8 replacrm~nt 
for tow FV rwrtsro). 

head, 
The parts neaded to complete there repairr-e.g. 

windmilf blade, or Invertor-may only bs nerldrd every three, 

iiovmmr, vhrn braakdownr occurt them rpare partr rhould 
by regional invmtoriar, rincr it is hi@ly 

camd locally under most circumstancea found in 
The more fart-moving tha part@ the more wfdQly it rhould 

diesel bates should br available at the local 
modules need only be avallabla at the district 

0% p49rbpa nattonak laval. 

lt ta poastbla that parts may only be available at greater distances from tho 
frorP 8 csntral or regional, rather than a local, inventory), so a 

repairs are compLstad. In that cam, the eyrtmt 
how they will meet water rrquireamts until the 

part is very 
ft may be too 

ir is the case, it is essential that 
oarsnurication and distribution network in place already, including 

impert agents and distributors, and that planners and water users understand how 
mmzh tims is rsquired to procure imported partr. One aolution is to maintain 
t8 Poeal inventory of at lerrst one camplets set of all spare parts for a system. 
%heoa can he replaced as they are wad. 
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r0 get l clear piaturn of the possible difficulties in obtainfry raqufred spsre 
parta for th m equipsant options, answer tha qumtionrr bolou. 

1. 

2, 

3. 

4. 

9.2 

Are ill spare parts mmilsble locally at the pump site? List 
the mme of local *p(s) or went(s) snd the types of spare 
P--wY-=Y* 

Bm fu is the marest location outside the willye w&r9 fsrt- 
w spore parts for your pump set are svsilsblr? List the nue 
of the village, the distsnce from the site, snd the name of the shop 
or ape. 

Mbere do ybu hawb to go to set uac-n spar0 psrts (usually 
the mm location uhere full 8arvite and matmuls are 
mmilablt)? List the aames of the sgent8 and the spare psrtr 
an3 semic~ they tan provtde. 

fbv low dms it take to get spsro puts uhm they must be 
o&wed or imported? 

Ybe seead brosd catqpry under O&H roquirrwnts is skilled personnel. The 
sl&~~s mnd to operste s pumping systsm us very different from the 
teehdc~l snd disgnostic skflls nrrded to ensure a lory service life and prepor 
repdrm L Teaks for aparsmtt or caretakers typicslly include 

l surrln~ md stoppln~ tha pump au, as required; 

I parforming bfiy checks of fluid levels (vhare necessary) and 
aquipwnt cmlitton; 

l bmndli~ limited preventive maintmsnc~, am the operstot’n 
trsinin~ snd authority and the avsilsblr psrtm and tool8 
sllw; l d 

l cont*tiag ths propsr authority to explsin specific problems, 
uhen nor&d. 

Operators md curt&are ue tha most importsnt human componant in succersful 
systm qoratim. They f arm the first line of defense in the ongoing effort to 
kmp a pampI- system operstimsl. 

kchmics ua meces8my when the required maintenance or ropsir procedure ir 
rs aperstm’s suthorfty, mpability, or capscity. Typicslly, mechanica 

123 



e axes8 to mcessazy tools to complete rfnu and wju repairs, 

l the akftts needed CO caaplicrted repairs in the+ field. 

1P indiwt 8 in the commnfty pussess repair skills, this will help assure 
brdmn &mm is returned to sarvice promptly. iI&uvipumps and 

lm ue most a e for local repairs. Since the skills nes&d are 
Ifnited, pmple in ths comunity cau be trained to perform most 

temneesndrepairtamkm. The widespread use of diesel engines for pumping 
vater and genuui~ alettrfciey in isolated axeas mans that there are usually 
sum sru wchar&es ubo are at lemt partly skilled. If the level of local 

ilkttea is doubtful B skilled puraonnd from outside the imrned~ate 
he neeessaty to enwre that proper nrintenance procrdures are 

rep&to can require specialized skills that are not normally found 
B&vtdusls vith basic skills in electricity may br available, 

but &e qvt~ialfted nature of FV technolom may mean that suitable technicians 
wiFll not be avsilable even within the region. Although molar pumps rarely need 
ewmtiue mintrumcr L it ir rtill important to consider uho will perform ruch 

its. If m&an&~ are only available re~ion.ally, you rhauld alro consider 
far thy may be villin~ to travel. 

To detumtne the availability of qualifiad operators or caretakers and trained 
taebmiciuzL as vsll as their potential ability to handle maintenance and repsk 
factions, you rhould anmet tha following qwstions. 

1, 

2. 

4. 

lk the people nrrrrby that might serve as potantfal operator8 
or caret&err have any sxparianse or familiarity with the 
@gari nt yw are considering? 

Are than indivfduaEs with sufficlant aducationandlaschenical 
aptitude that coulr, be trained to perform these functions 
USlIT 

Are operators lfkel, to havu the tools neadsd to operate the 
symtnm properly and landls minor repairs? 



1. 

2. 

3. 

4. 

Are 8killed m8chanie8 end/or rlectriciuu aveileble in the 
vitlm&a who have ~merral wchani~l, l Ia&ne-repair, -or 
electrical 8kill8? 

How fu mu8t mchmiC8 trained in l lyine and/or l lactlrical 
repair8 crmml to aMirt w&th uintmance of the pmpiqg 
8y8t#t 

Aremeckbadc8ftolrout8i~~cdty mmilableyeu-round, 
or would trmuportation problem or other relpon8ibilitie8 
uh thrr-ihblt 8-w? 

CIir u131vtS be Iyb t0 provid. tZ8inilb& t0 mChuriC8 Ubd 
tachnfcim8 80 tbet the WCe88e.q 8ki118 are available uhan 
RlM&d? 

Folr all of th &bmm item& y&u 8hwld 8180 consider: Hou much vi11 thir cost? 
Vho ~$11 pey for it? 

9.3 

The rrltimate mthcbtity mdtor rrrponribility for l water rupply rystem may r8rt 
with a local caity le4der or argmimtion or 8 r86lonal or central 
gmummt agemy* Nhea local perrons or group8 are r8rponrible. thry mathaw 

8ufficiamt fmds mkd th e&paeity to mobilize ro8OurCeI to r88pond to problrmr, 
48 mee8s.ary, if theft 8uthority ir to ba uanlryful. If l rogioaal or central 
U~~tf~ i8 re8pmmfb~e. it must be r88ponsive to local needm for 
rsin~a 8nd rqair that c~afet b8 hand186 8t the loc81 level. 

~~S.r;r Of Wh8n the fON1 authority 1i.8, 80# dO6?38 of ComlDUnity 
n8pmeibilit-y ir rluay8 important in the ruccerrful oprrrtion of vat8r supply 
8j98t888. ‘phc Ch0i~e Of t8ChnalOgy rhould take into conriderrtion th8 CapaCity 

of l tilliage to be rqwuib~r for a pumpin 8yrtr1n and the availability of 
OtbtSi& aOUICe8 Of PriOdiC 8rlirt&W8. fn pneral, lerr complex trchnologier 
ue mm+ auitabtc for shutfor-r wherr local l uthoritler hmm responsibility for 
a 8y8tew bre complex technologier that require higher levolr of O&M support 
ue mm approprhta w&km authority for 8 ryrt8m i8 more centralized. 

Parr example, if care is taken in selectins 8 h&fIdpIAlMp, it ir likely that molt 
mintmmsca Itsuctions ten be C8rried out locally. At the other l xtrom, moat 
%wrs of selu pmps must be performed by outsida agents, who should be 
cloruly i&ntffird prior to making a commitment to that technology. Thir does 
not. man that solar pumps are necersrrfly l bad choice, only that there must be 
~~rpomUriV~ R8&8dm for B8fntmmca 8nd repair8 t0 msure the 10ng-tarraR 
reliability afcbo system. Diesel systems usually require the largort ongoing 
Htmat Of rmoufces beause of the complexity of angina Oan relative to 
8tbu trehaor~es. Somtims, a community will have 8 qualified mechanic who 
is mflrble to puforr 8ervice frtnrtionr, usuming th8t 8p8ro part8 are 
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tA‘ldlable c SiWkCe the qt&diq Of 1-d tEdUUkit8 V&&k8 Cen8iderably, it is 
ly the eatputerkcr of the prr8on de8 tad as a local 
fr8’ cm leave the 8y8tem in weme than before. 

8 can be 8ervieQd looally, with the puesible axception 

‘Fe chti~ tha U~QS of authorfty 8nd retponefbtlity for your sy8tam. musuer the 
tbn8 below* 

1. t person or or&mitatfon has ukfmatr authority over the 
water *ply ay8temP h this aehority loc81 or crntrslfted? 

2. 

3. 

Do&s thir per8ou or tqpncy have control of the financial 
re8ourcet nuce8suy for successful O&M? If not, which 
or@nfmtfen dams? I8 obtnining funds a major problem for the 
community or usu group when the need arises? Does any other 
w, in the private II: public. formal or informal sectors, 
have the c~prcity to rsrpand when problems occur? Are 
U&itit& emit-tQCowx)r 8ChWHS (e.g., user foea) adequately 
amforeed at the local level, so as to ensure the availability 
of O&t funds uhoa tiy are requited? 

l&at Braup or individual in ths community or nearby arm has 
reaponaibility far the watt supply aysterm at the local love13 
fs the gtaup ar individual rorponsible to a local or central 
wttwrtty? fr the rrrpon~ible party paid or a voluntww? 
Daum it have otbr functicxw (e.g., village development or 
health) that may reinforce or get in the way of its 
r+spomsibilitfrr for tba water rystclm? If an organization is 
responsible, ia it likrly m represent a faction of the 
community or the whole village7 

4 I Dam this rerponsiblr party feel it can effectively bring 
reswrcas to bear on operational problwuv vhon nradard? If it 
must call on en outsido orgeniootlon for O&H a rietcnncr, will 
thfio other or mizatian respond in a timely feehianl 

5 II hwe far a backup ryotom or rrcondrry wcltar mmr”ee, ia it 
r thr 8 authority aa tho primary syrtew? 

As tq as spara part+, skilled labor, and/or fuel must be brought in from 
outsldo 8 vllkegu for some or all obw functions, the quality of the local and 
regional trmqmrtrtim network must be considered in equiptaont selection. 

t@rs to kw considered insluck distance, travel time, the quality of roads and 
thor tboy are passable year-round or only smsonally, and the availability 

of vehfclar or other mans of transportotfon. 
for outside support, 

For systems that have gr%at needs 
these era very iarportant fsm8s. That is why Lt fs an 

advazttsge if skllLlrd personnel and spare part fnvrntorfes are available locally. 
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Since tb tmqmrtation -Work 18 uitical in Wn& twhnitfmm, puu, and 
mterial.8 to a pump 8ite quickly and efficiently, 8n8ueriry the f0110wiry 
qrurrtions ulll ~~l)orranwMerstandiq of whatcharacterirtica of that network 
affectthe l~4erBopemtiamof~8y8M. 

1. 

2. 

3. 

4. 

S‘ 

6. 

9,s 

Are li#ht- and heavy-duty truck8 (faur-&eel drier, if 
mee88uy) aweileble to tranqmrt lmaviw equipment 8nd 8pan 
puts to the 8itet If not, hou cm they be 8&m l milablet 

i!aw mu& do these diffmaht men8 of trmapurtrtion cut par 
kilawter or trip? 

Are hul end parta for vehicle8 nedily available on a yeu- 
ZOWd bui8? 

lmff&etiva cemtmiutfen 18 often L factor in long perioda of rystem downtime, 
but it ir frwpmtty everleaked, There 8re gener8lly two type8 of 
~utien8 proldau-rmpame time and inaccurate or incomplete inform&on. 
If it t&he8 tW0 bJP8 t0 luron Uli8t&IIPe, every wrvice requiring ruch 
cammfution requinr at last two day8 plw the tiw me&d for l re8pon8o. 
lzb 8ddition, heau8a ws88ge8 are oftan incemplete or ineccuram, luintenanca 
Ud r-r C- ti#bt bdR6 th. WFOlt& ~rSOTHl.l, parts, Or tOOl8. A $1~1. 
mm-* Iike Wtue ic ao water* is not vary helpful to a ulntrnace crew th4t 
to tSyiw to heids u?mt 8pare parts and tools will br rOqUir8d. Thr cr8w IMY 
bw ta sake #I additional trip to corrphte tha repair. Thr nud for r8pid, 
8Murat* cummiutim of the mturo of a problrr to tha proprr person or agency 
ia &eottmr in urtrsing l timely, 8pproprirte remporuo. One ru~estion is that 
tit 8iu vr8rOr& %a @en written forms (p8rbeps postcards) with ths addreSS 
titelepbone mmbar of the repair crew dispatcher, along with revere1 question8 
uMcb ti to ba answered when reporting problems. 

?lm fdbuiug quutions focus 01L imprunt comuaic8tion issure. 

1. Are tha proper 8-s for mng maintenance end repair 
assfrtsnu clur to the oparator/cerrt&er 8nd users? 

2. 0#8 tire opu8tor/ur8Uku b8ve the training and rkills to 
z most problems ucur8tely to th8 urinteruncs/repair 
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outatde mrirtance L8 neded for uintenance and repair, 
hOb? t8 a8StStMSt 8UWOWd~ Axe them* channela of 

at&on opoa year-rowwiT Do they depend on verbal, 
or r8db asasages? 

4. x8 eaoirtmee ttad frea different sourcest depending on 
rhcrt.!a~Of r&lam? If 80, list the various type8 of 
PM1 uub the eerraspwwiiqg mmes of asrfstance. 

d, haw long is it likely to take to 
ource af help? 

9.6 

irsg &m capability of a maintenance structum is neithar simple nor 
It requires an assassaent that ia basad on specific local 

and tha typo of equipment being considered. In the process of such 
an wduation. there are aawral important points to keep in rind: 

local capability (e.g., for operation, maintrnance, repair, 
pare p’arts invsntorisr) is always an advantage; 

eomplmc ~y~t~w art likaly to od mom maintanancs than 
simple arma; 

wall-known technologiar and ystrmm that are eo~ily undarrtood 
itItZr@ase the+ parribilitirr f&r 10~81 repairs: 

the aecepmbla length of tima for skilled tacbnicians to get 
to your site with appropriatu tools and spare parts &pends 
on uatur availability raquirrmants and backup sources of 
-PPljG 

maintenancs func tiona should ba 
%%ft@ting infrmitruetura, aithrr 

private-- 0 not try to 
of equipmsnt; and 

ba sure to considar the need for and cost of ongoing training 
in U&h procedures. 

fs intporrfble to guarantee that an exirting maintenance and repair 
%nfr ~ture will be rerponskvs in the future to nieds associated ufth the 
srqut Rf yeu cheore, careful consideration of answers to the questions listed 
ER this section should give you a good indication of the likelihood for 
strccesrful long-tsrm operation of the system. 
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. 

m fh8t 8w ia ChOO8%ll& l pU=p i8 t0 8eleCt O¶W Or loltt ~t:OM th8t W%ll 
wet tam technical requlrewnt8 at ymr 8&m. Tbi8 Will PZObdly ThUZOW dOW 
tb&iU. mmt8trpir to~fiadoutvhiehoi~nuiaia(Optianr C-b. 
-1y 8uppomby tb 06dt inframrueture available in your 81YI. Tbi8 
Will fMth8bly reduce the rwkr of ChOiCe8 evea further. tbally, you tn.6 to 
develop a CGqarative co8t 8n8%y8ir that till allaw yau to compare th@ few 
viable 8y8teR8 left on the b88i8 of life-cycle cO8t. Ufe-cydr CO8t i8 the 
bus8 for m CC#DdC -irOa Cdhd pm8ent-rrorttb Or p~8elbt-V8hb dyti8. 
Ittrbr into UCOUlltd tO8t8ll!AC~dOWW tbru8efUl life of your: 8y8tO& 
imcludiq tBm8e Cot tha initial a+.imat (c8pital Co8t8), i8IStall8tion, 
operatloa, m8latem8mu. mid repair. 

10.1 

=fe ttmr@ ar@ w kid8 of CCqW8tiW8 l coWiC D8thOd8, pr888nt-Wrth 
rarly818 18 a commieat. wthod for 8888881116 the relative co8t8 of different 
P=wa w-* Ib18 -thOd UU1yZ88 811 Colt8 u8OCi8trd With iMt8118tiOtl 
md we Of a Prrpfq rjgrtU hy r8dUCing thu to a 8in&l8 MI8b8r C8118d the 
pruant worth or wdue. Diidim th. pH88nt V8he by th8 tot81 VOhme Of W8t8r 
e WW the 8y8teB.8 lifetim &be8 8 unit COlt for Wlt8l:, r8ferred to hero 
8191r - mfi ~lCUhtilh& Whit Colt8 for tW0 biffW8lbt wiry 8y8tMliS 
tb@t (Itt dUf@8d t0 ddiwr the 8M@ v&ma of Water from th8 88M h8ad 811OWr 
y8W to ti dim& ffMUCi8l urd 8CmiC C#pari8OlU btW88n th8 two. This 
a#XWth CaIt tiy Bt wed CO co8pare 8y8tWBS that 8r. d8liV8rina th8 88lM &lly 
output for rom&ly the saae head r8nge. It dO88 Mt 8-888 th8 qu88tiOn Of 
mit8, m m G8lbMt &terrriU Wh&Mr th. b8Mfit8 Of th8 p\orp ilUt8118tiOn 
(in tam8 of incroued health bnofi tr or nmb8r of ~rd8n8 irrig8t8d, for 
ample) till be uerth th8 cO8t, 

s"\Wg++t hC8oribar th8 method for pr8mntworth umlyrin by diocwrin8 
gapAn+nr8 (C8pit81 COlt8, r8curr8nt co8t8 for oprr8tlon, 

matSm8nC8, and repair), diretmrtng the 8n8tytic8l method, 8nb then t8king you 
tkmqhar example rbuin& hew it $8 8pplird. Thm dirtinctfon betw8en flnanci81 
ti -G cort8 18 dlscusedc with &II 8%amp18 th8t show8 the difference 
ktW8Olt thO88 tW0 COUC8pt8. fU yn8t81 c 8 8yIteD' 8 m CO8t i8 determined 
fror. th8 UUI"8 VirvpOint, Ubl18 the m COIt 18 buod on th8 p8r8pWtfW 
Of th &WUt8Ht Or 8OC18ty 88 8 l&Oh. SiUC8 fitUSlCi8l Uhd 8COnoliC Wit 
W8t8 C8.B rtyp GOMid8t8bly, it 18 po88ible that 8el8CtiOU Of th8 BO8t COSt- 
aff#tfllo S3?8t8m m8y dqmd on which purpectlw you t&8. 

10.2 

he88nt-;wrth amty8fr divide8 8ystem co8ts into two buic youp8-inSt8lled 
crpic8lmd?cnnrsntc~trr. Irutelkd capital costs 8re 811 assumed to OCCulc 
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at the *tart of a syateds llfetlm (Le., tim4 zero). All later costs (e.g., 
for opa8tloa, uwintenuwe, an$ 8pare putr) are recurrent co8to. 

To detexmine whethe? potentirf, owwr8 or u&em of a pumplq system can afford 
to mm & operate it, it is inqmrttimt to esttrrte all costs a8 accurately as 
poss&ble and them examfue the cmsh tlous needed to meet future rocurrrnt costs. 

qrst-8 hs-, diesel pump sets) have low capital costt, but hi&h recurrant 
costs. Qthttro, such as wind and solar systems, have hi& capt tal costs, but low 

co8ts. Who will pay these dffferant coats may have a significant 
th4 cholc4 of 4 8ysttMa. If a nystam 18 not going to be wholly 

on out8lde flmdiq (e.g., completely aubriditad by the govemunent or 
.ld for by a donor otaanfzatfon), it i8 important to know what coat-recovery 

#(at) WI11 be used. Will recurrent costs ba funded by water-user fees? 
Are users wfhl~ to pay them? Up to how much? Vi11 the government or some 
other fM&ng source cover a fixed percentage of recurrent costs? Careful 
cm8lderatfcm of these qtmstlon8 is crucial when selecting a system. 

A system's installed capital cost is the total figure for all equipment, 
oa;iLterrEllfs, Babor, and transportation needed for complete installation of a 
funetionf~ 8y8tea. Racurrant cwto generally includa: 

R an op4rator's salary; 

R vales for a mechanic to handle regular service and brsakdowns; 

l apar parts and rqtlaceuwnt components; 

l transpurtotion, including a driver; and 

R overhauh, when necessary. 

Wwmrramt casts can be subdivided into fixed annual, variable annual, and non- 
o-1 eests, vhfch are defined in the sections below. Each category can 
fncludm costn for materfalr, labor, and transportation. A matrix showing all 
f dbffawmt type0 of ryotcm cost is au fo’llowr : 
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It I8 not mceuary to coa8ldu co8t8 that are ccmmoa to all of the 8ystems 
8Mlyud. For example, - you are eon&derin& ~81~ one 8~11 dierel 
eagiae,oatt8darpwp,ortwohmdpwp8 to meet dennd. For the dfe8al or 
80br 8y8tu. you only lytd one ~11 or barnhole. For the two h8ndpump8, you 
WY faUd t0 di& l 8tcond WI1 01 bO&kOb. If the COIt of w8ter lOUTee 
-tOpmt eC8 btt#en l ttC-titn8, iUCl& thO8e CO8t8 in PUZ 8Xb81y8i8. 
a on the p8rticulu appllcatlan, you may need to consider other 
rdditlolulcoau, suchas: 

l roll coa8tructlon or cklllln~~; 

l field aunmys; 

l water rtora&e tmk8, which may or may not be needed for 
different 8y8tWMt and Can V8Q in 8ire. 

are 8pprOprl8te* these cost8 rhould be lncludod la the utrix rhown above. 
Smtioas 10.2.3 and 10.2.6 @e detailed deecrlptlons of how to ertlmate cost8 
for each part of the matrix. 

10.2.1 The Di8cOunt Rate 

It@ prumt wrth of recurrent cost8 18 determined by making a88mptiom about 
tb discount r8te 8nd useful life of the ryltem, 8180 called the tsrm of the 
&3?818. zh dlaceunt rate 18 urrd to calculate the pre8ent worth of future 
COW8 ifOr ln8tmwe. 
apralaa>c 

repl8clng 8 windmill cylinder after five years of 
Xt 18 ba8ed on what rconomistu would consider tha buyer’s best 

8ltUMtiW iUW8twUt, If the boat l ltrrnative lr investing money in a bank 
8t fO percent interort, the 888umed dfrcount r8to ir 10 percent. Thir rate may 
mry for different kmnltor8, rince deciding on thr b88t alternative depend8 on 
pIr8Wk.l CirCUB8t8XEe8 8nd th8lr Willfn&nerr to t8ke rirkr. 

Di~mmt rat88 differ accordin& to the user. You h8ve to estimate tha return on 
th b&lt 8lteXUatfVe invertmnt given local condition8 and users' perceptions. 
fbdividu8f8 la the prlv8te 8ector may be reluctant to borrow money bec8use of 
uncertainty about the future, 
hl#l as 20 percent. 

in vhlc-h case discount rates may need to be as 
For econmic l nalyrir, ruitabls rate8 are determined by 

gmFenmwt econCml8t8. The Uorld Bank often use8 econonic dfscount rates of 10 
to 12 percent m * discount r8te c8n h8~0 8 18rg6 effect on the ze8UltS Of 
#ulJmir, putictkl8rly when competing 8lFertUtiVeS differ markedly in their 
wftd 8Ud r8GtUT8Ut CO8t8. 
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10.2.2 

The term of t.ha N&W18 nut ba ucertaiaad. thU8tly , thi8 18 the 8- a8 th 
uuful life of tha vjor 8y8tem mmpoaeat th8t will lut the longeat. For 
eumple, with rolut pmp8, the locp8t lutlq compment 18 the PI? array, uhlcb 
ha8 an utimated ltfe of 20 yeu8. Obviously, not l ll of the other component8 
tillle8tt3mtloa& itu) rrtllhme to be nplcced periodical&y u they fall. 
2tke cut of repair or repkmnat for thue compomnt.8 18 included la the 
recumeat co8t8. Similarly, for: l db8ml pump. the term of tthm 8naly8l8 la the 
el@l&8 UUfhl lkfetiw. It can be overhauled sewrat tines, ,but evenhully 
it vlll hmm to bo replaced. TO Corpu+ tiffWont 8y8t8R8 urlw pr88Onta?Orth 
ti~18, yOU hMP8 t0 UU h 8U# bm Of 8tldyl18 IOr: 811 Of thOW For 
exmple, youtmtht to compara a 8olu pump 8ad 8 dluel ryatem. The term of the 
8aaly8ls I8 autmsd to be 20 yur8. 8ad dfe8d 8qin88 iU your area are expected 
to la8t only 10 yeam. youW8tiuu8. thit uthodby 8islp1y ummfr& th8t 
you replace t9.m diesel englnu at the end of the tenth year, considering it a8 
a mcurrent cou. 

10.2.3 h8t8lted Capful CMcs 

In tbi8 8ectlon. ran4p8 an given for typical capital and recurrent cost8 
888Od8tti With the ifk8ta~latiOn of uch type of 8y8t.m In 80~ ta8es, thrro 
range8 8?e vldo because of th8 degre8 of vari8bi~lty ta powor and differancer 
iawhue hupfpamktfr purchased 8nd ured. When posrlble, it 18 be8t to g8t 
mm prCCf8e CO8t itiOrUtfOn f?M ICC81 di8tribUtOt8 before doing a preUnt- 
W&b 8Sb81y818. The lnrtelled C8pttat CO8t for 8 PWpiU~ 8y8trm include8 
equipment c08fk for the power 8ource (driver) 8nd pump, other aaterialr, civil 
rsork8, and 888oclated labor and transportatton costr. The driver could be a 
dlrrel erylm, a 8olu army and controllot, a wlndmlll head with a tower, or 
l b8ndpwphud. Be 8ure to laclude the coat of required accessories. ALL 
capital eqdprat ao8t8 aI88 depend on import taxer, duty requlrementr, and 
frel&t chraer frm the country of origin, but there should be kept separate 
fO+ th. @itO&e aXh8lJ?8:8. 

&8t8 for dir881 engine8 8re rff8cted by the rated output, quality of the 
cquipumnt, and location of the manufacturer, 
per kU. 

They ron8e from US$SOO to US$l,OOO 
Other m8Jor items for dterel rystama include: 

R tht pump 8nd transm188ion, if any; 

0 pump houses and fencing, for security and protection of 
equipment anb uterl8ls; and 

l other campenenta for water sccrrage and distribution, such as 
tanks, plpiq, andvalves. Udr SO~M conditions, the need for 
acompletely reliable syateniuvolver considering the purchase 
of a wre engine and/or pump. In most cases, a good watar 
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In eddkion to them ~1x8 expamive camponmt8, lower co8t item nud8d to 
lMt8ll8 fimctie 8y8tM c8a8ddup to 8 total that i8 8 tigrif$CUlt portion 
Of th@ OVW&l Mtut8.b CO8t. 'Lhry iXbClUdO Ul#iM fr8D88, f-tiOQ bO'lit8, 
m-X@tUXll VdJM, UaiOM, @&t8 8lld pXW8UWrdi.f V&n8, 8pWO pUlhy8, bdt8 
OX mV0 8b8ft8, 8ltd W t6018 for wr8tOX 8OruiC&l3& &8qUimd uteri818 818a 
include camnt, sand, pawal, mUforcin& wuh, and/or mre=barm to make 8 
COMX@- fW&tim for tb Ui&h (Or uiIlhi11 tOWW, 8018r l rr8y.8 8OUXbtff& 
frame, or badpump h), a8 -11 88 f8fbcSry. ?hO8a Can 88OWAt t0 10 pOXC8Ibt 
Of tbt mpUIkt’8 tOtil, C8pitrl CO8t8. A complmtm lirt of part8 8nd uteri&k8 
for d Of tbt foUr 8jF8m m i8 &?Wi in Appmdh B. 33QbiC81 CO8t8 for 
die8elpmpiag8ystemsue@m4fn Iabla4. 

Table 4 

miC81 ih+d cO8t8 for Dia8d hUBph& sy8t8E8 
(tn US $1 

tie-1 eqhe {2 to 10 kW) 
P-p (corpletd 
cftiluork8 (pad, pumph8uao) 
0-t (-1-8, fUri tUtk8) 

1,000 to 4,000 
so0 to 3,ooo 
so0 to l,ooa 

1,oao ta 3,ooo 

Tot81 @F8tu b8t (CIW) 3,ooo to 11,000 

#br 8O18t pump8, m W&U188 8re th@ maI 8%pOMiV8 CO8pOn8nt. Othrr 8y8tem 
Colponrat8 hCfUd8 the pmpr mtOr , rrr8y WppOrt IfrUCtUrO , Wiring, 8nd 
-tXOll*X &,/OX btt8rb8. Arrry co8tm 8r8 in th8 r8np of US$C.O to US$4.5 
p8t t&p frO8 th8 pdnt Of UlWf8CtW8. Thlr CO8t c8n l r811y rlro to US$9/u, or 
-- UbZ@ di8tributim &Id 8hipPin6 COltB 8r@ hi&h. fn RomL Ca888, mtOr$ 8Nld 
P-P8 for 8 salu rjt8t8lU U@ $urch888d tOpth8r bOC8U88 8ol8r prpp 88nUf8CtUrWa 
dui&n &us utch -8 8nd mtOr8 to maximize 8UbSy8t88 OffiCi8M"J. Controller 
CO8t8 q CO@ddWbty d8p8Xbdh6 On th8 ty&B8 Of COntrOl 8y8t8E chorrm 8nb th8 
CaEatxy of Mmaf8ctuxe. Soam unuf8~turet8 may #pacify controlam th8t 8re 
d88ip@d to ap8r8tO with thair 8y8uu. Am&y 8tQtpOXt 8tmtU?OS Coat frOR 
=$lm to -200 fOX X8&8 th8t hold fOW to 8iK mdU1.8, 
WurllY tfs$% to u@zo& mik8 die8.1 pumps, 

WiriXb6 COItS 8re 
no&her PV 1101: wind system 

-11~ x8@xe pup huw8s. but 811 three require fencing. 
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Table 5 

Typical C&pit.& Cost8 for Solar Pumping Symtem8 
(in US $) 

Fw army (0.8 to 2.2 %yb) 3,600 to 20,000 
pap (a0 +ulburaiblr muter) 2Quto too 
amtar (0.S to 2 MI) 200 to 800 

tibh pup 8et [mator, 
and immrtor, ff needed) 

tantrhlrra 
1,500 to 4,000 

(whem Ud) 100 to 1,600 
citstlmmrtts (pad, fmcfn& 300 to l,WO 
otber (wtriqg, r8ck8, rods, metera) 200 to 1,400 

Total System Cost (CIF) 4,600 to 28,000 

B and taml: tarts are highly dapsndant on shipping charger, aa there 
s tend to be hsavy , In gsnrral, unit8 am rupplird comphtr, with no 

1 or optional parts to be considered. The cmt for a windmill head 
lly be hi&m for rotors with larger diam 

to tzs$SOO par square meter of rotor area. 
The range of co8to 

impler darignr that are 
&~lly QY rrgioru~lly ara likely to be lesr axpenaivo than Amrican 

or Euxape8n wt .Slla of lm8ilrt rim. 
to tkm quality of conferuek$on; 

Tovrr costa are proportional to the rite 
thay range from US$l,OOO ta US$3,000, 

cm whctther the to-r is mada locally or purcharad And imported with 
costs am often dspmdent on design, vith hi&-quality, 

lng mota rxpotuiva than those with flap or rpool valver. 
drop pipe, pump rod, pLpr clamp at ehe wrllhrad, cement 

far the fWZidUtit?& Nld f~lWi~& 

Table 6 

Typical Capieal Coatr far Wind Pumping Syseofnr 
(in us $1 

vi t is a fumelen elf site) 
tower md orroeietrd hardware 
pump cylinder with spare leathers 
other (faundatiott, tank, piping) 

600 to 8,000 
1,000 to 4,000 

100 to 800 
500 to 2,000 

Toeal Systeln cost (CIF) 2,200 to 15,000 

if.8 costs vary considerably depmdfng on tha country of origin. You might 
asmum that locally fabricatad units vould be the least expensive, but this is 
m&t aLwap5 the C8S4. Handpump co5ta range from USS300 to USSl.000. 
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TQble 7 

Typiul capital co8ta for iia@wmp sy+tQma 
(in us S) 

rurrAarabd 300 to 1,ooo 
pmp cylbder with spare h8thm8 100 to 400 
pup rod <w on &PW 10 to 1so 
other (fo&ul#btioa, drab, pips@ loo to 400 

Total system coat (ClP) 110 to 2.m 

Besides equipment and materials. capital costs also Include the labor and 
uenapomtion 888oci4ted tith inrtallrtion. labor costs are often divided Into 
r)dllrd, uri8killed. mb unskilled components. This is partly because the 
daily or burly reter are differant for theso groups and because the unekillrd 
portloa is oftan valued below the we&e rate In the economic analyrir (rata 
SQetbn 10.4). Cpou should hmm SOW t&a of labor cortr or daily rataa for 
these three poupr; IrAudI~ any relevant per-diem or other allowancea. 
Remamber to Lncludr the ptrprmtfon 8trotIated with collecti- toolr and 
QqufpmQmt Ln your Q8thiQtQ8 for InatalletIon time. 

&@a&ng thet the wall Ia l krady devQlopod, thr minimum amount of time required 
for fnrtdlation of I dIQae1 pump Ir about ~WQQ to fivr day8 end Includar 
pourigg l f~tion, hmrfn~ thQ pump, InstallIn the maina, and buildins a 
pref8brItrted utrl pump bus.. Solar pumps oftan take a bit lonpr but l hould 
@re no more ti 8rwn to Qi&ht days, Unha8 the crew f8 Vofy Inexperienced. 
For the Cir8t few inrtallatioar of Qny QystQm, the MQd for on-the-job training 
ml11 SrwrtuQ hQt8118tiantim ramwh8t. WIndmIll Itmt8118tIon can 888ily take 
\p to tm to n#lvo days In typic81 dewlopIng country l Ituarione. Hmdpumps 
baa tmiCQ11y bt &rutQtkd in tw to thrrr d~yr, if 811 &orr wrll. ThQBQ 
fip?er shmald ha usti only &I general ~IdolInra for rrtfutitq the QctuQl rim 
rmdsd for an fnat8tlrtfon at your rite, YOUr QntfMtQ will dQpQnd on the 
namber of pr0pP1 in m tnrtalhtion crow aa ~~11 am on their training and 
ftilf4rity With thQ vrtiCUt8r tmQ Of SyStQm being Inwalled. ThQ 8fZQ of e 
tppicel crew VS~SQS from three to ten, of which one to three Qre u8ruliy rkilled 
IahofQfS * 

ti&BqUWtatiaa Cosfs QrQ QffQCtQd not only by the distance to thQ site, but 8180 
by the type of vehicle used urd the number of trips. Remember that It may be 
uecessuy co m&e aore than one trip to the aIt8 to move all the equipment, 
w, mnl personnel needed to complete the Installrtion. Thus, the total 
traaspmrtatioa dbtencr cm euIly be two to three times the round-trip dirtance 
ffam tb ibstallatioa canter to the site. The type of vehicle(s) affects 
tmmspoftatiorr costs kc- light, two-wheel drive truck8 8re lems expensive 
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abmfntaln than huvi~lt fauCwhQQl drtw v~hia1Qa and trucka, which 
for - &aatollatIona, such u wIndaIllr. To pt some Idaa of 

talk t0 tbahicle rQnt81 SgQMiQS or twk UsQra in thQ 
rb8tQ wetor. Often it is pM&fbiQ to aat a daily rental fI&ure plus a 

e.hargt* whfch till probably nut Iwlud~ fuel co&s. Rental ogmci~r 
hmm 8 good eatfmete of typical furtl use par kilometer. 

calculatad separately, they are added 
pit81 CO&t. Nl other costs associated 

e, and rep&r am recurrant coats. 

As uwmtfouad &mm, r6curr6nt Gb8t8 can be divided into fixcrd annud, variabls 
rion-Mp\ult. Coats. ntia mation discusses thQSQ cost coarponents for 

all four system w consi&rQd in this manual. 

FIxa& amual coats for a pumping ryotem are annual rarurrmt costs that ate not 
t of us* a ryrt*r racrtvrs. T~Q major type8 of f Ixrd corm 

nto tha mattriulr, labat, end transportation cat~goriea ur~d 
Reother, they include ruch tom as averhead, finance chargers (~.e., 

atut 810 a loan uaad ta buy tha atam), and Laba cost8 for an operator, If 
xad co@t oincr It depends on how much the 

rhw or not &era are overhead costs and how high they are depend6 on the way 
gad end maintained. Overhead can include costs for ruch 

record-keepIn& or maintaInIng a la, off Ice, warehouse, spare 
or headquartxws staff. costs are often omitted from 
S On tb SSSUl@tiO they will be similar regardless of 
but this la not ne fly the cme. 

for ~4th cash 
If a syrtsm was paid 

frm bu perronizl monier~, QI u grant, thQrQ 

el 
thue saferLad (I.u., 

pumps are often run by 8 full- 
not hmrly) operator. In instances where the operator may 

b&v% &~cforml unrelated responsibtlfties (e.g., a maintenance person for a 
schml or u driver), the allocation of SOIIM time to non-pumping activities can 
rrebr kabef costs somewhat l Handpump operation does not require an actual 
qwrsmtor I Howewer, It Is Important to value the time spent pumping water in the 
@43?7aQar%e i~tfdYIf6. 
few tmskf~lsd laber. 

Typfcnlly, this time to ccsted at the prevailing wage rate 



Item8 fell- ia the verieble emiuel co8t atewry include all uteri816 (i.e., 
-1, oil, and perta), labor (ucapt for the operator), end truuportetioa 
rQquirQd for mzmsl operation, ufvicin& end rQp&r of the 8ySt.Q. meae 8rQ 
ill thQ itQmQ th8Q - dQpQSd6 On the UoMt of tiu the &y&t- i8 OpU&tQd 
Qrrial;*F=* btiut.U for these CO&t& Cm be uda by modifyiv the 
hf~tiOQ prtanidrd iQ wt@?8 s th?OU@ 8 t0 UQt tbQ WCifiC CQQdit%OlU St 
ym&r 8itQc - rrquiBt8 QXbd their QSaoCiQtQd CQ8tS U@ mtirad hQm. 

Ammel labor co8t8 em a fbnction of the number and duratioft of tripe UdQ in 
wspowe to noruk ufwice requiromenta and brukdmm u uell 8s the crew's 
StiQnd8k%u 1QiWdS. Of the four 8yatem8 conridered here, diesel p~mpr uill 
likely @n tha lo&t uintanmtQ 8lkd fQ@t trip&. Fo+ plUrniT& PUrpOSQS, 
cmmt onat leaa four 8uch tripe par p&r up to u many 88 OM per month, 
sptnatag Qll the SitUStiOTk. For solar, wind, 8nd h8ndpmp 8yatem6, ttb~ number 
of maint~#%~~~/r~pair trip8 will probrblp be m8xty fewer, In thy ran&Q of one to 
ti 6BnUQlty tf the $WtelhtiOn $8 properly dOW. hwar trip6 may bQ nQQdQd 
if the pump opQrQtor can perfofm 80s~ minor r~micing. 

bIWQm8acQ und XQp&r c?~w8 tjppI~8l1y eOn8Ist Of Q mix Of skilled, sQmiskillQd, 
rmd8n&8k%lled lebor. h QSttit@ 8~~81 labor cO8tl fOP l QP&Q urd fapdt, 
camsida the 8peeifIt ohill tint required for your ryrtrm. In thQ 6bsoncQ Of 
other inform6tion, 86~ l fQp8if CrQw Of thrQQ=-0nQ skillrd and tW0 
%Nkf~bd--phS l &iVQr: for ‘to PQrCQllt Of 812 nQCQ668y rQpQir8. br6Qr C11QWS 
of u w u ri&ht rkll be nQQ&d for jobs like pulling pfpQ, replacing 
+aeiau, or repairin& break6 in the pIpelIn8. kbor colt6 cur thQn bo rrtimated 
bj9 CdQdSti~ thQ tot81 d8Ily W&&Q r&tQ for 66k8lfQl: &I’d lSr8Qr CfQW6, Snd then 
Ukiplyb& bp thQ IWDbeP Of d8yS fequirQd fat Qach CrSW. Rumbor, If 811 
kk SriSQS fZ@m 6dQrfQS included in tha @vQrhQad fi@m dircurrrd l bova, you 
Iwb mt CdCUlSte lSb8f CO&t& hQr*. 

Ammo1 tf8nqortation co6t8 In&a& trips ud~ fof SQfdCQ md frpair, 81 
dRUfihQd h tbQ pfQcQdtt# p8fbgrSphS. 
t0 &li~~r id fmr diQ6Ql ryrteu. 

In addition, they should Include trips 
Th8 cost of ruch trips will dQpQnd on thr 

diBt@WQ nd the typ# of vQhicl8 used. ?hQ diOt&ncQ tr8vQlQd Uy 01 my Wt br 
tbc BplcI &m tbQ inStQlt&tion dlrtmncr--it dQpSnd8 on thQ rQlativQ loc8tion6 of 
WfVfCQ f8dlitiQ6 Snd thQ Pwp SitQ. you should 8180 considQr that it My bo 
mfble tQ c&&w trips in #om CSSOl (a.&, 
of diQae1 fuel). 

f@ylSf SQNiCitlg 8lld 8 dQ1iVQq 

- t3tp+ Qf webfcle used Will depend onwh8t is 8v&il&ble, ~1~6 thQ fQqUirQlM!ntS 
Of t&. jab 8Qd tb Condition of thr ford6 to the pump SitQ. Of COUfIQ, lf&tQr 
TobiCles l bould be usrd when possible, but thlr uy not alway bm pf8CtiCSl 
fiab Qtbf CW6tfSintS. & &rcrlbQd SbWQ, VQhidQ Ch8fgQm 8fQ Often @VQn 
U l d8ily fate plus 8 rflerg~ ttur~a plus fuel, Aa appropriate, fnclud8 thQ6Q 
fi&ufu in CaledatfIq tf8n6pofutlon cO6t6. &Sin, tf the CQSt of vehicle8 I8 
filpred fnto tbQ UvQfhed, the VSfiSble anma tran6portation co&r should bQ 
feduwd of eliminated, 
us$l.oo par Mloaeef L 

T+CSlly tfSWpOftStiO#t Colt8 f&ngQ ffOiII us$o.25 t0 
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Recurrent Cett8 for Dte8el Funpa 

bterut on 108n ff 8pplmblr 
plrp operator VUf88 

1 day of labor + lJs$S to US$lS arch 
1 d8y Of 18bOr a8ch + m$lo to us$laa 

awry 2 to S year8 
every s to 10 ya8r8 

@ate: R%xrd COlt8 mut br dmtwminod barad on 1OC81 pr8ctiur 8ld 
-if&C 8it@ COZbditiOfk8. 
method &hem fn m8pter 5. 

hul CO8t8 C8Sb b8 c8lCul8Ud Uriw the 
Th. Oil 8nd filter8 (ff 8ny) 6&y nrrd 

to be chat&d ure or le88 often depending on rngixu u80 8nd 

wr8ttE# COlldftiOM, For 8n en&m that in ruad eight to nine 

hmr8 8 d8y, the oil 8nd filter8 rhould probably b8 chmgad once 8 
wrath. Rep&r co8tl 8r@ highly varlrble 8nd vi11 ba 8ffoctad by the 
qudfty of preVentiVe 8nd CUrPtiVO maintrn8nce. The V8lW8 given 
&ova 8rt typical. &i&ha wOrh8ul8 8nd rep8ir or rapl8COmOnt 
ifitimd8 for th@ purp 8nd pipirqj 8ra 8ltO hi&ly Vari8bh. The 
VdW8 8hUlt U* idfC8ti- Of 8VOr8~@ COnditiON in d8VdOpinlz, 
cOuntri.8. 
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EUurroat co8t8 fat wild Puqta 

SxlBtaalw if appl,icabla 
prpclur-. tfuy VUfU 

XqblmrleAthem 8ndoilor&muo 1 by of 1-r + tJs$S to tls$lS 
tepalrltorCthumnmdly 1 day of l&or uch + tB$O to US$lOO 

mpl8c.ecyulMkermdpipe8 WU'y 5 t0 10 YOU8 

Note: plpmdi~ on Utar quality 8nd the l tent of pump use, 
leather8 mmy maed to be raphe mare oftm than 8mu8lly. Othu 
repaim my be rrqutlnb mom or hrr oftan depandiq on the quality 
Of tb@ tUtdhtiOD 8X& th@ Wei C8r@ Of th. WiXlhill. m 
-PI- t inunml for the pump cylfndar and pipiry will &pad 
lugdy on Utlr qudtty. If t&m W8tU h88 hi&ly rylrO88iVO Ot 
8bU8im Ch8rUhti8tiC8, th8 ~lindrl: 8d pip8 Will h&V8 t0 b. 
repl8cd often, perhap even mara ofton than indfcatrb in tha r8lya. 
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Ruurrent C68i8 for Sol8r Rmp8 

Sf applicable 
VU&88 
lbroflaborporurek 

replou luttm8 (for pcltm pmps) 1 d8y of labor + tls$S to us$lS 
dnor rep&r l-2 t&ma8 aummlly 1 d8j? Of l&Or l 8Ch + w$o t0 0s$300 

tepaSrormplactmotor&mp rvuy 3 to s yo8rs 
repdr or replut l lectroaic part8 

replaeecyli#der (if8ny)mlpipa8 
l vuy 3 to 5 yr8rr 
rVry 5 t0 10 jf88r8 

l&e: )ndicti* tha laq-tam frequency of np8lro md repl8crwnt 
for molar pwp CUpWU&t8 $8 biffiCU& ktWS* f.W VtUr tim hali 
ir; OpU8tiOtk fOr -n chn three to five yO8r8. 
requlrmd the r8placemmt of ujor c 

thy 88rly UXlit8 
uponmu avory ya8r or two, 

partkularly for *betried componant8 8uch 88 controllar8, 
hwertert, al& moton. kUU Unit8 h8V@ 8umountad DO8t Of th&88 
early preblm, and mch hngu cmponont lifotlmer 8ra bacolliry 
mm camon. ninot annual rquir8 cormirt primuily of raplacing 
p8or electrical eonnutiou or V8nddit8d 8odde8, if Ucorrwy. 
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Ruurrut Co8t8 for m 

- ' 

Ilrrplaaolutbem 1 day of labor + US@ to US$lS 
rep&lto4tMa8mmlly l&y~laborach+US$OtoUS1OO 

Rote: cMu8lly, the ~ntan8nC~ 8~4 rapah requirement8 for 
hMdpup8 till b8 rufm to uot, and CO8t8 vi11 bo lour if th8 
d.ttt&p~~C~li 8othnn to b8 pullad to nplace th. 18athOr8 or fix 

IhXM@Ump8 duigwd Win6 th@ VUf coneopt will hW8 
feWa* Ime& iOWHe l xpUl8ive -pair8 by p@Z80-1 fro8 OUtrid the 
W8te 8rm. 

10.23 nltiE& &&t rh &8t kf8tKiX 

Ih CO8t Vtttr for c8+al ud UcurfOnt CO8t8 rhwn 8t th8 baainning of thi8 
uedom dmuld be mmpleted buad on tha information given above. Two matricor 
till k 8mcau8ry if a firmnchl and an economic andyrim uo c8rri.d out. 
MffUmuS b@tUMn the two UwiC.8 8Z. di8cusr.d in S8ction 10.4. 

tit@ ttbt, for r& 8d Of 8ilB911&y, ilkfl8tiO8 Of l p8CifiC CO8t8 OWE 8nb 
8hum the &8n@rat i8ta of lnfhtlon has not born dircwrrd In thir rrction. 
!&tie it $8 trw th8t 8ny or 811 of th8 coat8 dircwr8d hare cm chmga 
(;fmw er docream> 8t 8 r8t8 dlffarent from the pur81 rat0 of inflrtion, 
gt la oft8n vary dlfftdt to predict tha magnituda (or often, won the 
birrcthl) Of -80 CiW688. ff you have inforution which convincer you to 
baliwe th8t onm or an of th8 upiul or raarrent co8t8 of oprr8tin8 your 
-4 8y8tu till chmp ovu th8 period of tha uuly8i8, futor th8c 
bforB8tson into th8 rrulyri8* lktkr yet, Uk8 8WW81 C8hUl8tiOW Of th8 
lauecoetwsiry4lffor8at ururption8 &out th8 chmngo in on. or are Vari8bl.8. 
lbi8 “8888itiuity 8$M1y818* Will 811OU YOU t0 888 Wh8t 8ffUt yOUrC 888U8&btiOM 
br*u O@B tb0 tit CO8t. 
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10.3 

#bX tb Pnpau of th4 8Xh&y8%8, irutalled capital COIt8 UC 8lr88dy pm8ent 
~o8t8. Ph8d abd varhbl* ahal co8t8 for uterialr, l&or, 8nd tmn8port8tion 
dmild be cabiard to et l tot& for anmud recurrent co8t8 ttut will b8 the 
- fU Udh w Of tb 8X@F8i8, %f it i8 u-d th8t the Oquipwnt 18 
apemtedfortb,~maw~toftfYeweryy8ar, w8e 6qU8tfOtl &I@ t0 C8kUl8te 
thetmtalpruentw8lueofthe8eeo8t8. 

tdWU P = pU8Mt UO?th Of 4 \mifOm 8erir8 Of fUtlxl?O CO8t8 
A-mfm8l8mauntorpayment 
d b diamimt r8tea 8# 8 dmcim81 
8 = term af the &aytfr in ye8t8 

see: ‘b 8iq1y rbfi8 CdCUt8tiOJb, 8 t8blr of f8CtOr8 which C88 bo ured to 
UhUb~ tb pUU8t Vorth Of 8 UnifOtr 8eri.8 Of futW@ P8yllnt8 (01 COcit8) 
8Z@ H-8 ia &pend.h F. ?O U@ them, t8ke the mmu81 p8yunt (A) 8nd multiply 
by the VI' v8.hm g&e8 in the t8bhr for a prrticul8r interert t8te 8nd term 
ofdystr ("g") (8ea buple 1') helou). 

#am-d ~88t8 mU8t bo tn8t8d indfvtdrully . For l 8ch occurr8nce of a non- 
llllvul CM& kpMtb8 ‘h0 8hould b8 ured to C8kld8tO it8 prorant V81W. It 
should rl8a hm u8ed Snrtud of Equ8tion One to c8lcul8t8 the prerent worth of 
iedttaiaul tOt8& 8llntml Colt8 if they V8y from ye8r to y88r OV8r thr tom of 
r& 8d378i6 (fs8sB if PUBp wr8tiOn V8dr8 frOlt ya8r t0 y@8t). 
AtS8te8 tk r+tbd. 

bi8lDph 17 

#iawaoW P - F x (1 + d)-y 

lhU8P- v8888t YoItb Of fUtUEr CO8t 
P-future8mamt 
d-discaunt Z8m.88 8drcb81 
y - yMr of occtsrr~. for the future CO8t 

Hotar ?O firrplify thi8 C8kUhtiO8. t&188 Of th@ p?8888t worth Of 8 8ingbJ 
fMum Brprat @ame es calculated in Equation Two) 8re given in Appendix F. 
&8 hWpl@ 17 kfOU for th8fr: U88. 
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Cub3ilating Prrreat Uorth 

tit the di+eount rate is 12 parcant over thu 2O-year term of thir 
TIW follow- tile shows expscted costs over the lffe of the 
tam ynk are conriderity. 

Total 3,&00 1,000 900 1,LSO 625 

BTf &B nun-a-1 emats shown, the first (totaling $1,150) accu~s in yrar 
IO. B)E9 racand ($6252 OCCUIS in yeerr S and 15. What ir the grcmmt worth 

The prermt worth of installed capital costs IS $3,800. 
mmnt worth of fixed and variable (here a sumed to ba constant) 

emt8 is givm by Equation One: 

/I + d)’ - k 
’ - CL x d x (1 + d)’ 

Subetktutfng valuer from the tablu above: 

t-km: you could simply look up the corresponding value in Appendix F as 
!GdJous: Look duwn the term of analysis (“N”) column to 20 years, go 
across to th4 VI” column and the appropriate fnterrst rate (12 percent) 
and read the value 7.4694, Multiply $1,900 (from above) by 7.4694 to get 
$14,192. The present worth of each of the three non-annual costs must be 
calculatsd rsparately. 
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htrq'lt 17: calcula~ Present uorth (continQd) 

at year s: P - $625 at (1 + .12)* - $3SS 
at year 10: P - $l,lSO 'It (1 + .12)" - $370 
LLt year 12: P-$62Sx (I+ .12)* - $114 

lee: You could aimply hok 6 thm multiplier value for there thrre 
calculatfoaa in the t&h in AppendSat P as follow: Uok down the tam sf 
aMlyai8 (*la-) colt to s years, go l croaa to the v2' column and the 
qqmpriate htereat rate (12 percent) to et the v&m 0.5674. Multiply 
the yeer-5 valtm of $62S (from above) by O.S67Q to get $355. Similarly, 
ultipljl tha year-10 w&m of $l.lSO by 0.3220 to get $370. and the year- 
lS value of $625 by 0.1827 to &et $114. 

lbenfore. the ptmaent uorth of rll costs is: 

831600 + $14,192 + $3SS + $370 + $114 - $18,831. 

Ihe that this example did not conaider the aeount of water pumped, nor warn a 
wait cast calculated. This pmcdu~~ will be shown in the mmaplo in the next 
aectia. 

10.4 

‘Ih basic diff~rancr b8tw8en financial and l cononic andyair 18 on0 of 
perapactefe. Ftnancial analyrla rdatrr to privata coats and barfita, while 
mm-&t amlyala i8 concernad with 80~ial Colt8 and bMfit8 to a Community 01 
MtfO& Bmally~ th8 priVat@ 88CtOs i8 Dora concrtnod with firuncial ~18lyai8. 
h8lySiS dOM t0 ddZr8B public -88CtO: lWOd8 i8 OftOn l COnOlBiC l Vhrthrr you 
r)lould perform OIW or both depend8 on who provider the money and what thr 
abjeetitma of tb puwpiry v8t.D are. 

Ih major differme@ in cdculating financial and oconomlc preront rotth io 
mry8l1 owancea for factor8 that have aocid impact, 8uch 88, 

8 fonfgr-e%cw coat8 md interart rate8, 

8 taxea sad aubaidlea, 

8 rrrployDsnt pnmation, and 

0 tTainlng costs I 
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Tbttsr allovsncea are commonly called shadow priclra. For exaatph, in molt 
dewdapf~ countries, the econamtc cost of labor it lers than the actual 
ffarrahial coat. This mean5 that uhen there ir a labor surplus (in mo8t 

16pinlJ countries B this pertains enly to unskilled labor), the economic cost 
try or toeiety as & whole is lat,sa than the market price or current 

Shadoupricea are used to reflect the difference between the market 
ihe true value of gmds, servicer, and other production factor8. The 

rice for unskilled labor is Y multiplier (uemally between 0.4 and 0.7) 
the actual cost of unskilled labor in an economic analysis. Its 

ly Betembed by gouermtent economists and planners. 

rchan the ecOno~& CO8t far labor i8 le8a than the fiMnCi81 
&we ayrtem-them ufth proportfonally higher labor 

come mare attractive than capital-intensive ones from an 
For tnatance, this means thut the unit cost of a dfeset 

which has a higher proportion of labor costs and lover proportion of 
casts than other systems, is lowered by the shadow-pricing of unskilled 
SGs%larly, t?m unit costs of capital-intensive systems such as wind or 
a increased uhen foraign exchange is shadov-prfcad at a value greater 

teat, for~ignaxthan&~ coota and real intarart rates do not reflect 
This is awidmt in the large diffrrencarr ftequantly srm 

veraus free-market exchange rata@. Interrrt rates used in economic 
b-e dictated by ~warnuumt ecmomist~ and, thu8, may not nacerratily 

ost of borrowing capital. In addition, the export earnings 
art based an the dep~rtfan of r6source8 (e.g., mining). fn 
may In awailable for i charrar in thm short run, but 

Circumstancer such a8 them 
mentr that better rsflsct the 

Such shadow-pricing typically 

rtundpcdnt of a private usur or business person, taxes are part of the 
ridy is considered a benefit. 

I some actlvitirr in the private 
ve, they & not rcpramnt costr 

rim5 fer of money d control over rmourcos. 
nrfitr . 
ipulatr 

trw with what the government 
Interest paid on domestic loans and 

efatfm a~lowancrs also fall imo this category of transfer payments and, 
mm* are in&&d in financial but not economic analysis. 
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TrehSq coats iatutred by f%me in the privete sector ate coats ftoa thair 
P-w--- Private buahu8aea tzatn hdi~dwla tith tha mpectrtfon that 
theywSl1 karf%t frum their employees' increued skiUs and ability. Howvar, 
since qloyeea & mt aluaya remin with the firm providiry the training, 
bemf%t.a mq tLDt always accrue to those firms. This coaatitutea l disincentive 
to thrprivate sector toprovidetreini~. Xn moat countri~a, dwrlopmnt of 
I mze hi&ly l Mlled work force is l clearly l titrd -1. W&%&q corta uy 
not he co~idefed ib en econodc analyaia, if tb benefit8 of a more skilled 
wm* force are conaidend to be eqwl to or peeter than the financial co8t. 
?r%vat.o-sector trein%ngcoata uybe l hadou-priced to nfloct potentialeconcmic 
bamfita. Emqble 18 8bv8 the effect of dwkbu~prici* on l COMDiC &dy@f8. 



mle 18: 6comodc C68t8 

Us- the tnfoaatbn @8n Sn 8xmple 17, dcuhte the l conodc coat for 
that ayatom. The econmia prim of ttarltlledlabor is ona-half of &m 
ffnmwlal prlam. Asaw+ thatbdfof the bborcoatb unskilled. All 
seuiprat ad ~~tutala are @orted, in&w transportation, since 
txwka, fbml,the8,ud ellapasepartaurtbeirported. Theahdbrr 
prsce Mlttpuer on fomiga elt- b 1.15. 

Pint, &temarn tbe econodc coat entrha for the utrix #vut in Exe&e 
17. lhaltiply%~ tba finada values of variow eoata by appropriate 
abdw ptice Dultiplwa &iwea: 

Tot81 4,170 tso 996 1,263 669 

Afti, tha f&r&t non-annus recurrent cart Ifrtd ($1,263) occur8 in yam 

Zhe ether ($6119) accur8 Ln your 5 and II. Tb present worth of 
f~tdled up&t81 coat8 is $4,170. The prarent wsth of fixrd plua 
Watfdh (hare unvrd to be cmutmt) 8nnual coLt8 18 given by Equation 
one: 

P-Ax d x (1 + d)’ 

Subrtituting waluaa fmm the matrix givo8: 

P - (StM + $996) x 
(1 + ,121' - 1 

.12 a (1 + .12p - $1,746 x 7.47 - $13,042 

‘Ihr pmunt worth of 8ach of thr thr88 non-annual colt8 mu8t be calculatrd 
rcprraoely m 

At yarr 0: P - #6U9 x (1 + .12)=' - $391 
At year 10: P - $1,283 x (1 + J2)'" - $413 
At year 15: P - $689 x (1 + .12y" - $126 

Ihrrfom, the pre8Ont ocoueaic worth of 811 cost8 (i.e., the ryrteo’r 
lif+CyCh CO&t) t8: 

$4,170 + $13,042 + $391 + $413 + $126 - $18,142 
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Zlw Hnahdal ad ecommfc pxuent wwth calculated in Exampla~ 17 and 18 do 
sot differ qBpreciably. %he ueumtc co8t i8 8li&htly h88 (t&$689). In 0th~ 
c%ramt8nce8, tmmver, thue tsro co8t8 can vary condderably. i&en compariqJ 
difFerent 8y8t.m optiou, one my be cheaper ec6namwlly and the other 
fanmllally. la that cue, the choice of 8 qmtem uould depand on the 
per8poutive of the potenthl parcburr. 

10.5 

l%ully, the unSt coat needs to be calculated, which dependa on the amount of 
water pqmd. 8b? 8frp1iCit]r, UW th& the 8y8tU &1iWBr8 l COlt8~nt 30 
d/day over it8 uufal life. (Growth in-tat dsundcanba includsdby using 
a tli&tly more colplar procedure). The economic unit co8t i8 dstamimad by 
mirin& the 8y8tam'r life-cyde co8t and dividin& that numbor by tha 8nnud 
water output. u 8hom in Example 19. 
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2’ 
,-- 

1 c dP L 
l O 4x $x(l+d)? Or 4- ' 

x d it (1 + dl 
(l+d). -1' 

4--*=-+- 
1* 

(1 + .12y - 1 - $18,142 x 0.1339 - $2.429 

MtidSq thf~ v&m for maualttad life-cycle coat (ALCC) by the annual 
volrru of water pwped @ma the l conwfc unit cost: 

Ibis fiarlwahm--the oconemic unit cost of pumpin vatet mmr the syatem'a 
llfotiw48 the fl$wo you should UII to compare thfr ry8t8r with other 
optioxi8. @tote &At thi8 i8 8 8OIIdUt simplified mumplo~ 8ilUZO no 8rOwth 
in demand hu been oaumd. 

km w8tuatiq c&pitAt colt@ and the prrrent worth of different technology 
optiozw, 8ouer~l other point8 rhould b8 conridarrd: 

0 Iuteracrtienal domrs are more lfkely to bo 8ble to provide 
funds to cover high capital cost8 than priv8to individuala or 
boa pve~ts. 

0 Hart &OVWUWUt8 8rO often not in 8 position to cover 
recurme colts, ev8n ff the c8ppfwl colt is provided by 8 
&nor, 
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@br wh, ff YWt m COMfdtrilb& 8018t Or Wind p-8 in UI ma th8t h88 
Irtrtatietily wed only h8midfWp8 or d&ore1 8)'Sta=, bUjM8 are not llkoly to 
pbkrcE88.e tb former 8bp1y bW8UW they are @@I81 or 8li#'htly chaapor in coot 
t&lb -4 mt@88. Thrn uould p&8b]ly hnn to b@ ClWrly 8Ub8t8llti81 
8mhp -Sated with ruin& the MY 8y8tu8 to m8ka it UOrthwbih for umr8 
to take tba rti8k of ~n+talli~ tmfmiliar equipment. The dafinition of 
8ub8tabtlal 88dn&8 undoubtedly v8ri.8 depndin~ on tha u8or Group, it8 1~01 
of 8ophbtiution, education, and uillin&na8r BO take rirk8, It may Iran th8t 
mu 8y8t@m8 would have to be u much an 10 ts 30 percent cEoapar in HN of 
dt co8ts to he 8$paalin&. Even 80~ to many umr8 tha prolrire of future 
tiw t-lb ill th@ -8r fUtUrr) i8 11ot NUN@ t0 Off1at the ObViOUr 8pp.81 Of 
a 8y8ta like & tie801 pump 8at that h8r 8 lob initial coat. 

10.1 

Zb& mmual bu t&an yaw thou& rho rmrntial rtrpr involvad d proprrly 
*ehg 6 pumpin# 8ya.m fat 8 r-lbrcshm, rural wrtrr 8upP1y. Itm 

tm~br~ying awumptton ir that the we of l quipment whiah ir already locally 
emibble AmId ba the firrt rtrrtrgy con&brad in mart aura . It i8 M8t 
U.kel~~ that &a rJTltem8 commnly found in your arm cm ba rrrvicrd locally and 
tbm m*t tha mm critical rrquirement fa: rnrurlq ruccoorful loqptsrm 
op8ratbn. 

Im p,-ttw approach to pip relrctlon de:. ribod here ir to 

0 calctWUth8 pumpfug rquiraunt, 

I &termSar vhrt kind of rquipunt is evailablr, 

I raws8u th8 lwal wl lnfrutructure to 888 wh8t type8 of 
rw$meaBt CQI be 8upporUd, 

l dot8rdmr wbleh kinds of W8118b1e equipmaW meet your rite 
requSrawuts and can be supported aver the long ten. 
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tlhiletbtecbdcalreq&ruwnt8 forapumpingrjntnm8t obv$ou8lybowt, it 
8hmaldk mrtb tht 8ulhd hbOr, th rtnihbfliq Of fwl 8d 8pUn 
p8rt8, pod tm#mportatlom fuilttfer , u&d tha iqorta~o of plami~ for future 
cub autlay8 madad to ke*p thr 8y8tam oparatiw ptopmrly uo al80 voty 
iqsrtrmtf8ctor8 ~nulactsaQapumpic#8y8tem. 

It L+ koped tb8t tbt.8 manual has clarified the pm~rdurar for &torrinily tho8a 
B 8lhd for CarpUw CUt8, thU8 -8t8tiw yOU to Uke l Urll-infoZ#d 
CEoice of 8 prp&n& qmtu arMk ca8pmmnts. Homwer, tE0 WtEod 6iV.n in tbir 
d h88 b8M OVUdEfblffiQd in 8Qu V8y8. *tr 8ra mom mfimd tOOl8 
tihble to U8&8t pa fIa 8dUtiq a Purpily 8y8tm. ihvi~i~ thm annotated 
biblioprsbr (Appe&b 4) till 8ivr you 8ow hal&t into 8ra88 of fwthmr 
biterut. lbwM are &18@ CCm$UtCr prqrur 8v8118bla that 8ro rd8tivdy l 8ry 
to we ahdun f&cIlftate certain parts of the method pra8Mtad hare, l rpacially 
tlm fbmldd ud econonic 8Ml]r8i8. Pinally, ruubor that &dltfonal 
888&8- W%th PIvp 8dCCt~Olh 8nd Cwr8tiVm 8M1)?8&8 i8 av8Ll8blo thrOU@ 
8etiwitiu &m&d by tntwMtion8l donOr8, 8uch 0 the WASH Ptogrct, and 8 
vadtty of tartitutlom 4nd prhmta firm, 

I 
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4rlo8eroff, s., et al. mv- 
lbMn#om, DC: WDP awl World Bank, 19k. 

m . 

. Bhale,R. e for 

- 
Uarld kployment Plan Re8cuch. Genmt8, 

: batern8tiond bbor ~~8Sli88tfCbtl. bcambar 1984. 

UC walu8tion of PV, yid-oloctric, dio8o1, bio-&o8, du81- 
fuel, ad wb4m.Ulr u l nugy 8aurce8 for lrrig8tim tmtar 
Pw-& Good dbcu88ion of potonti81 role of -81 
l lactrtf'icatien fn rematw8ito irriytion pumplq. 

cm&, DGXS, em, tmXD, and F40. v IhI- 
. 

Conault8ncy SaMcam Wind Enorw Dovoloping 
CmmtrSer fC¶JB)~ March 19&T. (Draft.) 

ktaslmd wehmhhlo&y for pu8p tartin& 88 wll U tdUIiC81, 
iartitutioml, mb eaeioocdt waluation of diarrl, wind, rolar 
m, grrid-•lactric, h8nd, 8nd 8niul-tr8ction pu8pr. 

Drf8Cd1, Pa G., 8t ai. m. St. P8~1, MintwOt8: Johnaon 
!a1 Compasg, 1986. 

lisrt~ltoat trchid reforance on 811 important 88prctr of 
&mmdmmr dovolopmont, including quifrrr; wall hydraulicr; 
&8r@bin#, drillin& and dowloping wollr (boroholor); pump 
mlrction md ninten8nc8; 8nd u8t8r qu8llty and tra8tm8nt. 

FrRenaml, ?* s D-v&s& , FM) Irriytion and Dr8itugo P&par. 
bae, Xtaly: Food m&d Ayiculture Oryniz8tion of the United #8tiona, 
1986. 

Very c0mprdm4sive ducriptions of the ontire r8np of pumpin& 8nd 
mm+-liftin& drip&8 wrd 8round the world. Oha Op8r8ting 
Cb8MCtUi8ttC8 8Qd 878ter dUi@3 CrftUia for -8 8nd prilB# 
mmfw8 l facbd88 brief diacw8fun of oquipmont reflection. 
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8xaellakt#Irrlrlofpmmraquipmenteo8t8, cepachiu, end 
&scr$pt&o~, hclud%~8olar,wlad, wter,biauuudtherml 
amrgy. btemal rpld extenml ccmhmtloa en&ma, end electrical 
~tor8,crmllu iastmmntation, amftorhg, and control 
aqoipwat. Samwhat dated on certah topica. 

welwsg. 0.; Scott, P.; 8nd ScalMnfni. J. 1 . 
hawar. Color8tb: kuicm Wetar Uork8 A88ocfation. 198b. 

$tZU8U •ffk%~lbCy COZlCOpt8 in WtW 8y8tar &8i@L COQt8iIN8 
detailed praetirl 8trat@$h8 for iqhrmviry tha efficiency of 
well* aadwterprYOin& q8t-. 

-w.w J.; LicGown, ii.; and White, R. & 
k8OCi8ti8 in Rural hmlOpnnt, fn~,, 

m .Ur: 

Wiru ruult8 of cmpar8tiw pump terting program ln Botmwbm 
tbt COIhdSted field=te8tin$ 8sd aVafwtiOn Of 8 wide V8riaty Of 
PIlllpI. D+t&bd tOChntC8t. l eCiO-i#UtitUtiOMl, 8nd 
ftl38lkd~~~e-U68iC 8Ndy818 Of plllrpiw 8yrt.H 8lterMtiV88. 

: b&OCi8te8 in m81 hbV8lOp#nt, hC. (m), 19i5. 
Burlington, 

&mWari8#8 da&led t8ChniC8l irmW8 8nd ta18ted 
finmefd,@cmaic coneerne rurrounding wind pug umm, bamod on 
field tmrtr tonductd durLn8 bot8wM Reneweble Energy Technolow 
(BRRT) Frojut. 

&@fb8, t. fl,, and Vtssehw, J . 1. s Sourca8 for l&r1 B 
m. %ChaiC81 P8pr 23. m bg~e, bktherl8nd8: fnt8NtfOMl 
~fereuce d%ntre for bafmunity U8tar Supply 8nd S8nitrtion (IUC), 1986. 

VOtp uS8fd ~+8bpW$O88 r8ferWlC8 0th buicr Of W8ter pumping 
win$ sol&z, wfnd, hydropower, 8Ud biom888 ones&y devfce8. 
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Intemmtiemel Referewe Center fer caruaity Water Supply end S8dtetion 
<=I * in 
4-w 
lBetEulaMl8: XEC, mbuuy 1977. 

Brief IIlllllJ ef lw-ae8t. rwlb8eele water collection, 
tZUwt, trtrarportrtlOa,tibi8U$btlenteChtbl@e8 UWll88 
mutwatu 8nd 8oUd Yute dbpe8el for developa ceuctrie8. 
Good r#t&m8 on 8-b. but effective, wtu filtratim and ' 
ohwllcrl trutmmt devicee, end their conetruetion. 

L ltemm, JLC end Cfllett, b, w s A a . LQndon, 
bglamk Interudtate technelegy hblicatias, Ltd., 1989. 

~~~eaa~lup\lq~r8+ion~~tu8iti~. Citn8 
rtb&low for cheeeiq PW 8y8toms be8ed on technfcel 8olection 
critorie. 

&i8eu88e8 l 8t8te Of the 8rt' for h\rm- (MU 8li&tly dated) and 
enhal-peweredpumpe,, includi~pe8t8nd~oiry perf9runce 
rtcdbm in developfry eountrie8. S-at8 POtWtibl 8pPliC8tiOlU 
and cream tire further remeuc~ 18 uarranted. 

laMu?kstt. 8.. Kenn8, al.; and R8mke1, F. m- -, 
b&h& btemedi8te Technelo~ hblic8tiona, Ltd., 1987. 

Geed preetic81 referonce en tindqwping techneloCy, including 
sizing for weter 8upply end irriytien, 8nd inforution on 
prccuremant, iartall8tion, end uintenenee. 

Lv, 6. Is. mw, 2nd rd. Anerrfoort, Retherl8ndm: 

Ituring Wittee Uind tnugy in Developing Countrie8 (ND, now CUD), 
B8y 1913. 

WrjF detailed Fral rOfOr8MQ en de8igr 8nd th80q Of oper8tion 
folc l leetric8t 8nd wch8nic81 wind Iuchinec, vith en eqbmir on 
wtor~l#lpi~ applic8tiene. 

m, It,, end kdgkln, J. m in m BurIin6ten, 
Vermont: Auesf8te8 in Rur81 Develepment, Inc. (ARD), 196s. 

Wize8 result8 of technic81 8~3 econemic comp8rlren8 of 
diQuf, wind, l ol8r, hmd, 8nd mini-tmction -8, busd on 
twO-yeer program Of field t88t8 conducted duting the !kmWem 
Ranamble Bnaray Tenfnology (BUT) Project. 
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# R.. and in, 3, Burlin@ i, 
Wermnt: 488eiater in Rural Dev8lopunt, I- (ARD), 19SS: 

U detailed teChti~&l iS8UM &nd related 
c cmeerus .!imimQwdiry 801~ pump we* bamod on 

sf fteld tests ecmductad durlq the Botawna Rermmbl~ 
rm.bQlQ~ @RBT) F%e&ct. 

EWwWm dmdclfstr for ldmtlfyfng site8 and project8 and 
PI and dml&&q cammunhy pipad water 8upplie8. useful 
cowzrage of sy8t.e~~ design processr with general foeum on mo8t 
nlrvwt tachniul ismues and good discussion af inframtructurel 
~~~@h~~ -qUfr@ISMt8. 

. Pndianapolfs. Indiana: T. Audal 6 Co., 1982. 

Tetdtimltal ttwtmnt of operating principles, darign, operationl 
pair QZ many comunon typer of pumpm. Aimed at 

undurturd nuts-and-bolts operating 

ntal Protwtion hgancy (EPA). 
EPA-430,#9=74-007. Uorhfngto 
Wat4ir Supply Divirion, 1975. 

&aPo uLth ground watar and well dsvalopmnt, ourfoca water 
I#~CII. water twmmnt, pumping, distribution, and storage for 

atic vetrr supplier. 

. 8th ed. Chicago, LUiwim: 

i& to water eyrtrm Qgslgn with rwpherio on 
mehmlrrt erpecto of gersic v8tor oupplior, 

~eetiow on troubl~rhootin 

. World Bank, hrch 1976. 

G-4 brhrf s-ry of all aspects of village drMcing-watsr supply 
projactrr. Cover8 tachnfcal aspects, 
tbaTEi8t 88p4WtS, 

costs (in rusumary ferhion), 
organlzatfon and mmugment, juod Eying 

fmltnMtm, policy irrwr, and project and prografn design. 



+ Ylmodere Bmmdrtrr, Eupene A. Avallon8, and Theodore B8umei8ter, III 
. 8th rd. (Hew York : 
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ir.i 
17.7 
Il.4 
n.8 
JJ.1 
44.1 
SRI 
u-4 
44-O 
71.1 
I1.D 
w-9 

ir.s 4.6 
14.1 4.1 ;:: 
J7.7 4 
111-l 1 ::: 
as;.* Z.? 
WI.0 If 1.7 
W”4 II 4.0 
47.1 IS 4.4 
w4.v I7 s.0 
ILI.0 I') 1.11 
Il.4 I, 4.7 
a.8 IS t.4 
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Flow rote ( Ii trer / see 1 

He& lass in rrawth pipes of diffrrcnt internal diameter 
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Ostwmination of herd friction losses in straight pipes 
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Head fess nomagrrm cakulated for rigid PVC pipes using Blrsius 
torWNJb 
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The follwhg awmarirer the recatidd service tneorvals for Lirter engines. 
Yhe engine -1 is &hen in parentheses (e.E*, ST, LT, 8/l). Uhwa no BOC!L: 
ir specifhd, the prom&m l ppUe8 to rll, 

Check mapply of diesel furl *nd oil level 
Check air filter (in durty canditions) 

025 hrs Check air filter (in moderately dusty conditiws, 
renew if necessary) 

Check for oil and fuel leaks 
Check and tighten nuts and bolts as necessary 
Clean engine and mounting 

250 hts Change engine oil 
Clean tJm re8trictor banjo ulaion in thQ 

h&riC8ting Oil fQQd lil%Q 
RQNW oil filtrr if fitted (ST) 
Clean injector nozzle if Qxhauat is dirty 
RQnQW fUQl ffltQr if nQCQSS8ry 
Cheek belt tonrion 

SO hrr ~oarbnim if nacesrary (LT] 
Rmw fuel filter QlQlBQnt (ST) 
Ad)urt valva clearancea (LT) 
Change @iI in oil bath air filters (a/l so 

wNwW 

88QQ hrs Duarbeniza (Sgl) and if necessary (ST) 
Ch8ngQ filtQr @lWQntS (8/l) 
Adjust valve cl8arance8 (LT) 

%OQ hrc &?eeorbonitr (LT) 
Examfna and than fan blades (LT) 
Chack govrrnsr linkaga end adjuetmrrnt (CT) 
Drain 823 chrn fUQi eank (La-J 
Bonmd fuel ffltmr (LT) 
Clean and test the injector naztle (LT) 
Check fuel pump timing (LT) 
Check oil pump and its valves (LT) 
ItrnaV thQ air fi1t.r element (LT) 

2000 hrs D8carbenitQ (ST) 
Claan inl8t 8nd exhaust system (ST) 
Examin8 and cl8an fan bladas (ST) 
Check governor llnkagr and adjustment (ST) 
Dmfn and clean fuel tank (ST) 
Rerrcnt fuel filter (ST) 
Clean and test the injector nozzle (ST) 
Cheek fuel punp and its valves (ST) 
Mew the air filter element (ST) 
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* hrlmommff et aI. 1967, W-67 
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cmntzoller mplacmmnt 
batt@ry?ep1acmment tmnk rrpl-t 
mbuild mll&edrill barrblr 

. 
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Sinkitq fund (A/F, iQ, h-1 

(A/P, is, A’) 

*Em PauP DeGwmo, William G, Sullivan, and John R. Canada, 
Engfaeering Economy, ?th ed. (New York, NW York: Hacmillan 
Wlbl.i8hing Company, 19841, p. 75. 
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c&m- tateFwt hoto?m mued on amnun 008pouadln8~ 
~tt&t88~888ttt888888888~88888888&888888888a888~888~=~a~ 

WheFet 
N 8 Ten of Analyalm (FoO?81 

Fl R hetop for Freeeat Worth of Ualfon &rh8 of Future Pwmentm 
F2 8 F&eor tot Prowat worth or t&male Putwe Pwmeat 

ratorr8t Rate tr1 

: : 6 ‘t 8 : 10 f 12 : 
*************I* 

i *I Fl 
2 ***-**I******** $ ************--* : *************** 

P2 : Pl 2%: Pl P2: PA F2 I 
t *~LttD8tt88888tat83888****888***8~*~**a~~~8~*~***~a::=~~**~~~==~~~a~a:~ 

z 1: 0.9434 0.9434: Q.8289 0.92sa: 0.9091 0.9091: 0.8929 0.11929: 
: 2: lcUS34 a.8900: 1.t833 0.85'13: l.tSS5 0.8264: 1.6901 0.7972: 
: 3: O.tWSO a.8396: 2,SPtt O.tS3U: 2.4869 Q.7513: 2.4018 0.7118: 
: 45 3.4681 0.09211 3.3121 o.'Is50: 3.1699 6.6830: 3.0373 0.6355: 
z s: 4.2124 @.7473: SL992t 0.8106: 5.7908 (t.6209: S.6048 O.S674: 
: 6: 4.0113 Q.?OlOb: 4.8229 0.6302: 4.3555 @.864!t: 4.1114 0.5066: 
z :; Se8624 0.6681: kltOI4 0.5831: 4.bUl4 0.5132: 4.1698 0.4523: 
0 6e2QO& 0&2?4: S,t4U6 O.S403: &.3S49 0.4668: 4.9676 0.4039: 
2 0: 6.8Olt 0.$$19: 6.2469 &.SOOP: 8.7594 0.4241: 5.3282 0.3606: 
: 10: t.SQOf 0.5584: 6.7101 0.4632: 6.1446 0.3555: 5.5102 0.3220: 
: 11: 7.IPQO 0.82BIB: ?,13W 8.42&Q: 6.4951 O.SSQ5: 5.9377 0.207s: 
: 12: &cS&31 ee4Q’kO: 7,836l 0.3971: 6.0137 0.3116: 6.1944 0.2567: 
: 1s: 8.1Set 0.41882 7.9058 0.3677: 7.1034 0.2897: 6.423s 0.2292: 
: 142 0.2OS(t 0.442%t 1.2442 0.3405: t.3667 0.2633: 6.5282 0.2046: 
: 1%:: $.tl22 Q.4LF3: 8.1595 0.3152: 7.6061 0.2394: 6.6109 0.1527: 
: 16: lO.l85% o.sas18: 8.1$14 Q.tstQ: 7.8237 0.21’11: 6.9?40 0.1831: 
: At:: 10.4FFS 0.3kll: 9.1216 0.2703: 8.0216 0.197A: 7.1198 0.1456: 
:: AI: lQ.lt2W 4.35035 9.3719 0.2562: 8.2014 0.1799: 7.2497 0.1300: 
: 19: It.1561 603305: 6.6036 0.2St7: 8.3649 0.1635: 7.3558 0.1161: 
: 20: 11.4QQQ 0.9118: 9.8181 0.2145: 8.5136 0.1486: 7.4691 0.1037: 
tt~+ataaat~t3ttlaII2a~~~~~~~~~a==~a~~a~:~~~~a~~~~~~~=~~~::::~:=~====::== 
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