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DISCLAIMER

NOTICE: This report was prepared as an account of work I
sponsoredby an agencyof the United StatesGovernment. Neither
the United StatesGovernmentnor any agencythereof, nor any of
their employees,nor any of their contractors,subcontractors,or
theiremployees,makesanywarranty,expressor implied,or assumes
any legal liability or responsibility for the accuracy,completeness,
or usefulnessof any mformanon,apparatus,product or process
disclosed,or representsthat its use would not infringe privately
ownedrights. Referencehereinto anyspecificcommercialproduct,
process,or service by trademark,manufacturer, or otherwise,does
notnecessarilyconstituteor imply itsendorsement,recommendation,
or favoringby the United StatesGovernment,any agencythereof
or any of their contractorsor subcontractors. The views and
opinions expressedhereindo not necessanlystateor reflectthose
of the United States Government, any agencythereofor any of
their contractors.
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Preface

Accessto safewater is one of the most basicof human needs.Yet today, over half the people
in the world’s 127developingcountries do not have accessto safedrinkingwater. Unsafewater accounts
for 80% of all sicknessin theworld andkills 50,000peoplea day. Efforts to overcomethis problem have
madewater pumping programs a pnonty of many developing countries anddonor organizations.

Over 5,000photovoltaic (PV) pumps have nowbeeninstalled worldwide. Mali haspossiblythe
largest singleconcentrationof PV pumps in the developingworld. This evaluation of photovoltaicwater
pumping systemsprovides a detailed look at PV under field conditionsin a developingcountry. Rather
than reviewing a single showcaseexample, the report provides actualperformancebackground and
statisticsfor 157 systems,many of them in operation sincethe mid-1970’s. The study reviewsthe lessons
learnedby severalwater-pumping organizations over13 years,narnely that thesesystemsareinherently
simple, arevery cost-competitive in abroad middlerangeof well depthsandwater requirements,andare
verywell acceptedby the peopleserved.The PV systemsin Mali have~perienced avery low failure rate,
and the failures were seldomin the PV modules. The basicinfrastructurerequirements for the successful
operation of any water pumping program — service, training, andpartsavailability — are described in

detail.

This information is useful for illustrating the high reliability andacceptancerate of PV, and its
favorable econonucsunder a broad range of actualconditions. Much of this miormacton is readily
transferable to applications in other parts of the developing world. Regardlessof your role in

development, I encourageyou to look at this study. For additional information or program and project
designassistance,pleasefeel free to contact myselfor the people listed below.

RobertH. Annan
Director,
PhotovoltaicTechnology Division, US. Department of Energy
Staff Director,
Committee on RenewableEnergy CommerceandTrade

For information or program and projectdesignassistancein PV waterpumping

Mr. RobertH. Annan - Dr. Gary Jones Mr. ScottSkiar
U.S. Department of Energy- CORECTDesignAssistanceCenter ExecutiveDirector
1000 IndependenceAvenue~S.W., SandiaNationalLaboratories U.S. Export Council for
RoomSF-081 P.O. Box 5800, Div. 6223 RenewableEnergy
Washington,DC 20585 Albuquerque, NM 81185 P.O. Box 10095
Phone: (202) 586-1720 Phone: (505) 844-2433 Arlington, VA 22210-9998
Fax:(703) 586-4529 Fax: (505) 844-6541 Phone: (703) 5244104
Telex 710822.0176 Telex: (230) 403722 Fax:(703)527-2833
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EXECIJT1VE SUMMARY

Conducted for the U.S.
interagency Committee on Renewable

Energy Commerce and Trade(CORECT), this study documents the
Mali experiencewith photovoltaic(PV)

water pumping since 1977,and includesinformation on system operations and
maintenance,economics, and social

considerations. The study was under-takento examine a largenumberofPV
systems under actual (rather than

demonstration) conditions. This docu-mented experience can be used tosupport similarprograms in West Africa
and other partsof the developingworld.

Seasonalfluctuations in sur-
facewater resourcesin Mali haveled to
extensive ground water development,
and there are now nearly 15,000boreholesandwells in Mali. The majority usehand or
foot pumps, andthere areabout 1,000 diesel irrigation pumpsand a like numberof diesel
village water supply systems.

Photovoltaics were first introduced in Mali in 1977 by the Mali Aqua Viva
(MAy) project. Initially financed by non-government organizations, MAV’s successes
encouraged other organi~ationssuch as USAID, FAC, UNDP, EDF, GTZ, and lies de
Paix, to include PV pumps in their water pumping programs. A nationalorganization, the
Cellule d’Entretien des EquipementsSolaires (CEES), was created in 1987 to coordinate
PV water pumping under the supervisionof the Direction Nationalede l’Hydraullque et de
L’Energie (DNHE). Funded by the French government, the DNHE now plays a central
role in Mali water resourcedevelopment. There arenow 157 PV pumping systemsin Mali,
with a cumulativePV capacity of 220kWp.

Successeswith PV systemsin Mali have resulted in a major expansionof PV-
powered water systemprograms. Bid awardshave been completed for the EEC/Sahel
solar electric pumping project in Africa. As part of this project, 226 PV water pumping
unitswill be ad&d in Mali, and814 additionalpumpsin other areasof the Sahel. A GTZ
SpecialEnergy Programmeis anticipated to add another 7 pumpsbefore June 1990, and
has proposed an additional80 pumps,and a UNICEF project is anticipated to add 19
pumps in the Tomboctouregion.

The Systems

The PV systemspumpwater primarily for human consumptionand for livestock.
Excesswater maybeusedfor vegetablegardens. Typicalsystemsemploy a boreholewith
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30-40 meter head, a submergedmotor/pump, and oneday’s water storage. The average
PV arrayrating is 1500 Wp, and all the systemsreviewed arepowered by single- or poly-
crystalline silicon with the exception of one amorphoussilicon system. Installed costs
ranged from $8 to $16 per peak watt. The majority of pumps are of the submerged
pump/submerged motor type. Surface motor/submerged pump systems are being
discontinued due to unacceptablyhigh failure rates.

Reliability

Monitoring of 66 pumps from 1983 to mid-1989 found 37 failures; equivalantto I
amean-time-between-failures(MTBF) in excessof30,000hours. Giventheaveragerepair
times encounteredin Mali, this METF meansthataveragepumpavailability is morethan
99%. Common failureswere from dirt, motors or motor brushes, wiring, and inverters.
Fewproblems werefound with PV modules,andmaintenanceis minimal. Themostcritical
componentfor the sustainabi]ityof all water systems,regardlessof type, continuesto be
infrastructurefor parts, service,andusertraining. The provision of this infrastructurehas
beenacritical factorbehindthe successof PV water systemsin Mali. It is importantthat
future PV programsdedicatesufficient resourcesto supporting infrastructure. i
Acceptability i

PV pumpshavebeenwell-receivedby villagers, and the systemsare proudly
shownto visitors. Importantcomponentsof the programsexaminedincluded requiring
minimumcontributionstowardthesystemsandfamiliarizingvillagerswith systemoperation,
both of which helped the communitesto think of the systemsastheir own. One of the
principal reasonsfor the successof Mali PV pumps was the level of attention paid to user
educationandestablishingaresponsivenetworkof maintenanceandspare partsdelivery.

Financing and Economics

As in the case of handpumpsand diesel programsin Mali, financing typically
requires contributions from outside donors such as UNDP, UNICEF, and CEAO.
Boreholesmaybe provided by oneorganization, with pumpingsystemsprovided by another.
There is a trend towards increasedcontributionsfrom beneficiaries. CEEShasproposed
a minimum benficiary contribution that — on a water delivered basis -- is similar to
contributionsfor hand-pumpsystems. Beneficiarypaymentsandsaleof excesswater pay
for sparesandmaintenanceservices.

A costanalysiswas performedto compare the relative life-cycle cost of water
from PV systemscomparedto handpumps,animal traction,and diesel pumps. For water
table depths greater than15 meters,andvillages with more than 250people, PV systems
have comparable or lower water costs thanhand,animal, or diesel pumping. On a per-
personinitial costbasis,PV systemsare $35 to $60/person,inclusiveof borehole,pumping
system,water distribution, andstorage. The correspondingcostsfor handpumps, inclusive
of borehole, rangedfrom $27 to $136/persondependingonwater table depth.
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1. INTRODUCFION

1.1 Background

The work reported here was conducted for the U.S. interagency Committee on
Renewable Energy Commerce and Trade (CORECT). The field work was performed
betweenMay 1989 and November 1989. The project was initiated by Mr. Robert Annan,
Director of the Photovoltaic Technology Division at the U.S. Department of Energy. Mr.
Annan is also Staff Director of CORECT. The CORECFis a working group of U.S.
Government agencies,establishedby the U.S. Congressin 1984 to facilitate theworldwide
use of U.S. renewable energy technologyproducts and services.

The purpose of the project was to learn from the experiencesgained by Mali in
instailing,financing,operatingandmaintainingPV systems.It is hopedthatlessonslearned
throughthe project will help to improve the affordability, adaptabifity andsustainabilityof
PV pumpingsystems,and thus expand theiruse in developingcountries.

The work was undertakenby L Sylla, M. Dicko, and Ti. Hart (IT Power West
Africa); J.P. Kenna (iT Power UK); and T. Kennedy,andR.A. Cabraal(Meridian). The
project was conceivedand managedby R.A. Cabraal.

1.2 Water Supply andPV PumpsIn Mali

Surfacewater resources in Mali aresubjectto large seasonalvariations. This has
prompted Mall to undertake large groundwater developmentprojects and there are now
nearly15,000boreholesand wells in Mali. Many of theseareequipped with hand or foot
pumps. There areabout1,000diesel-poweredwater supply systems,andabout 1,000 diesel-
powered irrigation systems.

Solarpumps were introducedin Mali in 1977by Father Bernard Verspieren, founder
of the Mali Aqua Viva (MAY) Project. At first thesepumps were financed by non-
government organizations (NGO’s) andwere later financedby international donors with
partial fundingby the beneficiariesof the pump.

The successof the MAV installationshas encouragedother organizations(USAID,
FAC, UNDP, EDF, GTZ, iles de Paix) to include PV pumpsin their rural water supply
programs.

A nationalorgani7ation for PV pumping the Cellule d’Entretien des Equipements
Solaires(CEES)wascreatedin 1987and is fundedby the French Government. The CEES
coordinates work in the renewable energy sectorunderthe supervisionof the Direction
Nationalede l’Hydrauliqueet de l’Energie (DNHE).

1
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2. CHARACFERISTICSOF PV WATER SUPPLY SYSTEMS IN MALI 1
2.1 Typical Layout

A typical systemin Mali (Figure 1) comprises:

Water source - For nearly 80% of the PV systemsin Mall, the water source is a borehole,
with a diameter between 125 mm and200 mm. Nearly 15% pump from surface water
sources and7% from open wells.

The PV pump - Details are discussedin Section 2.2.

Water storage - Water is stored in ground-mounted steel tanks for domestic useandopen
concrete reservoirs for irrigation or livestock watering. Figure 2 showsthe distribution of
numberof days of water storage. Typically, a site has one day’s water storage.

Water distribution system- For thosesitesthat are fitted with a water distribution system,
there aretypically 5 water stand points anda cattle water trough.

I
I
I
I
I
I
I
I
I
I
I
I
I

0

1.) PV Array
2.) Invertor
3.) Boreholeand Pump
4.) Drinking Trough
5.) ConcreteTank
6.) Laundry Area
7.) Dirty Waterto be used to

Manufacture Bricks
8.) Gate of the ProtectingWail
9.) SteelTank

FIgure 1. Typical Layoutof PV Water Supply System(Source: Mali Aqua Viva)
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Figure 2. Numberof Days Storage for a Sample of PV Pumps in Mali

2.2 NumberandTypesof Pumps

At present thereare 157 PV pumping systemsin Mall. A full list is givenin Annex 1.
Figure 3 shows the number of sites installed each year, together with the cumulative
installedarraypower.

The major types of motor-pump subsystemsthat have been used are surface
motor/submergedpump and submergedmotor/submergedpump. Table I gives a
breakdown of the proportionof eachtype of subsystemin use.

Most siteshavea total headofbetween30mand40 m. Figure4 showsthe distribution
of pumped headfor a sampleof 78 of the 157 PV pumpsin Mall.

Power rati.ngs of the installations,shownin Figure5, rangefrom 160 to 12,960Wp,
with anaverageof 1500Wp. The manufacturersspecifiedoutputin m~mperdayis shown
as a function of array rating in Figure 6. Also shown in Figure 6 are measured
performancevalues for the following four systems:

Water Storage Volume Distribution
Sample of 63 Sites

Number of Sites

30
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20

15

10

5

0
~.25 .25-.5 .5-1 1-1.5 1.5-2 2-3

Number of Days of Storage
3-4 ‘4
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__________________________ I
Figure3. PV Pumpsin Mall: InstalledCapacity

I
I

Table I Analysis of Motor/Pump Types I
Sub-systemType Number Percent
Surfacemotor/ 40 25
submergedpump

Submergedmotor/ 68 43
submergedpump

Positivedisplacement 5 3
Floatingmotor/pump 13 8
Surfacemotor/pump 12 8

Unknown 19 12

__________________________ I
4 I

I

PV Pumps in Mali
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Figure 4. PumpedHead Distribution

Figure5. PV Array Size

30

Pumped Head
Sample of 78 Pumps
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PV Array Size Distribution
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FIgure 6. Comparisonof Measured Output with ManufacturersSpecifiedOutput

o Nonsombougou(PompesGuimird)

o Tioribougou (Photowatt)

o Tiemena (Grundfos) I
o Samanko(PompesGinnard)

In generalthemeasuredoutput is consistentwith manufacturersspecification. I
Annex 2 gives mapsof each region in Mali showing the location of the PV pumps.

23 PrincIpalSources/Suppliersof Pumps I
The only org~ini’ationselling PV pumpsin Mali is SOMIMAD (seeTable VII). All

other pumps.are procured outside of Mali by the purchaseror purchaser’sagent. The
principal sourcesof PV modules are France Photon, Photowatt and Arco Solar as shown
in Table II below. Single and poly-crystallinesilicon PV modulesare the dominant type
of PV beingused,although onePV pumping systemwhich usesan amorphoussilicon array
hasbeen installedby MAV.

6 I
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Table II PrincipalSourcesof PV Modules

Manufacturer ____ ____

Photowatt
Arco
France Photon
Kyocera
Siemens
Pragma
Solarex
RTC
AEG
Solar Power
Phillps/R
Chronar
IDES
Unknown

The principal sourcesof motor/pump subsystemsinstalledprior to January1988,and
the suppliers since January1988 aregiven in Table ifi. Giiinard pumps are no longer
installedsincethere have beenproblems with the surfacemotors.

Table III Motor/PumpSources- Numberof Sitesand Percent Distribution

After Jan. ‘88

18 38.3
17 36.2

9 19.1

2.1
2.1

Sites kWp
36 22.9 41.6 18.8
33 21.0 42.6 19.3
30 19.1 70.2 31.8
19 12.1 28.9 13.1
11 7.0 5.7 2.6
6 3.8 9.0 4.1
4 2.5 4.4 2.0
4 2.5 3.3 1.5
1 0.7 1.4 0.6
1 0.7 0.9 0.4
1 0.7 5.2 2.4
1 0.7 5.2 2.4
1 0.7 2.5 1.1
9 5.7

Tatal uo to 11/89
Manufacturer -

Guinard 39 24.8
Grundfos 39 24.8
Total 28 17.8
Photowatt 12 7.6
KSB 11 7.0
Solar Force 3 1.9
TED 3 1.9
Mono 2 13
Jaccuzi 1 0.6
Trisolar 1 0.6
Loerve 1 0.6
Other 3 1.9
Unknown 9 5.7
Abandoned 5 3.2

1
1
1 2.1
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2.4 Assessmentof Reliability andAvailability

Of the 126 pumpsobservedin mid-1988,ninewere stopped. Thesewere all Guinard I
pumps that were being changed to Grundfos or Total. Five pumps were abandoned,
generally becausethe wells had dried up. The rempining 112 pumps were working. I

Sixty-six pumpsystemswere monitoredfrom January 1983 to June 1989. There were
a total of 37 failures; the equivalent of one failure in 139 pumping months,or a mean-
time-between-failures(MTBF) of over 30,000hours. The types of system failures were:

o 7 inverters
o 4 motors
o 5 dc motor brushes
o 1 piping
o 6wiring
o ilduetodirt
o 3 miscellaneous

Insufficient dataon componentsprecluded making firm conclusionsabout specific
equipment life times. The PompesGuinardAlta-X pumps were replacedafter 2 to 5 years
but this wasdue to theirunsuitabledesignrather thanalifetime failure. There were very
few problemswith the PV modules.

The MTBF of over 30,000hours for the PV systemscomparesfavorably with the
typical MTBF of 1,500 hoursfor dieselsystemsandhandpumps.MTBF by itself is only a
partial indicator of pump reiabifity; an equally important factor is the period of time
requiredto arrangeandcompleterepair — the mean down time, or MDT. I

The typical time takento respondandrepairapumpwas4 to 10 days with a few cases
over 3 months. This meatisthat pumps were available for use an averageof 99% of the I
time. If there are other soucesof water available, this rate of down time may be
acceptable. If the pumpingsystemis the solesource, a 4-10day down time will render the
systemundependablein the eyesof villagers. Somedonor organizations have realized the I
need for a responsiverepairservice,and have dedicated an increasedproportion of time
and funds for operations training, partssupply,andservicecapability.

2.5 CurrentInstalledCosts

Table W showsthe installedcosts for PV pumps purchased for the GTZ SEP from I
1986-1989. The table showsthe costssubdivided into (i) the civil works (includingwater
source),(ii) the PV array, (iii) the motor pump, (iv) accessoriesincluding storage and
distribution, and(v) other costsincluding transport. Installedcostsrange from $7.9/Wpto
$16.2/Wpwhen the civil works cost is excluded. Pumpsimportedinto Mali do not incur
taxes andduties. I

8 1
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Table IV Typical InstalledCostsfor PV Pumps

Civil Acces- Trans.
Power Water Works Array Pump sories ~ort Total

Stte W Surce .i~)_ ._L~. .ia. .~L ._L~L Jj)_ $/Wo~
Fougadougou 1040 River 3048 5061 3057 2028 0 13194 98
Kayo 1560 River 3209 7593 4584 2190 0 17576 9.2
Boky-Wèrè 1560 Canal 600 7593 4584 60 150 12987 7.9
Kendébougou 520 Canal 450 2529 1527 30 90 4626 8.0
Sarro 1300 Bhole 18059 12600 1050 3510 3840 39059 16.2
Tongue 1300 Bhole 15637 12600 1050 3510 3840 36637 16.2

~TheSfWp costsesciudecost of civil works

As in manyWest African countries,the costof borehole drilling and lining is high.
Dependingonthe natureof theground,borehole costsrange from $60 to $200per meter.
With typical depthsof 50-150in, thecostof aboreholecanrangefrom $3,000to $30,000.
Thus in manysituations, the costof a PV pump is much lessthanthe costof the borehole.

2.6 Current Trends

The first systemsinstalled in Mali used surface dc motors with submerged pumps.
These systemshad quite rapid wear and are no longer used. The introduction of ac
submergedmotors in 1980hasresulted in muchbetterdurability andmost new systemsfor
boreholes make useof submergedmotor/pumps.

Galvanized rising mains have been abandonedin favor of plastic rising mains (such
as Weilmaster). Galvanized rising mainswere subject to corrosion and rupture due to
vibration. Plastic rising mains do not corrode, have acceptablemechanicalstrength, and
areeasier to remove from a borehole since they are lighter and no specialequipment is
required.

There is a trend to include stand pipesin new PV pumpingsystemsin order to make
effectiveuse of thecleanwater.

TheEEC/CILSSproject will be installing226pumpsin the Mopti region in 1990. In
addition,a UNICEF project will provide 19 pumpsin theTomboctouregion. The GTZ
SEP, which hasalready installed11 surfacepumpsand2 borehole pumps plans, to install
another 3 surfacepumpsand4 borehole pumps before June 1990. A secondphase has
beenproposedwhich includes 60 surface pumps and20 borehole pumps.

9
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3. CHARACrERISTICSOF COMMUNITIES SERVED

3.1 CaseStudies I
3.1.1. Nonsombougou

Nonsombougouvillage has a 3.9 kWp Gninnrd system. There are 3,800 inhabitants
in the village, 400cattleand2 hectare (ha) of irrigated land. In additionto the solar pump
there are3 handpumpsand 1 footpump. The PV systemwas installed in 1984 by ASEM
at a total costof $115,000.

There was onerepair in October1987at a costof $200. An operator is employedto
clean the modulesonceperweekat a costof $192per annum. Thesecostsare paid by
chargingfor waterat $130perannumper family, $0.33percow peryearand $240per ha
peryear.

In termsof the impacton the village, the water qualityis judged to be excellent, the
quantityof water provided is ample and there is a well-stocked vegetablegarden. It is
estimated that the PV pump provides 80% of the water for the village.

I
I
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The EEC/CILSSRegionalSolarProgrammefor the SaM!

Bid awardshave beencompleted for the EEC/CILSS Regional SolarProgrammefor
the Sahel. This program-- the largestyetof its type — will providefor the installation
of 1,040PVwaterpumpsaswell asPV cooling,lighting, andbatterychargingsystems.
The first group of PV pumps was awarded to SiemensSolar ($16.9 million) and
Telefunken Solartechnik($19.85million), andwill be installed in Senegal(110units),
Gambia (63), GuineaBissau (53), Cape Verde (49), and Mauritania (125). The
secondgroup of 421 1’V pumpingsystems,awardedto Italsolar ($8.36million) and
Total/Photowatt($1239rnillionX will provide226 PV waterpumpingunitsover the
next five yearsin the Mopti regIon in Mali, and 195 systemsin Burkina Faso.The
third group,awardedto Italsolar($4.03million) andTotal ($6.81million), will provide
134 units in Niger and 75 in Chad. While this i~anambitiousprogram~It entails
dispersingover 1,000new 1’V systemsoveralargeareaof West Africa, and it is not
clear whether sufficient handswill be dedicatedto developinganeffective service
systemfor theprovisionofparts,maintenance,andtraining, Giventhestrongexisting
partsand servicesupportin Mali, greatersuccesswith thisprogrammaybe enjoyed
therethanin theothercountries.In theauthorsopinion,greaterresourcesmayneed
to be dedicatedtoestablishinga partsandservicedeliverysystemif a sustainablePS’
water pumpingprogramis to berealized

I



3.1.2. Sarro

Sarrohas a 1484 Wp system. The PV systemand 10 openwells provide water for
3,600inhabitants,4,000cattle,500 donkeys,50 horsesand0.7 haof gardens. There arealso
10 openwells and2 handpumps.

The systemwas installed in 1988 by GTZ-SEP andCEESat a cost of $42,000. The
village will make a contribution of $5,600 in 3 installmentsfrom 1988 to 1990. The
operator works without pay but is authorized to usesurpluswaterfor irrigating his garden.

The villagers continue to use the open wells and have expandedtheir market
gardeningactivities. They have decidedto constructtwo additionalreservoirsfor irrigation.
The existingPV pumpprovides an estimated35% of the village water supply.

3.1.3. Tongue

Tonguehas a 1484 Wp PV systemand 18 openwells, which provide water for 2,100
inhabitants,2,000 cattle,40 horses,100 goats and5,000sheepandgoats.

The PV systemwas installedin 1988 by GTZ-SEP and CEES at a costof $39,000.
The village will make acontributionof $3,200. The operator is paid $8.00per month.

In this village, the villagers preferred the water from the PV system,and this initially
led to argumentsamonghouseholdersandmarket gardeners,andhouseholdersin different
quarters of the village about the use of water. Following a public debate, the villagers
decidedto charge for the water in proportion to the amountused. The introductionof the
solar pumphasmade a positive change in local food availability.

3.2 Acceptability

Acceptabilityof PV pumpsin Mali is very high. The systemsareacceptedwith great
enthusiasmand are often a source of pride as they are demonstrated to visiting
administrators and politicians. Villagers were pleased to be able to expandoutput in
householdvegetablegardens.

33 Affordab4llty

The high investmentcosts for PV pumpsmeanthat outsidedonorswill have to be
involved with the fin~incingof village systemsfor the foreseeablefuture. However, the
villagersaccept the principle that they should contribute in someway toward the costs of
the system.

For Mali AquaViva projects, the contributionby thebeneficiarygrouphasincreased
from 10% of investment costs in 1980 to 20% in 1987. The villagersmust alsopay for
m2intenanceandrepair.

11



I
I

The GTZ-SEP installationsrequirea contribution of $3,000out of $36,000for multi-
use pumps and a contribution of $5,400 out of $20,000 for floating pumps used for
irrigation.

While all pumping systemswill continue to require donor contributions, there is a
trend towardincreasedcontributions from beneficiaries. CEES hasproposeda minimum
contributionthatshouldbe madeby the beneficiarygroup. This is shownin Table V and
is basedon the actual contributionmade for handpumpsin each region andas such is a
measureof the level of contribution that the villagers can afford. On a water-supplied
basis,the contributionsfor PV systemsare similar to those for hand-pumping systems.

TableV Minimum Vifiage
EachRegionof Mali

Contributionsin US$ for Handpumpsand PV Pumpsin

I
I

Region
Sikasso
Ségou
Kayes
Koulikoro
Mopti

Handpump
Flow

a
736 1850
640 1600
560 1400
400 1000
250 640

PV Pump
(m3/day)

3680 6450
3200 5600
2800 5000
2000 3500
1280 2250

Boreholecosts,which canbehigher than thoseof the PV pumpitself, aregenerally
financedby donor organizationssuch as UNDP,UNICEF, CEAO, etc. In somecasesthis
can be in the form of a loan that is repaidover acertaintime period. Villagers consider
this to be acceptable,and similar financing arrangementscanbe made for PV pumps.

I
I
I

Villagersarewilling to payasignificantportionof annualincomefor areliablewater
sourcethat is under their controL Experiencewith pastoralassociationsin Mali, with
storagewells co6ting approximately$50,000and serving approximately50 families, has
shownthat families arewilling to supporta down-paymentof 30,000F CFA ($100) and
annualpaymentof 44,000F CFA ($147 per family). For comparison,the costof one
heifer in mid-1987in the Mopti regionwas60,000F CFA, or $200.
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4. ORGANIZATIONS SUPPORTING PV WATER SUPPLY SYSTEMS

4.1 PrincipalOrganizations

Table VI showsa complete list of organizationssupportingPV water supply systems

Table VI List of Principal OrganizationsSupportingPV Pumpsin Mali

Organization Contact ACTMT1ES
~. Main. Train.

Name
DNHE

Address
BP66
Bamako

Persons
M S.Traoró, Dlr.ct.ur
M KDembóIh,Chef Div Ag

Advice
x

mci iii
x

tim
x

Sparse J~_
x

Notes
supervisionof PV
in p,~

CEES BP 66
Bsmslco

M S.Kóltm. Ch.f Cellule
M J.BlIIerey,Consultant

x

x

x

x

xx x xx crested In 1985

MAV BP 1
San

M D.Sournare, Dlrictsur
Pen B.Verspl.ren

ActivitIes delegated
to CEES In 1988

GTZ

LESO

BP100
Bamsko
BP 134
Bamsko

M H.G.Hu.hn. Chef Mission
M LS~,IIa.Chef Pr*ct
M C.Traorö, Olrectsur
MM.Dlirra ChefSect

x

x xx

x

x

x x

3 ~srsexpenence

R&Dlean,

UNDP

LT.POWS

BP 66
Bamako
BP
Bsmajco

M M.Slmonot.Mmn.Proj
M S Diawars. Ch.f Prof
M T.J.Hart. Olnecteur
M M.Dloko Direct Adj

w

xx

xxx

xxx 10 ~,s, exp.rlence

SONIMAD BP 1910
Baniako

M A’dlncent~Dlrect.ur x xxx Private sector

SESCorp BP 3165
Bam~

M M Coullbaly, Direct. x Private sector

UNICEF BP 120
Bamako

Mis. G.Senghor~m.Pro~ xx

FAC w x
CCCE xx
Ii di Paix M B.MdreIeu x
DANIDA x
CRES 8P1872

Bamako
MR.FOIO
N LOaM

x

BNDA x
cEO BPIOQ

Bemai~
x

ASEM BP ~66
Bamim~

U J.P.Booh,Directeur
MSMaita.k~g

x x xx xx x Activities stoppedIn

December1985
FED w

DN}IE playsacentral role in the control andexecutionof solar pumpingprograms
in Mali. It employs400 staff andcomesunderthe control of the Ministry of Water and
Energy. The following organisation work with DNHE: Mali Aqua Viva, LESO, CEES,
GTZ-SEP, ASEM~,andDANIDA..

in Mali.
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The other organizationsconsistof private enterprisesand NGOs.The other principal

organizationsare:

o fles de Paix - a Belgian NGO which works in the Tomboctouregion. Three PV
pumpshavebeeninstalledbetween1978 and1982 for drinking water and irrigation.

o SOMIMAD - a private enterprise representing externalsuppliers (Photowatt, Total,
etc.) which is installing PV systemsfor PRODESO.

I
4.2 MaintenanceOrganizations

Eachof the following organizationsinvolved in maintenancehasa central maintenance I
yard: CEES is in Bamako, MAV in San, UNICEF in Tomboctou, GTZ in Bainako, and
SOMIMAD in Bamako. Villagers report breakdowns to thesecentralmaintenanceyards
in three ways: (i) villagers send a messengerby mobylette or bush taxi; (ii) the village
informs the nearest administrative office who then sends a radio messageto their
correspondentin the town where the maintenanceyard is based; (lii) villagers inform any
official mission visiting the village and askthem to inform the maintenanceteam.

The EEC Regional Solar Programme plansto install specialradio deviceson the PV
pumps which will automatically send a messageto the maintenance team when a fault
occurs. Once a fault is reported a maintenanceteam comprisingtwo to three persons
travels to the sitein a 4x4vehicle. They takeonly measuring instrumentsand light handling
equipment since most of the pumps arenow submersibles.

Overhead costs are financed by the donor organizations: FAC (France) for CEES,
GTZ for the SpecialEnergy Programme, UNICEF for their team in Tomboctou,etc. The
donorshave alsopaid to set up the maintenancefacilities, with the exceptionof SOMIMAD
which used its own money. CEESbills the villagersfor the directcostsof maintaining their
pumps.

The CEES andMAV maintenanceteamsarevery responsiveandefficient. SEP and
UNICEF do not have much maintenanceexperience becausetheir pumpsare relatively I
new.

All organi7ationshave maile arrangementsfor the villagers to carry out the following ~
O&M tasks: daily startingandstoppingofpumps,panel cleaning,inspectionand sometimes
replacement of water taps, and where applicable, readingand reporting of measuring
instrumentreadings.

Improvementsto maintenanceresponsetime canbeachievedby a greater involvement
of the villagers in the maintenance. This can be achievedby betteruser training and I
encouragement. For example,the GTZ-SEP programmeproposesto invest 50% of funds
in hardware and 50% on bettertraining and related activities suchasmarketgardening,
fodder plant growing, etc. In this way the villagers will be more interested in good
maintenancein order to keepthe pumpsworking.

14
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Bettercooperationbetweenprojects operating in the samezonescould alsobring some
improvement. Solar powered radio links between villages or groups of villages and
maintenanceyards mayalsoreduce the responsetime.

4.3 Community Participation

Communities are involved with financing of PV pumps for their villages as outlined
in Section3.3. The communities arealsoinvolved in the following aspects: famiiiarization.,
technical training, management,and socioeconomicissues.

Familiarizationusually takes place during two to three meetingsbetweenthe project
promoters and the villagers. The objective is to meet before the systemis installed to
understandthe needsand resourcesin the village. The meetingstakeplace either with a
general assemblyof villagers or a committee of village elders.

Technical training is provided by the project promoters covering aspectssuch as
cleaning of PV panelsand water tanks/reservoirs, starting and stopping of the pumps,
reading the flow meter, andusing the water taps.

The village appointsaComité de Point d’Eau (CPE) responsiblefor the management
of the pump and the water provided. Typically, the CPEcomprisesat least three people:
the President, the Treasurer and the Operator. The committeecollectspayment for the
water on different bases. For example, the paymentcouldbe a fixed amountper year (e.g.,
$1-2 per family) or it could be a payment basedon the water supplied (e.g., 3 U.S. cents
per 10 liter container; 64 cents per200liter drum; 8 centsper cowper month) or a mixture
of both methods. Operating costsarefinanced from thesepayments. As an example, the
CPEin Nonsombougoucollected $560over the 2-year period from 1985 to 1987 and the
Goumbou CPE collected $2,000in an 8-month period.

5. COMPARISON OF ALTERNATIVE WATER SUPPLY METHODS

5.1 Water Sources

Rural communitiesobtain water from surface sourcessuch as rivers andcanals,from
underground sourcesusing hand-dug wells, from “modem” wells which arecement-lined
wells about 13 meter diameter, from PVC-lined boreholes, and from boreholes with
adjacent storaewells.

Storagewells are typically 1.8m diameter cement-linedwells that aredug about Sm
from a borehole. A connectingtunnel betweentheboreholeandthe storagewell is drilled
below the level of thewater table. This allows water to rise to the level of the water table
in the wider storagewell. Water can be lifted from the storagewells manuallyor using
animals. Lu the Mopti region, boreholeswith storagewells arebeing usedby pastoral
associationsfor livestock watering.

15
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The associations,which consistof 50 pastoral families each,pay for the storagewells

over a 10-yearperiod. The wells cost$54,000each. In spite of the very high cost of the
storagewells (which are in addition to the cost of the borehole), the associationsprefer
thesewells over diesels. This is becauseof the uncertaintyof fuel supply andmaintenance
services,and the high costof transportingfuel and sparesfrom Mopti (which is about 300
km away), and becausethey prefer not to depend on outside sourcesfor satisfying their
critically importantwater needs.

5.2 Alternative Water Lifting Methods

In addition to photovoltaic pumps, water is lifted manually, and by using animals,
handpumps, foot pumps and diesels. Water is lifted manually using rope and leather
buckets. This method is usually feasible only in areaswith shallow watertables,and if
small quantities are water are needed. Donkeys and camels are used to lift larger
quantitiesof water, or from deeperwater tables, again using ropes and leather buckets.
Although technologicallysimple, when the water source is a borehole, animal drawing
requires the construction of a large storagewell parallel to the borehole. This requirement
can increasethe total cost to the level of PV. Handpumpsor foot pumps are used
generally when the water table is no deeper that about 40m. Dieselsdirectly coupled to
pumps, or dieselgeneratorspowering submersiblepumps are usedin Mali to lift water from
surfacesourcesor boreholes.

5.3 ComparativeCosts

An analysiswasperformedto determinethe conditions under which alternative water
lifting technologieswould provide the lowest costwater on a life-cycle cost basis. Water I
lifting methodsconsideredwere: handpumps, using camels,diesel pumps, and PV pumps.
The analysis was performedfor water table depths of 15, 25, 40, and50 meters. Village
population sizesranged from 100 to 2,000persons.Water demandwas assumedto be 20
liters/person/day,40 liters/cow/day,7 liters/goat/day. Eachfamily wasassumedto consist
of 10 persons,andowned5 cowsand 5 goatseach. Total water demandwas therefore 43.5
liters/person/day.

Figure7 showsthecomparativecostsat a 15mwater tabledepth. Handpumps provide
the lowestcostwateruntil the village exceeds1,000persons,when PV becomesslightly less
expensivethanhandpumpsat a water costof around $0.25/rn3.

Figure8 showsthe comparativecostswhen the water table is 25m. Photovoltaicsis
the lowestcoit alternativewhen the village sizeexceeds250persons.At large village sizes,
the cost of diesel-poweredpumping approaches that of PV pumping. Up to about500
persons,PV pumping and water lifting usingcamelshave similar costs. For largervillages,

handpumpedwater is abouttwice ascostly asPV pumpedwater.

I
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Figure7. WaterPumpingCostComparison- 15m Water Table
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flgure 8. Water Pumping CostComparison- 25mWaterTable
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— PV -~ Handpump ~ Camel --c-- Diesel

Figure9. Water PumpingCost Comparison- 40mWaterTable

Figure10 comparesthecostsof PV, camel,anddiesel-poweredwaterlifting methods
when thewatertable depthis 50m. Water lifting using camelsprovides the lowest cost
waterwhenvillageshavelessthan250persons.For villageswith 250to 2,000persons,PV
providesthe lowestcost water. For villages with more than2,000 persons,diesels can
providewaterat approximatelythesamecostasPV.

An importantfactor,particularlywhen comparingPV systemsto handpumpsystems,
is thecostof theborehole.Sinceboreholecostsareoftenthe sameregardlessof whether
they will be usedfor diesel,PV, or handpunipsystems,andareoften paid for by donor
organizations,theyare often left out of costcomparisons.In reality, financial resources
for boreholesarelimited, andthenumberofvillagersthatcan beservedby oneborehole
ultimatelyaffectstheper-personcostof thesystem. For example,if ahandpumpandPV
systemeachrequirea$10,000borehole,theboreholecost/personis $50for thehandpump
serving200peopleand$10for the PV pumpserving1,000people. In this case,the donor
resourcesdedicatedto boreholedrilling canbe stretchedsignificantly.

Annex3 includesinformationon the initial capitalcostson aper-capitabasis,which I
average$35-60per personfor photovoltaics. This costincludesthecostof theborehole,

18
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Figure 9 showsthe comparative costswhen the water table is 40m.. Handpumped

water is far more costly thanany of the other water lifting methods.Water lifting usingPV
and camelshave similar costswhen the village size is lessthan about 400 persons. For
larger villages PV provides the lowest cost water. When the village size exceeds2,000
persons,diesel pumping becomesmarginally cost-competitivewith PV pumping.
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PV ~ Camel “°~ Diesel

Figure10. Water Pumping Cost Comparison - 50m Water Table

PV pump, storage,anddistributionsystem. For well depthsof 25m or greater, andvillages
of over 250 people, PV is less expensiveon an initial capital cost/personbasis than
handpumps.

5.4 Assumptions

Theseanalysesassumethat the pumping sitesare0-75km from a central fuel storage
depot. Due to poor road conditions in remote rural areas,fuel must often be transported
in barrelsusing4-wheeldrive vehicles. Even so, fuel transport costsadd only about o.i Us
cents/liter/km. However, asMali is a very large country, fuel must often be transported
long distances,which cansignificantly increasethe delivered costof diesel fuel.

Water Cost ($/cubic meter)

Water Pumping Cost Comparison
5Cm Water Table

0 500 1000
Village Population

1500 2000

Costs and Logistics of Diesel Pumping: An Example

The governmentoperatesalivestockwateringsite doseto Born village in the Mopti region for 5 monthsof theyear.
Duringthisperioda 15 kVA dieselgenerator is brought fromBorn village(20kmaway)andinstalledat the site. The
generator providespowerto run a Urundfos SP-8submersiblepump. A full-time operatoris stationedat this site for
5 months. Diesel fuel is delivered from Mopti which is 400km away. The costof delivereddieselat thepump site
is over $1.60/liter, or more than double the costof fuel in MoptL In addition,sparesandmaintenancepersonnel
must be sent frontMopti.
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Annex 3 shows the assumptionsused, and the detailed calculationsused in the
comparativecostanalyses.Two assumptionsin particularareimportant: (1) Only the cost
of water pumping was included, and user costs such as queuing time and water
transportationwerenot considered.World Bankresearchhasindicatedthatthesecostsare
significant, andevenif imputedat the relatively low value of 25 U.S. centsper day, they
mayexceedthe life cycle hardwarecostsof handpumps. (2) PVsystemanalysiswas done
on a “worst-month” solar insolation basis. In actualpractice, annualwater output from

- thesesystemswould exceeddesignrequirements.This water hasvalue: a Mali Aqua Viva
installationgenerated$3,600 in one year by selling excesswaterto outsiders,and other
projectshavearrangementswherethe local systemcaretaker receivesexcesswater for his
own use.

I
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Annex 1 - List of SolarPumpsin Mali

The following pagesgive detailsof the pumps reviewed in the surveycarriedout for
this project. Eachpumpis identifiedby a number,andtherearefour pagesof information
for eachpump.

The first pageshowsthe region,district, andsite nametogetherwith thewatersource
type, boreholediameterin mm if appropriate,watertank storagecapacity,openreservoir
storagecapacity,total storagevolume,whethercattle troughsandwater taps areincluded,
and numberof tapsor standpipes.

The secondpageshowsthe peakwatts of thePV array, the PV manufacturer,pump
flow rate in m3/day, the total headin m, the year installed, the systemstatus,and the
beneficiary.

The third pageshowswho fundedthe system,who installedit, andwho maintainsit,

andindicatesthenumberof breakdownsandthenumberof daysthesystemwas inoperable.

The fourthpageshowsthe typeof failure.
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NanI
Nani-Kokoni
Mali
Ndoseo

Borehole

Borehole

140
3

8
I

20

30

23

8
38

y

y
5
5

78
77
78
79

S.gou
Segou
Ssgou
Segou
Segou

Si
San
San
San
San

Monina
Nloguesao
NUaNo 1
Ntleeeo2
Mob.

Borehole
Borehole
Borehole

Borehole

200
140

200

I
~

8

30
8

80

8

y
s
5

5

81
82
83
84
85

Segou
Segou
Segou
Segou
~

San
San
San
San
81*

Safolo
Sagan
Sagan Dsga
Somabogo
Somseso

Borehole 140 5

8
8

30 35

8
8

y

5
86
87
88
80

Segou
Segou
Segou
Segou

81*
Si
Si
Ba

Soro5ng
Tale
Tidy. Bugu 1
edytSugu3

8 5

90

92
93
94

Segou
Segeu
Segou
Segou
S~

Si
Si
Si
Ba
Si
Ba

~_

Tidy. Bugu 5
rinly. BoguS

Tidya8ugu7
71*
~smena

8 8 y 5

81
97
96
90

S.gou
Segou
Ssgou
S.gou
~

Ba
81*
81.
Ba
Eli

Toubs
fiw~
Ils.u
f~4onl
~j__

Borehole

Borehole
Borehole

ISC

~
leC

1C

iC
f

30

~
I ~

0
4C

40
151

y

n

I
I
I
I
I
I
I
I
I
I
I
I
I

24
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RegIon Circle Sit.
Water
Source

Borehole
Diameter

mm

Tank
Volume

m3

Asseivoir
Volume

m3

Total
Volume

m3 Cattle?

Number
of

Taps
101 Ssgou

Segou
03 Segou

104 Sagou
105 Segou

81.
Ki-Maclna
Ke-Macina
Ks-Macma
K.-Maclna

Yangasso 2
Boky.WCrS 1
Boky-WirS 2
Boky-Wèrè 3
Madumanso

Borehole
Surface
Surface
Surface
Borehole

160 8
0
0
0

77
0
0
0

85
0
0
0

n
n

5

106 S.gou
107 Segou
108 Segou
109 Segou
110 Sigou

Ks-Macma
Ks-Macma
Niono
Niono
San

Sarro
Ton9uC
Kendebugu
Sokolo
DIsh Ecol.

Borehole
Borehole
Surface
Borehole

8
8

150

9
9

17
17

150

6
6

11 Ssgou
12 Segou

113 Segou
14 Segou

~

San
San
San
Sin
San

Kimparana
Koro
Kotobe
M$J’flhI~a-Baflkuma
SinEcole

Borehole
Borehole
Borehole
Bomshole

200
160
200 30

1

15 15

30
8

n
~

16 Segou
17 Segou

ll8Segou
19 Segou

120 Ssgou

San
San
San
San
San

San Hopktal
San Manaich I
SanMasalch2
Sinzara
Sourountouna

Borehole

Borehole
Borehole

140

200
200

0
0.4

0

0

0

0
0.4

n

y

21 Segou
122 Segou
23 Segou

124 S.gou
125 Segou

Ssgou
Tominlan
Tominian
Tominlan
Tominlan

Babougou
Boseoni
Oobwo
Kanian
Kb

Will
Borehole

1201
200

1.5
8

0
30

1.5
38

r~
y

128 Segou
127 Segou
128 Segou
129 Segou
130 S.gou

Torninian
Tominlan
Tominlan
Tornlnlan
Tominian

PMndlalcuy
lion
Tominlan 1
Tomlnian 2
Tomlnian 3

0 0 n

131 Mopti
32 Mopti

133 Mopth
34 Moptl

Mopti

Bandlagaza
Bankaaa
Bankus
Bankau
Dousn~an

Sangha
Bankass I
Bankus 2
Koporo Ksnls PE
Bonl Yaaea

Borihole 300 y

1
36 MoplI

137 Mopti
138 Mopti
39 Tombocto

.Ji°Tombo~o

Douentan
Mopti
Mopti
DIr.
Ok.

Fornbod
Mopil
Nantegi
Bourem Sidi Mw
Kondl

Well 1801

41 Tomboc~
42 Tombodo
43 Tombodo
44 Tornbodo

145 Tombodo

Goundani
3oundann
aourrn.-~
M~inlr.
TOITIbOCtoU

Oouitirs
Tin afoha
IMndlakoye
Plafunke
~aouane

Surface

46 Tombocto
147 Tombocto
148 Tombocto
141 Tcenbocto
151 Tombocto

Tomboctou
Tomboctou
Tomboctou
Tomboctou
Tomboctou

Eec
Bourem In My
Kabana
Taeaakan
Tin Tayleut

Well
Well

1SOC
180C

IC
~

10
5 3

ISlSegou
i5~Segou
lS3Segou

~g~j

Eli
81*
Eli
Eli

Slela
Ganangala
7.1.
Toforola

Borehole
Borehole
Borehole
Borehole

I
I
I
8

0
C
C
0

8
8
8
8

n
n
n
n
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Peak PV Pump
Pump
Flow

Total
H.ad Inst

No
1
2
3
4

Watts
640

1300
1548
1120

PMnufactur.r
Photowatt
Photcwatt
kcc
Pliotowatt

Manufacturer
TED
Guinard
Jaccuzl
Grundfos

m3/day
30
15
42
30

rn
15
45
25
25

Year
88
81
89
85

Status
u
a
u
u

Beneficiary
Garden.rs
village 7300
village
Comite Elev.urs

5
6
7
8
9

10

602
900

2160
480

1400
160

kco
Photowart
Photowatt
Soiarex
Aroo
Photowatt

Tnsolar
Sofrstis
Total
Loirvrs
Grundfos
TED

12
19

140

55
6

34

9
5

20
15

88
82
88
89
88
88

u
a
u
u
u
U

village

marcaicher
marc&cher
aseoc sminine di maramchag
icoli + village

11
12
13
14

15

1468
2160
264

1300
924

Kyocera
Photowatt
Photowatt
F/Photon
Photowatt

TED
Total
Photo
Gulnand
Photo

8.5
33
24

7

7
22
30
30

86
86
&
82
63

U

u
u
u
u

groupe 60 femmes
groups hommes
Cents sanitaire + scols
cents post-cure (180)

16
17
18
19

1188
530

1716
1680

Photowatt

F/Photon

Photo
Total

Solar Force
25
50

83
87
83
84

u
u
u
a

hopital
vIIIag.9600
vIllage

20
21
22
23
24
25

660
3855
1680
927

1066
520

Photowatt
F/Photon
F/Photon
Photowatt
Photowstt
Siemens

Photo
Guinard

Photo
Photo
KSBfloatlng

23
120
32
23
23
20

27

28
30
29

7

53
31
54
83
53
B

u
u
u
u
u
u

iUage 560
fliags

Illags 2000
fliage (~0)

26
27
21
29
30

520
4320
520
520
520

Siemens
F/Photon
Slem.ns
Sismens
Slsmins

KSB floating
Gulnard
KSB floating
KSB floating
KSB floating

20
13
27
27
27

7

6
6
6

B
84
81
89
~

u
u
u
u
u

vIllage (760)
manaicher
manaicher
maralchsr

31
32
33
34

1470
2592
1728
1120

F/Photon
F/Photon
F/Photon
Moo

Solarforcisut
Gulnard
Gulnard
Grundfos

25
70
~

35
25

84
B
81
B

a
bad
bad
u

village
fhlage
Illage

35
36
37
31
31
40

1400
3888
1066
1188
1066
792

Moo
F/Photon
Phatowatt
Photow*tt
Photowatt
Photowstt

Gniridfoe
Guinard
Photo
Photo
Photo
Photo

80
51
51
3
23

Z
27
26
~

86
81
B
B
B
&

u
ii
u
U
u
u

llligsISOO
hllageSlO
hllagig0o
flags 1900

41
42
43
44
4!

14CC
1561

64C
14CC
1400

ioo

PhoS~watt
Pho~aU
~01
~oo

Gnindfos
Photo
To~
Grundfos
~undfos

55
41

55
55

21
27

Z
~

88
83

B
85

u
u

u
ii

hlIaQe~0

Stsd.Omn

46
47
45
49
&

1300
1300
~

1481

Mon
F/Photon
Kyocera
K~na

Gulnard
Guinard
Total
Total

21
3
3

21
X
4C
~

&
&
B
~

u
j

u
u

fhlages2O
ll11g5350

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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No
Peak
Watts

PV
Manufacturer

Pump
Manufacturer

Pump
Flow

m3/day

Total
Head

rn
Inst.
Year Status Beneficiary

51
52
53
54
55

1280
432
900

1400

Photowatt
F/Photon
Axco
F/Photon
Photowatt

Total
Grundfos
Guinard
Guinard
Grundfos

30
15

32

22
29
15
35

87
85
84
80
88

u
u
u
u
u

village 620

village 170

56
57
58
59
60

1400
1090
1400
1400
1400

Photowatt
Kyocera
Photowatt
Photowatt
Photowatt

Guinard
Total
Grundfos
Grundfos
Grundfos

87
89
86
86
85

a
u
u
u
u

village

61
62
63
64
65

1400
1400
1400
1400

Mco
kco
Moo
Mco

Grundfoa
Grundfos
Grundfoa
Grundfos 17

87
85
85
86

removed
u
u
u
u_ Generals Biscuit

66
67
68
69
70

1400
900
900
640
900

Arco
F/Photon
F/Photon
Photowatt
Solar Power

Grundfos
Guinard
Guinard
Total
Guinard

40
30

15
35

27
30

54
20

87
77
80
87
77

u
u CFAR
removed
u village 2200
remove school

71
72
73
74
75

1280
5300
1400
1400
1800

Photowatt
Kyocera
Ptiotowatt
Pt,otowatt
F/Photon

Total
Total
Grundios
Grundfos
Gulnard

20
360

40
25

22

35
18

86
87
88
86
81

u
u
u
u
a vIllage 700

76
77
78
79
80

1462
1300
900

1462
900

Kyocera
Arco
Moo
Kyocera
Moo

Total
Guinard
Guniard
Total
Guinard

30
40
38
25
32

20
27
26
15

89
81
82
88
82

u
u
u
u
u_

village
village 550
village 950
village 950
village

81
82
83
84
85

1300
1400
550

1462
1462

F/Photon
Photowatt
Kyocera
Kyocera
Kyocera

Guinard
Grundfos
Total
Total
Total

25
25

31
42

80
86
88
88
88

u
u
u
u
u

village 730

86
87
88
89
90

1462
1484
5200
1280
5200

Kyocera
Arco
P/Photon/Photo
Photowatt
Philipi/RTC

Total
Grundfos
Gulnard
Total
Total

25 33 88
88
81
$5
87

u
u
u
u
u

91
92
93
94
95

360
520

5200
1484
1484

Photowatt
Siemens
Chronar (a)
Moo
Moo

Cm.ra surface
KSB

Grundfos 40
Grundfos

88
88
89
87
84

u
u
u
u
u_

96
97
98
99

100

1484
1300
1400
1300
1300

Moo
F/Photon
F/Photon
Moo
Solarex

Grundfos
Guinard
Gulnard
Gulnard
Guinard

50

44
40

15

22
20

86
80
$4
81
78

u
a
U

u
bad

village 1320

CAR

27



28

I
I
I

I
I
I
I
I
I
I
I
I
I

No
Peak

Watts
PV
Manufacturer

Pump
Manufacturer

Pump
Row

m3/day

Total
Head

rn
Inst.
Year Status Beneficiary

101
102
103
104
105

1300 Solarex
520 Siemens
520 Siemens
520 Siemens

1400 Photowatt

Guinard
KSB floating
KSB floating
KSB floating
Grundfos

35
80
80
80

25
2
2
2

2

79 u
89 u
89 u
89 u
86 u

Village 1500
Macc Maraichiere
Macc Maraichiere
.Asaoc Maraichiero
village

106
107
108
109
110

1484 Arco
1484 Moo
520 Siemens

12960 France Photon

Grundfos
Grundfos
KSB floating

45
35

100
75

88 u
88 u
89 u
85 u
89u

village 3400
village 1700
grp Maraicher
comite devours

111
112
113
114
115

1300 Moo
1300 France Photon
900 Moo

1462 Kyocera
430 France Photon

Guinard
Guinard
Guinard
Total
Solar Force

90
29

15
10
24

80 u
80*
81 a
88 u
85 a

village 4310 +eccle
village
village
village

116
117
118
119
120

900
1462
1462
1800
200

RTC
Kyocera
Kyocera
Moo
RTC

Guinard
Total
Total
Guinard
Photo

15

53
2

22

30
10

79
88u
88
81
82

u

u
theft
repairs

hopitai+MAV

village
school + village

121
122
123
124
125

456
1300
1300
1600
1400

Moo
France Photon
France Photon
Photowatt
Photowatt

Bdau
Guinard
Grundfos
Total
Grundfos

1
40

5
20

78
80
85
87
86

a
U

U

U

U

c.ntrs s.memcier
village+eleveurs

126
127
128
129
130

600
1300
900

l482Kyocera
Prance Photon
Solarex
Moo

800RTC

Total
Guinard
Guinard
Guinard

22
40
36

15
20
20

88u
80
78
81
83u

removed
u Village 2180
u Village 2180

131
132
133
134
135

1400
5200

1400
2600

Photowatt
France Photon

Moo
France Photon

Grundfos
Guinard

Grundfos
Guinard 80 70

86
81
89
88
79 village

136
137
138
139
140

1540
1296
365
900

1680

Moo
France Photon
Kyocera
Francs Photon
Pragma

Grundfos
Guinard
Total
Guinard
Gruncifos

80 7
88
80
88
86
88

?
ii

maraichers

UNICEF
141
142
143
144
145

1680
1680
1680
520

2000

Pragma
Pragma
Pragma
Siemens
Kyocera

Gruridfos
Grundfos
Grundfos
KSB floating
Total

88
88
88

87

u
u

u_

UNICEF
UNICEF
UNICEF

MAV/CEES
146
147
148
149
150

2500
5760
1400
650

1680

IDES
Franc. Photon
RTC
Pragma
Pragma

Monohift
Guinard 30
Monolift
Tamagnini surface
Grundfos

8
82
82
78
88
88

ij

remove
ij

U_

lids Pals
village - 1550
cantonnement eaux et forets

151
152
153
154

1480
1480
1462
1090

Moo
Moo
Kyocera
Kyocera

Grundfos
Grundfos
Total
Total

89
89
89
89 u_

village
village
village
village

I



No Funded by Installed by Maintained by
Noof

Breakdowns

Failure
Duration

Days
1
2
3
4
5

AFEM/AMAF

USAID
Fonds Saoudlen/PPQDESO
USAID

CEES

LESO
SONIMAD
LESO

CEES

LESO
SONIMAD
LESO

1

1

6
7
8
9

10

FAC/AFME
FOMDEM
GTZ (PSE)
SOS Sahel + PBV
AFME+ALAD

LESO
CEES
PSE
MAV
CEES

CEES
PSE
CEES
CEES

11
12
13
14
15

FONDEM
FONDEM
FED+SNEA
USAJD/AFME
PNUD/FENU

CEES
CEES
ASEM
LESO/CEES
ASEM/CEES

CEES
CEES
ASEM/CEES
LESO/CEES
LESO/CEES

5
2

16
17
18
19
20

PNUD/FENU
FED
AFME/FAC
FED
PNUD (FENU)

ASEM/CEES
Electnciti 200
Electricits 200
ASEM
ASEM

LESO/CEES
CEES
CEES
ASEM/CEES
ASEM/CEES 1

3

6
21
22
23
24
25

FED
FED
PNUD/FENU
PNUD
GTZ+CECI

ASEM
ASEM
ASEM
ASEM
PSE

ASEM/CEES
ASEM/CEES
ASEM/CEES
ASEM/CEES
PSE

2 17

26
27
28
29
30

GTZ+CECI
FED
GTZ+CECI
GTZ+CECI
GTZ+CECI

PSE
ASEM
PSE
PSE
PSE

PSE
ASEM/CEES
PSE
PSE
PSE

31
32
33
34

FED
USAID/PRODESO
USAJO/PRODESO

ASEM
LESO
LESO

ASEM/CEES
LESO
LESO

35
36
37
38
39
40

FED
PNUD/FENU
PNUD/FENU
PNUD/FENU
PNUD/FENU

MAV/CEES
MAV/DNHE
ASEM
ASEM
ASEM
ASEM

ASEM/CEES
ASEM/CEES
ASEM/CEES
ASEM/CEES
ASEM/CEES

4
4

Sm
4

41
42
43
4.4
45

Cooper Danoisi
PNUD/FENU

Gouver della 3 region
Coper Danois

Project Dines
ASEM

CEES
Project Dane

Project Danes
ASEM/CEES

CEES
Project Dan.

7

46
47
48
49
50

CFCMCF/MAV
AFVP/CEE/MAV
CEAO/CEE/CMDT/MAV
DHR

MAV
MAy
MAy
MAV

MAy
MAy
MAy
MAV

29



30

I
1
I
I
I
I
I
I
I
I
I
I

No Funded by Installed by Maintained by
No of

Breakdowns

Failure
Duration

Days
51
52
53
54
55

DHR
village÷MAV
MAV/Pere Sores

MAV
MAV
MAV
MAV
MAV

MAV
MAV
MAV
MAV
MAV

56
57
58
59
60

MAV
CEES
MAV
MAV
MAV

MAV
CEES
MAV
MAV
MAV

61
62
63
64
65 MAV

MAV
MAV
MAV
MAV
MAV

MAV
MAV
MAV
MAV

~~i:6
67
68
69
70

MAV .

M Tlssot/CEE/CCFD/FED/MAV
Div Paix Comrade

Maire dOullins

MAV
MAV
MAV
MAV
MAV

MAV
MAV
MAV
MAV

71
72
73
74
75

Maire dOulirins
CMDT/CEAO/CEE/MAV

MAV
MAV
MAV
MAV
MW

MAV
MAV
MAV
MAV
MAV

76
77

78
79
80

Fern mu dArg/CEE/CMDT/SOS Saliel/’Jillage/
SOS Sahel/CEE/CMOT/MAV,Mllags

SOS Sahel/CEE/MAV/Village

CEES
MAV
MAV
MAV
MAV

CEES
MAV
MW
MAV
MAV

81
82
83
84
85

SOS SaI~el/CEE/MAV/Village MAy
MAV
MAV
MAV
MAV

MAV
MAV
MAV
MAV
MAV

87
88
89
90

MAV
MAV
MAV
MW
MAV

MAV
MAV
MAy
MAV
MAV

91
92
93
94
95

MAV
MAV
MAV
MAV
MAV

MAV
MAV
MAV
MAV
MAV ~

97
98
99

100

CEAO/MAV/ViIlage/FED/CMDT

CCFD/FED/FDP/MAV/\’lIIage

MAV
MAV
MAV
MAV
MAV

MAV
MAV
MAV
MAV
MAV ~_______ 3.5m

I



No Funded by Installed by Maintained by
No of

Breakdowns

Failure
Duration

Days
101
102
103
104

~J2~

GTZ+Assoc Mar
GTZi-Asscc Mar
GTZ

MAV
PSE
PSE
PSE
MAV

MAV
PSE
PSE
PSE
MAV

106
107
108
109
110

GTZi-ViIIage
GTZ÷Village
GTZ+village
Fonds Saoudlen/PRONESO
Freres du Sacre-Couer

PSE/CEES
PSE/CEES
PSE
SOMIMAD
MAV

PSE
PSE
PSE
SOMIMAD
MAV

111
112
113
114
115

FMVJ+CEE÷MAV4-village
CEAOi-CEE+CMDT+MAV+Villags
CEAO+CEE+CMDT

MAV
MAV
MAV
CEES
MAV

MAV
MAV
MAV
CEES
MAV

116
117
118
119
120

FAC/COMES/CEE

Pigaro/CEE/CMDT/SOS SahelMAV/Vlllagi
Phot prototyp.

MAV
MAV
MAV
MAV
MAV

MAV
MAV
MAV
MAV
MAV

121
122
123
124
125

World Bank
CEAO/CEE/CMDT/MAV

Halcrow/ITP
MAV
MAV
MAV
MAV

LESO
MAV
MAV
MAV
MAV

126
127
128
129
130

CEAO/CEE/CMDT/MAV
CCFD/FED/CCF/FDF/MAV
CEE/SOS Sahel/CMDT/MAV/Vlllage

MAV
MAV
MAV
MAV
MAV

MAV
MAV
MAV
MAV
MAV

131
132
133
134
135

USAID/OMM
USAID

World Nabk

MAV
USAJO/CEES
CEES
MAV
Guinard

MAV
USAiD/CEES

MAV
LESO

136
137
138
139
140

ecole+EUMC
USAID/ODEM

CEES

CEES
MAV/USIAD/G
MAV

CEES

CEES
LESO
MAV

141
142
143
144
145

CEES
CEES
CEES

CEES
CEES
CEES

146
147
148
149
150

FAC/AFME
FED
UNICEF
UNICEF

lee di Paix
lie di Paix
CEES
CEES

lies di Paix

CEES
CEES

151
152
153

.J~$

CEES
CEES
CEES
CEES

CEES
CEES
CEES
CEES

31



Type of Failure
1
2
3
4
5

1 module broken,

6
7
8
9

10
11
12
13
14
15

dc diodes, motor/pumpelectric wire
electronlcs+blocked motor;Grundfos installed 85

16
17
18
19
20

Grudfoss pump installed in 85

motor problem

motor replaced by Grundfos
21
22
23
24
25

3 modules broken; motor problem

motor replaced with Grundfos 85
motor replaced with Grundfos 85

26
27
28

29
30
31
32
33
34
35

36
37
38

39
40

replaced with Grundfos
replaced with Grundfos
replaced by Grundfos
replaced by Grundfos

41
42
43
44

45

replaced with Grundfos

46
47
48
49
50

replaced with Grundfos
replaced with Grundfos

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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No Type of Failure
51
52
53
54
55

replaced by Grundfos in 86

56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

•

replaced by Grundfos in 86
moved to Tominian
demonte

71
72
73
74
75

changed in 88

76
77
78
79
80

changed to Grundfos in 85
changed to Grundfos In 86

81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

~ transmIssion+ +
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No Type of Failure
101
102
103
104
105

mod, moved/changed to Moo; Grundfos

106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135

pump replaced in 81, bad module iflCif

141
142
143
144
145
146
147
148
149
150

stopped in 83

151
152
153
154

sulation

34
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I
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136
137
138
139
140
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Annex 2 - Site Maps
The following mapsshow site locationsfor each region of Mali

Map of Mali
Gao
Bamako
Kayes
Koulikoro
S ikasso
Segou
Mopti
Tomboctou
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~GION DE GAO

•_..$ites cquip~s de pompec Photovo(taIqu~s.
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DISTRICT DE BAMAKO

g _Sit~s ~quip~’5 de portipes photovoltaiques.

• Scmariko

Institut Morchoux Mogncmbougou
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REGION DE KOULU~ORO
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i~�(iION DE SIKASSO...

•....Sites équipis de pomp~s photovoItaiqu~s.
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REGION DE SEGOU
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REGION DE MOP TI

..Sites Iquipis d~pompes photovoItaiqu~s

DOUENTZA
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REGION DE TOMBOUCTQIJ

•_Sètzs ~quip~ dcz pomp~5 photovoItcique~.
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Annex 3 - Comparative Cost Analysis

This annex includes sample cost calculation and sensitivity analyses for PV,
handpumps,camel anddieselwater pumping.
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STAND-ALONE PV WATER NJMPLNG SYSTEM

LATITUDE
DESIGN MONTH
DESIGN DATA LOCATION
AMBIENT TEMPERATURE
DESIGN INSOL
LO LP

15 DEG 20 MIN. NORTH
DECEMBER

HOMBORI
24 DEGREES C

4.5 KWH/M2/DAY
0.0t

WATER DEPTH
TANK HEIGHT+LOSSES
PUMP HEAD
VILLAGE POPULATION
NO PER FAMILY
CATTLE PER FAMILY
GOATS/SHEEP/FAMILY
WATER DEMAND
WATER TANK SIZE

EFFICIENCIES
ARRAY
MAX PWR TRACKER
CONTROLLER/INVERTER

0.1
0.95

0.9

CURRENCY (F CFA-1, S-O)

EXCHANGE RATE 280 FCFAPERS

PUMPENG
RATE
M3/DAY

PUMP COST EX-BAMAKO (F CFA)

WATER DEPTH (M)
15 25 40 50

5
10
20
30

40
80

536,417
551,417
581,417
611,417

641,417
761,417

586,417
601,417
631,417
661,417
691,417
811,417

661,417

676,417
706,417
736,417
766,417
886,417

711,417
726,417
756,417
786,417
816,417
936,417

FOB COSTS
PV ARRAY
INVERTER AND CONTROLS
PUMP
I3OS
CONCRETEWATERTANK
WELL COST

TRANSPORT MARGIN
INSTALLATION MARGIN
CONTINGENCY
FEE
ARRAY/BOS LIFE

PUMP, INVERTER & CONTROLSLIFE

HIGH
1,680 FCFAfWp

280 FCFAIWp
782,833 FCFA

10 % OF ARRAY
1,520,363 FCFA INSTALLED

56,000 FCFA/METERDEPTH

5 10%
10 15%
5 10%

10 15%
20 2OYEARS
7 5 YEARS

LOW
25.0

5
30

1000

10
5
5

43-5
87

HIGH
25.0 M

SM
30

1000

10
5
5

43.5 M3/DAY
87 M3

HIGH
0.3PUMP EFFICIENCY

LOW

0.35

LOW
1,260

210
671,000

10
1,520,363

16,800

49



TANK LIFE 20 20 YEARS

PUMP O&M COST
PV, BOS,TANK O&M COST

ATTENDANT COST
DISCOUNT RATE
MODULE SIZE

2 3%
0~5 1%

300 500 FCFA/DAY (PART-TIME @ 10 DAYS/MONTH)
10 10 %
30 3OWp

STAND-ALONE PV WATER PUMPINGSYSTEM
ANALYSIS

EFFICIENCY IN 0.0855

I

EFFECTIVELOAD
LOW HIGH
10.16 11.85 KWH/DAY

I

INSTALLED COSTS
PVARRAY
INVERTER & CONTROLS
PUMP
WATER TANK
WELL

LOW HIGH
1,681 2,688 FCFA/Wp

293 468 FCFAIWp

1,252,709 FCFA
1,756,019 FCFA

56,000 PER M OF DEPTH

PV/BOS

PUMP/LNVERTER.CNTRL
TANK
WELL

ANNUALIZING FACTORS
LOW HIGH

0.11746 0.11746
0.20867 0 26380
0.11746 0.11746
0.11746 0.11746

IANNUALL7JNG FACTORS.F(LIFE)
5 YEAR 7YEAR 10 YEAR 20 YEAR

0 26380 0.20867 0.16275 011746

I
1

INSTALLED COSTS
PVARRAY COST
INVERTER & CONTROLS
WATER TANK COST

BOS COST
PUMP COST

WELL COST
TOTAL COST

ANNUAL COST
ANNUALIZED CAPITAL COST

O&M COST
ATTENDANT COST
TOTAL ANNUAL COST

RECURRENTCOST
WATER COST

5.00KWH/M2/DAY
2 DAYS

27.73 M2
2,760 Wp

87 M3

895,131
1,756,019

16,800

I
I

INSOLATL5 DEG TILT
DAYS OF STORAGE

PV ARRAY SIZE
PV ARRAY SIZE
WATER TANK SIZE

HIGHLOW

500
2

23.77

2,370
87

3,983,665

695,561
1,520,363

398,367

895,131
588,000

8,081,087

1,094,282
47,41.5
36,000

1,177,697
83,415

74

50

7,419,923
1,292~65
1,520,363

741,992

1,252,709
1,960,000

14,187,853

2,039,014
121,877
60,000

2,220,891
181,877

140

FCPA

FCPA
FCFA
FCPA

FCFA
FCFA
FCPA

FCFA/YEAR

F CFA/YEAR
FCFA/YEAR
F CFA/YEAR
F CFA/YEAR
FCFA/M3

1
I
I
I
I
I
I
I
I
I



STAND-ALONE PV WATER PUMPING SYSTEM
SENSITIVITY ANALYSIS

AVERAGE WATER COST(S/M3)

VILLAGE
POPULATION

WA TERTABLE DEPTH(M)
15 25 40 50

100 0949 1.219 1627 1.897
200 0595 0773 1030 1200
300 0474 0614 0827 0.967
400 0.408 0333 0.719 0.846
500 0368 0.484 0.655 0775
600 0342 0.450 0.614 0.725
700 0.322 0427 0384 0690
800 0 307 0.409 0361 0663
900 0296 0394 0343 0643

1000 0.287 0.382 0.529 0624
2000 0.242 0329 0.460 0.547

STAND-ALONE PV WATER PUMPING SYSTEM
SENSITIVITY ANALYSIS

AVERAGE PER CAPITA INITIAL COST(S/PERSON)

VILLAGE
POPULATION

WATERTABL B DEPTH(M)
15 25 40 50

100 109.72 112.11 115.68 118.06
200 72.93 74.12 75.91 7710
300 59.50 60.30 61.49 62.28
300 5238 53.17 54.06 54.66
500 48.31 48.79 4930 49.98
600 45.40 4580 46.39 46.79
700 43.38 43.72 44.23 44.57
800 41.75 42.04 42.49 42.79
900 4046 40.72 41.12 41.38

1000 39.41 3965 40.00 40.24
2000 34 64 34.76 34.94 35.06
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HANDPIJMPWATER PUMPING 1,31) ‘F)

VILLAGE POPULATION
NO PER FAMILY
CATTLE PERFANIILY
GOATS/SHEEP/FAMILY
WATER DEMAND

1000 1000
10 10
5 5

5 5
435 433 LITERS/PERSON/DAY

NUMBER OF OPERATING MIN./DAY
NUMBER OF OPERATING MIN./DAY

EFFECTIVEOPERATING TIME

AT 15M
AT 25M
AT 40M

WATER OUTPUT

TRANSPORTATION MARGIN
INSTALLATION MARGIN

CONTINGENCY
FEE

OPERATOR COST
O&M COST OF HANDPUMP
PUMP LIFE
BOREHOLE LIFE

BOREHOLE COST
40M I-IANDPUMP COST
25M HANDPUMP COST
15M I-IANDPUMP COST

DISCOUNT RATE

LOW
5

10
5

10

0
10
7

20
16,800

560,000
350,000
200,000

10%

16 LITERS/MIN
10 LITERS/MIN

7 LITERS/MIN

90 % OFTHE TIME WHEN OPERATING
90 % OF THETIME WHEN OPERATING

90 % OFThE TIME WHEN OPERATING

480 MINUTES FOR 1SM PUMPS
480 MINUTES FOR 25 & 40M PUMPS

432 MINUTES/DAY
432 MINUTES/DAY

432 MINUTES/DAY

I LAND PUMP WATER PUMPING RATE
AT 1SM
AT 25M
AT 40M

\UMBER OF OPERATORS PER PUMP

EFFECTIVEUSE OF PUMP

AT 1SM 1
AT 25M 1
AT 40M I

AT 15M
AT 25M
AT 40M

AT 15 M 6,912 LITERS/DAY
AT 25 M 4,320 LITERS/DAY
AT 40 M 3,024 LITERS/DAY

HIGH
10 %
15 %
10 %
15%

0 F CFA/PERSON/DAY
20 %OF CAPITAL COST

5 YEARS
20 YEARS

56,000 F CFA/MErER (BOREHOLE IOM DEEPERTHAN WATER 1AI1L
560,000 F CPA EX-FACTORY BAMAKO
350,000 F CPA EX-FACTORY BAMAKO
200,000 F CFA EX-FACTORY BAMAKO

10%
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HANDPIJMPWATER PUMPING

ANALYSIS

INSTALLED COST
40M HANDPUMP
25M HANDPUMP
I5M HANDPUMP
BOREHOLE - 50M
BOREHOLE. 35M

BOREHOLE- 25M

ANNUALIZING FACTOR
I[ANDPUMP

BOREHOLE

—40M HANDPUMP—
ANNUALIZED CAPITAL COST
OPERATOR COST
O&M COST

TOTAL ANNUAL COST
WATER COST

840,000 2,800,000 F CPA
588,000 1,960,000 F CPA
420,000 1,400,000 F CPA

0.2054055 0.2637975

0 11745% 0.1174596

326,820 744,508 F CPA

2% 675 F CFA/M3

AVERAGEINTTIAL casr
‘AVERAGE WATER COST
~AT41)M

136S/PERSON
485 PCPA/M3

51.73 PERM3

—25M HANDPUMP—
ANNUALIZED CAPITAL COST 164,972 377,968 F CPA
OPERATOR COST 0 0 FCFA

O&MCOST 46,691 112,016 FCPA

TOTAL ANNUAL COST 211,663 489,984 FCPA
WATER COST 134 311 FCFA/M3

AVERAGE£NITLAL COST
AVERAGEWATER COST
AT2SM ..

. 64 S/PER5ON
21~CFAfl43 ..:%79’PERM3

—1.5M HANDPIJMP—
ANNUALIZED CAPITAL COST 101,527 241,195 FCFA
OPERATOR COST 0 0 FCPA
O&M COST 25,410 58,190 F CPA

TOTAL ANNUAL COST 126,937 299,385 FCPA
WATER COST 50 119 FCFA/M3

[AVERAGE INmAL COST 27 S/PERSON
AVERAGEWATER COST
ATISM -- .-

&4 F~AJM3
~o.3oPER?3

LOW HIGH

747,054
466,909

254,100

896,126 FCFA
560,079 FCPA
290,950 FCFA

252,115
0

74,705

565,283 FCFA
0 FCFA

179,225 FCFA
I
I
I
I
I
I
1
1
I
I
I
I
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CAMEL-POWERED WATER PUMPING

VILLAGE POPULATION
\O PER FAMILY
CATTLE PER FAMILY
GOATS/SHEEP PER FAMILY
WATER REQUIREMENT

WATER LIFTED PER LOAD
AVERAGE WALKING SPEED
CAMEL USEAGE

OPERATING PERIOD
NO OF OPERATORS/CAMEL
EFFEC11VEUSE OF CAMEL
MAXIMUM NO OF CAMELS

COSTOF BUCKET
COSTOF ROPE
COSTOF CAMEL
COSTOF WELL
OPERATOR COST

WELL LIFE
ROPE & BUCKErLIFE
USEFULLIFE CAMEL

30 LITERS
5 KM/HOUR

S FlOURS/DAY
LOW HIGH

36.5 365 DAYS/YEAR

20 20 YEARS
0.5 0.3 YEARS

6 4 YEARS

DISCOUNT RATE

ANALYSIS

0.1 0.1

WATER
DEPTH

(M)

WATERLIFTING
fIME (MIN/LOAD)

CAMELS
REQUIRED

WELLS
REQUIRED

LOW HIGH LOW HIGH LOW HIGH
15
25
40
50

0.80
112
1.60
1.92

1.00
1.40
2.00
2.40

3
4
5

6

4
5
7

8

1
1
2

2

2
3
4

4

COSTS
CAMEL COST
BUCKET COST
ROPE COST
WELL COST- 15M
WELL COST-25M
WELL COST.40M
WELL COST- SUM

22,961
4,298

21.5
420,000
588,000
840,000

1,008,000

1000
10
5
5

43.5 M3/DAY

3 3
75 60 %OFTHETIME WHEN OPERATING

4 2 PER WELLAT ONETIME
LOW HIGH
2,000 2,000 F CFA

100 100 PER METER
100,000 100,000F CPA
16,800 56,000F CPA PER METER

300 500 F CFA/PERSON/DAY

ANNUALIZING FACTOR LOW HIGH

WELL 0.1175 01175

CAMEL 0.2296 0.3155
ROPE & BUCKET 2.1488 33476

31,547 FCFA/CAMEL/YEAR
7,095 F CFA/CAMEL/YEAR

355 F CFA/METER/CAMEL/YEAR
1,400,000 FCFA (ASSUMESWELL DEPTH • WATER TABLE+ 1OM)
1,960,000
2,800,000
3,360,000
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CAMEL-POWEREDWATER PUMPING

RESULTS

I
I

WATER
DEPTH

M

ANNL’ALIZED
WELL COST

ANNUALIZED
CAMEL COST

AN BUCKT, ROPE,

& OPERTR COST
TOTAL ANNUAL

COST
WATER cosr

(FCFA/M~3)
LOW HIGH LOW HIGH LOW HIGH LOW HIGH LOW HIGH

15
25
40

50

49,333
69,066

197,332

236,799

328,887
690,663

1.315,548

1,578,657

68,882
91,843

114,804

137,764

126,188
137,735
220,830
252,377

1,020,955 2,268,047
1,369,869 2,852,791
1,728,452 4,031,165
2.087,036 4,635,427

1,139,171
1,530,778

2,040,588
2,461,599

2,723,122
3,701,195
5,567,542
6,466,461

72
96

129
155

.172
233
351

— 407

SENSITIVITY ANALYSIS
C4MEL-POWER~EDWATER PUMPING

AVERAGE WATER COST (S/M3)

SENSITIVITY ANALYSIS

I
1
I
I
I

CAMEL-POWERED WATER PUMPING I
AVERAGE INITIAL COST/PERSON(S/PERSON)

56

I
I
I
I
I

VILLAGE
POPULATION

WATERTABLE DEPTH(M)
15 25 40 50

100 1.322 1.425 1379 1.681
200 0.661 0.712 1.131 1 393
300 0.4.41 0.838 0892 1.305
400 0.499 0.628 0.932 1.083
500 0.481 0.690 0.965 1.004

600 0.401 0.643 0.805 1.095
700 0.466 0351 0.899 1.115
800 0.408 0367 0.787 0.976
900 0.408 0.550 0.834 1039

1000 0.434 0.588 0.856 1.004

2000 0.380 0321 0.797 0.963

VILLAGE

POPULATION

WATER TABLE DEPTH (M)
15 25 40 50

100 39.73 52.77 72.32 85.36

200 19.87 26.38 37.99 46.36

300 13.24 20.01 2635 45.13

400 10.84 15.01 28.95 34.7~
500 9.39 17.28 24.63 2835

600 1.83 13.01 20.52 31.52

700 935 12.86 23.28 33.64
800 8.35 11.71 203 29.43
900 7.83 10.81 22.53 31.31

1000 7.41 12.37 23.89 2835
2000 7.04 10.87 20.46 26.42
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DIESEL WATER PUMPING

VILLAGE POPULATION
WATER DEMAND
WATER DEMAND
WATER DEPTH
TANK HEIGHT + LOSSES
PUMPING HEAD
PUMP EFFICIENCY
WATER STORAGE
MAXIMUM PUMP USAGE

RELIABILITY
SPARE DIESEL GEN-SED
FUEL TANK SIZE 3

HIGH

1,000
43.5 LITERS/PERSON (I~’.CL LIVESTOCK /PERSON)
43.5 M3/DAY

1 DAY DEMAND
5 HOURS/DAY

PUMPING
RATE

M3/DAY

PUMP COST EX-BAMAKO (F CPA)
PUMPING HEAD (M)

iS 25 40 50

5
10
20
30
40
80

203,000
224,000
266,000
308,000
350,000
518,000

273,000
294,000
336,000

378,000
420,000
588,000

378,000
399,000
441,000

483,000
525,000
693,000

448,000
469,000
511,000
553,000
595,000
763,000

PUMP POWER REQUIREMENTS
POWERFACTOR

CAPACITY FACTOR
DIESEL GENSET SIZE
GEN-SETEFFICIENCY

COSTSIN BAMAKO
DIESEL GENSET 1,500,000
PUMP 469,700
WATER TANK (AT SITE) 1,081,654
FUEL TANK 150,000
WELL (AT SITE) 16,800
DIESEL COSTAT NEAREST CENTRALDEPOT
TRANSPORT MARGIN 5
INSTALLATION MARGIN 10
CONTINGENCY 5

DIESEL COSTAT SITE
DIESEL GEN-SET O&M
PUMP O&M

AITENDANT COST
LIFE OF GEN.SET(S)
PUMP LIFE

TANK AND WELL LIFE

1.42 KW
0.8

0.60
3 KVA

0.1

1,500,000F CPA

469,700F CPA
1,081,654F CPA INSTALLED

200,000FCFA/M3

56,000 F CFA/M DEPTH
210 F CPA/LITER

10 %
15 %
10 %

15 %

243 277 F CPA/LiTER
10 20 % CAPITAL COST/YR

2 3 % CAPITAL COST/YR

300 500 F CPA/DAY
10 10 YEARS

7 5 YEARS
20 20 YEARS

LOW
1,000
43.5
43.5

25 23M
S SM

30 3GM

60%

S

50%

90 90%
NO NO

3 MONTHSUPPLY

1.19
08

0.75
3

0.15

DIESEL GEN-SEr COST

KVA F CPA
3
5
8

10
15

1,500,000
2,350,000
2,710,000
3,500,000
4,250,000

FEE 10

ANALYSIS PERIOD 20 YEARS
DISCOUNT RATE 10%

(DIESEL FUEL COST
INCLUDES 50 KM

(LOW), 100 KM (HIGH)
TRANSPORTTO SITE
FROM CENTRAL
DEPOT. COSTIS 1/3 F
CFA/LITER/KM)
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DIESEL WATER PUMPING
ANALYSIS

WATER TANK SIZE
DAILY ENERGY DEMAND
DAILY FUEL CONSUMPTION

FUEL TANK SIZE
WELL DEPTH

43.5 433 M3
5.93 7.11 KWH/DAY
3.76 6.77 LITERS
339 610 LITERS

35 35 METERS

GEN-SET
PUMP

TANKS AND WELL

ANNUALIZING FACTORS
LOW HIGH

0 16275 0 16275
020867 026380
0.11746 0.11746

ANNUALIZ~N
5YEAR

G FACTORS
7YEAR

F(LIFE)
IOYEAR 2OYEAR

0.26380 0.20867 0 16275 0 11746

CAPITAL COSTS
ONEDIESEL GEN-SET

GEN-SET(S)
WELL
PUMP
WATER TANK
FUELTANK
TOTAL INITIAL COST

ANNUALIZED COST
GEN-SET
WELL
PUMP
WATER TANK
FUELTANK
O&M COST
A1TENDANT COST

FUEL COST
TOTAL COST
RECURRENTCOSTS
WATER COST

LOW
325,660
69,066

130,748
127,051

7,960
212,636
109,500
334,226

1,316,846
546,861

83

HIGH
390,644F CPA
230,221 F CPA
198,277FCFA
127,051FCFA
22,917F CPA

502,616 F CPA
182,500F CPA

684,018FCFA
2,338,244F CPA
1,186,634F CPA/YEAR

147 F CFA/M3

2001038
LOW

2,001,038
588,000

626,592
1,081,654

67,771
4,365,054

2400338F CPA
HIGH

2,400,338F CPA
1,960,000F CPA

751,626 FCPA
1,081,654F CPA

195,106 FCPA
6,388,724F CPA

I
I
I
I
I
I
I
I
I
1
I
I
I
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DIESEL WATER PUMPING
SENSITIVITY ANALYSIS

AVERAGE WATER COST(S/M3)

VILLAGE
POPULATION

WATERTABLE DEPTH (METERS)
15 25 40 50

100 2314 2.710 3.005 3.201
200 1 323 1.441 1.618 1.736

300 0.923 1015 1.152 1244
400 0722 0.801 0.919 0.997

500 0.601 0.672 0.778 0848
600 0.520 0385 0.683 0.749
700 0.461 0323 0616 0.757
800 0.418 0477 0.634 0.693
900 0.383 0.4.40 0387 0.644

1,000 0.356 0.411 0.549 0.638
2.000 0259

SENSITIVI

0.335 0.438 0310

TY ANALYSIS

NITIAL COST/PERSON~~L!ERSON)AVERAGE I
VILLAGE

POPULATION
WATER TAB LE DEPTH(METERS)

15 25 40 50
100 150.28 131.94 154.44 156.11
200 78.38 7921 80.47 81.30
300 54.02 5438 55.41 55.9~

400 41.69 42.11 42.74 43.15
500 34.22 34.55 35.05 35.38

600 29.19 29.46 29.88 30.16
700 2536 25.80 26.16 26.40
800 22.82 23.03 23.35 2335
900 20.68 20.87 21.14 21.33

1,000 18.95 19.12 19.37 1934
2,000 13.73 13.81 13.94 14.02
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