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INTRODUCTION

Solar pumps offer a clean and simple alter-
native to fuel-burning engines and generators
for domestic wate, ivestock and irigation. They are
most effecive during dryand sunnyseasons. They re-
quite no fuel deliveries, and veryltle maintenance.
Solar pumps are powered by photovoltic (solar
electic) panels and the flow rate is determined by
the intensity of the sunlight,

Solar panels have no moving parts, and most
have a warranty of at least 20 years, Most solar
pumps operate without the use of storage batteres
A water tank provids a simple, economical means
of storage. Solar pumps must be optimally selected
forthe task t hand,in order to mirimize the power
requited,and thus the costof the system.

LORENTZ:

A wide variety of solar pumps is avaiable, 10
meet a wide varity of needs. The purpose of this
booklt s to inform Nemibia’s farmers about the
economic merits of solar water pumping tech
nologies as a replacement for diesel water pumps.
Against rapidy ncreasing diesl fuel prices,volatie
livestock and crop markets and mounting thieats to
maintain agricuhural productivity - can any farmer
seriousy afford not to consider solar water pump-
ing?

This brochure aims at providing the basic nforma
tion to decide whether a solar pump s suiable for
your farm and whether it can economically replace
a pump powered by a disel engine or 2 wind il
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DIESEL - CAN YOU BUILD A BUSINESS ON IT?

To decide whether solar or diesel pumping is more
economical for your farm, everything comes down
o the queston: How much do you have to pay per
ltre of water pumped up?

Thisis expressed by the Urit Water Cost (JWC): the
cost of a specic volume of water that one has to
sell o recover the capital cost, maintenance cost
and operating cost of a pump — over the full Ife
cyce. The toalcost for seting up and operatng a
pump must be earned back by the water pumped.

The two following tables show the UWC for solar
and diesel pumps for a variety of common heads
and dally flow rates. s abvious that diesel pumps
are very high in cost, e low in efciency at small
to medium daily flow rates. Solar pumps, in com
parison, are up 1o 70-80% cheaper than diesel
pumps.

Al calculations are based on a diesel price of
USS 1.30 per e (USS 4.90 per Gallon).
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OMPARING APPLES WITH APPLES

Very often investment decisons are based only on
the costfor purchasing a technology, neglecting the
operational, maintenance and replacement costs.
For example: leaving aside the fuel costs when
comparing solar todieselwater pumps. This skewed

When comparing solar and diesel water pumps in
terms of total costs over the minimum 20-year e
span o the solar panels, one must add the cost of
fuel tha has to be delvered to the borehole forthe
next 20 years, o the costof e diesel pump isel.

eralperception that "solaris expensive”.

SOLARPUMP  DIESEL PUMP

BREAKEVEN PERIOD

This compares *

The initial costs fo th diesel pump are low-
e Not much but every penny counts, daesnt
it

Next add replacement costs. Ths incudes
replacing the dieel pump every 5 years and
the submersed solar pump unit every 7 years.
When these costs are added 1o the intl

costs, the cost for diesel already surpasses the
solar pump.
Now add maintenance costs. For diesel

pumps, as every farmer knows, these costs
ae sigificant. Aeady at tis point the die-
el pump is ice as expensive a5 the solr
punp.

Ading operational costs reflects th e

costs when choosing a diesel pump s a wa-
ter supply technology on a farm. The actuel
allincusive costs over 20 years now stand at
USS 12,750 for a solar pump and US$ 73,750
for a diesel purmp (at todays diesel price)

“Figres clcatd for 3 pumping head of SO and 2 daly

puming lume of 10000 e, Dese el costis USS 1

e (US$ .90 por Galor)and sl pump opeatiog e s 5
oy
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Solar pumps are cheaper than  LIFE CYCLE COST OVER 20 YEARS IN US$
disel pumps over their lifetime, For 50m Lift, 20,000 Litres Flow

butinitial costs are usually higher. Af-  Uss

ter how much time of operaion willa

solar pump be cheaper than a diesel

ol

pump? 5 years? Even longer?hemo- || || =
I

ment when the costs of 2 solar pump.

and a diesel pump for pumping a

given quantity of water every day are  yexs 0
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the same is known as the breakeven  The graph above ilstrates the breakeven points for a specific

point. The breakeven. point depends  pumping configuratons. Given that the breskeven point var-
on purnping height and daily water ies, the table below is useful for determining the breakeven

pumped. point* for

BREAKEVEN POINT IN MONTHS.
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THE FUTURE OF DIESEL

The Namibia Agricuhural Union estimates that die-
sel water pumping, together with lck and nterest
rates, contrbute 35 to 40% of operational expens-
es ofafarm. Naturally, as diesel fuelprces increase,
50 do overheads.

How stable s the diesel price? Well reflcting
on hisorial ol price data shows a steep upward
vend. During the past 10 years disel prces have
increased by 20% in average. n 1999 a ite ofdie-
sel cost USS 0.25. By 2008 prices are as high as
USS 1.30 per e (USS 490 per Gallon)

causing a additional demand for ol and will keep
prices high o even increasing in future. It s expect-
e that peak il producton will be reached around
2007-2010. Afterwards less and less oil will be
available to refine, no matter where drillers look.

Unilke i the past, majo word o reserves are not
in the hands of big ol companies anymore, but in
the hands of countries and govemments. That turs
0 a poltical commodiy, with a growing risk
that ol supply i used as polical weapon. This

Experts say: Countres ke China and India, home
of about 50% of the warlds population, are devel-
oping ther industries and grow at fast pace. Tis is

NAMIBIA DIESEL PRICE

The price of diesel wil rise and remain vola-

tile. Solar pumps are the answer.
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pump

non-return valve

helical rotor

dive shaft

Thereis a large vriey of soler water pump types in
themarket. The most common types of mechanisms
are

 helicalrotor (mono)

cntifugal
« pistonor daphragm

The most simple and robust pump ends are the
mono or helical rotor type pumps with only
one tuming part: a rotor tuming in a ubbe staor,
They are @ good chaice for daily flows of 610 20m*
for medium to igh s (50 0 150m).

Centrifugal pumps are very economical for shal
ow to medium its (up to 80m) with large flow
ates

Piston or diaphragm pumps are much more
complex with 2 lot of moving parts. Ustaly they
tequire ol lubrication insid the pump which might
be a potential sk in a water well. ypicaly they
are used in ow volage (24-48V) appliatins with
smal daily flows (up to Sroiday) for lifs up to
150m (max. 2miday).

centifugl type pumps

LORENTZR

SUBMERSIBLE MOTORS FOR SOLAR PUMPS

Solar Power i direct curent powet also called DC
Hence DC mators are used most commonly. DC
motors can be up to 100% more effcient
than AC motors of the same size. Unlike AC
motors, DC molars use permanent magnets which
are responsible for the large efiidency advantage.
Due to ths advantage, solar purp systems below
4-5KW tpically use DC motors

Double efficiency means: you need only half the
power for the same performance, accordingly
You can work vith a much smaller solar generator
than you need for an AC system. The solar genera-
toris the most expensive part of the system and
usually accounts for 70-80% of the total system
st

There are two different types of DC motors that if-
fer a lot: Brushed and brushless DC motors.

Brushed DC motors have stall carbon
blodks that are called brushes. They are
needed to eate the turing fied to make
the motor rotor spin. They wear out and must

be replaced after some time. Brushed motors
must be airfilled in orde to make the carbon
brushes work; othevise ashort ircuitwiloc-
ut I the motor shat sea o any other motor
seal fails the motor will be damaged and can-
not b repaired

Brushless DC motors do not use these
brushes. The brushiess motor concept is the

answer (o these problems and was developed
about ten years ago. They do not need rei
able sels— in st cases they are water filed
anway! They where designed to be mainte-
nance-free for many years and as eliable as
AC motors ae.

A COMPARISON OF THE ADVANTAGES OF THE DIFFERENT MOTOR CONCEPTS

Motor Motor filing ___ Efficiency Maintenance __ Reliability
AC water or ol verylow low very high
DC with brushes__air High very high ow

DC brushiess water very high [ very igh
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SUBMERSIBLE SOLAR PUMP

LORENTZ:

The pump is mounted on a submersile motor ard
issubmerged below the waer level i the borehole.
Electrcy i providc by asoler panel aray instaled
within a close distance from the borehole.

Attached to the submersed pump unit are a plastic
water pipe made of P, an electc able, an elecic
water sensor and a safety rope. Sold stel water
pies are not requred. As a resl,installtion and
extraction of the pump unit s simple and fast

The pump's operations are regulated by an elc-
onic controller, which initiates sarting and stop
ping, and monitors the water leve,

For the LORENTZ pump the controller is installed
above ground, while for the Grundios pump the
contoller i integrated with the pump uit and thus
inthe welllocated beow the water level.

Solar pumps can be owered down
0depth of up to SOm within minutes,
deeper installations can be made with a trpod

LORENTZ

WINDPUMPS VS. SOLAR PUMPING

Wind pumps are the pioneering technalogy of we-
ter pumping. I the 1990 there were an estimated
30,000 wind pumps installed in Namibia. The tech-

Against that,  solr tomain
tain. It can be pulled up in 30 minutes. A spare
pump end or motor s replaced in 15 minutes. 20

nology h

Wind pumps have asimilar lfe span as sola pumps
and are able o deliver water from depths of about
120m. Daily flows fiom depth greater than S0m are
typicaly consideraby les then 10m* pr day.

Although only basic technical skils are required,
wind pumps are work-intensive to maintain. Typi-
cally a maintenance takes.three days. Gne day
alone is needed to pul the pump up and take it
apart in order to know which type of cylinder is
used. The variety is very large, so spare parts can-
not be ordered in advance. A second day is needed
o get the spars, a third 0 reassemble the. pump.
Maintenance of the roto, e.g. exchange of blades,
and o the gearbox s a dangerous job, 2 you have
1o climb and work on a 15m high tower.

A tansformed windmill
installation with
solar replacement pump.

FINANCING A SOLAR PUMP

Whether you wish to purchase a single pump, or
replace alof your diesel pumps in one determined
swaop, the queston of how to finance such a
purchase i itca. The following insttutions are
geared towards providing loans for solar viater
pumps:

Before you approach a financi

of your choice:

« Know your borehole specifications You
need 10 know the water level and daily pump-
ing volume for each borehole you want to
comertin oder t obtan quotaions from the
supplirs.

Have a chat with solar suppliers Arange
an appointment with diferent supplers Take

your time when consulting with them. Discuss
general vater and solar isues as well. Ask
about warantis and afersales service and
negotiate fo the best price. Obtain a witten
quotation when satifed.

Consult with financial institutions With

your quotation at hand contact the financial
insttutons and request a loan. Compare foan
iteia and  negotiate for better conditons.
‘Complete the loan applicaion form when sat-

¥ the pump back nto
the welland get it started again.

Solar pumps areless expensive than windrills, are
easierto install and provide a more consistent sup
Pl of water This is especialy true in areas where
wind may be seasonal and incansistent.

A solar pump produces its highest volume

of water when water is needed the most

when the weather is sunny and hot!
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WHAT ABOUT CASH FLOW?

LORENTZ:

does NOT consider:

butaloan
must be repaid. I the cash saving on diesel fuel
suffcent for repaying th loan for the solar pump?
The calclation below compares only the actual
cash expenditure fo diesel uel

DIESEL INSTALLATION

o puchasing the diesel pump
« colleting and transporting the diesl rom the
nearest depot

travelling on farm rcads to the borehole

wear and tear on you pick-up
time spent

SOLAR INSTALLATION

Diesel fuel consumption 0.8 litres per hour  Total cost of solar installation US$ 6,875"
Duration of pumping 5 hours per day, every day  Interest rate. 10% per annum
Diesel consumption 120ives per month  Depesit 10%
Diesel price US$ 1.30 perlitre  Loan amount USS. 6,187.50

USS 4.90 per US-Gal. ~ Loan duration 5 years.
Diesel costper month  about USS 156 Monthly repayment about USS 130

The diesel fuel savings alone, against a
market-related loan facilty,are sufficient to
cover the loan repayment. And interest paid
on loans is tax deductible from your income

statement,

* Calte o 2 LORENTZ S seis ump ot et pices (-
cuding 15% VAT 3 o Jnuary 2008 for 2 pumping head of
50mand dai pumpig volune of 10.00 e,
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SOLAR TRACKING FOR SOLAR WATER PUMPS

A solar tacker is a PV rack that rotates on an
i to face the sun as it crosse the sky. It i well
known that solar tracking wil increase eneray eld
by 25:50%. Forsolar pumping,

Water distribution for PV-direct irrigation So-
laririgation can be pracical without storage device,
in some sitations. The sail tsel stores water dur-

greater gains and benefis that can greatly reduce
system cost.

Optimum yield during the peak watering

y
10 achieve uniform water distribution. When water
flow i reduced, a sprinklr just makes a puddle. A
ench or drp lie feeds only the fist few plants,
or the lowest ones. A tracking array minimizes the

season tof smaler
less expensive system by increasing performance
whn the most waer i needed - during long sunny
days of the growing season. This i most appropri-
atefo agricuural and seasonal summer uses.

Prevention of pump stalling Many soar pumps
experence a disproportionate drop in performance
wehen the sun s at moming and

periods of reduced f solardirect i

distrbution an opton for iy sumy regions.

Expediting the design process  The tracking
decision as a handy variable in the design proc-
ess. Often you find a system that produces a litte
it fss than s needed, but the next larger system
costs much more. A tracker is a low-cost means to

late afternoon). When the PV array output is less
than 50%, a centrfugal pump may produce insul-
ficent centifuga frce to achieve the required i
By causing the pump to run at ful speed through a
whole sunny day, racking can often DOUBLE the
daily water yield.

moming noon

When not to use a tracker Tackingis leasteffec-
tive during shorer winter days and coudy weathet.
If the need for water is constant during the year
or greatest i the wirter, o f the clmate i very
cloudy, then it may be more economical to design
the system with more solar wats and o tracke.

evening
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THEFT PREVENTION FOR SOLAR PANELS

The theft of sola PV panels is often cited as a rea-
son for farmers' being reluctant to invest in this
technology. Here are some suggestions formiiiz-
ing the is of theft:

Try to establish a permanent presence
at the water point or pumping installtion by
erecting a labourer's home there. Thiswil aso
felpto control poaching andior stock thet. By
incorporating the instalation’s solar panels,
this residence can in some instances be elec-
trfed to0!

Mark the underside of the panels with
the farm name and contact details in nor-

removable paint. You can paint the entire un-
derside in your favourite colours. Ths will be
hard work for  thief to clean oft.

+ Keep records of serial numbers of all
panels This s proo tha the panels are yours
when they are recovered, or when you place
aninsurance daim,

« Put a fence around the PV installation!
O plant a solid wall o cacti or ial that can
only be crossed with a removabl arched lac-
der.

« install the panels on six meter steel
poles with  large concete block a foun
dation, guy wires for anchorage, and fill the
inside ofthesteel pole with cement, it razor
wire undeeath the panels. This also detes
baboons fom plaing ot tampering with your
assts

But above all. make a plant You would not
leave your car parked i town with the key in
the ignition; you would ot let your stud bull
voam feely o a public r0ad. o, do not leave
salar panels exposed in the field without at
east making it hard for thieves.

Efective thef protecton: Panel and tracker
fenced in and protected by barbed wite
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