= L2 oy

@

&Y

. olpled glecs s )
C g B a6 Hlw ddags &5

uliou/ GLa.)L:.u u)LL:.:u.?uM...La .9 FLL:.: 0)5).:

10395 Olgne

G39biS sLoly 1o LT 55,15 9 G yes 9 50L b s5 51 3l oolisiw! (Gl 5590 95T (omw )y

ek o0l Olge

G39LS 6l ol j0 (4T 35,15 9 (Guio 95 Loy e

Ja.wg.:

Lol y o Lol
)y (G (e

(Cnio (250 )3 (655l 5ludinge 2o0)
S e plwln (wadge

(B! Slawals 5 Sl 50 65501 (6 jlutings )

VWA Y/ s s g,



039, dolawlll

0395 olge
63,50 sbaolz ;o o)1 5,8 5 (s 95 5 63b slas) 5l 5l oolitul slas5sl9aSE () 2

oj9x €

o395 slyx! Jomo

S0

Lol y v Ll
(Soto (iu 55 6551 Silwdinty poe) iy Gk (odige
(Bl Dl 5 S5z 1o (63,31 53ltintr osdy) S ybee Slols i

U“’)‘; O)Ln.o:::
ﬁ)LQ-?

o135 olee
SyskeS o olz )0 T 0,5 5 (gund )55 Sleey piaens

00135 ol bejey b iy duoyo
Voo



o9l aade )
oy 35515 (BT Bk bl oo (s dngline 5 (65, (g odee glie 5l (S a5 o)l (655
S 95 2 5l 08 Ggedes FIV a8l 2 50 allige Jlo )Llee VE Sl s (6550 ae (l jes 00l p3Le
L Slss oS orl il ey oz plp 50 YTY S50 a5 0l jo5 oy @ a2 b 09800 R 551 &
G208 4 parie Gdnb )93 (65510591 Dlaa sl Jlu 0)llis O b (65! ki aie ol Glgs oo
il aBlioe e 59 S92ge Slas) il (sabed (ol e g Sl oz 50 pdiand 655 e
4SS ol ;58 005 R 6551 50 JSA 4 WIS o et i€ 5 i )50 (D55
5L 35 g5l S e 80 v odwdiygn ol 5l s 45 Cond (glo3hl s (ye b s 457
A5l 0g2g b .l 00 (g0 05 (Blie 35k 4 (600y55 (651 5 a3 U ko 5o S g |y slex
ez Adgl ai 99 Yo (g o5 ead aSlid (g5 4 43S (398 )0 ()] bl 5 s 35
L 0gm oad Loyt opl S yien ol o [ 500 Byl 3l 5 518 g cii as e g B)b SO 5l oot
gl aliis 4 Lol jeome Jaio 4l ing gle,elS A ol celb VAYY Lo jo cil G858l oSGl
S35 ol mas o alel S 4z (hed SleiS g ooliital 1 118) K00 slael 5l (55!

Wl e a8 058 s oolatul caliSie byt bawsi (s345)55

2y g o ( S G jlas slp i e Sl 65,00 5l eolazwl v

CSldsgisd slo Joko pb 4y Sy dliwgy s 5S4y 0l 55 slogs ) puitinns Joos v

3559 5p sk ol Sty i slo Jsho baugs 50ty 5350 5 eoliinl s 55,05 G5 ol 2
JYSER UL D PR PSSR | VIOV AW RIS VI U SRR VLS C VAP L SR CL oS fWPE '(PV) Sl
o3lail 4y (zge Jobo oS 0l yo3 555 5l 9598 o AT WyT oo L 50 (551 sle (gisd Djge ]y a9

LSis oole sla ol 511, oy SN S Wilgy oo il (65,0l 51 b JBlas (sl lo g ol asils obigST SIS
oloyz il e Jlae 0 ES > bla g il 06l dly piaews () 50 (gl 3T .00,5 lax PV oains
Jlw g acils o205l as,0 ¥V ogas VAYS Jlo 0 PV lo Jolw 0 5 plamlaass sl 1) (S xSl

[\] S o».&,:.w) M)\) VY Sgd> aQ uy%«m LJ"‘ GQQ)L’Y”Q

Photovoltaics
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System Type Advantages Disadvantages

PV Powered System +  Low maintenance + Relatively high initial cost
*  Unattended operation *  Low output in cloudy

+ Reliable long life weather

* No fuel and no fumes
+ Easy to install

*  Low recurrent costs

+  System is modular and

closely matched to need

Diesel (or Gas) Powered | + Moderate capital costs + Needs maintenance and
System - Easy to install replacement
- Can be portable - Site visits necessary
+ Extensive experience +  Noise, fume, dirt pl‘OblElﬂS
available * Fuel often expensive and
supply intermittent
Windmill + No fuel and no fumes + High maintenance

Potentially long-lasting
Works well in windy sites

Seasonal disadvantages
Difficult find parts thus
costly repair

Installation is labor
intensive and needs special
tools
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Helical rotor water pump "

Solar photovoltaic water pumping system (SPVWPS) "
Solar PV array

Charge controller °

Pump controller”

Inventer "
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Sun

Pressure
Charge Controller Pump Controller - gyyitch Wt exomge Tan
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Pressure Tank

Battery Bank

Gound Level
water Level

Borewell —§

Submersible Pump
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Distribution Line.

Pump Controller

Drinking Water
Main Water Storage Tank

For Livestock

Solar PV Array

Garden Sprinkling System

| Gound Level
BGTQWE" -4 I 1 WaTEI' Le\fel

E Submersible Pump
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PV Module

/Pumping Inverter

3 Phase AC Voltage

DC Voltage "

Borewell — | l—.
ul

Submersible Pump __

AC Motor
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self-synchronous machine ™
Permanent brushless DC motor (PMBLDC) "
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Percent Full Power Throughout Day
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Tracking —Stationary
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Irradiance Water demand ‘Water source
conditions (consumption) [(Well configuration)

| I

Option: additional user
defined parameters

Available hardware
{Equipment) data:

<

Compilation -
Selection of E— generator

lteration steps (if necessary)
components

------------- !’ according to demand
and local conditions

{system optimisation)

Design day

PV array configuration

Options (" a, xiliary

equipments
Waiter tank
Battery
Pipe work {if applicable)

Motor! pump
unit

Yield
Assessment

Cost —benefit
analysis (options)

!
-

&

v v

Presentation of results
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1994 1996 1598 2000 Total

Total per year
kW installed 18 169 26.4 2.6 1011
Mumber of system 6 24 29 3 206
Direct beneficianes 482 1511 3009 37 9389
AVETIZE PeT year Average
System size, Wp J00 T4 446 214 491
£/ 1618 13.94 14.57 10.86 14.69
MREP Cost-Share TH1% 829X 41.5% 15.0%8 516%
Mexican Cost-5hare 219% 171% 58.1% 85.0% 42 5%
s %
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The Diesel refers to flow rates and heads that are not yet available for PV pumps.
For higher heads or higher flows, the diesel pump is the better choice.
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USA Banglades
(Developed country)  (Developing country)

PV module 64.5 77.3
Support structure 2.9 0.9
Controller 2.9 34
Transportation (per year) 1.1 0.3
Motor/pump 10.8 12.9
Installation 14.3 3.4
O&M (per year) 0.7 0.2
Accessories 2.9 1.7

Total Cost (US $) 6980 5830
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Encrgy source Estimated capital cost Operation cost  Maintenance Life span (year)
PV system S6.8/Wp None Low 1015

Electric utility S22/W 5-13 ¢ [kWh Low NfA

Gasoline Generator  S2.5/W $0.6/kWh High 510
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Country Purview of work Conclusion
India Studied performance of 7 solar PV Solar PV pumps can replace hand
pumps installed at 7 different locations pumps to meet water demand at all
Installation site
Sudan Conducted long term and short-term Solar pumps found suitable and reliable
test on SPVWPS to check their for meeting water demands in the
suitability to meet water demand for village of Sudan
drinking and
irrigation
Australia Investigation of efficiency and For optimal performance of the system,
performance of SPVWPS quality of load and PV array size
experimentally and numerically. should be properly matched
Nigeria Conventional AC water pump was Solar PV pump's performance was
replaced by solar PV pump and it is found satisfactory to meet
suitability evaluated water demand of 20 m® /day
Germany Pilot project by GTZ Germany to Solar PVP system can suitably replace
demonstrate capability and technical diesel engine based water
maturity of PVP systems and to pumping systems for Community
increase their costeffectiveness drinking water supply system
US.A Performance study of 02 identical solar Cost of tracking system did not justify
PVP systems with and without tracking increase in quantity of water pumped at
system given head
Brazil Investigation of performance of Cost of water pumped (m° /day) by
SPVWPS withfixed, tracking and tracking system reduced by 7.\ 4 and
g:g;'gg) ;N'th concentrating byVtrough with that concentrating system by 48%
compared to fixed system.
Algeria Comparison of performance of single Single stage PV pumps showed high
stage and multistage centrifugal solar efficiency for low head application
PV pumps whereas multistage pump had high
efficiency for high head application
Fiji Development and testing of model to /.Adeviation found betweenflow rate
predict daily volumeflow rate from PV oredicted by this model and
pump :
experimentally measured value
Brazil Application of utilizability method to Maximum deviation of only 1.7%

predict daily volumeflow by solar PV
pump

observed between pumped volumeflow
and that from long simulated 10-year
solar radiation time series
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Sudan investigation of the technical and SPVWPS was the most feasible
economic feasibility of solar solution to meet water requirements
PV water pumping system to meet the considering meteorological conditions
water requirements for drinking, of the Sudan
livestock feeding and irrigation purpose
Spain Investigation of effect of installing Solar PV water pumping system is
SPV pumps in the 18 villages of south most effective and sustainable mean to
Morocco meet water requirements
India Design and testing of SPVWPS to Excellent performance of the system
supply water to an orchard reported. Payback period of 6 years
reported
Tunisia Investigation of the effect of solar Under constant solar radiation
radiation on the performance of condition, pump performance
standalone SPVWPS, both theoretically dependence was more on radiation
and experimentally
Tunisia Studied the economic viability of Nomadic could get water at one place
SPVWPS to fulfill water requirement and settled.
of nomadic of deserts of Tunisia
India Investigation of impact of employing use of solar water pumps in domestic
SPVWPS in every household of city applications lead to energy savings,
reduced peak power, reduced losses
and hence improved efficiency of
transmission and Distribution of
electrical energy
India Study to establish the relation between discharge increases with radiation and
the discharge rate and radiation and the vice versa in same pattern.
relation between efficiency and the Furthermore, with the increase of
output of SPVWPS output the efficiency also increases but
does not follow any regular pattern
Nigeria Development of an empirical model for This model reduced the data
SPVWPS acquisition and computation period and
could be used to estimate the cost of
owning SPVWPS in
poor developing countries like India,
Bhutan and Nepal
Egypt Feasibility and economic study of SPVWPS used efficiently for water
SPVWPS for remote areas of Egypt pumping in agricultural sectors. Their
operating cost is also low compared to
like diesel engine water pumping
system
Algeria Suitability for irrigation of crops like SPVWPS could easily pump sufficient

wheat potatoes etc

water for small-scale irrigation with an
area smaller than 2 ha
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Country Types of motor used Conclusion
Australia  Brushless DC motor. Improvement in efficiency of SPVWPS reported.
Oldenburg Asynchronous AC motor and Brushless DC  SPVWPS using brushless DC motor was superior and more efficient than the
motor system using conventional ASM.
India Permanent Magnet Brushless DC Cost of drive system to drive SPV pump has reduced using PMBLDC. Efficiency of
(PMBLDC) SPVWPS was more even at low value of solar radiation.
| India DC motor and permanent magnet DC PMDC motor base SPYWPS was more efficient than the conventional DC motor
motor. based water pumping system.
Egypt DC motor and induction motor. Induction motor gave more mechanical power by drawing more power from PV
array and hence efficient compare to DC motor.
India Permanent Magnet Brushless DC PMBLDC motor is more efficient and less costly.
(PMBLDC)
Tanzania  Permanent magnet DC induction motor Pumping system using permanent magnet DC (PMDC) motor had more efficiency
and AC induction motor. than the system using induction motor (IM).
Algeria ASM SPVWPS using asynchronous motor found suitable to fulfill drinking water
demand and irrigation water requirement of small crops in Sahara region.
India Permanent magnet DC motor PMDC motors performance is affected by variation in solar intensity and cell
temperature.
Jordan Induction motor Overall efficiency of SPVWPS found to increase more than 3% by using induction
motor.
Algeria Permanent Magnet Synchronous Motor ASM machine drive and speed controller had shown good transient and steady
(PMSM) and ASM state performance.
[4] s Wggi 9 Shens (s w31 odlisius! ausro o § 9 (oLassl &l i1 :(F- ) Jgam
Country Study type Research findings
Ireland Economic viability Mismatch between water demand and supply patterns have a major effect on economic viability of the PV

pumping.

India Techno-economic Payback period of less than 4 years with huge savings over 16 years.
analysis

Algeria Economic analysis PV surface pumps to supply water can contribute to socio-economic development in remote Sahara regions.

CGreece  Economic and PV pumping systems are economical viable options for water consumption needs of remote communities.
environmental analysis

India Financial evaluation PV pumping systems are viable option when sufficient incentives are provided by government.

Mexico Economic analysis Economically viable PV water pumping systems gained foot hold and changing the face of water pumping in

Mexico.

India Environmental and Capital cost of PV pump, its useful life, price of fuel substituted, and discount rate on the unit cost of CO5,
economic analysis emission mitigation are of importantance for solar pumping promotion

Iran Economic analysis Considerable savings are observed in PV water pumping system as compared to conventional systems.

UsA Rural water supply Investment payback for PV water pumping systems is averaged about 5-6 years

Brazil Irrigation Negligence of local specificities and technology transfer methods cause PV water pumping systems failure.

UsA Rural water supply PV water pumping systems reduce CO; emission considerably over its 25-year life span.
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