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Figure 41 Average PV output voltage of each month.
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Figure 44 Average AC power of each month.
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Figure 45 Average frequency of each month.
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Figure 47 Average pressure of each month.
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Figure 50 Average flow rate of each month.
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Figure 53 Average inverter efficiency of each month.
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Figure 55 Average system efficiency of each month.
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APPENDIX C
Calculation and Data Analysis

The objects of this part want to find the efficiency of system and each part by
the metrology in chapter 4. For the example, this part will use average data on April
1998 to calculate and analysis for short-term analysis, average data from March to
Tune 1998 for middle term and all data for long term. Because of system started to
collect data on 3 October 1997 and finished on 30 September 1998, Moreover, the
mean time range to collected data is 10 minutes. So, there are many data per day, and
thirty times in monthly. In this report will use data that start to collect at 7.00 until
18.00 that is the sunrise time and the sunset time approximately.

C1 Data analysis

In long-term analysis, it will use the average data from 3 October 1997 until
30 September 1998. Moreover, the mean time range to collected data is 10 minutes.
So, there are many data per day, and thirty times in monthly. Tn this report will use
data that start to collect at 7.00 until 18.00 that is the sunrise time and the sunset time
approximately.

Table 21 The average collected data from 7.00 — 18.00 from 3 October 1997
until 30 September 1998.

Parameter Symbol Amount Unit
Global radiation Gr 452.926 Wm*/day
Tilt angle radiation Grite 484.464 Wm /day
Sum global radiation H 1809.63 kWh m?/year
Sum tilt angle radiation Hrixe 1904.53 kWh m?/year
Ambient temperature TA 31.072 °C
Cell temperature Tc 45,548 °C
PV output voltage Vpv 122.184 A"
PV output current Ipy 1.561 A
AC power Pac 170.013 W
Frequency 1 17.117 Hz
Pressure 1 B 0.128 Barr
Flow rate 1 Q 0.376 m®/10 min

C1.1 PV gystem

For the PV system, the efficiency can find by used this formula.

nPV = Toy %Vey N (s5)
Grye % Apy
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When,

nev  is efficiency of PV system
Ppv  is PV output power, watt
Ipvy  is PV output current, amp
Vey  is PV output voltage, volt
Gry s tilt angle radiation, W/m?
Apy 18PV area, m’

For example, use data at 12.10 on 16 Aptil 1998 to calculate and find the npv
by these methods.

The power output from PV can find by use the Chm’laws that is
Py =Ly <V
From above formula, the PV output power is.
Ppy = 1.561 x 122.184
= 190.73 W

So, use this number find the efficiency of PV system or Mev from above
formula like this.

When,
Ppv  is PV output power = 19073 W
G is tilt angle radiation 47653  Wim’®
Apy isPVarea =0.825x0.53 0437  m’/module

it

From table 4.2.2, the module area is 0.437 m* and in this system there were 16
module. So, the total area of PV module is 0.437 x 16 = 6.992 m*.

i

190.73 x 100 %
476.53 x 6992

Tpv

= 57 %
The efficiency of PV system for one year is 5.7 %.

C1.2 Motor and pump system

In this system combined motor and pump part together, because there was no
measurement of torque and speed of the motor to calculate the power output of the
motor. To compute the efficiency of the motor and pump subsystem, only measuring
power input to the motor and the hydraulic power of pump is needed.
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We can find the efficiency of motor and pump by used this formula.

_ by _pgH, QO (C3)
M ===
Poy Loy %V
When,

p is the density of water = 1,000 kg/m’
g is the gravitational acceleration = 981 m/s’
Hr is the total head, m
¢ is the flow rate, m*/s
Pac  is the AC power = 17001 W

From figure 4, there are two pipelines go to two place of tank in the village.
The Q; is the main pipeline that divided to Q; and the other pipeline. So, we choose
the Q; for calculation and analysis.

Because of this system was collected data every 10 minutes, we can change
the volume into the flow rate of m*/s unit by multiplying with 1 / (10 x 60) that is the
second unit. So, the flow rate of this example is

Q; = 0376 x__1 = 0.00063 m’/s
10x 60

For the total head can find by this formula.

HT:HS+HF ....... (C'4)
When,
Haatic is the static head, m
£ 0 is the friction loss in the pipe, m

The static head is the different height from the bottom of pump to the top of
the tank that compose of the suction lift, the static delivery and the height of the tank.
From the picture diagram of system below here, we can know the static head like this.

Figure 56 The static head diagram of system.
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From figure, the suction head of the system is the total height from the bottom
of the pump to the top of the tanks. When, the suction lift is the height from the
bottom of the pump to the edge of pond. The static delivery is the height from the
edge of pond to the bottom of tank or the height of land in system area.

In this report, the suction lift can find from collected data of water level that in

barr unit. And, delivery head can find from pressure at point 1 in figure 4. Both values
can find from this equation.

s Lo~ (C-5)
PE
When,
p is the density of water = 1,000  kgm’
g is the gravitational acceleration = 981 m/s"

But water level and pressure era in barr unit. So, 1t needs to change them into
Pascal (Pa) unit by multiplies with 10°.

Therefor, the suction head is.

Hg = 0.152
1000 x 9.81
= 1.55 m.
The delivery head is.
Hy = 0.128
1000 x 9.81
= 1.3 m.

Therefore, the static head can find like these.

The suction lift = 155 m.

The static delivery = 13 m

The height of tank = 3 m.
So, the static head or Hg = 585 m.

In system, the pipeline is PVC type with 1.5 inch of dimension. And, the
length of the pipeline 1 and 2 were 900, 300 m. So, the total length of both pipeline is
1,200 m. This length is very long for pipeline that caused of friction loss in pipe. The
friction loss in case of very long pipe can find by Hazen-Williams’law that define as.
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Q1.85
HF = 10666LW ....... (C‘“G)
When,
Q is flow rate, m’/s
C is the coefficient of pipe (for PVC is 150 per 100 m.)
1. is the length of pipeline, m.
D is the dimension of pipe, m.

The dimension of pipe can find from the handbook of practical tables & data
for building construction that is 0.0448 m. of inside dimension.

Therefor,

10.666 ( 0.000627) % 1231
(150) "% x (0.0448)*"

i

Hiet

= 538 m
Now, we can find the total head by:
Ho+BHY K N\ EBE (C-7)

= 585 + 5738
= 11229 m.

Now, We can find the efficiency of motor and pump by used this formula.

mne = _pgHrQ x 100%

Pac
When,
) is the density of water = 1,000 kg/m’
g is the gravitational acceleration = 9381 m/s?
Hr  isthe total head = 11229 m.

0.00063 m’/s
170.01 Walts

Q is the flow rate
Pac  isthe AC power

o

Therefor,
e = 1000 x 9.81 x 11.229 x 0.00063 x 100 %
170.01
e = 40,6 %

The efficiency of motor/pump is 40.6 %.
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C1.3 Inverter part

The remaining component models of the pumping system are described on
base of the electrical power. The power losses caused by the inverter are determined
from self-consumption, power losses linear to the output power (due to voltage drops
on semi conductors) and power losses to the square of the output power (ohmic
losses). Thus, the output power Pac is achieved from

2
P Ly — ZaiPiAC ......... (C-8)
=0
When,
Ppy  is input power from the PV array '
ai is the coefficients that are determined to
ag = 7.32
a1 = 9.727x 10°
a = 2.432x 107

In this report, the data logger was calculate the AC power already. So, the
efficiency of inverter can find by definition that the output power multiply by the
input power. It can write the formula like these.

nmwy = output power = Pac x 100 %
input power Ipy x Vov
When,
fey  is efficiency of inverter
Pac isthe AC power = 17001 W
Ipy s the PV output current = 1.561 A
Vpv s the PV output voltage = 122,184 'V

The inverter efficiency 18.

Ny = 170.01 x 100 % = 89.1%

122.184 x 1.561

The inverter efficiency is 89.1 % or 0.891.

C1.4 System Efficiency

The average efficiency of the PV water pump system is defined as:

H.Q
Moy = pE . (C-9)
Gy % Apy
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When,
p is the density of water = 1,000 kg/m’
g is the gravitational acceleration = 981 m/s®
Hy  isthe total head = 11.229 m
Q is the flow rater = (,00063 /s
Gy s tilt angle radiation = 476.53 W/m®
Apy isPVarea = 6.992 m®
So,
nev = 1000 x 9.81 X 11.229 x 0.00063 x 100%

47653 x 6.992
= 221%
The system efﬁcienéy is about 2.1 %.
C'1.5 Referents global irradiation, Heer
The referent slobal irradiation

The referent global irradiation used for finding the time with comparison the
radiation at standard testing condition (STC), that equal 1000 W/m’.

Therefor,

Hes = 1809.63 KWh/m* = 180963 h
1000 W/m*

The referent irradiation from 3 October 1997 until 30 September 1998 that
compares with the radiation at standard testing condition or STC, is about 1096.22 h.
In daily, the radiation change every time because of it effected by cloud, sun position
and other effect. So, the referent irradiation use for tells the irradiation time on daily
by compare with the radiation at standard testing condition or STC. The value that
gets from comparison is the average irradiation time value on daily, month or year
upon the time set.

The referent tilt angle irradiation
The referent tilt angle irradiation used for finding the time with comparison
the radiation at standard testing condition (STC), that equal 1000 W/m’,

When,
Hief is referent tilt angle irradiation, h
Horae is tilt angle irradiation sum = 1904.53 kWh/m’
Gstc is radiation at standard testing condition

= 1,000 W/m’
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Therefor,

He = _1904.53 KWh/m? = 190453 h
1000 W/m®

The referent tilt angle irradiation from 3 October 1997 until 30 September
1008 that compares with the radiation at standard testing condition or STC, is about
1099.29 h.

C1.6 Referents yield, RY

The referents global yield
The referents global yield is look like the referent global irradiation that used for
finding the time with comparison the radiation at standard testing condition (STC),
that equal 1000 W/,

When,
RY s referents yield, h
0 is amount of day = 358 day
H is irradiation sum = 1804.63 KWh/m®
Gere  is radiation at standard testing condition = 1,000 W/m’
Therefor,
RY = 1 x1804.63 _ kWh/m’
358 x 1000 day x W/m
RY = 505 h

The referents yield from 3 October 1997 until 30 September 1998 is about
3.062h

The referents tilt angle yield
The referent tilt angle yield is defined as the same of referents clobal yield.
When the sum tilt angle radiation or Firix is equal 1904.53 KWh/m”.

So,
RY = 1 x 1904.53 KWh/m®
358 x 1000 day x Wim’
RY = 532 h

The referents yield or average solar energy per day from 3 Qctober 1997 until
30 September 1998 is about 5.32h.
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1.7 Nominal Power

The nominal power is the value that uses for calculate the power of PV
module.

When,
PronmaL is the nominal power, KWp
k is amount of module 16 module
Prate, modute is the module power at STC = 0.055 kWp

il

Therefor,
Px = 16 x 0.055 = 088 kWp
The nominal power is 0.88 kWp or 880 Wp. |
C1.8 PV module efficiency

The PV module efficiency can find by the formula in chapter 3.

When,

TSTC, module is the PV module efficiency at STC

Asmodule is the module area = 0437 m’

Gsrtc is the radiation at standard testing condition

= 1000 W/m®
Therefor,
TSTC, module = 0.055 kWp
0.437 x 1000 mx Wxm”
= 0.126

The PV module efficiency is 0.126 or 12.6 %.

1.9 Nominal Energy

The nominal energy is the value that uses t0 find the energy of PV module. 1t
can find When, Hris the tilt angle radiation on module that equal 476.53 W/’

Therefor,
Ex = 190453 x 0473 x 16 x 0.126
= 1816.1 Wh

The nominal energy is 1816.1 kW.
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C1.10 Utilizable PV Energy

In operation, the value of utilizable PV energy will find from the energy that
use or energy loss in the system. In this system, the energy that use or energy loss 18
the power that inverter used.

"When,
Epv, use is the value of utilizable PV energy, kWh
Pac is the AC power and energy power, kWh

So, the utilizable PV energy of this system is the total of used power of inverter
that is 170.013 Wh.

C1.11 PV system performance number

Normally, the performance ratio will calculate in monthly or yearly. The
performance ratio will equal 1 when the system works at the standard condition and 1s
not have the energy loss. In long term, the value of performance ratio is lower than 1,
but it is short term that the performance ratio is near 1. The performance ratio can find
by this formula.

E
PR = LA |\ NI /. S (C-10)

HTILT * Amoé ule X k X nSTC, rood wle

The global performance ratio
From above calculation, we can find the performance ratio like these.

PR =5 679.49
180963 x 0473 x 16X 0.126

= (0.3%4
The performance ratio of this system is about 0.394.

The tilt angle performance ratio
From above calculation, we can find the performance ratio like these.

PR = 679.49
1904.53 x 0473 x 16 X 0.126

= 0.374

The performance ratio of this system is about 0.374.
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C1.12 Final yield

A daily rated operation time, final yield defined as reference yield that is.

o L S (C-11)

nx Py

When n is the amount of day that consideration.

Therefor,

A | 1 679.49 Wh
358 x 0.880 day x Wh

= 2.16

The final yield of this system is about 2.16.
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Appendix I
Simulation method

from collected data and analysis, we can find the simulated equation by
relation of parameter in the system. There are two or more parameters that relate in
the system. In order to make it easy and comfortable, some parameter can assume to
the constant values when it is not difference for any condition of work or a little
change. And use excel program to find the tend line and simulate equation in the
program. The method of simulate by excel program can show like these steps.

1) Find related parameters in the system.

2) Plot values of both parameters in excel program to make the relative graph.
3) Use simulated option in program like these.

L A s s ;ﬁ:—i

Figure 57 Show steps 1 of simulated method.

First, select the X-Y scatter for type of graph that will simulate because it very
easy when compare collected data with simulated data.
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Ppv (W)

L LI TR Lot

Figure 58 Show the step 2 of simulate method.

When the graph is finish, click the right button on mouse to select the add tend
line function. '

Figure 59 Show steps 3 of simulate method.

Now, selected the proper type form of data that want to simulate. It can
consider of font view of this page what is the proper type that matches with written
graph from collected and analysis data.
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Figure 60 Show steps 4 of simulate method.

On this page, click on blanks of equation and R square to make the simulate
equation and check the correct of equation by consider the R square value. If the R
square value near 1 it correct and if the R square value equal 1 that mean equation that
simulate is test at standard condition. In the same way, for some data that interrupt the

value. :

y = 08068

x' w p.00n]

Pov{W}

3

Fud ¥ ¥ ¥

IRy WO BT AW ANl S0 e Woo

Figure 61 Show final steps of simulate method.

Now, we get the simulate equation and tend line of data in the system. And use
this equation to find the simulate data to compare with the collected data.
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APPENDIX E
SYSTEM SIMULATION
In this topic it will use data on April that is proper month to simulate data.
Because in last of summer and all rainy, the water decrease until not enough to pump.

It effected for the system did not run, so April is proper month that should be use to
simulate the system likes these.

El PV simulation
The PV system can simulate by use output and input parameter that effected

the PV system. So, we can write the relation of these parameters in the function form
like these.

P:f(IPV?VPV) “““““ (E'l)
And,
Iop = f(Gpy- 1) Ver = f(Gp-Te) 0 (E-2)

From plot in excel program, we find that the relation of voltage and cell
temperature can assume to constant value about 120V,

Vpv (V)
160 -
120 -
* Test
80 |
@
40 4
Teell (C )
O 7 F ! i I
20 a0 40 50 80 70 80

Figure 62 Relation of PV output voltage and cell temperature.

From this system the PV output voltage can find as the constant that is 120
approximately. Because of] in this topic we will assume that the tilt angle radiation is
constant at the average value of April 1998.
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And in the same way, we will assume that the cell temperature is the constant
value at average value. When we plot graph of PV output current and tilt angle

radiation relation can find like this.

R" = 0.9839

®  Test
Sim

T 1Rl (Test)

lpv = 0.004% Gt

Gttt { W/ m*2)

0 200

800 10060

T 1

1200 1400

Figure 63 Relation of PV output current and tilt angle radiation.

From this figure we found that the relation of PV output current is related with
tilt angle radiation in linear form. It can instead of simulate equation as,

I,, =0.0049G,,

From this relation we can tell that the PV output voltage is about 120 V. Tt is
the constant value that assume to does not have any effected with the power output
from PV system. So, the power output is related with tilt angle radiation that can plot

graph like this.

Ppv (W)

700.00 -

800.00 -

500.00 4

400.00 -

300.00 -

200.00

100,060 -

.00

0

R = p.9822

Ppy = 0.5628 Gl

s Tand line

Gtilt { W1 m"2)

600 800 1000

d

1200 1400

Figure 64 Relation of PV power and tilt angle radiation.
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From this relation, we can write the simulate equation like this.

Py =0.5628G,

The simulate equation and tend line is represent data in PV system at any tilt
angle radiation value. But, in some range-tesied data is difference from simulating

data that can be cause of these.

1. Assumption the PV output voltage is constant. In the real condition of
work, sometime the PV output voltage may have some relate with system.

2. Inthe PV array there are two big plant that make shading on PV array.

3. The water in pond is not enough to use in sometime that caused system can

not run on some months.

E2 Inverter simulation

The function of inverter system can find from relation of AC power and PV

output power. It can write in function like this

PAC:f(PPV)

The simulated equation of inverter system can find from plot and calculate in

excel program that is in linear form like this.

Pac { W)
700 7
6§00
* Tesi
500
= Sim
4 0O Tend line
300 -
Pac = 08667 Ppv
200 2
R =0.9993
100 Ppv { W)
1) 1 1 T
0.00 200.00 400.00 600.00 800.00

Figure 65 Relation of AC power and PV output power.

From this figure the simulated equation can find in linear form that is.

P,. =0.9667P,,
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E3 Motor and Pump simulation

In the same way, the motor and pump system can simulate by use output and
input parameter that effected the PV system. The efficiency of motor/pump system is
upen the flow rate and AC input power. So, we can write the relation of these
parameters in the function form like these.

Q=fFe) re e (B-6)

The simulated equation of motor and pump system can find from plot and
calculate in excel program that is in linear form like this.

Q(m3)

T -

0.8 +

Test
0.8 -

Sim
04 - Tend line
Q = -3E-06 Pac’ + 0.0032 Pac + 0.0257
0.2 4 2
R = 0.8774

Pac { W)

0 4 T T F v T ¥
0 100 200 300 400 500 600 700

Figure 66 Relation of flow rate and AC power.

From this figure the simulated equation can find in linear form that is.
0 =-0.000003P%, +0.0032P,, +0.0257 ... (E-7)

The simulate equation and tend line is represent data in system at any AC
power value. But, in many points is difference from simulating data that can be cause
of these. '

1. The length of pipeline that very long over 1200 meters.

In fact of work, people in village near pipeline connect and cut to install
their valve to use water in their houses.

3. The water in pond is not enough to use in sometime that caused system can

not run on some months,
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E4 Pipe simulation

In pipe system there are two sections that combine to the total head. First is the
static head that constant value upon the place condition of the system. And, the other
is friction loss or head loss in pipes that upon the flow rate in pipes. So, the efficiency
of pipe system is upon the flow rate of the system. We can write the relation of this
part into the function form like these.

H.=f©Q (E-8)

Total head composes of static head, délivery head, and height of tank when
height of tank is constant value. So, the total head can find from sum of these heads.

From plot graph and simulate in excel program, we found that.
Htotal { m )

40.00 n
36.00

32.00
2800 Hiotal = 0.851 Q° + 1.0552 Q + 3.164
24.00 Rz = 0.9979
20.60
16.00 -
12.00

8.00

4,00 Apggeomta WY i
T Q { m*3/h )}

0.00 - T 3 3 T T

000 0.5 1.00 1.50 2.00 2580 300 3,50 400 4.50 5.00 5,50 6.00
Figure 67 Relation of total head and flow rate and pipeline simulation.

From this figure, the total head in pipeline is upon the flow rate in polynomial
form that can write in simulating equation as.

H, =0.8510% +1.05520+3.164 oo {E-9)

The simulate equation and tend line is represent data in system at any tilt angle
radiation value. But, in some range-tested data is difference from simulating data that
can be cause of these,

1. The length of pipeline that very long over 1200 meters.

2. In fact of work, people in village near pipeline connect and cut to install

their valve to use water in their houses.

3. The water in pond is not enough to use in sometime that caused system can

not run on some months.
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ES System simulation
For whole system, the main output that wanted in the pumping system is water

volume or flows. And, it was upon the tilt radiation that is the primary input power.
So, we can write the relation of pumping system into the function like these.

Q= f(Gm) ........ (E-10)

We can plot and find the simulate equation from excel program like these.

Q(m"3/h)
? oy
.
,,,——““"'_'{
0.8
®  test
.6 -
® @ sim
0.4 - - Tend line
0.2982 Ln ( Giilt } - 1.2252
0.2 - R' = 0.9008
Gtilt ( W / m"2 )
a T 7 T ¥ 1 }
0 200 400 BRO 800 1000 1200

Figure 68 Relation of flow rate and tilt angle radiation.
From this figure, the simulate equation is in fogalism like this.

0 =02982LmG,,)-12252 ... (B-11)

The simulate equation and tend line is represent data in system at any tilt angle
radiation value. But, in some range-tested data is difference from simulating data that
can be cause of these.

1. There are energy and power loss in some part of system as inverter and PV

2. The length of pipeline that very long over 1200 meters.

3. In fact of work, people in village near pipeline connect and cut to install

their valve to use water in their houses.

4. Inthe PV array there are two big plant that make shading on PV array.

5. The water in pond is not enough to use in sometime that caused system can

not run on some months.
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PRODUCT FEATURE

n High efficiency monocrysualline silicon ceils
» Designed for maximum refiabilicy and minimum maintenance
s Produced using in-house technology in cell manufacturing and

o encapsulation
ol
5280 w Highly resistant to water, abrasion, hmi impact, and other
BP275 environmental factors

7 Anodised aluminium frame

u All proven products, onty marterials with extensive fleld
experience used

= Desigred and manufactured to comply with European,
American and Austaalian siandards

m 10 Year limited output warrancy

g MADE [N AUSTRALIA

TYMCALAPPUCAﬂONSJNCLUDE

Telecommunications
Water Pumping
Grid Connect
Telemetry

Cathodic Protection
Obstruction Lighting

COMPONENTS

36 series connected monocrystalline silicon calls

Toughened high transmission (929%) glass 3mm ¢hick

Encapsulant Ethylene Vinyl Acerate (EVA)

Back surface: Polyester Tedlar trilaminate

Frame: Ancdised Aluminium

Junction Box: for screw terminal connections, with by-pass diodes
and blocking diede optons. The box has a hinged weatherproof
lid and four cable gland entry points.

Domestic Lighting
Domestic Power
Rural Electrification
Medical Refrigeration
Railway Signalling

BP160

il Catalogue No. BP280 | BP275 | BP16O | BP255/2{ BP240

P2k Power 30 °5 a0 33 0

Pauk Power Voltage 171 ™1 17.% ] =3

Peak Power Current +.07 +.35 35 330 m
Cpen Circuic Voltage N a4 M 2185 v |
Showt Cirewie Currend +Y9 .60 70 357 233 ;
Length tmmt 1188 (b ] L8 a5 Bt
Wideh faum) 330 339 320 350 ph
Thickness 1imms +3.35 3.5 3.3 +3.4 43.3 I
Wieighe (gt T2 "2 -2 53 s

Praver speditications ate © + - W for Bl".‘al) (0 BPITI &+ - "W lor BPINO: Flauees aee Giken
2r stanclard vonditons af L00mW. g fight intensiy LAM LS4 ag 25°C cell remperiture,
measured 3 the =+ braws in the unction box,

High Power Solar Modules — 40 to §0W
Self Regulating Solar Modules — 12 10 +0W
PVstor and Solarbloc Solac Barteries
Battery Accessories

Monobloc Batteries Li30/L100/TLYS

Solar Array Support Strucures

BP Solar System Controllers 7
Trace Inverters 3
PBC Regulators 9
Other Products 10
Tell Me Abous Solar Electricity 1%

[ R

BF SOLAR AUSTRALIA PTY LTD ac N 008 54850
- PO Box 519, Brookvale NSW 2106 Ausirahia Teteshone (02) 9938 5117 Telex AA 17065 Fax {02) 9205 1284
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Application

The GRUNDFCS SQLARTRONIC inverter, lype
SA 1500, is athree-phase DC-AC inverier with a nomi-
nal cower of 1500 watts. The inverter is spacally de-
signed to power submersidble pumos instaileg in
GRUNDFOS solar pumping systermns of in.hatlery
pawergd pumping systems

Description

The SOLARTRONIC inverter converis the DC vollage
sugpiied by 2 photovoltaic system or Ly a battery of
accumulalers into a threg-phase AC vollage with a
wvarzoie freguancy.

The suwe-width moculated three-phase alternating
vohage 15 controied Dy a microcomputer.

The ireqiuency and thus the speed of the submersible
mctor waries aceorcing to the intensity of the salar
irrzciation (dirscily proporiional

Tne micrecomouter conirgls the DC voitage so that
the sclar array 1s wtilized o s maxmum i any eper-
ating situation.

The coeralng conciians are ingicalea by ght-amit-
Ung cicdes.

The curul circuit 1s orotected against short cucuy,
anc e QUMD 1S QrCISCIed against Gry-rusning or
Blocking.

Tne SCLARTRONIC SA 1800 inverter has a wara A
auoingiion speoinc oolens

Technical Data

Casing giack-anccized aununiym
Encicsure Class: iF 34
Weignt: 4.5 Xas

Dimensons 217 % 150 x 27A mem

Climatic Conditicns

Temgersinie 00 0 -

4
-25°Ce -3

Features
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Malin switch incorporated in invertar unit.

Cempact gesign %
Long lHe without maintenanca, :

Can te connectad o a battery.

Can te cannected (e a remote contral, 2.g. leval
switch,

High efficiency.

Controlied start-up.

Pulse-width medulated sine wave vallage.
Maximum power point ifacking

Fault indication.

Protecied against Qvesneanng.

Protectes! againsi overlead and underlozad.
Protected against vollage transients.
Protected against oo Migh of (00 low input voltage.
Protected aganst eanth leakage,

Protectad aganst snort circut,

Protecis the pump against dry-running.

Dimensions

e

3, CLaATAcmE

Yy
il
:
|
|
;
!
i
i
1
H

Tamneeaiy S i
Seanvg Huamisiy Mawimum 100 o w
Electrical Data
[nput (DC) Nominai Maximum Minimum ;
i Loac vollage . : 20V , ag : 100V
' Neg-oad volags 155 Y P75V . sV i
| boad current 122 A 1aA . i
| Bower 1500 W 1GEG M. ) - i
Baitery ogeratcn e e 120V —_ RV L 196/ |
rOutéut AC) ; Nominal Maximum Minimum

et ! AL
Currani AG A ;
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. Solar -
Pumping Systems

General Data and
Sutvey Capacily Diagram .-

The curve shows the capacity of & 1800 Wo systam.
The shaded area soglies lo lower Wp values,
The curve i5 based on:
- frradiation on a tilted syrface
HT = & kWh/m* day
= lreadiation on a horizantal surface
He = 5.5 kWhim: day (473 calfem? day)
= An average ambient lemperature of 10°C .
= 20° northern latitude .
= A tilt angie of 20°

Maad

Meaires Average Values

200

System Performznca Range

et

§/ 1A-28: 100-200 m heaq
SP 3.5A.21 8G-120 m ngad
3P 2A.18, 30-12Q m neza

i SP 3Aa8 30.7C avhelgd
3P 5A-T: 2:30 m head
5P 3A-5 2:28 m nezd
3P 12a.1

2-15 m head i

* 1
180 200
m3 fday

Apglications

GRUNDFCS solar pumoing systams are speciaiiy
designed lor waler suecly and irrigation in remata
areas where no raliable electricity suooly is avail
abte. Fealures like sxtremely long lile and mini.
Mum  maintanancz arg key laciors with Ihess
pumeing sysizms,

The onty moving 2asi of the sysiem is GAUNDFOS®
well-known sumersitie pump/motor unit made
ennrgly of siainless stast. There are saveral unique
advantzges ol using ghotovallzic power in cane
aecion wilh wiater sumping,

Frimarily, there is a natural ¢elation between tne
availability of solar power and the water raguiras
ment, The waler raquiremeant graws during periods
of not weather whan the sun shines mast srigndy
2nq the oulput of the solar arrey IS 2l 2 maximum,
Converseiy. the waler raguicement will dacrazsa
wnen the weather is cool and Ihe sunlight is less
intense,

The waisr can be pumped during lhe dzy ang
sicrzc, Watar s then available at night ane during
tiout f panods.

The scssibiiity ol si0fing the pumoed walsr ghmi.
nates the nged lor batenies in the sysiam,

att
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Solar |
Pumping System
Type SP 5A-7 .

The sysiam periormance curves ars basad on:

~ An 11 hour standard solar day.
~ An average ambient temperaiura of 30°C.

m¥day System Periormance Metres Hez
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