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Requirements 

Design a renewable energy powered and portable water pump that can provide a viable alternative to diesel-driven 
ones.  
Besides being powered by clean energy, such a pump or pump kit/system should meet the following requirements:  

● Portable 
○ theft prevention -- farmer can take it inside the house at night and when away 
○ can be easily used at different wells / by water merchants 
○ easy transport for demonstration and sale in local markets 

● Robust under Bihar climate and rural use conditions, locally serviceable 
● Pump and deliver enough water to irrigate 1 hectare of typical Bihar produce (wheat or vegetables) from a 

depth of 5m. A micro irrigation water delivery system can be part of the system, but its cost must be included 
in the total system cost. 

● Total system cost must not exceed “one lakh” Indian rupees (100,000 rupees; ca. US$ 1500 at current 
exchange rate) 

● Assuming a groundwater table at 5m depth. 
● Be at least as portable as an “old school” Kirloskar 5HP pump. 
● If your system offers a way to be operated by an alternative power source, especially solar power, it will 

reduce farmer risk. Being able to provide irrigation when the renewable power source fails will greatly help 
farmers overcome the “no sun, no water” fear barrier. 
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Design overview 

Designing a solar powered and portable water pump to 
replace a 2-3 HP (10 liters per second water capacity) 
diesel-driven pump is possible, but not easy. We can 
not buy the components on ebay and build the pump. 
There are no high power and portable solar panels on 
the market and there are no high power BLDC motor-
driven pumps either. 

My idea is to build 

• custom designed, high power and portable solar 
panels, 

• a custom designed, high efficiency solar panel 
and motor control electronic circuit, 

and try to assemble a BLDC motor–driven water pump 
using an existing AC motor pump. I use a portable 
irrigation system to assure better efficiency than with 
flood irrigation.  

I focussed on using easily accessible, widely used, 
mass produced and cheap materials to keep the price 
low, make local service possible and reduce the 
necessery time to build a succesful project.  

I use six, 1 m x 1 m solar panels to produce 864 W 
power. The panels are fixed on the top of a hand truck, 
the waterpump can be transported at the bottom, but 
this latter is not fixed on the truck. The six solar panels 
are located on top of each other and can be open out 
to create one big panel. The hand truck is also used as 
a stand for the panel. 

TABLE 1: SYSTEM SUMMARY 

Total system cost $1470 or 92,244 INR 

Maximum flow rate (from 5 m 
depth, solar cell temperature: 
max. 55 °C) 

7.5 liters/sec. 
450 liters/min. 

Pump’s nominal power 750 W 

Max. suction height  7 m 

Solar panel’s nominal power 
(@ 25 °C) 

864 W 

Minimum power to pump 1.7 
liters/sec, from 5 m depth 

180 W (21 %) 

Irrigation hose length 160 m 

Irrigation hose diameter 102 mm (4”) 

Total weight (without hose) 63.5 kg 

As building custom designed solar panels requires 
basic tools only, it is a relatively easy task, yet it can 
be a lot of work. They can be absolutely assembled in 
India. The production of solar cells requires high-end 
technology. Solar cells come from France, the pump 
from Italy, the BLDC motor and irrigation hose from 
China. The electronics can be produced in any 
electronic company of India. The hand truck is also 
custom designed. I think it’s not a problem to find an 
Indian company to make it. 

In this document I use the International System of 

Units. 

The prices are given in USA dollars. To estimate the 
costs, I used web pages like ebay.com, alibaba.com. 
These prices can vary in different countries due to 
delivery costs, taxes (VAT), import duties. 

FIGURE 1
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Irrigation system 
Knowing that the capacity of the solar pump I designed 
is commensurable with that of the most popular Honda 
diesel pump’s (see later), I don’t have to use expensive 
drip or micro irrigation system, so I focussed on 
improving the efficiency of the field-flood irrigation 
method instead. I plan to use cheap and mobile tubes 
to deliver water from the pump to the plants. 

Using PVC irrigation hoses to deliver water to the platns 
seems a practical and cheap solution. They are  

• strong, durable, ageing proof; 

• resist to chemicals and weather; 

• easy to store, handle; 
• light weight, flexible; 
• can be cut easily to the desired length; 
• smooth inside, low friction loss. 

FIGURE 2: PVC IRRIGATION HOSE 

 

TABLE 2: PVC lay flat hose properties 
inside diameter: 25-300 mm 
working pressure: 200-800 kPa (2-8 bar) 
weight, 102 mm (4”), 
200kPa 

0.52 kg/m 

price, 102 mm (4”), 
200kPa 

$0.729 / m 

We can use hose couplings to attach the hose to the 
pump or to each other. 

FIGURE 3: LAY FLAT HOSE COUPLING 

 

Irrigation methods 

Method 1 
A tube with an open end is used to reach any corner of 
the plot to flood it with water. It eliminates the losses 
caused by the usage of earthen canals. Once an area 
is flooded, the tube end must be moved to another 
area. 

FIGURE 4: METHOD 1 IRRIGATION 

 

Method 2 
It’s a combination of flood and drip irrigation. The tube 
end is closed and the tube is pitted. The water coming 
from the holes floods the area close to the tube. Once 
an area is flooded, the hose must be moved to another 
area. This method eliminates overwatering the plants 
near to the tube end. Of course, plants closer to the 
hose get more water, but the difference is much 
smaller, than with method 1. 

FIGURE 5: METHOD 2 IRRIGATION 

 

The farmer should get two types of hose. A normal 
hose used between the pump and the plot and a pitted 
hose used inside the plot. These tubes can be attached 
to each other and can be easily cut to the desired 
length.  

Hose length 

We have to irrigate a farm of 1 hectare, which is a unit 
of area defined as 10,000 square metres (100m by 
100m). Observing Bihár’s land on Google Earth, we can 
find quite small plots. On FIGURE 4, I marked a one 
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hectare field with green lines, its dimensions are 80 m x 
120 m. It’s not a real farm, just a farm size field. To 
estimate the necessary tube length I built on a relatively 
difficult situation where the well is rather far from the 
plot, but it’s still not a worst case scenario. If the well is 
found on the farm’s border, to reach the far side of the 
farm we will need a 120 + 80/2 = 160m hose. 

FIGURE 6: A 0.96 HA FIELD IN BIHÁR 

 

I will calculate with a 160 m long hose, which should 
be enough in most cases. 

Price 

160 m hose + 2 couplings + hose pitting, assembly 

$120+$30+$10=$160 

 

Water pump design 

An average electric water pump of 1 kW power can 
pump 1 l of water every second. It’s far from the diesel-
driven pump’s 10l/sec capacity. To produce 1 kW 
power with a portable solar panel is almost impossible, 
it’s simply too much. Fortunately, there are special 
pumps optimized for agricultural applications, like 
Pedrollo’s HF series pumps. See APPENDIX 1 for 
cruves and performance data. They are centrifugal 
pumps designed to high flow rates, but they can’t 
deliver the water to high places.  

Total Dynamic head 

Total Dynamic Head (TDH) is the total equivalent height 
that a fluid is to be pumped, taking into account friction 
loss in the pipe. 

TDH = Static height + Suction head + Friction loss 

In our case static height is around 0, as we only need to 
pump the water to the ground level. Suction head is 5 
m, as we have to pump water from 5 m depth. One of 
the accepted methods to calculate friction loss resulting 
from fluid motion in pipes is by using the Darcy-
Weisbach Equation.  

ℎ� = � ���� 	
�2�, 
where: 

hl = Head Loss due to friction 
f = friction factor (Darcy-Weisbach friction coeff.) 
L = Pipe Length 
D = Pipe Diameter 
V = Flow velocity 
g = Gravitational Constant 

To calculate the friction loss, we have to know the 
hose’s length and diameter attached to the pump. 

Because of the complexity of the calculation, I will 
consider that the pitted tube has the same head as a 
normal tube. The dead end can raise the head, but due 
to the holes, not all water runs through the whole length 
of the tube, which decreases the head. 

As the pumps are not high head ones, I try to keep the 
total dynamic head as low as possible. Suitable 
Pedrollo HF pumps have 51 mm (2”) diameter ports. 
For a low TDH, I chose a 102 mm (4”) diameter PVC 

lay flat hose for the 160 m long tube. HF series pumps 
are able to lift the water from a 7 m depth. The suction 
pipe should be a 7.5 m long, 76 mm (3”) diameter 
plastic pipe. 
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FIGURE 7: PVC SUCTION PIPE 

 

Now we have every necessery data to calculate the 
TDH.To Calculate friction losses, I used the Virtual 
Dynamic Head Calculator: 
http://www.csgnetwork.com/csgdynamichead.html  

TABLE 3: TOTAL DYNAMIC HEAD (TDH) 

Flow 
rate 

(l/min) 

Friction loss, 
160 m hose 

(m) 

Friction loss, 
7.5 m suction 

pipe 
(m) 

Suction 
head 
 (m) 

TDH 
 (m) 

50 0.02 0.004 5 5 

100 0.08 0.015 5 5.1 

150 0.17 0.031 5 5.2 

200 0.28 0.054 5 5.3 

250 0.43 0.082 5 5.5 

300 0.60 0.114 5 5.7 

350 0.80 0.152 5 5.9 

400 1.00 0.195 5 6.2 

450 1.28 0.243 5 6.5 

500 1.55 0.295 5 6.8 

550 1.85 0.352 5 7.2 

Duty point 

Due to the low TDH values, we can find the pump’s 
duty points at high flow rates. To calculate the duty 
point of the pump, we have to find the intersection point 
of the pump cruve and the system cruve. The system 
H-Q (head-quantity) cruve is approximated by the 
TABLE 4 TDH values for different flow rates. See 
FIGURE 8, TABLE 4 and APPENDIX 2 to the duty 
points and flow rate values. 

FIGURE 8: DUTY POINTS 

 

TABLE 4: PUMP FLOW RATE IN THE DUTY POINTS 

Model 
Power 
 (W) 

Flow rate 
 (l/min) 

Flow rate 
(l/sec) 

Efficiency 
(l/min/W) 

HF 50B 370 260 4.3 0.70 

HF 50A 550 300 5.0 0.54 

HF 5C 600 400 6.6 0.60 

HF 5B 750 450 7.5 0.60 

HF 5A 1100 490 8.1 0.44 

Required minimum power 

Low head, high flow pumps are very useful for 
irrigation, but if the power of the solar panels drops, the 
pump might not be able to lift the water from the well at 
all. I will calculate the minimum power required by the 
pump to work with a minimal flow rate. The minimal flow 
rate is 100 l/min, the TDH is 5.1 m is for this flow rate. 

The affinity laws are used to express the relationship 
between variables involved in pump or fan performance 
(such as head, volumetric flow rate, shaft speed) and 
power. The affinity laws are useful as they allow 
prediction of the head discharge characteristic of a 
pump or fan from a known characteristic measured at a 
different speed or impeller diameter. 

Law 1. With impeller diameter (D) held constant: 

Law 1a. Flow is proportional to shaft speed: ���� = ���� 

Law 1b. Pressure or Head is proportional to the square 
of shaft speed: 

���� = �������
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Law 1c. Power is proportional to the cube of shaft 
speed: 

���� = �������
 

where: 
Q is the volumetric flow rate, 
D is the impeller diameter, 
N is the shaft rotational speed, 
H is the pressure or head developed by the fan/pump, 
P is the shaft power. 

We are talking about the same pump with different 
power levels, so the impeller diameter is considered as 
constant. H1 and H2 are both positives, so from 
equation 1b: 

���� = ����� 

Replacing it in equation Law 1c: 

���� = �������
�

= ��������
 

�� = �������� × ��			∎ 

where: 
P1 is the minimum required power, 
H1 is the minimum head (= 5.1 m), 
P2 is the nominal power, 
H2 is the head at P2. 

The head data at 100 l/min flow rate and power data is 
found in the table in APPENDIX 1. Replacing them into 
the equation, we can calculate the minimum required 
power. 

TABLE 5: MINIMUM REQUIRED POWER 

Model 
Power 
 (W) 

Flow rate 
 (l/min) 

Minimum 
power (W) 

Minimal/ 
nominal 
power 
ratio (%) 

HF 50B 370 100 145 39 

HF 50A 550 100 162 29 

HF 5C 600 100 166 27 

HF 5B 750 100 180 24 

HF 5A 1100 100 247 22 

 

Powering a pump with solar panels 

Naturally, every pump on the market is equipped with a 
motor. Pumps for normal use are equipped with AC, 
single or three-phase motors. To drive AC motors from 
a DC solar resource is an expensive solution. AC 
motors need sinusoidal waveform AC power. Sinusoidal 
inverters (DC to AC converters) are also very 
expensives. Cheap inverters work with modified sine 
wave, thus cannot drive a motor. Due to losses of the 
DC to AC conversion, not all power of the solar panels 
can be used. 

We should rather use a brushless direct current (BLDC) 
motor to drive the pump. In reality, BLDC motors are 
low voltage, permanent magnet synchronous (AC) 
motors. They require special motor controller, but they 
don’t need true sinusoidal waveform signal to work, so 
the controller is a cheaper solution. To use brushed DC 
motors is not a good idea because of lower efficiency 
and more frequent service needs. 

We can find BLDC motor pumps on the market, but 
they are very small ones (5-10-20W). We have to 
assemble the pump with the BLDC motor for ourselves, 
or ask Pedrollo company to produce BLDC motor 
driven pumps. We can also buy the pump’s 
components apart and assemble it with a BLDC motor, 
but buying the pump’s components is more expensive 
than paying for the whole pump with a motor. An 
agreement with Pedrollo company for lower component 
prices or BLDC-driven pump would be priceless! For 
testing purposes we have to assemble at least one 
pump, so I describe it next. 

Assembling BLDC motor with the pump 

We will have to get prepared to facing some difficulties 
during the assembly. These pumps are mono block 
pumps. The pump’s body backplate is also the front 
plate of the motor, the pump shaft and the motor shaft 
is the same. The bearings are found in the motor space 
only. See FIGURE 9 and TABLE 6 for details. 
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FIGURE 9: PUMP LAYOUT 

 

TABLE 6: PUMP COMPONENT LIST 

Pos. Component Characteristics 

1 Pump body Cast iron 

2 Body backplate Stainless steel 

3 Impeller Brass 

4 Motor shaft Stainless steel 
Ø 14 mm for HF 5B 

5 Mechanical seal Ceramic, graphite 

6 Bearings 6203 ZZ 

7 Capacitor  

8 Electric motor  

We have to disassemble the AC motor, and pull down 
the rotor from the shaft. We must choose a BLDC motor 
with the same shaft diameter, remove the original shaft 
and assemble the BLDC motor on the pump’s shaft. It’s 
a difficult work. 

Choosing the BLDC motor 

As we see later, the solar panels in this design can 
supply 864 W power. To assure a high flow rate I 
choose the HF5B pump (750W) from TABLE 4. It can 
pump up to 7.5 l/sec water, which is quite close to the 
10 l/sec Honda diesel-driven pump capacity. 

Our BLDC motor must be able to turn the pump’s 
impeller at the same rotation speed as the original AC 
motor. In other words it has to produce the same 
torque. Original Pedrollo pumps use three-phase 
motors. The rated torque (Mn) of a three-phase motor 
can be calculated as follows: 

�� = 9555 ∙ ����, 
where: 
Mn is the rated torque in Nm, 
Pn is the rated power in kW, 
Nn is the rated speed/minute. 

For HF5B pump (0.75 kW, 3000 rpm), Mn=2.38 Nm. 
We have to choose a BLDC motor, which can produce 
the same torque. The BLDC motor’s shaft diameter 
should be 14mm. 

FIGURE 10: 80WD-M02430, 750 W BLDC MOTOR 

 

TABLE 7: 80WD-M02430 PROPERTIES 

Rated output power 750 W 

Rated torque 2.39 Nm 

Rated speed 3000 rpm 

Shaft diameter 19 mm 

Weight 2.9 kg 

This motor is produced by Jiangsu Wheatstone Electric 
Automation Co. Ltd. in China. According to the 
information they supplied, they also produce this motor 
with 14 mm shaft diameter and the motor coils are star 
connected and the motor have sensors. It’s a suitable 
motor to drive the HF5B pump. The BLCD motor’s 
price, when bought directly from the factory is $100. 

Price 

I can only estimate the price of a pump with BLDC 
motor. I suppose, than if we ask Pedrollo company for a 
BLDC motor-driven pump they would make it for extra 
charge however, as I know, AC motors are more 
expensive, than BLDC motors. I think that a 20% 
additional charge is reasonable, but it is very uncertain. 

Pedrollo HF5B pump with AC motor $265 

BLDC extra charge $53 

Suction pipe $15 

Foot valve, plastic, 3” $40 

Input and output couplings $30 

Mechanical parts for mounting $10 

Assembly labour $10 

 $423 
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Solar panel design 

Introduction 

Commercially sold, high power solar panels are usually 
not portable. A 100W panel weights around 12 kgs. 
Portable panels, on the other hand, have very low 
power (5-15W). To drive the pump, we need 400-
1000W power, so we have to build custom designed, 
high power and portable solar panels. Do it yourself 
solar panels can be easily built from solar cells using 
basic tools. 

Portability  

A portable solar panel’s dimensions shouldn’t exceed a 
certain size for easy transportaion. The weight of the 
panels are limited by one person’s bearing. We all know 
that a suitcase of 25 kg is hard to carry, but can be 
quite easily rolled. The idea is to assemble the whole 
system on a hand truck. The panel consists of smaller 
panels that are fixed on the hand truck and can be put 
on the top of each other when not in use. After arriving 
to the field, they can be opened out to create one big 
panel. The hand truck is also used as a stand for the 
panel. It can be set to different angles to maximize the 
panel’s energy production. 

FIGURE 11: 

 

The bottom-middle panel is fixed on the truck. The left 
and right bottom panels are also fastened to the truck 
using piano hinges. 

FIGURE 12: PIANO HINGE 

 

The top-middle panel is fixed on the truck by its bottom 
side with hinges and the top-left and top-right panels 
are attached to the top-middle panel also by hinges. To 
pack the panles, first we have to turn the bottom-left 
and bottom-right panels over the bottom-middle panel. 
After that, we turn the top-left and top-right panels over 

the top-middle panel and turn the three top panels 
down over the three bottom panels. Of course, the 
thickness of the panels must be considered and the 
hinges and the panels must be assembled the way that 
the panels could be closed the described way. The 
hand truck has two adjustable support bars at the back 
to set the panels to the desired angle. The detailed 
hand truck design is not included in this document. The 
truck is made of 30 x 30 mm square hollow section bars 
with 1.6 mm wall thichness. The hollow section weight 
is 1.38 kg/m. To build the hand truck we need 5.2 m 
which is 7.11 kg. The whole hand truck weight with 
wheels shouldn’t exceed 10-12 kg. 

Solar cells 

Solar panels are made of solar cells. We can buy 
mono- or multicrystalline cells. Monocrystalline cells are 
normally a little more efficient, when the weather is hot. 
During production, solar cells are are tested in the 
factory, because there can be quite big differences of 
efficiency even amongst the same type of cells. Most 
companies produce the same type of solar panel with 
different power. They select the cells with similar 
capacity to build them together, so the final panel’s 
efficiency can range from 100W to 115W or even 
130W. The cell efficiency is key in our case because of 
the portability and high power requirement. The most 
efficient solar cell I found is a multicrystalline cell 
produced by Photowatt company, France. The 
temperature coefficients of the cell are almost the same 
as for monocrystalline cells. On ebay.com we can find 
Photowatt cells of 156 x 156 mm producing 4.5W each, 
but I’d rather trust the factory data sheets. The most 
efficient panel of Photowatt produces 250W using 60 
cells of 156 x 156 mm, so each cell produces 4.16 W. 
The panel efficiency is 15.5%, but the loss due to the 
front glass may cause that the calculated cell power is 
smaller than 4.5W/cell. We have to buy tested, high 
power solar cells, which can produce 4 W each behind 
the front glass (4.3 - 4.5 W without glass).  

FIGURE 13: PHOTOWATT SOLAR CELLS 
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TABLE 8: ELECTRICAL CHARACTERISTICS 

Manufacturer Photowatt, France 

Size 156 x 156 mm 

Voltage at typical power 0.50 V 

Current at typical power 8.30 A 

Open circuit voltage 0.62 V 

Short circuit current 8.87 A 

Temperature coefficients: ICC = +0.06 %/°C 

 VOC = -0.34 %/°C 

 Pmax = -0.42 %/°C 

These characteristic values are mesured under 
standard test conditions: irradiance 1000 W/m2, cell 
temperature 25°C. 

Solar panel 

In case of standard solar panels, the cells are behind a 
glass table encapsulated with a silicone elastomer and 
placed in an aluminium frame, while the back side is 
covered with a thin plastic sheet. A 36 cell, 144 W panel 
weights 12 kgs. To drive a 600 – 750 W pump, we need 
around 6  panels, which weights 72 kgs. It’s too much.  

So we can’t use glass tables, because they are too 
heavy, but should rather use clear polycarbonate 
sheets. They are unbreakable, their transparency is 
comparable to special solar glasses, but they may not 
be rigid enough for solar cells. The cells can easily 
break if the panel is deformed, so we use the backplate 
to give support to the panel. 
The front side is made of 2 mm thick clear 
policarbonate sheet. The backplate is a 10 mm thick 
twinwall polycarbonate sheet. The solar cells are 
encapsulated with silicon elastomer. The panel frame is 
made of  18 x 24 mm U-profile. 

FIGURE 14: 

 

The backplate of a solar panel has a special function: 
while the front side is warmed by the sun, the panel can 
cool at its back. It is very important in countries like 

India, where the wather can be very hot. The air found 
in the twinwall polycarbonate is a good heat isolator, it 
is very disadvantegous for us. To compensate it, we 
must leave the air to circulate in the backplate. The top 
and the bottom U-profiles must be drilled to let the air 
go out on the top and enter at the bottom.  

FIGURE 15: HOLES ON THE U PROFILES 

 

One panel contains 36 solar cells in 6 rows and 6 
columns. The cells are connected in series by soldering 
the cells’ front side to the other one’s back using tab 
wires. 

FIGURE 16: CONNECTING THE CELLS IN SERIES 

 
FIGURE 17: SOLAR PANEL LAYOUT 
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TABLE 9: PORTABLE SOLAR PANEL’S WEIGHT 

Polycarbonate sheet, 2mm 2.4 kg 

Twinwall pc. sheet 1.7 kg 

Solar cells (36 pieces) 0.43 kg 

U-profile, 4 m 1.3 kg 

Tab wire, 12 m 0.03 kg 

Silicon elastomer 0.4 kg 

One solar panel weight 6.25 kg 

TABLE 10: ELECTRICAL CHARACTERISTICS* 

Number of cells 36 

Typical power 144 W 

Voltage at typical power 18 V 

Current at typical power 8.3 A 

Open circuit voltage 22,32 

Short circuit current 8.87 A 
* Irradiance 1000 W/m2, cell temperature 25°C. 

We need 6 solar panels to produce enough power for 
the 750 W BLDC motor. To drive a 36 V motor, the 
panels should have 1.5 times bigger output voltage. We 
can reach the desired voltage by connecting three 
panels in series. We have six panels so we will connect 
the two three-panel rows in parallel. 

The power produced by the panels depends on the 
irradiation level and the cell temperature. When 
irradiation is high, the cell temperature goes up and 
decreases the panel’s efficiency.   

TABLE 11: SOLAR ARRAY PROPERTIES 

Cell temperature 25 °C 40 °C 55 °C 

Number of cells 216 

Total grid weight 45.6 kg 

Typical power 864 W 810 W 755 W 

VOC 67.5 V 64 V 60,6 V 

ICC 17.7 A 17.8 A 18 A 

As shown by table 11, our solar array can power a 750 
W motor even if the cell temperature reaches 55 °C.  

Price 

Part name Qty Price 

Solar cells 216 $216 

Aluminium frame 24 m $36 

Silicon encapsulant, CELL-
SYL 

6x520ml $90 

Polycarbonate sheet 6 m2 $140 

Twinwall pc. sheet 6 m2 $70 

Tab wires 72 m $32 

Hand truck hollow section 5.2 m $7 

Hand truck paint  $5 

Hand truck air tire 2 $30 

Parts for mechanical mounting  $20 

Panel assembly labour 40 hour $125 

Hand truck assembly labour 6 hour $20 

  $791 
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Electronic control 

MPPT algorithm 

Using an array of solar panels without a controller that 
can perform Maximum Power Point tracking (MPPT) 
will often result in wasted power. The power gain can 
reach 30-50% by using MPPT to maximize the power of 
solar panels. The algorithm automatically finds the 
panel’s operating voltage that allows maximum output. 
The maximum amount of power that can be extracted 
from a panel depends on three important factors: 
irradiance, temperature and load. Temperature mainly 
changes tha panel’s voltage, while irradiance mainly 
changes the panel’s operating current. Figure 18 shows 
the effect of different irradiance levels on the panel’s 
voltage, current and power. [1] 

FIGURE 18: 

 

 

Decrasing the panel’s operating voltage by using a low 
voltage load will dramatically decrease the panel’s 
output power, as it is able to provide around the same 

current at lower voltage. For example, if we have a 20 
W panel with an MPP at 17.5 V, 1.15 A and a 5 V, 5 A 
simple resistive load (2,5 Ω), connecting it to the panel 
which has a short-circuit current of 1.25 A, the panel will 
only be able to provide about 3 V, 1.2 A 
(U=IR=1.25A*2.5Ω=3.12V), so  3.7 W. To match 
exactly the panel and load voltage is not possible, as 
the panel’s output voltage varies by the cell 
temperature and also the irradiance level. 

The Microchip AN1521 document describes an 
implementation of MPPT algorithm using an 8-bit 
microcontroller. The MPPT hardware schematic and the 
software is included in the document and can be 
downloaded from Microchip’s web page. See 
APPENDIX 3 for the MPPT schematic. The hardware 
must be adapted to the solar panel voltage and power. 
The panel voltage sensor’s divider ratio (R9, R11) 
should be choosen depending on the panel’s open 
circuit voltage. The reference voltage for for ADC 
converter input is 5V, the panel array open circuit 
voltage is 67.5 V, so we have to divide it by 14. It 
means that R9=13kΩ, R11=1kΩ. The current sensor’s 
shunt amplification should be set to be large enough, so 
that the output for the maximum allowed current will be 
close to the ADC input voltage limit. The maximum 
closed circuit current is 18 A, the shunt is 5mΩ. 
18A*0.005Ω*45=4.05V, so the amplification should be 
45, hence R13=45kΩ. The maximum output value of 
the amplifier should allow enough headroom to the 
circuit to quickly handle overcurrent. This is why we set 
it to 4V and not 5V. The Q1 and Q2, SI4154 MOSFETs 
and the WE 744363, 10µH coils must changed to types 
which are able to handle the output current and voltage, 
which are 25 A and 36 V. The circuit uses DC to DC 
conversion. Its efficiency is 95%. 

The main part of software implementation can be found 
in document AN1467 - High-power battery charger. 
This software have to be completed by MPPT tracking 
code found in AN1521. 

The software implementation is able to: 

• regulate output current and voltage, 

• track the panel’s MPP 

• run a battery charging algorithm. 

There are several settings in the software to be made. 
The software can regulate the output voltage as needed 
for battery charging or can assure a constant voltage 
for motor drive 

The exact software and hardware implementation is a 
hard work. It worth to do it later, in higher document 
version only. 
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BLDC motor controller 

There are sensored and sensorless BLDC motors. 
Sensored motors are equipped with shaft position 
sensors. Sensorless motors are cheaper and 
sensorless control has limitations, but if low cost is a 
primary concern while low speed operation is not a 
requirement and the motor load is not expected to 
change rapidly, then sensorless control is a better 
choice. But, studying the sensorless motor control it 
requires a long and difficult software configuration, 
because the code must be adjusted to each type of 
motor and load differently. The configuration require 
advanced skills and equipment, like oscilloscope, 
special power supplys. Nor yet, sensorless motors are 
missing from the market, probably due to the reasons 
mentionned above, so the advantage of lower cost 
seems to vanish. The sensored BLDC motor control 
can also be implemented using microcontrollers, which 
are general purpose devices, so they require a software 
application to work correctly. Compiling and loading the 
software into the controller is necessary. Fortunately, 
Texas Instruments UC2625-EP chip integrates most of 
the functions required for high-performance brushless 
dc motor control into one package, without the 
necessity of software configuration. The output 
MOSFETs and diodes of the motor drive circuit are the 
only things to change in the circuit schematic in 
APPENDIX 4. 

Price 

A 30 Ampers output MPPT control unit with LCD 
display costs $50 on the market. An 1500W BLDC 
motor controller for bikes is also around $50.  

I suppose, that we can build the MPPT controller and 
the motor controller for less than $100. 

Summary 

Total system cost $1470 or 92,244 INR 

Maximum flow rate (from 5 m 
depth, solar cell temperature: 
max. 55 °C) 

7.5 liters/sec. 
450 liters/min. 

Pump’s nominal power 750 W 

Max. suction height  7 m 

Solar panel’s nominal power 
(@ 25 °C) 

864 W 

Minimum power to pump 1.7 
liters/sec, from 5 m depth 

180 W (21 %) 

Irrigation hose length 160 m 

Irrigation hose diameter 102 mm (4”) 

Total weight (without hose) 63.5 kg 

Estimating the price is very difficult. I’m sure, that we 
can buy parts for cheaper than calculated and there are 
also unforseen expenses. In this document I tried to 
show that the replacement of the diesel pumps is 
possible with solar powered water pumps. However, it 
might be more marketable to build a cheaper, less 
weighty and lower power water pump. It can be easly 
done by modifying this design.  

This idea can also be optimized. For example the 
weight of the hand truck could be reduced with a 
precise truck design. The thickness of the solar panel’s 
front polycarbonate could be decreased, but it requires 
the examination of the sheet’s rigidity. These 
improvements  would reduce weight and price. 

What do you think? ☺ 
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APPENDIX 1: Pedrollo HF centrifugal pumps, medium flow rates 
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APPENDIX 2: DUTY POINTS 
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APPENDIX 3: MPPT SCHEMATIC 
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APPENDIX 4: BLDC MOTOR CONTROLLER SCHEMATIC 

 


