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Solar Powered Water Pumping Installation
Technical Report

Nlcaragua April 2011

El Jocote, Municipaly of Teustepe, Boaco, Nicaragu@he complete water pumping and distribution system

will serve fortyone hames one school, and two churchesapproximately 230 people. As shown below, most
of the community sits on the lower half of the hill and is spread on either side of the main road in the village.

El Jocote, Boaco, Nicaragua 41 houses, 3 public buildings, 230 people
1kW Solar Water pumping & distribution system
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Select Photos from El Jocote
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April 7" ¢ 16"

The solar panel array (structure) was designed at the AsoFenix office, built at the National Engineering
University (UNI) in Managua, and then painted at the office. The donated solar panels from Solar World took
three weeks to ship and took another month to pass through customs. We began construction of the array
before we had the panels in our possession. The panels had a solid frame and required additional custom clips
for attachment that were built at the UNI worksh oncepanels were received he solar panel structure,

materials to construct the tanks, and the delivefyPVC tubes were transported Ei Jocote from Managua.
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April 18"

I TGSNI aAi OKSt JwepeNdidedd penulimate chéck of ther
materials list. We made a physical inspection of the panels, pump, pressure swi
and all of the pipe fittings. Michel, Jaime,
and Aaron visited EIl Jocote to confirm the
placements of the tower posts. One post
was aleady installed. While the post was
GSNIAOFT X GKS | y3t Spictured aiirigrs) wasLI | A y I
not at the correct 12 degrees to the horizontal. It would be impossible

to change the angle at this point, so positioned the second post
accordingly and completed the cement foundation. The bearings that

hold the rotating panel array assembly are adjustable and will provide
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the correct 12degree angle.

We observed the progress of the middle storage tank. A brick anc: . :
cement square tank design wakosen for El Jocote because it Morgsd
closely matched the skills represented in the community. This
design, compared to a cement circular tank, is more prone to fail
if not given the proper support. Compared with a circular tank, a
defect in one area dhe tank is not easily distributed to other parts
of the structure. The tank will be 2.5 meters tall, and three meters

wide on each side, for a total volume of 2235m
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Michel Maupoux, Gustavo Reyes, Jaime&ibly Caitlyn
Peake, Evan Saboghliate and Liz Abrahams, and Aaron Li
represent the AsoFenix and Green Empowerment
installation team going to El Jocote. The truck hired for t
day is loaded with the equipment. Gustavo is sent out to
buy pipe reducers for the manometer (pressure gaugey
other last minute items. We arrive midday with the panels
and the rest of the materials. The panel array structure is

There were no markings on the
parts, so it took a couple tries
to find the correct orientation. [
The array is raised witthe help &
of the community who are |
using branches cut from nearb
trees to lift it into place.

/ The panels are carried to the site
- and each is tested electrically to
check that they are all within
specs. All panels appear to be
functioning properlyso they are
carried up to the structure and
mounted.

To install all panels on the structure, some washer spacers had to be
added to securely mount the panels. The ladders were propped up with people and wooden poles to reach all
of the connection pointsWe then mounted the Grundfos controller, the Midnight combiner box, and the
security box to the smaller post.




¥ green empowerment

fern:
v -
A Mjeclmndn nuestros recursos naturales

April 20"

This is the day that we install the pump, the pipe fittings near the well, and the
electrical wiring. We hope that we will be alteturn on the pump today.

We strip and connect the three pump wires to the 225 feet of submersible
motor cable. We use the supplied splice kit to
create watertight seals on each connection. The

splice kit seals under intense, direct helat ‘» :
unfortunately, the propane torch is broken, and witd
are left with a low, undirected flame.

2SS 02yySOG GKS FTAGS YSOSNIf2y3as Oda
pump and attach a 9degree elbow on the other end. The power cable is attach
to the pipewith zip ties As one unit, this is lowered into the well.

i ;\a We add Teflon tape to each pipe fitting. It is difficult to
remember which direction the tape needs to
32 a2 GKIFG Al R2SayQ
part is screwed on, so some have torke g
taped. The correct direction is clockwise. We
assemble all of the pipe fittings and ‘
accessories, including the flow meter,
manometer, pressure switch, two gate valves,
drain, and a check valve and connect them tog
GKS 6Sffd ¢KS ™ isy¢ t &
attached to the assembly.

Ay 3

A trench is dug for the electrical conduit from the well head to
the controller and solar array. fr

The power cable for the
pump and cable for the
pressure switch are
0§KNBI RSR (K
electrical PVC conduit,
one six metesection at a time. The power cable is spliced and
connected through a terminal block inside a junction box at the well.

Ny
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The pressure switch cable is left intact and threaded through the same junction box.

A rock wall support is built under the spot wieethe pipe :
fittings and accessories assembly connects to the PVC pipe
that the weight of all the accessories does not strain the
fittings.

Another trench is used for the
delivery tubes from the well to the
first storage tank, and the PVC pipes
: i . 4 areglued together, one by one, all
the way to the tank, located at the church.

After lunch, we connect all of the
electronics. We connect all five
panels in series, but do not
complete the circuit, so that it is
safe to work in the breaker box.

Inside the ontroller and combiner box, we connect the cables
from the panels, the timing relay, the pressure switch, the power
to the pump, and the ground.

We leave a few extra meters of pressure switch and pump power cable spooled in the security box.

w

We are woried about the rocky terrain not being conductive enough fo
the grounding wire in case of a lightning strike. So we dig two holes ar
fill them with carbon and salt and bury twef8ot grounding rods in 7
them. The groundlng wire is connected by lugs to gzantel, the breaker
u box, the controller ground, and both

' puried grounding rods.

We have to install more than one wire in
many of the electrical strain reliefs, so there are gaps which may allow insects
to enter the controller and combiner box (this willewto be sealed in the
future).

The tools donated from friends at the Oregon Museum of Science and Industry
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(OMSI), have been a huge help in the installation.

The sun sets and we have to wait until tomorrow to test the system. Pieces of metal roofplgeee around
the well and pump to inhibit theft or damage.

We feel we are imposing on our hosts, as they need to accommodate us for a second, unplanned night, at the
same time as visiting relatives for the night; so sleeping quarters are tight.

April 21%

The day for testing the pump! We get up early and have a nice breakfast
of eggs and homemade biscuits. :

We open the metal protection that had been
placed around the well.

Up at the panels, we check voltage and
current for the full array before swikeng it
on. Given the distance and the trees,
communication between those at the well and those at the array is by yelling and
signing.

@ We turn on the controller and open the valve near the wellhead. SUCCESS: THE
PUMP WORKS! We take a video of the rodlet display showing the input power
and the water flowing from the well.

With a 5gallon bucket and a stopwatch, we measure the flow rate at the
well: 52 seconds for 5 gallons = 5.8 gpm, or 23 liters/minute. We check t
the little needles on the fio meter provide the same information, so in the
future we can rely on the flow meter (Caudalimetro).

We then close the valve and let the water fill the delivery pipe up to the
storage tank that is by the church. Given the flow rate, it takes abo@017
minutes to reach there. The people waiting at the tank are elated to see the
water flow there, but surprised that it arrives very warm. The-dtenched
pipes in their trench act as a good solar water heater!

Once the water reaches the tank, the pressgesige at the wellhead shows
a stable 4bar (4& H2Q or 56psi). To test the pressure switch setup, we ask
a villager to manually close the float valve that has been temporarily

; : installed inside the tank. At the well, the pressure gauge shows the
pressue qwckly mcreasmg The pressure switch combined with the timing relay should turn off the pump
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around 130 psi (or 93m H20), but that does not happen right away and the pressure climbs up to 180psi and
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A pipe has ruptured due to the high pressure!

In the process of checking the pipes, we realize that the 160 psi rating pipes we
purchased and delivered to the community, have been mixed with weaker 100
psi rated tubes, and the thinner pipes used in the lower part of the line, which
incur the higher pressure. The pressure in this section will exceed 130 psi, so
these pipes will have to be replaced and

used closer to the future higher storage tank, but vea still perform the

system testing today. The damaged section is removed and the pipe

repaired.

The electrical engineers review the fine print in the timer relay

documentation, and find out that it cannot withstand the level of voltage

we had connecteda it for power. For now, we decide to remove the

relay and rewire the circuit, to test the pressure switch by itself. As the

wires used in that section of the circuit are not cetmrded, it takes a bit of time to make sure the new wiring is
done right.

Once the pipe and wiring are fixed, we switch the pump on at the controller again. The pump makes tentative
noises and takes a long time to start, but eventually it works and the same flow rate is observed. We notice
that as pressure increases, seaittings leak and need tightening. This time, we perform the pressure switch
test by carefully closing the main valve, and observe that indeed the pump

stops when the pressure reaches about 130psi. We let the pump restart

by itself, and observe agathat it takes quite a long time.

While the pump restarts and fills the pipes up to the tank, Michel climbs
up the nearby hill-& / S NNE -Dd téld dahosdrbic pictures of the
village, assisted by three boys from the community, Omar, Ever, dad Lu

Then, we can finally have fun with the kids and mothers
g - happily filling buckets and enjoying the flow of water at
| the tank.




