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Abbreviations

AC Alternating Current
DC Direct Current

e Maximum Power Point Current

loc Short Circuit Current

Mono-SI Monocrystalline Silicon
MPPT Maximum Power Point Tracking
Puax Maximum Power

Poly-SI Polycrystalline Silicon

PWM Pulse Width Modulation

PV Photovoltaic

SIP Solar Irrigation Pumps

SWP Solar Water Pumps

\% Voltage

Ve Maximum Power Point Voltage
Ve Open Circuit Voltage

O&M Operation & Maintenance

Wp Watt-peak
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Section I: Introduction to Solar
PV System
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1. Introduction

Energy continues to be a major building block of modern civilizations. Among the many existing technologies
sources of energy, there is now a pronounced interest in the promotion of renewable energy technologies that depel
on nature for harvesting energy. These technologies are seen to be cleaner, and more sustainable than those deper
on fossil fuels in particular. The photovoltaic (PV) system among other renewable technologies is becoming increasi
common; these systems are devices that convert sunlight to electrical energy. As a country that receives abunc
sunlight with average solar radiation of 4.4 kWhim5.5 kWh/m? and around 300 sunny days per year (Solargis,
2019), Nepal has an excellent potential to be able to harvest this energy using a solar photovoltaic system.

SOLAR RESOURCE MAP @ R S
PHOTOVOLTAIC POWER POTENTIAL

NEPAL ESMAP XD
BO°E Tl BZ°E B4°E BE'E BB°E

MODEL UNCERTAINTY REDUCED %W
BY GROUND MEASUREMENTS

28°N L

Birganj

Dharan Ba
Biratnagar

PVOUT: Long-term average of potential PV power production, period 1999-2020
Daily totals: 28 3.2 36 4.0 4.4 4.8 5.2 5.6

50 km

kWh/kWp

Yearly totals: 1023 1169 1315 1461 1607 1753 1899 2045

Thig map Is published by the World Bank Group, funded By ESMAP, and prepared by Solarg or more information and terms of use, please visit http;//globalsolaratiasinfo

Figure 1 Photovoltaic Electricity Potential of Nepal (Solargis, 2021)

Advantages of o -grid solar PV systems

O -grid solar PV systems can be an ideal solution to cover basic and advanced energy needs. Basic needs can in
lighting, mobile charging, etc. whereas, advanced needs can include o -setting industry-level grid electricity with pro
cost-bene t analyses. Photovoltaic systems have numerous advantages, especially in comparison with conventional |
fuels.
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Clean Energy

PV systems help reduce ¢C@nd other harmful emissions and pollutants into the atmosphere and improve
public health and the environment.

Reliability

The life of PV systems is expected to be about 25 years and they can be installed in various regions and clim
where exposure to the sun is optimal. It is a proven technology with decades of global success history.

Reduced Operating Costs

PV systems depend on sunlight for energy conversion and do not require any external fuel resulting in fuel ¢
savings. Compared to diesel-fuelled generators, solar PV systems require minimum maintenance.

No Sound Pollution

Unlike generators and other sources of power and their generating system, PV does not contribute to soun
pollution.

Modularity

PV systems are modular, meaning their capacity can be expanded as required to increase power generation
components are individually replaceable in case of failure (for eg. individual solar modules, inverters, batter
etc.)

Sustainable Energy

Solar PV systems use solar radiation to generate electricity which is amongst the most sustainable renewe
energy source as it is naturally found and will not be a ected by market factors such as, changes in the f
markets.
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Limitations of o -grid solar PV systems

Although the advantages of o -grid solar PV systems are becoming more apparent, they do possess some limitatit
that should be considered.

High Initial Cost

PV systems require high initial investment than those of conventional power sources. The PV system produc
DC power which demands additional equipment to convert the DC power into AC to run AC loads.

Relatively large footprint

The PV system installation requires a comparatively large footprint (compared to diesel generators for exampl
which may not always be available on the ground or roofs.

Need for Energy Storage Devices

For 24-hr energy demand, sunlight is not always available and even when it is available, it is not constant. |
requires energy storage, such as batteries, to provide a consistent and reliable power supply. The batteries ¢
other storage devices increase the cost of the system.

Inconsistent Source of Energy

Sunshine is not always available even in the daytime. Geographic location, climate, and other environmel
conditions a ect the amount of sunlight exposure.

Lack of Awareness

People are generally unaware of the advantages of solar PV technology and its applications as it is fairly
compared to other fossil fuel-based technologies, and its adoption remains expensive and slow.
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Solar PV Applications
Lighting System for Home

These PV lighting systems are generally o -grid or stand-alone systems where the only source of energy is solar ene
However, in regions of unreliable grid electricity, solar PV systems are used as a supplement to grid electricity for crit
lights. Common applications at home include room lighting, pathway lights, etc.

Television and Radio

Solar PV systems typically ranging in size from 10 to 120Wp with one battery can be used to power a few LED ligl
radio, computer, and television. The devices used in such systems are mainly DC-supplied type which reduces sys
costs. So, in this case, low powered DC TV is connected that does not require an inverter.

Water Pumping

In rural areas with no grid connection or unreliable grid electricity, solar water pumping can be used for applications st
as irrigation, drinking, aquaculture, washing, and feeding livestock. There are generally two water tanks: one situ:
near the water source and the other near the village situated at a higher altitude. A high-e ciency solar DC or A(
water pump lifts water from the lower tank to the upper. The water collected at the upper tank is distributed through &
standard pipeline through gravity.

Street Light

A solar street light is typically composed of an LED lamp, solar panels, battery, and charge controller. The lamp opere
on electricity from batteries, charged through the use of a solar PV panel.
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2. Electrical demand load analysis

E cient Energy Utilization

The PV system must be designed e ciently to minimize costs while being able to cater to the required electrical loac
The load size directly in uences the size and cost of the PV system but professionals must advise on using ene
e cient devices. For example, use LED light instead of uorescent or CFL light. All loads must not run as peak loa
People must be aware of load peaking and the e ciency of appliances.

Both peak load and low-e ciency devices increase the cost and size of the PV system. The load must shift peak time
0 -peak time to reduce peak demand of the PV sy,stem which can reduce the size of the PV system and hence the ¢

Electrical Load Analysis

The load of the consumer needs to be correctly calculated for the demand analysis. The hour of operation of load
also equally important for the load analysis. The type of load also needs to be mentioned to gain an understanding
whether it is inductive or resistive and its usage pattern.

The load may be AC or DC type and the power rating of the load is usually available in the nameplate of the device
the manufacturer provides a manual in which the power rating is given. If the power rating is not given, then the pow
can be calculated as:

For DC load, For AC load,

Power = Voltage x Current. Power = Voltagg ;X Current x Power factor.

ine-3ph

The power factor is taken as 0.8 if not speci ed.

The voltage and current ratings are given in the nameplate.

Some loads consume low power in standby mode and higher power in an active mode such as a computer. Also, sc
loads turn on and o automatically, such as iron, refrigerators, etc. These loads are taken into account with their on a
o time while surge load must be taken into consideration such as for motors that take high current initially.

Load estimation

The load calculation requires daily average use of load, the number of loads, and its electrical speci cation. The speci ca
includes AC or DC type loads, power rating, voltage, and current rating. The total average energy consumption by t
load can be calculated by multiplying the number of loads, wattage of load, and the average operation of an hc
While calculating these loads, we must consider the seasonal variation of loads, low e cient loads, and standby pow
consumption of electrical devices/machines. The loads are variable and under certain conditions, some loads are v
to exclude in a PV system to reduce the size and cost of the PV system (for example, loads that are operated v
infrequently).
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Consideration in load estimation

Many variables can a ect the load estimation. The load calculation is not straightforward but di cult to calculate due t
many variables. The several considerations taken into account in the calculation of loads are:

i. Use of manufacturer’s manual for the energy consumption of load and power rating of the load

ii. Peak power during operation

iii. Frequency and duration of operation

] A Xhe type of load (either AC or DC)
AXThe voltage level required by the load

A ] Rhe seasonal and daily variation of loads
A]PExiency and the use of loads

A]ThX duty cycle of load and energy conservation taken into account

ix. The future expansion of load

Cable Size

We need to calculate the size of the cables based on the voltage loss and ampacity. Ampacity is de ned as the maxin

current carrying capacity of any conductor under certain cable properties, installation conditions, and the surroundi
environment.

For easier access, there are online tools that can help with cable calculations subltgs Mpisotovoltaic-software.
com/solar-tools/voltage-drop-calculator-dc-ac.
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3. Solar PV System Component

A typical o -grid Solar PV system generally consists of solar panels, a battery bank, a charger controller, and an inve
as shown in the gure below.
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-p | N

AC Loads
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Figure 2 Solar PV System Component for a typical O -grid system (LSP-International, 2021)

Similarly, the major components in other types of solar PV systems are,
X Solar PV on-grid systems: solar panels, inverter

X Solar water pumping systems: solar panels, controller, and pump
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Solar PV module

A solar cell, or photovoltaic cell, uses the photovoltaic e ect to convert radiated energy from the sun to electricity. Its
electrical characteristics, such as current, voltage, or resistance, vary when exposed to light. Generally, the open-cir
voltage (when the cell is not connected to any load) is approximately 0.5 to 0.6 volts. Individual solar cell devices car
combined to form modules, otherwise known as solar panels.

Photovoltaic (PV) Module

Cell

+000000$+'
? P D S S S e

Figure 3 Solar PV cell, module, panel, and array (FSEC, 2021)

Types of solar module

There are three broad categories of technology used for the formation of PV cells: (i) Crystalline silicon, (i) Thin- I
and (iii) Special (Compound semiconductor based). The Crystalline silicon (wafer-based) cell type accounts for mos
PV cell production while the thin- Im type is a newer technology.
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PV Cell Types

Crystalline

Silicon Special

Compound

e Poly-Crystalline Semi-conductor

o Amorphous-Si

Mono- .
Crystalline Tabden a-5i

CGIS
= Copper Indinm
Gallivm  Selenide

Figure 4 PV technology family tree (Grid Nepal, 2014)

Monocrystalline Solar Panels (Mono-SI)

One can easily recognize monocrystalline silicon solar panels from the uniform dark look and the rounded edg
The silicon’s high purity causes this type of solar panel to have one of the highest e ciency rates, with the newe
ones reaching above 20%.

Monocrystalline panels have a high power output, occupy less space, and last the longest. Another advantage
monocrystalline panels is that they tend to be slightly less a ected by high temperatures compared to polycrystalli
panels.
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Polycrystalline Solar Panels (Poly-SI)

You can quickly distinguish these panels because this type of solar cell is square, its angles are not cut, and it
blue, speckled look. They are made by melting raw silicon, which is a faster and cheaper process than that used
monocrystalline panels.

This leads to a lower e ciency (less than 20%), lower space e ciency, and a shorter lifespan since they are a ected
hot temperatures to a greater degree. The choice between mono- and polycrystalline types of solar panels will depe
on the speci c situation. The rst option o ers a slightly higher space e ciency at a slightly higher price but power
outputs can be the same if the array size is designed accordingly.

Mono

To make cells for
monocrystalline
panels, silicon is
formed into bars
and cut into wafers.

Poly

Tomake cells

for polycrystalline
panels, fragments
of silicon are melted
together to form the
wafars.

—

Figure 5 Types of Crystalline Panel technology (Sungold Solar, 2021)




| :flo{ I:+1fO kDkx?af/] K|IzIf0f Igb]{lz

kflin Igmi6ing ;f}o{ Kofgn -kfjin—P,cfO{

0;k|sf/sf] KofgnnfO{ I58} g} kixrfg ug{ ;IsG5 Isgls ;f}o{ ;]n juf{sf/, s'gf gsfl6Psf] / gLnf] wAaf e
sRrf I;Insg\nfO{ kUnfP/ of] tof/ ul/Psf] x'G5, h'gdf df]gf] Igmi6lngdf k|oflu x'g] eGbf I56f] / ;:tf

0;sf] kfj/ blftf sd X'G5 -@) k|ltzteGbf sd_, 7fpF a9L InG5 / 5f]6f] hLjgsfn x'G5 Isgeg] of] pR
cToflws k|efljt x'G5 . df]gf]— / kf]ln Igmi6lng k|sf/sf] ;fo{ KofgnaLr s'g rog ug]{ ljifo ljlzi6 ki/I:
x'g] xf] . kixnf] ljsNkn] cIn a9L d"Nodf sd 7fpF InG5 t/ P/]sf] cfsf/ /fd|/L I8hfOg ul/Psf] 5 eg
,dfg x'g ;S5.

kflnL

kf]in Igmi6ing
Mono Poly Kofgn agfpgsf
To make cells for To make cells nflu I;Insg\

monocrystalline
panels, silicon is
formed into bars
and cut into wafers.

for polycrystalline sf 6'qmfnfO{ Ps

panels, fragments .
of silicon are melted cfk;df kUnfP/

together to form the JJkm/ tof/
wafers. ul/G5 .

—

df]gf] lgmi6ing
Kofgnsfnflu ;]n
agfpg k|To]s aff
df I;Insg\ agfP/
jlkm/df ljeflht
ul/G5 .

tl:;j/ % Is|ibnLg Kofgn k|ljwLsf Isl;dx? -;g\ufI[N8 ;flnf/, @)@!




Training manual on Solar Irrigation Pumps |

Rated output speci cations and solar panels

Rated output for solar panels at di erent light intensities (Wismshown in the gure below. The “knee” of the curves
is where the most power output of the panel is generated.

Isc
0V; max amps
{} Maximum Power Point
Highest power output
Ig‘ 1000 W/m? V

800 W/m?
= 600 W/m?
H
i 400 W/m?
3
Ll
=
200 W/m?
100 W /m?

| Voc
| Ve 0A; max volts
Module voltage [V]

Figure 6 Voltage and current characteristics of solar panel (Altestore, 2021)

Open Circuit Voltage (Isc)

Open circuit voltage is the voltage output of a solar panel with no load. If you measure with a voltmeter across the pl

and minus leads, you will reag. VSince the solar panel is not connected to anything, there is no load on it, and it is
producing no current.

This is a very important number, as it is the maximum voltage that the solar panel can produce under Standard T
Conditions, so this is the number to use when determining how many solar panels you can wire in series going into y
inverter or charge controller. Remember, fuses and breakers protect wires against over-current, not over-voltage.

Short Circuit Current (Isc)

Short Circuit Current is the current a solar panel produces when the plus and minus of the solar panel's wires are shc
circuited. If you measure with an ammeter across the plus and minus leads, you wilTigiads the highest current
the solar panels will produce under standard test conditions.

When determining how many amps a connected device can handle, like a solar charge controller or inygiger, the |
used, generally multiplied by 1.25 for National Electrical Code (NEC).
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Maximum Power Point Tracking

The maximum power point of a solar panel or solar array is the operating point where the solar panel/array generats
the maximum power available at any given instance.

Similarly, Maximum Power Point Tracking (MPPT) is an algorithm that tracks the maximum power point of a solar pan
array at any given instance. The MPPT algorithm tracks the IV (Current and Voltage) curve and adjusts the voltage
current to yield maximum power. We know,

P=1*V

In the IV curve below, the ‘blue’ curve represents the power and the ‘orange’ curve represents the voltage and currel
We can see that the maximum power can be extracted aahd | . Note that the IV curve changes at di erent
radiation i.e. throughout the day, and the MPPT algorithm constantly tracks this maximum point.

Maximum power—\-\

/Current vs. voltage

Z
]
i
i
i
i
i
i
i
]
]
i
1

e ~
S -3
b= P
o Maximum $
5 power point \ o
(5] o

Power vs. voltage

Voltage (V) Virp Ve

Figure 7 PV Panel IV curve and MPPT Tracking (May eld, 2021)

The optimal Vmp and Imp are given in the solar panel datasheet which is speci ed for the Standard Test Conditic
(STC).
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Technical Specifications

Model Number

RI 2000

Cells per module

60

PV Laminate

Silfab SLA Mono

Cell type

Monocrystalline

PV Connector Type

PV wire with MC4 compatible

Maximum Power under STC*
(Pmax}

310 Wp

PV Laminate Front 3.2 mm high transmittance, tempered, ar coating

STC 4025V

PV Laminate Back Multi-layer Polymer Backsheet

Maximum Power Point Voltage  33.08V
under STC (Vmpp)

Short Clrcuit Current under STC  9.93 A
(Isc)

Maximum Power Point Current 9.38 A
under STC (Impp)

Module Efficiency under STC .U%
(nym)

Frame Black Powder Coated Aluminum

Weight 444 |b. (20.14 kg)

-40 to +185°F (-40 to +85°C)

0.30%/C 50 Ib.fft* (244 kg/m®) Positive Design Load

Temperature

Correction Factor TC Voc

SLA-M300|M310 UL 1703

DecoTech™ Frame:

(sp: ;@u T UL 2703

(> US UL 2703 STC: Standard Test Conditions 1000W/m’, 25%C, AM 1.5 vl parameters and ceriilicotions, refer fo the latest version of the Decolech™ Application Instucticns
PV MOUNTING SYSTEM
Eags228

Figure 8 Technical Speci cation of a typical Solar Panel (GAF DecoTech, 2021)

Array Sizing

The solar array sizing results in the total peak Wattage (Wp) provided to meet the demand. During solar array sizir
losses in the generation need to be factored in to obtain the desired power in the system. The average daily peak
time plays a major role in sizing the PV system. The average daily peak sun hours in Nepal is 4.6 hours (average
SolarGIS GHI map).

Factors that cause losses in solar panel power output are:
X Solar irradiance
X Power loss due to cell temperature
x Nameplate DC Rating
x Diode and Connection loss
X Mismatch losses
x DC and AC Wiring
X Sun-Tracking loss
X Shading losses
x Soiling losses

x Controller loss
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Additionally, as a general rule of thumb, losses in generation can be taken into account with a factor of 0.6 to 0.7.
The general steps for array sizing are,

x Determine energy demand in Wh (watt-hours)

X Use the following formula to calculate the array size

(Total Energy [Wh])
4.6*Wp*0.7

Array size (Wp) =

Where,
Wh = Watt-hour (power x time)
4.6 = Total peak sun hours in Nepal
Wp = watt size of modules to be used
0.7 = Losses in modules due to factors like temperature, soiling etc.

Note: This calculation is used for the rule-of-thumb sizing of a solar array. The peak sun hours and
losses are speci ¢ to the site conditions and components used.

Once the array size has been determined, the arrangement of solar panels in the array i.e. the number of panels in st
and parallel must be compatible with the charge controller or the inverter that it will directly connect to. To check this
make sure the array voltage and current are within acceptable limits of the charge controller or the inverter.
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Batteries

A battery is an electrochemical device that can store electrical energy in a chemical form. It contains various cells
each cell contains a positive terminal (or cathode) and a negative terminal (or anode). The electrolyte allows the ion
ow between terminals.

The energy produced by the PV array and stored in the battery is used at night when no sunlight is available or wi
there is minimal sunlight in the daytime.

Protective Positive
casing terminal

Negative
terminal

Cell divider

Positive electrode
(lead dioxide)

Negative electrode
(lead)

— Dilute H,SO,

Figure 9 Battery and its components (BCcampus, n.d.)

Types and operation of a battery

Batteries can be categorized as Primary (non-rechargeable) and Secondary (rechargeable) batteries. Primary batt
are not suitable in solar PV applications because the battery needs to be charged and discharged.

There are many types of batteries used in commercial and residential applications. Commonly used batteries in a s
PV system are:

Flooded Lead Acid Battery

In ooded lead-acid batteries, the positive and negative lead plates, which are made of di erent compositions, al
immersed in sulfuric acid solution also known as electrolyte. The voltage of the individual cell is approximately
regardless of the cell size. Electricity ows from the battery as soon as there is a circuit between the positive and nega
terminals when any load (appliance) that needs electricity is connected to the battery. The ooded lead-acid batteri
need frequent maintenance i.e. the electrolyte needs to be topped up with distilled water to maintain the desire
electrolyte level inside the battery. The condition of the battery can be checked using a hydrometer which measures
speci ¢ gravity of the electrolyte.
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VLRA battery

VRLA battery (Valve-Regulated Lead-Acid battery), is a maintenance-free lead-acid rechargeable battery. Be
maintenance-free and not requiring frequent distil water top-up, they can be used in applications where freque
maintenance and monitoring can be a challenge (for example, in remote locations). However, they do require clean
and functional testing.

AGM battery

AGM batteries (absorbed glass mat) are a type of sealed, or valve-regulated lead-acid battery, the electrolyte in an Al
battery is absorbed in glass mats which are sandwiched in layers between the plates. The battery is completely se
and individual cell conditions cannot be checked with a hydrometer. Vents prevent pressure build-up in case of gas:
These require lower voltage charge controls and have a life expectancy of 2-5 years and 5-10 years for higher qualit
cell batteries.

Nickel-Cadmium Batteries

Nickel-Cadmium batteries consist of positive electrodes made from nickel-hydroxide (Ng@H)egative electrodes
made from cadmium (Cd) and immersed in an alkaline potassium hydroxide (KOH) electrolyte solution. These batteri
have a long life, low maintenance, survivability from excessive discharges, excellent low-temperature capacity reten
and non-critical voltage regulation requirements which makes them suitable for solar application. But the high cost :
limited availability are the main disadvantages of these batteries.

Lithium-ion batteries

Lithium-ion (Li-ion) batteries have electrodes made of lightweight lithium and carbon. These batteries can be easily u
in place of traditional lead-acid batteries and Nickel-Cadmium batteries. Li-ion batteries have higher energy density
higher e ciency compared to lead-acid batteries and can last for more than 10 years. The main disadvantage of Li-io
that it is relatively expensive than lead-acid and Nickel-Cadmium batteries.

Battery bank sizing and Calculations

For calculating the battery sizing, the AC energy consumption can be converted in DC by dividing AC energy consumpt
by inverter e ciency. The considerations for battery sizing are autonomy days (number of days requiring back-up in ce
of low/no PV generation), depth of discharge (DoD), the e ciency of the battery, and the system voltage at which the
battery is con gured.

The general formula to calculate the battery bank is,

(Wh* DoA)
Ah =

(Vs*DoD*Losses)
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Where,
Ah is the Battery size in Ampere hour
Wh is the total energy requirement (Watt-hour)
DoA is the days of autonomy (generally 1.5 for hybrid systems (provision for grid charging, 2 for stand-alone
V. is the system voltage (12V, 24V, 48V, etc.)
DoD is the depth of discharge (0.8 for 80% discharge)

To meet the battery bank size, batteries are con gured in series and parallel. The total battery bank size (Ah) is divic
by battery Ampere-Hour (Ah) which gives a total number of batteries in parallel. The number of batteries in series c:
be calculated by dividing the system voltage by individual battery voltage. The total number of batteries required is
product of the number of batteries in parallel and the number of batteries in series.

If a single battery cannot deliver the required current, multiple batteries should be connected in parallel to meet tf
required current. The number of batteries to be connected in parallel can be calculated by the following equation,

Required battery capacity

NBp =
Individual battery capacity

To obtain the desired system voltage, the number of batteries in series has to be increased. This can be calculate
the following equation,

Nominal System Voltage
NBs =

Nominal Battery Voltage
The total number of batteries in the battery bank can be calculated as
Nt = NBp * NBs

For example, let the total DC energy generated by the solar array be 4,500Wh and this energy must be stored in tl
battery bank. Being an o -grid system, the autonomy days is 2 days, the depth of discharge is 80%, system e cienc
80% and system voltage is 48V. Then

Battery Bank Size = (4,500*2) / (0.8*0.8*48)
= 292.96Ah
Let us use a 12V battery of 150Ah. The number of battery required in parallel is
=292.96/150
=1.95 or, ~ 2 nos. of 150Ah batteries
Number of the battery connected in series
= 48V/12V = 4 nos.

Hence total number of batteries =4 x 2 = 8 nos.
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Battery Cable Connections

The cables that connect batteries play an important part in the performance of the battery bank. Selecting the correct s
(diameter) and length of cable is important for the overall system e ciency. Cables that are too small or unnecessar
long will result in power loss and increased resistance.

When connecting batteries in series and parallel, the cable length interconnecting each battery and to the chal
controller or inverter should be of equal length. This ensures that the cable resistance in the positive and negat
terminal is the same which allows the battery bank to be uniformly charged.

Figure 10 Battery cable connection (National Luna, 2021)

All cables in the solar PV system should meet the voltage and current (ampacity), voltage loss, and current |
requirements of the system. For example, the battery cable size (cross-sectional area) and its ampacity (rated curr
carrying capacity) should be able to carry the maximum current that the cable should be able to carry during charg
and discharging.
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Series Connection

Batteries are connected in series to add the voltages of individual batteries. The positive terminal of each batter
connected to the negative terminal of the following one. Finally, the negative terminal of the rst battery and the positi
terminal of the last battery is taken as the output.

48V Charge

controller
+ -

+

Battery Battery Battery Battery

Figure 11 Batteries in Series (Newenergyco, 2021)

Parallel Connection

Parallel coupling involves connecting the positive terminals of multiple batteries together and the same with the nega
terminals of multiple batteries. This type of arrangement is used to increase the capacity of the battery bank wh
maintaining the nominal voltage constant.

12V Charge

controller
o

Figure 12 Parallel connection (Newenergyco, 2021)
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Series/Parallel Connection

A combination of series and parallel connections is required if you need, for example, a 24V battery set using a 1
individual battery and a higher capacity.

24V Charge
controller
+ -
|
+ = + -
12v 12V
Battery Battery
+ - + -
12v 12V
Battery Battery

Figure 13 Series / Parallel Connection (Newenergyco, 2021)

Speci cation
Some typical terms used to describe batteries in the market are given below as an example only,
X 12V Flooded Lead Acid Battery: capacity ranging from 10Ah to 200Ah
X 2V Flooded Lead Acid Battery: capacity ranging from 200Ah to 3,800Ah
X 12V VRLA GEL Tubular: capacity ranging from 100Ah to 200Ah
X 2V VRLA GEL Tubular: capacity ranging from 200Ah to 4,200Ah
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Example of battery speci cation

Note: The following technical speci cations are obtained from Exide Solar Batteries

Figure 14 Example of technical speci cation of a battery

Charge Controller

A charge controller regulates the energy from the solar array and charges the battery bank. It is similar to the volte
regulator and regulates the voltage and current from the solar panels to safely charge the battery bank.

Battery life reduces drastically due to overcharging and deep discharging hence it is necessary to protect the battery f
being overcharged or deeply discharged. The primary purpose of the charge controller is to prevent the battery fro
overcharging and deep discharging.

1 https://docs.exideindustries.com/pdf/products/solar-batteries/solar-all-product-catatmgssgnti?021, November, 25
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Charge
Controller

Figure 15 PV System with a Charge controller (Synergy, 2021)

The charge controller takes battery voltage as a reference to determine its state of charge and stops charging when
battery bank voltage has reached its high level. The charge controller resumes charging when the battery bank vol
drops as it powers the load. The following tashowse of the battery status during charging and discharging.

The following table shows the state of charge of a nominal 12V battery at di erent battery voltages.

Note: The following table is for general reference only and does not apply to all batteries.

Battery voltage (volts) State of charge
Above 13V 100%
12v 67%
11v 34%
Below 10V 1%
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Types of Charge Controller

Generally, there are two types of charge controllers innm®&MPPT charge controller and MPPT charge
controller.

Non-MPPT Charge Controller

Non-MPPT charge controller operates by making a direct connection from the solar panel to the batteries, and thu
the solar array voltage is referenced to the battery voltage. The battery voltage adjusts slightly depending on the curr
generated by the panel and the characteristics of the batteries. Generally, the non-MPPT charge controller rar
operates at the y, of the solar panel, potential energy is being wasted that could otherwise be used to better charge
the battery bank and maintain system power. The greater the di erence between battery voltage gnddhehe

panel, the more energy is wasted and reduces the e ciency of the system.

MPPT Charge Controller

A Maximum Power Point Tracker (MPPT) is an electronic DC to DC converter that maximizes the available power fror
the solar panels at any instance by optimizing the charging voltage and current between the solar panels and the ba
bank. Generally, it can provide a power gain of up to 33% compared to non-MPPT controllers.

Charge Controller Features
Following are some important features of a charge controller:

x Electronic blocking (to protect against reverse polarity connection of PV panel and block current from the
battery to PV panel when the battery is overcharged),

X Rated charging/load current,

x PWM Charging with 3-stage Charge Control (to allow the battery to be left unattended for long period),
x User adjustable charge control settings for di erent types of batteries,

x User Adjustable Low Voltage Disconnect and Low Voltage Reconnect,

x  Built-In Microprocessor for PV charge control to maximize the charging e ciency, overcharge and over-discharg
protection

x Over-temperature protection,
X Short-circuit protection at load terminal & battery reverse polarity protection at battery connection terminal,

X Informative LCD Display and tri-color LED indication of system and battery conditions, optional temperature
sensor for compensated battery charging,

X Optional remote signal terminal.
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Speci cation of Charge Controller

If maximum charging capacity is only a factor to be considered, the MPPT charge controller is the best choice. Norm:
specifying a PV charge controller depends on site conditions, system components, size of the panel and load, and |
the cost for a particular solar power system. MPPT charge controllers are relatively more costly than non-MPPT chal
controllers.

The below table shows an example technical speci cation of a Xantrex charge céntroller

ELECTRICAL DATA
CHARGE CONTROLLER 304
Part Number T10-3024-01
Mominal System Voltage 1224V Auto-Detect
Rated Charge. Current Battery 1: 30A
Battery 2: 1A
Battery Voltage Range 8to 32V
Max. PV Open Circuit Voltage 100V
MPP Voltage Range {Battery voltage + 2V) up to 72V
Max. PV Input Poweer 124 3900
24\ TR0
Battery Types Supported® Battery 1 (House): Lead-acid battery (Sealed{(AGM) { Gal / Flooded)
Lithium lron Phosphate (LiFePOy)
Battery 2 (Starterk Lead-acid battery (Sealed(AGM) / Gel / Flooded)
Self-consumption 1205 17T maiy
24V 10maA
Temperature Compensation Coefficent -3mvE oy
Grownding Common negative

*Battery 1 and Battery 2 can be ditferent battery chemintries, but must be the same nominal voltage (137 or 24V

ENVIRONMENTAL DATA

CHARGE CONTROLLER 30A

Storage Temperature Range -20*C 1o TO0°C

Operating Temperature Range -25°C 1o 45°C (fulby-rated cutput)
Relative Humidity <85%, N.C

Enclosure Protection P33

MECHANICAL DATA

CHARGE CONTROLLER 304

Dimersicns 581" WX 9.92" H X 264" D (165:0mm W X 251.8 mm H x 67.0 mm D)
Met Weight 2Albs/13kg

Max. Cable Size (PV Array and Battery 1) 0.63in* {16mm?)  BANWG
Recommended Cable Size (P Array and Battery 1) 0.24in® {&mm?} / 10AWG or higher
Max: Cable Size {Battery 2) 0.16in? (dmm?) 7/ 124WGE
Recommended Cable Size (Battery 7} 0.0din® (1mmd) { TBAVG or higher

Figure 16 Example technical speci cation of a charge controller

2 http://www.xantrex.com/documents/Solar/20191122_ XantrexSolar_ MPPT_ChargeController2019.pdf, Accessed 2021,
December, 1
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2 http://www.xantrex.com/documents/Solar/20191122 XantrexSolar_ MPPT_ChargeController2019.pdf, Accessed 2021,

December, 1
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Sizing a Charge Controller

The charge controller sizing involves the following formula and in this step, calculate the short circuit current of |
module and then charge controller minimum power current:

Charge Controller Size= Isc*N*Safety Factor
Where,
|l is the short circuit current of the solar array
N is the number of modules connected in parallel
Safety Factor can be taken to be 1.25 for non-MPPT and 1.33 for MPPT
Note: This is a general sizing method only. Safety factors are speci ¢ to site requirements.

Next, the input voltage range of the charge controller must accept the solar array con guration voltage.

e
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Inverter

An inveter converts the direct current (DC) into alternating current (AC). It allows the use of ordinary AC-powered
equipment. Generally, inverters use the principle of Pulse Width Modulation (PWM) to produce output, which may b
a variable voltage or variable frequency supply.

DC CURRENT — > INVERTER > AC CURRENT

Types of Inverters
O -Grid Inverter

O -grid inverters are used in a stand-alone system intended to operate independently of the electricity grid. A gener
schematic of the o -grid system with an inverter is shown below.

Solar panels
;====illllllll

==== Optional generator
l [ 1]

DEDN

=lll

| 005 [

[ il

Charge controller ~ Inverter Home

!
.

Battery bank

Figure 17 Schematic of o -grid system with inverter (Solarreviews, 2021)

Hybrid inverter

Hybrid Inverters are sometimes referred to as multi-mode inverters, which is an inverter that can simultaneously mane
inputs from both solar panels and a battery bank, charging batteries with either solar array or the electricity grid.
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Solar panels AC Battery
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Figure 18 Schematic of Hybrid Inverter (Solarreviews, 2021)

Grid-tied inverter

Grid tied-inverter converts direct current (DC) from the solar array into alternating current (AC) that can be directly
injected into the power grid. For reference, the single-phase voltage and frequency standard in Nepal is 230V RM.
50Hz. In this system, energy from the solar array is used for self-consumption (residential or commercial applicatio
and any excess or de cit energy is exported or imported from the electricity grid.

Grid

. . iy
FTRTATATE I AT e

1

<l

Inverter

T

Solar panels l_ =
BERDNE

g

Figure 19 Schematic of Grid-tied power inverter (Solarreviews, 2021)
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Inverter Sizing

The sizing of the inverter can be done using the formula below. The DC voltage input for the inverter must be compatit
with the charge controller and the battery bank.

Inverter ( Watt/ kVA) = Total power (W) X safety factor
Where,
Total Power = Peak instantaneous power of the load
Safety Factor = 1.25 (as general reference)

Note: This is a general sizing method only. Safety factors are speci ¢ to site requirements.

Speci cation of an inverter
The important features of inverters for solar PV applications are:
x Nominal input voltage of DC
x Nominal output voltage of 230V AC (single-phase), or 400V AC (three-phase)
x Designed rating
x Optimally suited range
x Peak e ciency factor of > 98%
X Module and its importance
X MPPT range
X Programming facility
x Paositioning functionality
x Display of monitored current and voltage
X Compact solution based on overall space and cost

x Data monitoring/ remote control via Ethernet/network integration/vector control etc.
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An example of an inverter datasheet for solar PV application is given in the gure below.

Note: The following technical speci cations are obtained from the EssenSolar inverter dfatasheet

MODEL NUMBER : FSP1D2PV-230F-12 | FSP202PY-230F-24 | FSPIIZPV-230F-24 | FSPSOZPY-230F-48 | FSPSOZRV-23DFS-48
Grid system Single Phasa, 230Vac
Rated power 1,000v4 1,000W | 2000vA/ 2.000W | 3000VA/2400W | 5000VA/5000W | 5000M/ 5.000W
_ Parallel capability Yes, 9 units
Max. PV input power 500W BOOW 1,000W 4,000W 4 500W
MPPT voltage range (Full Power) 15 - BONdc 30 - GBVdc 30 - BVdc B0 - 115Vdc 120 - 430Vdc
Mz PV input curment 338 204 334 | BEA 37.54
Max_ PV voltage (0C) 102Vdc T5Vide 100Vdc | 145udc A500Vde
Number of MPPT 1
AC vollage Single Phase, 230Vac
Seiectabiz Voiage Range 170-280 Vac (For PC/ SPS applications) 90-280 Vaz (For home facilities)
Frequency range 50 Hz/ 60 Hz {Aurto)
OUTPUT CHARACTERISTIG
AL voitage raguiation @ backup mode 23Vac + 5%
Surge ability 2.000WA 4,000VA | B-000VA | 10,000V | 10,0003
Transier fime 10 ms (For PC/ 5PS) : 20 ms (For home facilifies)
Oustpaut weaveform Pure sinewava
Efficiancy {Line mode) 5%
Efficiency (Battery to AC) 90 - 43% 93% [ 0% ! y3% | agt
Max chaming power Ta0W 1.320W 2400 6,720W 340w
_ Mak_charging curend 604 554 1004 1404 BOA
Max. PV charging current oA 25A A | soA 804
_ Max_ AC charging current 204 304 04 BOA B
_ Nomingl Battery voltage 12de 24Vde 24ve adc. 48vdc
Over charge profection 15.5vde 31vide 30vde. Bevdc
Battery flaating valtage: EET 20Vt e S4vdc
Rated backup time
] 24 or 4810080 i) = | 9 = i
Max. Effiency (PV to Baitery 98%
Standby power consumption <2W
PHYSICAL & ENVIRONMENT DATA :
_ Operating temp range 055
Storage t8mp range _-15°C-B0°C
Hurmidity 5 - 95% RH, non-condensing
Altitude 0 - 1000m
Dimensions (W e H D) 240 x 316 % 95 272% 355100 | 272 % 385 % 100 mm | 205 x 468 x 120 mm | 285 x 458 x 120 mm
Mt weight 5.2 k) T.0kg T5kg | 135 kg 11.0 kg
Protect function Owerioad, short circuit, over voltage, high temperature
Cooling Air forced
Enclosure enviranmental rating P20
HMI LED display
Communication part USE ! LSA/ R&232
Dy contact port Yes
Optional accessories Ramote control panel, Parallel kits (Only for 3k/5K parallel modal)
Monitoring software Yes
Complance |EC 55022 Class A, [EC 62109, [EC 63350
Ceriification CE

Figure 20 Example of a technical speci cation of an inverter

3 https://www.fsp-group.com/download/pro/EssenSolarlk3k5k_Datasheet.pdf, Accessed 2021, November, 25
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3 https://www.fsp-group.com/download/pro/EssenSolarlk3k5k_Datasheet.pdf, Accessed 2021, November, 25
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Section Il: Solar Irrigation Pump
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4. Introduction

Solar Water Pumping (SWP) systems have been used commonly for irrigation, livestock watering, and even in to
water supply systems. Solar Irrigation Pump (SIP) is an application of the SWP system used mostly in irrigating p
elds and vegetables, and watering gardens among others.

Some advantages of a typical solar irrigation system are:
i Makes irrigation possible in remote areas where there is no/limited access to the grid
2 Is environment-friendly
3 No grid connection is required and no electricity bills need to be paid
4 No fuel is required; hence the cost of operation is very low
5 Is durable, requiring minimal maintenance

The major components of a typical solar-powered pumping system include a solar array that powers a submersible
surface pump. The solar array capacity of the SIP is dependent on the size of the pump chosen for the desired wi
output at the desired vertical head. The water may be pumped from a bore well, open well, stream, pond, and othe
water sources to a storage tank ,or, the water can be directed to the eld. The SIP system has three major componen
pump, controller, and solar panels. A typical example of an SWP or SIP system is shown in Figure 21.

The pump is driven by a motor which is powered by the electricity generated by the solar panel. The motor can be A
or DC. Most DC pumps run at 24 volts rather than 12 volts. However, smaller systems for 12 volts do exist for light
duty applications, while systems running on 48 volts also exist for heavier applications. As for AC, pumps rated at 2:
or 400V are available for Nepal's market. The power of a motor is speci ed in either watt (W) or horsepower (HP).

Figure 21 Overview of the Solar Water Pump system: Submersible pump (Top) and Surface Pump (Bottom)
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5. Basic Steps in System Design

The general approach to designing a system can be summarized as follows:
i.  Determine thevolume of water to be pumped each day and verify the discharge rate
i.  Determine thdotal dynamic head

iii.  Calculate thpump’s rated power and discharge capacity manually and verify with the selected company’s
performance chart

iv.  Select the pump referring to pump performance curves of reputed manufacturers
v.  Select the appropriate size of solar PV modules considering losses and e ciency
vi.  Select a compatible controller that regulates power from the solar array and drives the pump

However, before following these guidelines, it is helpful to ascertain whether a directly coupled system (no batterie
no external controller, or power conditioning circuitry) is feasible for the particular application. If so, such a system
strongly recommended, even though its use provides little exibility in component choice and system con guratiot
However, there are occasions when directly coupled systems are unsuitable. These include:

X When pumping heads are too large to use a centrifugal pump with reasonable e ciency;

X When suitable DC motors are not available, such as with some large systems (greater than 10 HP) where lit
choice exists, or when a submersible motor is necessary and no brushless DC motors are available at a suite
price;

X When batteries must be used for energy storage (i.e. where “availability” of pumped water must be very hig
and tank storage is unsuitable) e.g. portable units;

X Where locations characterized by excessive cloudy weather make the poor part-load e ciencies of a directly
coupled system unacceptable.

General Head Calculation

The Total Dynamic Head (TDH) is the total vertical height that the pump has to push water that takes into account ¢
losses. TDH is calculated as

TDH=Delivery head + Suction Head + Head due to friction loss
Where,
Delivery head is the total vertical head the water travels from the pump level to the top of the tank;
Suction head is the head required to lift the water from the source to the pump level

When the total pumping head is very high, appropriate sizing of pump and solar array may become a challenge to pt
in one stage. In such a case multi-stage pumping can be done where a single large SIP is divided into two or more
operating as a cascading system. When staging pumping stations, technical and economic analyses are to be done. |
head, appropriate material and thickness of pipes and non-return value ttings need to be chosen to protect the pun
from water hammer pressure.
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Bore well
depth

Figure 22 Vertical measurements of surface pump systems

Choice of Pump
Surface Centrifugal pump

As the name suggests, the surface pump is normally placed at ground level and is suitable for pumping from shallow
wells, open wells, reservoirs, lakes, and canals. Surface pumps are generally suitable for regions where the water le
within 5-7m below ground level due to the limitation of the suction head.

Figure 23 Typical Surface Centrifugal Pumps (Pedrollo, 2021)

A typical surface centrifugal pump is shown in Figure 23 which is relatively cheap and is readily available in the me
Surface centrifugal pumps are usually designed for high ow rates and low heads. They are usually made of cast
and are nished with an anti-corrosive primer, followed by silver-coloured polyurethane paint. These pumps may t
damaged if they are run dry for a long period and needs a priming mechanism.
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Submersible pump

As the name suggests, a submersible pump is immersed in water. It pumps water by displacement and is mostly
in deep wells. Such type of pumps is designed for high head and medium ow application. They are multi-stage pL
and has high-e ciency micro-computer-based inverter. The inverter optimizes the power input and thus enhances tf
overall system e ciency. These pumps are relatively costly compared to surface pumps but have a longer life and gre:
reliability than surface pumps.

NN

-

Q|

T

f=

Figure 24 Typical Submersible Pumps (Pedrollo, 2021)

Table 1 Comparison of surface and submersible pumps

Surface pumps Submersible pumps
X Needs to be primed x Doesn’t need to be primed

X More prone to theft as they are above x Less prone to theft

ground
X Less prone to wear and tear due |to

X More prone to wear and tear due o environmental e ects

environmental e ects ) ]
X Di cult to remove once installed

x Easy to access for repair and maintenance i . )
X Requires major overhaul maintenance jand

x Parts are more easily available in |the possible rewinding of coil approximately
local market (in Nepal’s scenario), and by every 5 years
doing so the lifetime of the pump can|be

extended X Submersible pumps usually last a long time,

since they are made of stainless steel.

General Overview of SIPs Installation
Site selection

Selecting an appropriate location for SIP is an important step for the successful implementation of the system. -
location of the pump, solar array, and controller needs to be carefully evaluated and the potential for generating desil
energy from the system needs to be estimated. This process contains several considerations including interconnec
the con guration of the inverter, siting of transformer equipment, zoning, and environmental regulation to determini
the viability of the site.
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If a PV panel’s orientation or tilt varies signi cantly from optimal for a given location, the potential energy yield reduc
accordingly. Thus, the practicality of array tilt and orientation must be evaluated while on site which is important for tl
system design later. The optimal combination of panel tilt and direction will depend on a few factors such as geograpt
location, seasonal weather, and system application. With the designed components, such as the annual insolation 1
you can create a chart for quickly evaluating potential energy production as it changes with the panel positions. -
results will reveal the ideal panel orientation and tilt for an unshaded panel in a particular location.

Normally, the process of a site evaluation is completed in the following steps:

1. First, the proper site for the solar power plant is to be located based on considerations of the location of wate
use, land availability and permits, suitability of land (minimum shading, minimum site grading required, etc.).

2. Then, the solar insolation data for a given location is obtained. This can be done by using online databases
software such as SolarGIS, PVSyst, etc. The atmospheric data provided by the software considers various e ¢
such as atmosphere temperature, humidity, solar radiation, wind speed, direction, etc. on monthly basis.

3. Then, the most preferable site is to be selected by comparing the necessary atmospheric data.

SIP Installation
Solar panels and structure

X Make sure the installation area is clear and ready for installation. The support structure must be erected on
clear, dry, and level area.

X Make sure the panels are facing south and do not have any near or far shadings. For an optimum generation,
modules must be placed at an angle 6f(iBONepal’s context).

x For concrete footing, wait for the mixture to dry before installing the solar panels. The ground clearance of th
modules must be at least 0.3m (1ft) to avoid high shading from ground vegetation.

X Spacing between adjacent modules must be at least 5mm to 10mm between the rows/column.
x All the modules must be mounted with the help of a nut, bolts, and spring washer.
x Ensure that the structure is rigid and there are no sags in the structure which may indicate mechanical stress

X A suitable size of string breaker must be used in between modules and controller.

Pumps
x All the plumbing work connected to the pumps needs to be leak-proof.

x The surface pump needs to be placed under protective housing to protect it from the environment. The pumj
housing must allow proper ventilation and enough room for plumbing work.

x The submersible pump needs to be properly fastened with a stay wire to hold the pump under the water. T
allow ease of repair and maintenance, a union should be placed above the pump.

x All electrical connections must be properly insulated.
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x kfgL d'lgsf] kDknfO{ c8\ofpgsf] nflu :6] tf/n] /fd|f];Fu afFWg"k5{ . dd{t ;Def/df ;xhtfs
o'lgog /fVg'k5{ .

X ;a} lah'nLsf h8fgx¢, +sg]S;gx? /fd|/L OG;'n]6 x'g'k5{ .
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Anchor block

\
g

Figure 25 Installation of Surface Pump in pump housing (left) and Submersible Pump fastened with stay wire (right)

Pump Controller

X The pump controller must be properly housed inside a box to protect it from rain and dirt with proper labelling
(unless the controller is IP68 rated).

PV disconnect
McB

Controller  Controfler box Ventilation

Front view
(door opened)

Side view

Figure 26 Pump controller housing

Cables
x All exposed cables must have an appropriate conduit and be buried at an appropriate depth.
x If possible, a UV cable of a suitable cross-section must be used for outdoor purposes.

X Cables behind the solar panels need to be neatly fastened using cable ties
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Access door

Star wire .6] jfo/ PGs/ Anfs
PS;]; 8f]/ & ] J [ Anchor block
kDk xfplhau [:\/

Ventilation window

IG6n]zg [jG8

tl:j/ @% kDk xfplh®\u -b]a|]_ df ;km]{; kDksf] h8fg / kfgLd'lgsf] kDknfO{ :6] tf/n] afFlwPsf] -bfc

kDk sG6«f]n/

x kDk sG6«f|n/nfO{ plrt ;+s]tsf] ;fy jiff{ / kmf]xf]/af6 hfljufpg afs;leq ;'/Ift /flvPsf] 1gk5{ -s
dfkg ul/bf;Dd_

Pvascomect kel 18:5g]S6
SG 6« jadoter  controlier box veniaion  €]G6LN];g

‘h{ K|f]6]S6/
Surge protector

BEEE

EEE) :

DIN rail

8LPn /}n

Equipotential
grounding terminal

OSjkf]6]IG;on
u|fp08L2 6ld{

«———— Cable glands
ronvew  CUTBLATE XD 5)in UNOfO8;\
(dooropened) _Of]sf vf]n]sf]_

tl;j/ @" kDk sG6«f]n/ xfplhalu

saevew fO8af6 X]bf{

x ;a} v'nf tf/x? /[fd|/L afFIwPsf] / pko'Qm kfOk leq x'g'k5{ / pko'Qm ulx/fOdf ufl8Psf] x'g'k
X ;Dej eP, aflx/L p2]Zosf nflu pko'Qm gqm;;]Szgsf] o"eL tf/ k|oflu ug'{k5{ .
x ;flo{ Kofgn k5fl8sf] tf/x?nfO{ /fd|/L afFWg h?/L X'G5 .
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Float Switch

X A oat switch is a contact switch that signals the controller whether the water level in the source is adequat:
or not, and stops the pump from running dry when the water level is low.

X It protects the pump from dry run and damages due to overheating.

Grounding Pits
x Grounding must be given to the pump, controller, panel, panel structure, and controller body.

X The ground pit should be near the solar panel structure and where soil resistivity is low.

X Measure ground resistance after the ground electrodes have been installed and make sure they meet t
required value. Usually, the grounding resistance should be 10 ohms or less.
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“nf]6 :jLr

x "nf]6 :jLr eg]sf] h;n] sG6«fIn/nfO{ ;|f]tdf kfgLsf] :t/ kof{Kt 5 jf 5}g egL ;+s]t u5{/ kfgLsf]
kDknfO{ ;'Vvf rNgaf6 /f]S5 .

x 0;n] kKDknfO{ 8«fO{ /gaf6 hflufpg'sf ;fy} cfle/Ix]I6+usf] sf/0fn] x'g] Ifltaf6 hflufpF>5 .

cly{3+ul|fplG8au Ik6
x kDk, sG6«f]n/, Kofgn, Kofgnsf] :6«Sr/ / sG6«f]n/ a8LnfO{ u|fplG8&\u IbOg'k5{ .
x hldgsf] viN8f] ;f}o{ Kofgn ;+/rgfsf] glhs / df6f]sf] k|lt/flwstf sd ePsf] 7fpFdf x'g'k5{ .

X u|fpG8 On]S6«f]8x? ufl8;s]kIS hidgsf] k|It/flw dfkg ug'{xf];\ / lolgx?sf] cfjiZos dfkg k'/f (
ug'{xf];\ . k|fo h;f], ulfplG82 k|It/flw !) cf]xd jf ;fleGbf sd x'g'k5{ .
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6. Annex: Installation Report Template

Date of installation

Date of commissioning

Contact person

Phone

System location

Pumping head

Water source

Water output per day

Application

100% powered by solar (Yes/No)

Pump Installation data:
Best describe the weather condition

Array mount spacing

Panel mount structure material

Angle of tilt

Mounting structure type

Mounting and PV module frame grounding (Yes/No)

Module installation location

No. in series

No. in parallel
String Parameters:
Circuit breaker rating

Voltage V.

Voltage V|

Current

Grounding connection (Yes/No)

Cable insulation (Yes/No)

Cable labelling (Yes/No)

Continuity check (Yes/No)
Controller
Controller model

Protection rating

Cable labelling (Yes/No)

Serial numbers
PV panels serial numbers
Module 1

Module 2

Module 3

Module 4

Module 5

Module 6

Cables
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String cables appropriately conduit/ tied to the frames
(Yes/No)

Underground piping (Yes/No)

Cable length from the controller to pump
Wiring size from the controller to pump
Lightning Arrestor type
Lightning Arrestor position
Lightning Arrestor height from the top of the solar array
Main copper strip dimension

Main copper strip length

Earthing wire length to earthing pit
The material used at grounding
Earthing wire size

Power rating

Pump manufacturer

Pump model/serial number
Pump type

Outlet diameter

Inlet diameter

Wire contact check

Pump body earthing

System Performance Table

Observation date:
Describe weather condition (cloudy/clear):

Tests are done by bucket test. The time taken to Il a bucket is recorded with three sample readings.

Bucket volume: .................. Liters
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, , : Time taken to Il the
SHN ‘ Time of reading ‘ Water Discharge bucket (Sec)

Guideline for the Photographs of Installation
Area of PV array and structure before and after installation
Cables and conduits below the panels
Controller box
UV cable routing pathway
Pump installation

Water discharge from the Pump

- TRF
1.01, r: Iy .;
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A= cg";"rLM h8fg I/kf]6{sf] gd"gf

h8fg~+:yfkgf ePsf] IdIt

rin" ePsf] Idlt

;Dks{ JolQm

kmf]g

l;:6d :yfg

KIDKE x]8

kfgLsf] d'xfg=;|f]t

kfgL pTkfbg k|tL Ibg

pkofju

;ffo{af6 zt k|ltzt ;~rfint -xf]+xf]Og_

kDk :yfkgf 8f6fM
df};dsf] cj:yfnfO{ /fd|/L jOf{g ug]{

P/] larsf] b'/L

P/] :6«Sr/sf] ljj/0f

Kofgnsf] ONsfG{po -

P/] :6«Sr/sf] k|sf/

dfplG62 / IkeL Kofgn km|]d u|fplG82 -cly{2

-5+5}g_

P/] h8fg -:yfkgf :yfg

[:I/h :+Vof

Kof/]nn ;+Vof
:6«LE kf/fld6/M
1s{6 a|]s/ /]I6+u

ef]N6]k}-

efIN6]Bu %o

s/1G@)

u|fpG8LE sg]S;g -cly{2 -5+5}g_

s]in OG;'n]zg -5+5}g_

s]jn nJaln®u -5+5}g_

sG6LGo0"6L r]s -5+5}g
sG6«f]n/
sG6«f|n/sf] df]8n

It []16+ux?

s]an n]aln+u -5+5}g

I;l/on gDa/
IlkeL Kofgnsf] I;l/on gDa/x?
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Kofgn !
Kofgh @
Kofgn #
Kofgn $
Kofgn %
Kofgn
tf/x?
tf/nfO{ km|]ddf pko'Qm kfOk leq nu]sf] jf kim]ddf afFw]sf]
X'g'k¥of]

hldgd'lg kfOk h8fg -I7s+a]l7s_
sG6«f]n/b]lv kDk;Ddsf] tf/sf] nDafO
sG6«f]n/b]lv kDk;Dd tf/sf] ;fOh
nfO6Ig2\u P/]:6/ kf/fld6;{

nfO61g2\u P/]:6/ k|sf/
nfO61g2\u P/]:6/ kf]lhzg
;f}o{ P/]sf] 6'Kkflaf6é nfO6lg®\u P/].6/sf] prfO{
tfdfsf] d'Vo |:6«ksf] gfk

tfdfsf] d'Vo |:6«ksf] nDafO{
cly{®u Ik6b]lv cly{?\u tf/sf] nDafO{
ulfplG8au ubf{ pkof]u ul/Psf] j:t' -s]ldsn 5+5}g_
cly{®u tf/ nDafO{

kDk

kfj/ NI6E

kDk pTkfbs

kDksf] gd"gf=l;l/lon gDa/
kDk k|sf/

cfp6bn]6 8fold6/

Ogn]6 8fold6/

tf/ k/LIfOf

kDk cly{2

k|OffnL sfo{ tflnsf

cjnflsg Idlt
df};dsf] cj:yf jOf{g -afbn nfu]sf]+5n{?\u 3fd__

k/LIfOfx? afN6L hfFraf6 k'/f ul/G5 . Pp6f afN6L eg{ nfUg] ;do tLg j6f gd"gf I/I8+U;sf ;fy /]s8{ u
cfotg M =====In6/
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gqmd ;= 1/183\usf] ;do if6/ 18:rfh{ afN6L eg{ nfu]sf] ;do -]]s]08_nL6/ K|lt Idg]6

h8fgsf] tl:j/x?sf] nflu Ibzflgb]{z
I=:yfkgf ug'{ cl3 / kIS IkeL P/]sf] Ifjgkmn / agfj6
@= Kofgnd'lg tf/ / gnL
#= sG6«f]n/ afs;
$= 0"eL tf/ hfg] af6f]
%= kDk h8fg
A= kDkaf6 kfgL 18:rfh{
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Section lll: Operation and Maintenance
of SIPs
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v08 # M ;f}o{ kDksf] ;~rfng / dd{t
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7. Routine Maintenance and Preventive Maintenance

Regular maintenance ensures that the PV system works without problems for many years. Usually, solar pumps req
only simple maintenance that can be easily done.

Dirty panels reduce e ciency

PV Array of the system due to soiling
losses

Figure 27 PV Array Maintenance (ecoPlanetenergy, 2016)

X Check the PV array and mounting structure nut and bolts for adequate tightening. If found to be loose, repe
it accordingly.

X Ensure that the solar PV modules do not have any cracks or hot spots. Otherwise, disconnect the solar panel
and replace it.

x All cables need to be properly insulated, terminated, and properly routed with or without conduits.

X Make sure the earthing connections are properly connected.
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&= Igoldt dd{t;Def/ / Ig/flws dd{t;Def/

Igoldt dd{t;Def/n] IkeL k|OffnL w]/} jif{sf] nflu ;d:of lagf sfd u5{ eqg] ;'IglZrt u5{ . ;fdfGotof, ;f}o{
;/n dd{t ;Def/sf] cfjzostf k5{ h'g ;lhn} ug{ ;IsG5 .

Kofgn kmf]xf]/ eP df6f]n] x'g]

lkeL P/] n;n] P/]sf] kfj/ sd u5{ .

tlj/ @& IkeL P/] dd{t -Osf] Knfg]6]gih{, @) _

x lkeL P/] / dfplG6&\u :6«sr/sf] g6 af]N6x? kof{Kt dfqfdf s;]sf] 5 egL k/LIfOf ug'{xf];\, ok
0;nfO{ ;f]xL adf]lhd dd{t ug'{xf];\ .

x ;flo{ lkeL Kofgnx?df s'g} b/f/ jf x6 :k6x? 5}gg\ eGqg] ;'lglZrt x'g'xf];\ . olb 5 eq] ;f}o{ Kofg
cnUofP/ gofF Kofgn h8fg ug'{xf];\ .

x ;a} tf/x? [fd|/L OG;'n]6 ul/Psf], aGb ul/Psf] / I7s tl/sfn] ?6 ul/g' cfjZos x'G5 .
x cly{2 /fd|/L h8fg ePsf 5g\ egL ;'lglZrt ug'{xf];\ .
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Pump

Figure 28 Submersible pump (Pedrollo, n.d.)

X Check if the system is performing as per the speci cation of the supplier (looking at parameters like the dischar
of water at speci ed total dynamic head, ambient temperature, and input power).

X Make sure the earthing connections are properly connected.

Controller box

Figure 29 Controller (Made-in-China, n.d.)

X The junction box should be rmly attached. If it is not, attach it correctly with screws.
X The controller box must be clean and dry on the inside.

x All cable connections need to be properly screwed with no loose terminals.

x Look for burnt wires, bits of black debris, and any other signs of lightning damage.

X Inspect the grounding wires and connections. Most controller failures are caused by an induced surge frc
nearby lightning where the system is not e ectively grounded. Ground connections must be properly made an
free of corrosion.
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kDk

tl:j/ @* kfgLdf 8'Ag] kDk -K]8«f]nf], Pg=8L=_

x I;:6dn] cfk"lt{stf{n] Igib{i6 u/] adf]ihd rin/x]sf] 5 5}g\ eGg] k/LIfOf ug'{xf];\ -h:t} sL, Iglb{it
X]8, kl/j)z ttkdfg / Ogk'6 kfj/ cg';f/ kfgLsf] I8:rfh{ h:tf dfkgx? x]g]{ ._

x cly{® h8fgx? 7Ls;Fu hf]I8Psf] ;'lglZrt x'g'xf];\ .

sG6«f]n/ aS;

tl:j/ @( sG6«f|n/ -rLgdf Igld{t, Pg=8L=_

X h+Szg aS; sl;g] u/L hf]I8Psf] x'g'k5{ . olb 5}g\ eg] o;nfO{ :gm"n] ;xL ?kdf hf]8\g'xf];\ .
X sG6«f]n/ aS; leqgk8L ;kmf / ;"Vvf x'g'k5{ .

x ;a} tf/ hf]l8Psf] 7fpF :gm"n] ;xL ?kdf hf]I8Psf] x'g'k5{, 6ld{gndf v's'nf] h8fg ePsf] x'g'x'C
x 89]sf] tf/, stnf] eUqgfjz]ifsf] 6'qgmf, / lah'nLaf6 ePsf] cGo Ifltsf] ;+s]tx? x]g'{xf]; .

X u|fplG8alu tf/ / h8fgx? Ig/LIfOf ug'{xf];\ . clwsf+z sG6«f|n/ ljkmntfx? glhs}sf] ré\of2 nfU
K|OffnL k|efjsf/L ?kdf u|fpG8 ul/Psf] 5}g\ . u|fpG8-+cly{sf] sg]S;gx? pko'Qm / lvofd'Qrr
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Besides, several simple faults can arise which need immediate corrections:
x Dirty/wet/corroded terminal and/or plugs causing poor electrical connection
X Blocked strainers and lIters on the pump due to debris

x Failure of the suction pump due to leakage of water in the suction line caused by faulty non-return valve or
leaks in suction line (in case of the surface pump)

X Leaking pipe and hose connections
X Leaking pump gland seal

Manufacturers may have special recommendations for routine maintenance which need to be strictly followed for t
long-term operation of the system.

Logs of any scheduled or unscheduled maintenance works must be recorded by the technicians which must be mainta
on-site and in the remote o ce.

Cables

Solar Panel Array Solar Controtier Watar Tank

Till Angle
DC Cablp-=
DC Air Bwilch
Lol

Mot Cable -

Water Sensor

Sensor Cable s—-

w«-:m-::uo——:

Waiter Pump

Figure 30 SIP showing major cable arrangements (Made-in-China, n.d.)

x All cables in the system need to be properly insulated, terminated, and properly routed with or without conduits
X The cable from the controller to the pump needs to be water-sealed.

X Check that the cable from the controller to the is well fastened and does not rub against sharp edges whe
the wind blows. In the case of underground cabling, ensure that the conduit or the cable is not exposed to tt
ground.

x If any cables have been replaced since the last check, make sure that it is of the correct speci cations (si
material, insulation, etc.) and that it is well terminated and fastened securely in their new place.

X Check the connections for corrosion and tightness.
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o;afx]s, cg]sf}+ ;fwf/Of g'6Lx? cfpg ;S5g\ h;nfO{ 1z3] ;'wf/ ug{ cfjZos x'G5 .
x kmf]xf]/+leh]sf]=Ivof nfu]sf] 6ld{gn jf sdhf]/ |jB'tLo h8fg ePsf] Knux? .
X Ixnf]+9'Fufsf sf/Of kDkdf IkmN6/x? cj?4 .

X q'6LK"Of{ gg—I/6g{ eNe jf ;Szg nfOgdf xfjf I5g]{ 15b|sf] sf/Ofn] ubf{ ;Szg nfOgdf kfgLsf] r'»
kDksf] ljkmntf -;tx kDksf] cj:yfdf .

X r'Ixg] kfOk / h8fgx? .
x UNof08 |;naf6 kfgL r'lxg" .

kDk lgdf{tfx?;Fu Igoldt=cfjlws dd{/tsf nflu ljz]if I;kmfl/zx? x'g ;S5g\ h'g k|OffnLsf] bL3{sfnLg
nflu s8fOsf ;fy kfngf ug{ cfjZos x'G5 .

s'g} klg Igwi{l/t jf clgwf{l/t dd{t sfo{ Kk|fljlwsx?n] /]s8{ ug{'k5{ h'g dd{t :yn / sfof{nodf /fVg'k{ .

tf/x?

Sedar Panel Array Solar Controfier

i!ioi 5g|gn P/] flo{ sG6«f]n/
w‘“ T Water Seans

B S Sy -
Kofgn I6N6 PHuB:| po/ I8:L s]a’
| - DC Catles
JLr ] [
DC A Switch
=R

df]6/ s]a'vnte Catie
G/ s]a'ﬁ 300 Cabie s—

jfél ;1G;/

Pipa Lines
kfOk nfOG;

|
L Water Pump
jf6/ kDk

tl:j/ #) :ftof kDksf] d'Vo tf/ Joj:yfkg b]vfO+b} -rLgdf Igld{t, Pg=8L=_
x k|OffnLdf ePsf ;a} slanx? /fd|f];Fu OG;'n]6 ul/Psf] / /fd|f]l;t kfOkdf jf s]a'n 6fO{n] afFI9P:
x sG6«f]n/af6 kDk;Dd uPsf] tf/nfO{ kfgLsf] ;Dks{df gcfpg] u/L ;Ln ug'{k5{ .

x sG6«f]n/ / s]a'n /fd|f];Fu afFlwPsf] 5 / xfjf rNbf wfl/nf] Isgf/fx?df /ul8Psf] 5}g egL hfFr
s]aln3sf] cj:yfdf s]a'n hldgdf v'nf g/x]sf] ;'IglZrt x'g'xf];\ .

x KkISNnNf] k6s k/LIfOf u/] otf s'g} s]a'n lj:yflkt ul/Psf] 5 eg] of] ;xL Iglb{li6s/0fx? -cfsf/, ;fdulL,
cflb_ sf] xf] / /fd|/L kK'/f ePsf] 5 / gofF :yfgdf ;'/lift ?kdf afFlwPsf] 5 eg]/ ;'IglZrt ug'{xf];\ .

x ;a} h8fgx?df Ivof gnfu]sf] / /fd|/L sl:;Psf] 5 eg]/ k/LIfOf ug'{xf];\ .
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X Ensure that the path of cable routing (underground or exposed) is dry. Water puddles on the path of cable
increase the risk of short-circuiting.

Protection and other components

X Check whether the lightning air terminal and its grounding path are properly fastened and the lightning :
terminal pole is straight and not touching any other metallic surface.
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x s]a'nsf] ky -e"ldut jf v'nf_ ;'"Vvf /X]sf] ;'IglZrt x'g'xf];\ . s]a'nsf] kydf kfgLsf] vi8nn] z6
hf]lvd a9fpF5 .

;+/1fOf / cGo sDkf]g]G6x?

x ré\of? /f]Sg -nfO6Ig2 _ Po/ 6ld{gn / 0;sf] u|fplG82 dfu{ 7Ls;Fu hf]I8Psf] 5 Is 5}g / nfO6Ig
kfln ;Lwf 5/ s'g} cGo kmnfd;Fu 5f]Psf] 5}g eg]/ hfFr ug{'xf];\ .




Training manual on Solar Irrigation Pumps |

8. Failure and Troubleshooting

Failures are inevitable in most systems, even in well-maintained and designed systems. There could be two types of
failure:

Type 1: Whole system and all its appliances are not working

Type 2: The system works but water output is low/intermittent

Type 1
Problems in the fuses and miniature circuit-breakers

X The rst step for any troubleshoot or repairing is to disconnect the PV array. Check whether fuses or miniature
circuit breakers in the system for damages (for example, loose connections and burnt smell/spots).

x Corrective action
o Disconnect all the loads from the controller.
o If the fuse is blown, replace it with the appropriate speci cations of the fuse (such as correct current rating

o If the miniature circuit breaker is tripped, check for any cable damages or possible overload that may ha
caused the surge current to trip the breaker. Correct any problems in the system.

o If the fuse or circuit-breaker does not trip, reconnect the load and turn the appliances on.
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*=;d:of / ;d:ofsf] Igjf/Of

clwsf+z k|OffnLdf c;kmntf IgIDtPsf] XG5 . /fd|/L :Def/ / I8hfOg ul/Psf] k|OffinLdf ;d]t 0:tf] X'G5
b'O{ k|sf/sf XG5g\ .

Kk|sf/ INDK"Of{ k|OffnL / 0;sf c? pks/Ofx?n] sfd ul//x]sf 5}gg\ .
k|sf/ @dy0ffnLn] sfd ul//x]sf] 5 t/ kfgL alxu{dg sd 5 jf cl:y/ 5 .

k|sf/ !
km\o'h / Pd;LaL -IdigPr/ ;Is{6 al]s/_ df ;d:of

x s'g} klg ;d:ofsf] Igjf/Of / dd{tsf] r/Of eGbf cufl8 IkeL P/InfO{ ljR5]bg ug'{k5{ . km\o'hx? |f
Iflt k'u]sf] 5 Is k/LIfOf ug'{xf];\ -pbfx/0fsf nflu, v's'nf] h8fg / 89]sf] uGw=+bfu_ .

X ;'wi/sf] pkfo
0 sG6«f]n/af6 ;a} nf]8nfO{ cnu ug'{xf];\ .

o olb km\o'h hn]sf] 5 eg] o;nfO{ pko'QmésliksIarhn] lj:yflkt ug'{xf];\ -h:t} Is6A)IGH]G
ePsf]_ .

o olb ldigPr/ ;Is{6 a|]s/ I6«k eof] eq], s'g} klg s]an Iflt jf ;Defljt cfle/nf]8sf] nflu hfFr ug{'
a|]s/nfO{ 16«k u/]sf] x'g ;S5 . k|OffnLdf s'g} klg ;d:of cfPsf] eP 7Ls ug'{xf];\ .

o obL km\o'h jf ;Is{6—a|]s/ 16«k ePsf] 5}g\ eg] nf]8nfO{ k'gM h8fg ug'{xf];\ / pks/0Ofx? r
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Faulty panel or panel wiring

Figure 31 Faulty panel or panel wiring

x Disconnect the PV array.
x Check the array Yand correlate with the radiation to ensure that the arrajs\¢orrect.

x If the solar array voltage is less or more than the con gured voltage, there is a problem with the panel or th
panel wiring. Check all series and parallel connections.

x If the current is low for a panel or array, the connections to the panel or array may be loose or corroded.
Possibly, panel(s) may also be damaged.

Corrective action:

Disconnect all pan- Make sure that

els and check them Rzefﬁfﬁg?k?f tha Cleg?] daI(I:;%rlssmals panels are clean an
individually 9 shade-free
Verify the Y of

the array
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Kofgndf v/faL jf slJandf ;d:of

lkeL P/]

kmN6

rfh{ sG6«f]n/

Pd:LaL

;fo{ jf6/ kDk
tl:j/ #! Kofgndf v/faL jf s]jndf ;d:of
x IkeL P/]sf] h8fg x6fpg'xf];\ .

x Pllstk} hiFr ug'{xf];\ / PsfxL 5 eqg]/ ;'IglZrt ug{ ljis/Of;Fu t'ngf ug'{xf];\ .

x olb ;fo{ P/] efIN6]h sd 5 jf ;+/rgfTds ef][N6]heGbf a9L 5 eg] of t Kofgndf jf Kofgnsf] jfol,
IX]sf] a'em\g'xf];\ . ;a} I;I/h / Kof/nn h8fgsf] k/LIfOf ug'{xf];\ .

x olb s'g} Kofgn jf P/]df s/]G6 k|jfx sd 5 eg] Kofgn jf P/];Fusf] h8fg v's'nf] jf hLOf{ ePsf] x'g:
Kofgn -x?_ v/fa ePsf] klg x'g ;S5 .

;'wi/sf sfo{ M

: sfd gu/]sf ;a} 6ld{gn/ ;a} Kofgnx? ;kmf
oD O e KofgnnfOf iyfikep|  slanx?nfO{ k| | STofFF /ixt i
"\ ug'{xf];\ . ug'{xf];\ . lglZrt ug'{xf];\

P/]sf] eLcf];L
[ hfFr ug'{xﬂ;\j
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Faulty controller

Figure 32 Faulty controller

x First, check for any fault indicators and fault code. Refer to the controller's manufacturer manual for th
description of the fault.

x Check the DC voltage (Vand \Ap) at the input side of the controller when the controller is in the o and on
mode. Correlate the input voltage with the radiation to ensure that the DC input voltage is correct. When
the controller is on and should be powering the load, check the input and output power using a multimete
(measure voltage and current, then calculate power) or from the controller display. Correlate the input power
with the output power to ensure that the controller is working correctly.

X Check all input parameters in the controller. For example, correct entry of pump capacity, pump voltage, pum
current, array size, etc.

Corrective action:

cgltae%nt?; ?etfgerrffa]; I:c;ntﬂlé Ensure all input parame Replace the controller if i
controller manual ters are correct is deemed damaged
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sG6«f]n/df v/falL

lkeL P/]
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x kiIxn], s'g} klg q'6L ;"rsx?/ q'6L sf]8 /x] jf g/x]sf] hfFr ug'{xf];\. g'6Lsf] ljj/0fsf] nflu sG6«f]n/s
-d}g'cn_ df g'6Lsf] Ijj/Of;Fu bfFHg'xf];\ -ldnfpg'xf];\ .

x sG6«f]n/ ckm / cg cj:yfdf X'Fbf sG6«f|n/sf] Ogk'6ltk 18 LsefidNgblfOf ug'{xf];\ . 18;L Ogk’
efIN6]h ;xL 5 eg]/ ;'lglZrt ug{ ljls/Of;Fu Ogk'6 efIN6]hnfO{ bfFHg'xf];\ . ha sG6«f]n/ ct
IbO/x]sf] xX'G5, dIN6Id6/ -efIN6]h / s/|G6 gfKg'xf];\ / To;kI5 kfj/sf] Ix;fa IgsfNg'xf];\ _ jf
pkofju u/]/ Ogk'6 / cfp6k'6 kfj/ hfFr ug'{xf];\ . sG6«fln/n] 7Ls;Fu sfd ul//x]sf] 5 ;'IglZr
kfj/nfO{ cfp6k'6 kfj/;Fu ldnfpg'xf];\ .

x sG6«fIn/df /x]sf] ;a} Ogk'6 kf/fld6/ -dfkg_ sf] k/LIfOf ug'{xf];\ . pbfx/Ofsf nflu kDk Ifdtf, k
s/1G6 / P/]sf] cfsf/ cflbsf] OlG6« 7Ls kfg'{xf];\ .

;'wi/sf sfo{ M

sG6«f]n/ Igbl{lzsifO{|  ;a} OGK'6 dikb08X? | ) sG6«f]n/ gi6 ePsf] 5

:Gbe{ u/]/ ;+s]t ul/P XL /X]sf] ;'lglZrt . -
q'6Lsf] Igjf/of ug'{xf]:\ . XX\ . eg] lj:yflkt ug{xf];\ .
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Faulty pump

Figure 33 Faulty pump

x First, check if cable connections to the pump are correct, waterproof, and tightened.

x Check for any debris in the pump inlet that may have jammed the pump.

x If the pump seems to be jammed, dismantle the pump and clear the debris. Check the impeller for any dama
x Disconnect the pump and check if the pump rotor can be rotated freely.

x For submersible pumps, check whether the rotor and impeller connecting teeth are well connected and grippe
Corroded teeth can result in rotor slippage.

x Correcting action:
o For impeller damage, replace the impeller.
o If the rotor is jammed without debris, contact the supplier or manufacturer.

o If the rotor and impeller connecting teeth are corroded, replace the teeth after contacting the supplier or
manufacturer.

Corrective action:

For impeller damage, _ILthe (SOtt?r' is jammedh If the rotor and impeller con-
replace the impeller without debris, contact t necting teeth are corroded,
supplier or manufacture replace the teeth after contacting
the supplier or manufacturer
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kDkdf v/falL
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x kixnf], kDk;Fusf] s]a'n /fd|/L h8fg eP jf gePsf], kfgL k|lt/flws -jf6/ k|'km__ sfd u/]+gu/]sf] / <
hfFRg'xf];\ .

x kDksf] Ogn]6df s'g} kmf]xf])/ y'lk|Psf] 5+5}g\ hfFRg'xf];\ h;n] kDk hfd u/]sf] x'g ;S5 .
x olb kDk hfd ePsf] 5 eg] kDk x6fP/ kmf]xf]/ vfln ug'{xf];\ . ODK]n/df s'g} ;d:of cfPsf] xf] <
x kDksf] h8fg x6fP/ kDksf] /f]6/ :jtGqg?kn] 3'd]sf] 5+5}g\ hfFRg'xf];\ .

x kfgLdf /xg] kDkx?sf] nflu /f]6/ / ODK]n/ hf]8\g] bfFt /fd|f];Fu hf]I8Psf] / a;]sf] 5+5}g\ hfFR
/f]6/ IrlIKng ;S5 .

X ;'wif/sf sfo{
o ODK]n/ Iflt ePsf] eqg] Ij:yflkt ug'{xf];\ .
o olb Ixnf]+=9'+ufaf6 /f]6/ hfd 5 eqg] cfk"It{stf{ jf Igdf{tf;Fu ;Dks{ ug'{xf];\ .
o olb /f]6/ / ODK]n/ hf]8\g] bfFt IvOPsf] 5 eq] Igdf{tf jf cfk"Itstf{;Fu ;Dks{ u/]/ lj:yflkt ug"

;'wi/ sfo{
olb kmf]xf]/ 5}g / /f]6/ | olb /f]6/ / ODK]n/ hf]8\g] bfFt
ODK]n/ laul]sf] 5 hfd 5 eq] cfk'lt{stf{ j IVOPsf] 5 eq] cfk'lt{stf{ |f
lj:yflkt ug'{xf];\ . |gdf{tf;Fu ;Dks{ ug'{xf]; |gdf{tf;Fu ;Dks{ u/L bff-t

lj:yflkt ug'{xf];\ .
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Faulty cable between controller and pump

Figure 34 Faulty cable between controller and pump

X Measure the voltage at the pump and controller terminals.

x If the voltage is low even during sunny hours, there may be a cable fault. Note that the output voltage (in tt
case of AC pumps) of the controller will constantly change as the controller regulates the voltage and frequen
of the pump depending on the input power.

x Clean/replace corroded cable terminals and tighten all connections.

X Make sure that the cable connecting the controller and the pump is of the correct size for the rated pumj
voltage and current.

Faulty fuses or circuit-breakers
x Check all fuses and circuit-breakers for any physical damage (puncture, burnt smell, burnt spots, etc.).
x If they continuously trip, there is a possible short circuit in the cable or components.
x Corrective action:

o Fix shorted wiring or faulty components, replace fuses and reset circuit-breakers.
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sG6«f]n/ / kDk aLrsf] s]a'ndf v/faL

lkeL P/]

rfh{ sG6«f]n/

Pd;LaL

kmNG6
;fto{ jf6/ kDk

tl:j/ #$ sG6«f]n/ / kDkaLrsf] s]a'ndf v/faL

X kDk / sG6«f]n/ 6ld{gnx?sf] ef[N6]h gfKg'xf];\ .

x 3dfOnf] Ibgdf klg ef]N6]h sd 5 eg] s]a'ndf q'6L ePsf] x'g;S5 . sG6«f]n/sf] cfp6k'6 ef|N6]h
lg/Gt/ kl/jt{g x'g]5 Wofg lbg'xf];\ Isgeg] sG6«fln/n] Ogk'6 kfj/ -kfj/ _ sf] cfwf/df kDksf] ef]
-af/Daf/tf_ nfO{ ldnfpg] u5{ .

x IvOPsf] jf lvof nfu]sf] s]a'n 6ld{gnx?nfO{ ;kmf+abNg'xf];\ / ;a} sg]S;gx?nfO{ s:g'xf];\ .

x sG6«f]n/ / kDknfO{ hf]8\g] s]a'n kDksf] dfkb08 adf]lhd ef[N6]h / s/|G6sf] nflu pko'Qm ¢
ug{xfJ;\ .

km\o'hx? jf ;Is{6—a|]s/df v/faL
x ;a} km\o'hx? / ;Is{6 a|]s/x?df ef}lts Iflt ePsf] 5+5}g\ hfFRg'xf];\ -kGr/, 89]sf] uGw, 89]sf
x obL of] Ig/Gt/ 16«k u/]sf] 5 eg] s]a'n jf cGo sf/sx?df z6{ ;Is{6 ePsf] x'g ;S5 .
X ;'wi/sf sfo{ M
o z6{ ePsf] jfol/Au jf g'6LK"0f{ sDkf]g]@GxRyj{CKrkbo'h ki/jt{g ug]{ / ;Is{6 a|sIfQH kj{ .
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Type 2

The system works but water output is low/intermittent. This is the most common problem with solar PV systems anc
can be caused by various factors acting alone or in combination. This may be caused by inadequate power genere
from the solar array, issues with power regulation by the controller or issues with pump operation.

Inadequate power generation from the solar array

X The reason for this may be due to shading, damaged panels, long cables with high power losses, dirty or lo
connections, the array not facing the right direction, or dirt on the panels (soiling loss).

x Corrective action:
0o Remove the cause of shading
0 Align the array in the correct direction and tilt.
0 Replace any faulty panels.

0 Check the voltage drop and power losses in the DC cables. If these are higher than the limit (<3% D(
voltage loss), either cable size needs to be increased or the length must be decreased.

Align the array in th Check for voltage
Remog;&;«iancause 0 correct direction and Replacaenilnsy faulty drop* and power loss
9 tilt P in DC cable.

*In case the voltage drop is greater than 3% either increase the cable size or decrease the length.

Issues with power regulation by the controller
x The pump and array parameters in the controller may be incorrect.

x Check the input and output voltage and current at the terminals of the controller. If the array side voltage
and currents are not as desired in correlation with the instantaneous radiation, the cables may not have be
designed properly (for example, high voltage loss that results in the input voltage being outside of the inp
voltage range of the controller). If the array side voltages and currents are not as desired, then either tr
controller circuitry or output cables may be faulty.

X The cable connections may be loose or corroded.
x Corrective action:

o Verify all input (array side) and output (pump side) parameters in the controller with the components usec
by referring to the manufacturer manual.

o Clean or replace all cable connections for proper contacts.

0 Use a boost controller if the input voltage is too low and is not within the input voltage range of the
controller.

o If the controller is found to be faulty, replace the controller and send the old one for repair.
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k|sf/ @
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Jf Kofgndf kmf]xf]/ a:gfn] -df6f] hd]/ x'g] n;_ o;f] x'g ;S5

X ;'wi/sf sfo{ M

5fofFF x'g] sf/0f x6fpg'xf];\ .

P/InfO{ ;xL lbzf / I6N6df k+lIQma4 ug{'xf];\ .
s'g} Kofgndf g'6L 5 eq] kl/jt{g ug'{xf];\ .

I8;L s]a'ndf ef][N6]h 8«k / kfj/ n; gfKg'xf];\ . olb of] ;LdéeGH]ftpRB:L ef]IN6]h n; 5
eg] of t s]a'nsf] cfsf/ a9fpg'k5{ jf nDafO{ 36fpg'xf];\ .

: P/InfO{ ;xL lbzfdlf : : I8;L s]a'ndf ef|IN&]h
Stoff x gl sfis || ey s o/ip| Sa Kofandf qel g g BIAEE CI)
X6fpg'xf];\ . em'sfpg'xf]:\ . eq] kl/jt{g ug'{xf];\ . oKX\ ;

*ef]IN6]h 8«k olb tLg k|ltzteGbf a9L 5 eg] s]a'nsf] cfsf/ a9fpg'xf];\ jf nDafO{ 36fpg'xf];\ .

© O o o

sG6«f]n/sf] pmhf{ Igodg;Fu ;DalGwt ;d:ofx?

x sG6«fn/df kDk / P/] dfkb08x? unt x'g ;S5g\ .

X sG6«f]n/sf] 6ld{gnx?df Ogk'6 / cfp6k'6 efIN6]h hfFRg'xf];\ . olb P/] 5]psf ef[N6]h /
ljls/Of;Fu kf/:kl/s 5}gg\ eg] s]a'nx? 7Ls;Fu I8hfOg gul/Psf] x'g ;S5 -pbfx/Ofsf nflu pRr €
h;n] sG6«f]n/sf] Ogk'6 efIN6]h bfo/feGbf aflx/ x’G5_ . olb P/]sf] ef]N6]hx? / s/[G6x? c
of t sG6«f]n/ ;Is{6/L jf cfpbk'6 s]a'nx?df g'6L x'g ;S5 .

x s]a'n h8fg v's'nf] jf Ivof nfu]sf] x'g ;S5
X ;'wf/sf] sfo{

o lgdf{tf Igb]{lzsf -dfg'on_ nfO{ pkof]u u/]/ k|oflu ul/Psf sDkf]g]|G6x?sf] sG6«f]n/df ;a
cfpbk'6 -kDKIt/_ sf dfkgx? k|dflOft ug'{xf];\ .

o plrt ;Dks{x¢ sf] nflu ;a} s]a'n h8fgx? Is ;kmf ug'{xf];\ jf x6fpg'xf];\ .
0 Ogk'6 ef]N6]h cToflws sd 5 eg] sG6«f]n/sf] a":6sf] k|oflu ug'{xf];\ / k'/fgflnfO{ dd{tsf
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Issues with pump operation

X Long AC cables (usually >100m) result in voltage spikes that may damage the pump insulation over time. L
DU/DT Iter when long AC cables are used between the pump and the controller.

X The pump may not work correctly if the adequate voltage is not maintained on the pump side due to higl
voltage losses. Check the voltage drop and ensure correct cable sizing.




| :ffo{ I:+rfO kDkx?af/] k|1zIfof Igb}{lz
kDk ;~rfng;Fu ;DalGwt ;d:ofx?

x nfdf] P;L s]a'nx? -;fdfGotof !)) Id6/eGbf nfdf] _n] ef]N6]h :kfOs IgDTofpF5 h;n] ;do ;¢
OG;'n]zgnfO{ laufg{ ;S5 . kDk / sG6«f|n/sf] aLrdf nfdf] s]a'n k|oflu eP 8Lo"+8L6L Ikm

x kDKIt/ kof{Kt ef]IN6]h ;Gt'ng gul/P pRr efIN6]h n;n] kDknfO{ ;xL?kdf sfd ug{ Ib+b}g . ¢
hfFRg'xf];\ / s]a'nsf] ;fOIh®\u ;xL /x]sf] ;'lglZrt ug{'xf];\ .
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9. Electrical Testing

Equip yourself with a multimeter, clamp meter, and other required tools before electrical testing. Ensure safety precautic
such as the use of insulating gloves while working with power circuits.

Check for the following,

Array open circuit voltage

X

Problem: No current is being drawn and is normally high (idle voltage).
0 Solution: Conduct a short circuit current or spark test,

f Disconnect the array from the controller and measure its short circuit current (a short circuit at the array
will only cause a current slightly higher than normal).

Voltage under load (with running pump)

X

Problem: If the input connection to the controller is connected in reverse polarity, the controller will not power
on.

o0 Solution: No damage will be caused if the controller has reverse polarity protection. Correct the connectior
polarity.

Test the motor circuit (resistance test with power o ), conduct this test if there is a proper voltage at the
controller input but the motor does not run. It will con rm the condition of the entire motor circuit, including
the motor, pump cable, and splice connections.

Test the running current of the motor circuit (AC amps), this is useful as it indicates the force (torque) that the
motor is applying to the pump.

Compare the reading with the nominal speci cations provided by manufacturers to better understand if the
workload on the motor is normal.

Higher current (especially pump overload light) may indicate:

0 The pump may be dealing with excessive sediment (such as sand or clay). The total dynamic head (vert
lift plus pipe friction) may be higher than expected.

0 There may be an obstruction to the water ow- check for sediment/ice in the pipe, a crushed section of the
pipe, or a partially closed valve(s).

0 Helical rotor models: if water is warmer than 72°F (22°C), this could cause the rubber stator to expand anc
tighten against the rotor (temporarily, non-damaging).

0 Helical rotor models: Pump may have run dry. Remove the pump stator (outer body) from the motor, to
reveal the rotor. If there is some rubber stuck to the rotor, the pump end must be replaced.

To reset the overload shut o (red light), switch the controller o and on again. Lower current may indicate:

0 The pump head (rotor and impeller connection) may be worn, thus easier to turn than normal (especially i
there is abrasive sediment).

0 The transmission and distribution pipes may have leakages that may be reducing the pressure load.

0 The pump may not be pumping and may be running dry.
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Test the oat switch

x If the controller indicates “source low” when the pump is in the water, the oat switch may be at fault or
incorrectly placed.

X When the water level is above the oat switch, the switch in the oat switch makes contact. That causes the
applied voltage to drop toward zero (LO signal). The controller interprets this signal as an ‘ok’ water level an
allows the pump to run.

x If the HI signal from the probe is triggered, the controller interprets this signal as a low water level and stops tf
pump.

X To bypass the oat switch (and activate the pump), connect a small wire between the oat switch terminals ir
the controller. Reconnect the oat switch correctly after the test.

Do this only for testing purposes.

X Restart the controller after disconnecting the oat switch. If the pump runs, there is a fault in the oat switch or
the wiring. The wires may be shorted, open (broken), the moving part on the oat switch may be stuck due to
debris, or the oat switch may be out of its desired placement.
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“nf]6 :jLrsf] k/LIfOf

x kDK kfgLdf x'Fbf olb s@S{ffifAL ;+s]t u/]sf] 5 eg] km\nf]6 :jLr q'6LKk"Of{ :yfgdf jf ;xL :yfgc
X'0;S5.

X kfgLsf] :t/ obL km\nf]6 :jLrdfly 5 eg] km\nf]6 legsf] sg]S;g aGb x'G5 . h;n] pkofudf /x]s
10;+s]t_emg{ ;S5 . sG6«f]n/n] pQm ;+stnfO{ ...;xLU hn :t/sf] ?kdf AofVof u/]/ kDk ;~rfi

x olb k/LIfOfKIS Prcfi@{ ;+s]t x'G5 eg] sG6«fln/n] pQm ;+s]tnfO{ IgDg hn :t/sf] ?kdf AofVo
If]S5 .

x km\nf]6 :jLrnfO{ gh/cGbfh ug{ -/ kDknfO{ ;gmLo agfpg_, sG6«f]n/df km\nf]6 :jLrsf] 6lc
tf/ hf]18\g'xf];\ . k/LIfOfkl5 km\nf]6 :jLrnfO{ k'gM ;xL ?kdf h8fg ug'{xf];\ .

of] k/LIfOf p2]Zosf nflu dfq} ug'{xf];\ .

x km\nf]6 :jLrsf] h8fg x6fPkI5 sG6«f]n/nfO{ k'g{;'rf? ug'{xf];\ . olb kDk rN5 eg] km\nf]6 :jL
5eGg] allemG5. tf/x? ;6{ ePsf] x'g ;S5, v'nf -r'FI8Psf]_, km\nf]6 :jLrdf rNg] efu Ixnf]+c?
X'g ;S5, jf km\nf]6 :jLr cfkm\gf] :yfgaf6 ;/]sf] x'g ;S5 .




Training manual on Solar Irrigation Pumps |

10. Dos and Don’ts for Basic Maintenance

X
x Clean solar panels

0 Use a soft damp cloth to clean solar panels at least once a week.

o If the panels are installed in a dusty environment, clean them frequently as necessary.
X Keep the controller box dry and clean:

0 Make sure the insides of the controller box are clean and dry.

0 Since the controller box may be installed in the middle of the eld, check for any insect nests that may ha
developed in hidden corners.

X Avoid cleaning the panels during daytime:
o Itis advised to clean the panels in the morning or evening.

o Cleaning the panels during the daytime may result in pump stoppage during cleaning due to shading.

X Keep the panels shade-free:

0 Thisis especially applicable to panels installed in the eld; over time bushes, trees or plants may grow arou
the panels causing shading.

0 Make sure objects in the area around the panels do not shade the panels any time of the day.

x Don't use water to clean any other part of the SIP except solar panels
o Other components those house electrical systems should not be cleaned by water or wet cloth.

0 Always use a dry cloth to clean these components when the systemis 0.

x Don't connect or disconnect any wires of the system without consultation with a quali ed
technician

o0 The DC and AC wires in SIP systems carry high voltages that can be fatal if mishandled.

o0 Always contact quali ed technicians to repair or dismantle the system.

X Inspect the water source
o0 Always inspect the water source for any debris or potential risk for the pump.

o Itis extremely important that the water pumped is clean and the pump is well protected and secured.
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x KofgnnfO{ 5fofFF/Ixt agfpg'xf];\ .

o rf}/df h8fg ul/Psf] Kofgndf of] ;'emfa ljz]if?kdf nfu" x'G5 U Kofgnsf] jlI/kl/ emf8L, ?v jf
5fofFF kg{;S5 .

o Kofgn jl/kl/sf] Iflgsf] s'g} kg j:t'n] Ibgsf] s'g} klg ;dodf Kofgndf S5fFof gkf?g\ eg]/ ;'IglZ

x ;fio{ Kofgnafx]s ;f}o{ kDksf] s'g} efusf] ;/;kmfOdf kfgLsf] k|oflu ug{'x'Gg .
o 3/df ljB'tLo k|OffnLsf] cGo tTjx? kfgL jf leh]sf] sk8fn] ;kmf ug'{x'Fb}g\ .
o K|OffnL aGb u/]sf] a]nf ;w}+ ;'Vvf sk8fn] dfq} tTjx? ;kmf ug{xf];\ .

x s'g} blf k|fljlwssf] ;'emfjlagf k|OffnLsf] s'g} kig tf/nfO{ hf]8\g] jf x6fpg] sfd gug'{xf];\
o ;flo{ kDk k|OffnLsf] I8;L / P;L tf/df pRr |gfKie]B% To;}n] unt k|of]u jf ...Id;xof08td} Shs x
o Kk|OffnLsf] dd{t jf eTsfpg -x6fpg_ bif k|fljlwssf] ;Dks{ ug'{xf];\ .

X

kfgLsf] ;|f]tsf] k/LIfOf ug'{xf];\
o kDknfO{ xflg k'of{pg] s'g} eUdgfjz]if jf ;DefAo hf]lvd kfgLsf] ;|fjtdf 5 sL ;w}+ k/LIfOf ug
0 kDk ul/Psf] kfgL cToGt} ;kmf /x]sf] / kDk ;'/lIft ?kdf ;+/IfOf ul/g' cToGt} dxTjk"Of{ xf] .
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X Inspect the output pipe

In some irrigation systems spanning over large eld areas, it is observed that farmers block the output pif

0
of the pump after use and forget to unblock it in the next operation only to observe no water output.

o Do not block the output pipe since this will result in pump overloading during operation causing it to hea
which decreases its life.
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x cfp6k'6 kfOksf] k/LIFOf ug'{xf]:\

o 7"nf] Ifj]gdf km}InPsf s]xL I;+rfO k|OffnLx?df Is;fgn] k|oflu ul/;s]kl5 kDksf] cfp6k'6 k
-aGb ug){_/ csfl{k6ssf] ;~rfngdf kfgL gcfPkI5 dfq} Ans x6fpg la;]{sf] cjnflsg ul/Psf £

o kfOksf] cfpek'6nfO{ aGb ug]{ jf cj/flw ;[hgf ug]{ sfd sixn] ug'{x'Gg o;n] kDk ;~rfngdf c
kDK tfTg uO{ o;sf] cfo" 36fpF5 .
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1. Annex: O&M template

Project name:

Date:

Location:

Name of O&M technician:

Name of client representative:

Contact number of client representative:
Scheduled or unscheduled maintenance: ...Scheduled ...Unscheduled
If unscheduled, describe the problem:
Array size (Wp):
Pump size (HP/kW):
Type of pump: ...Surface ...Submersible
...DC pump ...AC pump

Vertical head (m):
Designed water output per day (L/day):
Measured water output per minute (L/min): | ................ L/min

Basic measurement — take a known volume of the biviasurement method:
et and measure the time it takes to Il up. Take three
samples of time readings. Use the average of thd tinfa{Cket measurement
readings to calculate the ow rate in Ipm. __Flow meter

...RMU
...Others, specify

For bucket measurement, Il in the following,

Bucket volume: ................. Liters
Time (reading 1): ............... seconds
Time (reading 2): ............... seconds
Time (reading 3): ............... seconds
Time of day: ...............

Radiation: ............... Wint

O&M maintenance checklist

Make necessary recti cations to the SIP as the checklist proceeds
Is there any physical damages observed in the|sQlsles, describe: .......ccovvvviiiiiiiiiiiiinennn .,

panels?

Example: cracks, hotspots, etc. N ....................................................
...No

Is the solar array clean? ...Yes

Disconnect the solar array from the controller andYes, Y measured: ...............
check the V. Is the . of the array correct?

...No, V.. measured: ...............
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During solar array diagnosis, were any of the followingaulty panel, describe:...........................
observed?

Is there signi cant sag observed in the solar structur&es, describe: ...........cc.cooeeviiiieiiiininnnn.
that may cause mechanical stress on the solar panels?

...No

Are all solar panel inter-wiring cables neatly tied? | ...Yes

Is the cable from the solar array to the controller prop..Yes
erly conduit and insulated?

Are all cable connections in the controller box properlyYes
insulated and terminated?

...No, describe: ...
Is the controller box clean and dry? ...Yes

.NOo, describe:.....coove
Is the PV disconnector MCB working properly? ...Yes

..No, describe:....cccooiiii

Is the lightning air terminal adequately supported and #es
the appropriate height above the solar array?

Is the solar array, controller box, SPDs and pump-propYes
erly connected to the earth?

Is the controller box operating as desired? ...Yes

Is the cable from the controller to the pump properly.Yes
conduit and insulated?
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If any changes were made to the controller sett
please describe the changes made:

Is the pump adequately supported? .Yes

...No,describe:.....c..ooiiiiii
Is there any unusual noise observed during pump PRPENES, deSCribe: .......eveveee i eieeee,
ation?

...No
Is the non-return valve in the SIP system working| coryes
rectly without leakage? _

No, describe:.......ccoovviiiiii i,

Describe the quality of the water source: ...Clean

...Murky without signi cant debris

..Dirty water that is not suitable for pumps

Is the pump intake free of debris and rotating properly¥es
Answer based on observation ...No, describe:........cooiii
Conclusion

Overall, have all recti cations been made during O&Myes

and is the SIP operating optimally? _
..No,describe:.....c..oooiiiii

List components that need replacement: K e
2
PP
A
P
B et
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Describe any pending rectications necessary [an@X ..........coooiiiiiiiiiiiii e,
explain why?
2
P
P
S
B, e
Client representative
Name: ...
SIgnature: ....cooiii
O&M technician
Name: ...
SIgnature: ....cooiii
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