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FOREWORD

The Ministry of Water and Environment has embraced the use of solar energy as
alternative technology to deliver water supply services for both domestic and water
for production. This reflects a major shift from the use of diesel/fuel powered pumps
to solar water supply systems. This move is in tandem with the global transformation
from the use of fossil fuels to cleaner energy technologies as a means to reduce on
global warming. The Intergovernmental Panel on Climate Change (IPCC) warns that
fossil fuel emissions must be halved within 11 years if global warming is to be limited
to 1.5°C above pre-industrial levels. The decision of the MWE to adapt the use of solar
technology demonstrates Uganda’s commitments to address the impacts of Climate
Change and the decisions of the 2015 Paris Climate Agreement.

However, the conversation to solar energy technology poses new challenges for the
waterandenvironment sectorintermsofinadequate capacity todesign,install, operate
and maintain the solar water supply systems. It is therefore against that background
that in February 2019, my Ministry signed a Memorandum of Understanding (MoU)
with Engineers Without Borders - USA for Institutional Strengthening and Capacity
Development of Water and Environment Sector Stakeholders for the owverall
management of water supply systems across the country.

The development of the Solar Powered Water Systems Design Manual is the first
major deliverable under the above MoU, and it is envisaged that the document will
contribute to strengthening the capacity of sector professionals in design, installation
and operation and maintenance of solar water supply systems. Professionals in the
sector have been looking forward to the advent of the water supply design manual to
provide standards and guidance in the design of solar water systems. However, the
existing manual does not currently include comprehensive technical discussion or
guidelines for solar water pumping.

My Ministry is, therefore, pleased to formally introduce the Solar Powered Water
Systems Design Manual as annex to the Water Supply Design Manual Second
Edition, 2013. This annex to the manual is aimed at providing the needed guidance
to the sector for the design, installation, and operation and maintenance of solar
water schemes. In doing so, this annex aims to increase the quality and efficiency of
solar water system design and provide a platform for the assessment and approval of
solar powered water systems (SPWS) by the design review committee in the Ministry
of Water and Environment.

In line with the provisions of Section 5 of the Water Act Cap 152, I formally approve
the Solar Powered Water Systems Design Manual and associated practical guidance
and application manuals - The Solar Powered Water Supply Design Manual and the
Solar Powered Water Supply Operation and Maintenance Manual -for use by the

various stakeholders in the Water and Environment sector.

N -

SAM CHEPTORIS (MP)
Minister for Water and Environment

The Republic of Uganda
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EXECUTIVE SUMMARY

Uganda, like most other countries globally, is moving away from the use of energy
from fossil fuel to renewable energy which are naturally replenished on a human
timescale, such assunlight, wind, rain, tides, waves, and geothermal heat. The virtually
inexhaustible solar energy far exceeds the global energy needs (AEPC, 2003). With
the ever-increasing concern about the environmental impact of some sources of
energy including petroleum, gas and coal, harnessing solar energy becomes a default
and logical alternative. The Solar Photovoltaic (PV) pumping system is one of the
applications for photovoltaics and can be classified based on the end-use application
of the technology.

In line with the above global development, the Water and Environment sector is
shifting from the use of diesel/fuel powered motorised water supply pumps to solar
water powered supply systems. The advent of solar energy for use in the delivery
of water supply services calls for urgent need to strengthen the capacity of sector
institutions and professionals to manage the new technology.

The Solar Powered Water Systems (SPWS) Design Manual is a step forward in
strengthening the capacities of the sector institutions and stakeholders design,
install, operate and maintain the solar water supply systems.

The SPWS provides additional guidance to supplement the existing MWE Water
Design Manual, 2013. This Solar Powered Water System Design Manual was
commissioned to provide the information and guidance specific to solar powered
water pumping necessary for designers to make informed decisions and meet the
resulting required minimum standards for design approval by the Ministry of Water
and Environment.

The manual is structured to mirror the main design manual. Section 1 covers the
introduction to the solar water pumping. Section 2 covers water sources; Section 3
solar water pumping; Section 4, Solar Hybrid Water Pumping; Section 5 Water storage,
transmission and Distributions and Section é: Solar Operation and Maintenance.

The Manual is an outcome of the Technical Working Group that was constituted
specifically to provide content, under the overall coordination of the Sector Capacity
Development Division of the Ministry of Water and Environment and EWB - USA.
The manual was developed in a participatory manner, with the involvement of key
sector stakeholders that included representatives from the Ministries, Departments
and Agencies (MDAs) of Government, academia, private sector, Civil Society
Organisations/Non-Government Organisations.

This document is not intended to be a procedural manual but rather a guide for the
minimum expected component standards for design approval by the Ministry of
Water and Environment.
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AC Alternating Current

AEPC Alternative Energy Promotion Centre

DC Direct Current

EMC Electromagnetic compatibility

EWB -USA Engineers Without Borders USA

GPS Global Positioning System

Ia Current, DC or AC (A) (from any source)

IEC International Electrochemical Commission

Im Motor current

Impp Solar PV panel maximum power point current (A)

Irms Motor current (root mean square) effective value of AC
waveform

Isc Solar PV module short circuit cut current DC (Amps)

M3/h Flow rate

MWE Ministry of Water and Environment

OCPD Over Current Protection Devices

PRV Pressure Relief Valves

PV Photo Voltaic

SPWS Solar Powered Water System

STC Standard Test Conditions

UNBS Uganda National Bureau of Standards

Va Generator voltage DC (V)

Vm Motor voltage

Vmpp Solar PV panel maximum power point voltage DC (V)

VoC Solar PV panel open circuit voltage DC (V)

Vrms Motor voltage (root mean square) effective value of AC
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GLOSSARY

Array

Any number of photovoltaic modules connected together to
provide a single electrical output. Arrays are often designed to
produce significant amounts of electricity

Cable Losses
(<1%)

All cables produce losses when electricity is passed through
them. The larger the cable, the lower the loss. When designing
a system, the guidelines state to keep the overall cable losses to
below 1%

Engineer of
Record

The engineer of record is the individual accountable for
the portion of the design for which he or she takes formal
responsibility by signature, professional stamp or seal, and/or
other legally recognized means.

IEC

International Electro technical Commission

Incident
Irradiance

The irradiance on a surface, either tilted or flat, which will vary
depending on the tilt angle of the surface.

Inverter

A device that converts direct current (DC) electricity into
alternating current (AC) electricity (single-phase or three-phase).
The device can also be referred to as a PV Converter.

Irradiation

The sum of the incident irradiances at a given location on earth
over the course of a solar day (given in units of kWh/m?/day).

Maximum
Power
Point (MPP)

The point on the current-voltage (I-V) curve of a module under
illumination, where the product of current and voltage is
maximum. [UL 1703] For a typical silicon cell panel, this is about
17 volts for a 36 cell configuration

Maximum
Power Point
Tracker (MPPT)

A power conditioning unit that automatically operates the PV-
generator at its maximum power point under all conditions. An
MPPT will typically increase power delivered to the system by
10% to 40%, depending on climate conditions and battery state
of charge. You usually get more gain in winter and in colder
weather due to the higher panel output. Most MPPT controllers
are down converters - from a higher voltage to a lower one

Normal Operating Cell Temperature, measured at an irradiance

NOCT of 800 W/m? and an ambient temperature of 20°C.
Photovoltaic PV systems convert irradiance (solar power) from the sun into
(PV) System electricity.




PV Pump
Aggregate

This terminology is another way to refer to a pump and motor
combination.

Sine Wave
Inverter--

An inverter that produces utility-quality, sine wave power forms

Solar Array (or
PV Array)

A configuration of solar panels arranged and wired together to
output power as a single unit.

Solar Array
Racking System

Structural system designed and constructed to support the solar
array per the design conditions.

Solar Irradiance

The power per unit area received by the sun (the sun emits an
average of 1,367 Joules per second per square meter of surface
area, and of this, a maximum of approximately 1,000 Watts per
meter squared (W/m?) reaches the earth’s surface).

Solar Panels/
Solar Modules

Solar panels use sunlight (or light energy from the sun) to
produce electricity. Solar panels can also be referred to as
photovoltaic modules or generators (or PV modules or generators)
or a combination of those terms (such as solar PV panels or
photovoltaic solar panels). Solar PANEL and Solar MODULE are
used interchangeably throughout the document.

Solar Pump:

This term typically refers to pumps that have a controller
integrated into the pump and motor. It should be recognized that
these pumps can take any type of DC power input and not solar
exclusively.

Stand-Alone
(PV system)

An autonomous or hybrid photovoltaic system not connected
to a grid. May or may not have storage, but most stand-alone
systems require batteries or some other form of storage

Standard Test
Conditions (STC)

Conditions under which a module is typically tested in a
laboratory: (1) Irradiance intensity of 1000 W/square meter
(0.645 watts per square inch), (2) AM1.5 solar reference spectrum,
and (3) a cell (module) temperature of 25 degrees C, plus or minus
2 degrees C (77 degrees F, plus or minus 3.6 degrees F). [IEC 61215]

TDH:

Total Dynamic Head is the total elevation lift (including friction
loss) required of the pump in the water supply system.

Volt (V)

A unit of measure of the force, or ‘push, given the electrons in an
electric circuit. One volt produces one ampere of current when
acting a resistance of one ohm
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SECTION 1: INTRODUCTION

1.1. General Introduction to Solar Powered Water Systems

It iscommon knowledge today that the prime source of energy supporting all forms of
life is the sun. The energy obtainable from fuel wood, fossil fuels and hydropower for
example can be traced to the sun. The virtually inexhaustible solar energy apparently
far exceeds the global energy needs (AEPC, 2003). With the ever-increasing concern
about the environmental impact of some sources of energy including petroleum, gas
and coal, harnessing solar energy becomes a default and logical alternative. The Solar
Photovoltaic (PV) pumping system is one of the applications for photovoltaics and
can be classified based on the end-use application of the technology.

A solar-powered water pumping system is like any other pumping system, except
its power source is solar energy. Solar pumping technology covers the entire energy
conversion process, from sunlight, to electrical energy, to mechanical energy, to
stored energy. The solar radiation is captured by the solar electric panels, which then
converts the sunlight into electricity. Through a control box, whose major function
is to condition the electricity from the panels, the pump motor is powered and this
drives the pump to pump the water into the reservoir. Water from the reservoir is
then supplied to the user.

\\fl/
<

'y
-
ol

N .

A&7

4.Water is pumped
into the tank

1. Solar electric panels
convert sunlight
into electricity

Figure 1: Illustration of a typical solar water pumping sy stem (source: World Bank)




1.2. Evolution of Solar Powered Water Systems

The growing need to provide accessto clean water in rural and remote areas presented
a major challenge since these remote areas did not have access to electricity. The
hand pumps would only be accessible to people in the nearby communities, otherwise
people had to trek several kilometres to access water. The cost of power extension
was so high that it rendered the whole projects unaffordable. The only option then
was to use diesel and petrol generators to provide power to run the water pumps
to increase water supply in remote areas. The use of the generators was a cheaper
option as the capital costs were lower than costs for power extension to these areas.
The reduced capital costs however always came with high running operational costs
and eventually some communities could not afford to maintain and service the
generators. To address the high running and maintenance costs of generators, solar
water pumping systems were developed.

Initially, a Solar Powered Water System (SPWS) comprised of a submersible pump
with a hermetically sealed direct current motor close-coupled to the pump body, solar
panels, a power control unit and in some instances a battery bank. These were called
Direct Current (DC) water pumping systems. An array of solar panels was connected
in series and similar arrays may be connected in parallel. The array of solar panels
generates the power and voltage required for the motor to work through a driver
circuit.

DC motors were used for solar water pumping because no conversion was required
for this and the connection was very simple. These DC systems however worked
within a narrow voltage range, usually between 30 to 300VDC, and narrow
performance range characteristics ranging from (0.2 to 10) m3/hr and operating head
of up to 21bar, about 210 meters. DC systems were initially designed to pump from
10am to 4pm, meaning water would only be available on days with good radiation
and for only six hours.

SPWS were then modified to allow for an Alternating Current (AC) input to provide
power back up whenever the power from the solar system was not sufficient to run
the pump. The controller was designed to allow for both AC and DC input and this
allowed for longer pumping hours.

With improvement in technology, the SPWS advanced to include a solar water pump
inverter that would convert the DC power from solar panels to AC power that would
then power the pump. This meant that all AC pumps that required up to 7500watts
could be powered using solar. The first set of solar water pumping DC to AC inverters
were designed to have an output of 1.5kW (220V) to 3kW (380-415V) and to 7.5kW
(380-415V).
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In a bid to improve efficiency, the solar water pump inverters were upgraded to
Maxium Power Point Tracker (MPPT) technology. The MPPT algorithm of solar drive
extracts maximum power available from the solar panels during the day time and
it also helps the motor to operate at variable speed based on the power input to the
drive.

A photovoltaic module presents a range of characteristic curves for different solar
irradiation values, and for different temperature values. On each characteristic
curve there is one single point in which the power transfer toward a hypothetical
charge supplied by the photovoltaic module is maximized. The maximum power
point corresponds to the voltage-current pair for which the product V*Iis maximum,
where V is the value of voltage (in volts) at the module’s terminals and I is the
current (in amperes) which runs in the circuit obtained by closing the module on a
hypothetical charge.

MPPT is an inbuilt device in the inverters. It typically reads the voltage and current
values at any instant, calculates their product (i.e. the power in Watts) and, by
causing small variations in the conversion parameters (duty cycle), it is capable of
determining, by comparison, if the photovoltaic module is working in maximum
power conditions or not. With introduction of MPPT technology, we can have
systems that can start pumping as early as 8.00am and stop pumping at 6.00pm
depending on the irradiation.

Isc
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Figure 2. Maximum Power Point Illustration




Today, the inverters/ pump controllers have advanced to allow for high levels of
functionality with high efficiency and reliability for a wide range of borehole and
surface pumps. The solar water pumping systems have full tank shut off functionality,
dry run protection, power management for temperature to ensure the system runs
in even extreme temperature conditions and also adjust the output frequency in real
time according to the prevailing irradiation levels. They also have hybrid capabilities
in which they automatically blend grid and generator power with the core solar power
supply to provide consistent 24-hour pumping when required, thus maximising the
use of installed solar capacity. The hybrid systems automatically control operation
such that water delivery is prioritized over supply power type.

The systems have further evolved to allow for remote management. This includes
remotely monitoring of the water level at the source, the working pressure of the
system, the flow rate of the system, the input and output voltage and current. All
these can be remotely monitored on a phone or computer anywhere in the world
with internet access. The remote management feature also allows for data storage;
Data logging of operating parameters including running time, starting/stopping time,
max power/voltage of day and total energy generated in the day. The data can be
recalled for reference. In addition, the systems may be powered on or off remotely
whenever required.

1.3. Appropriate Applications
There are a number of potential solar pumping applications. These include:

e  Potable water supply for institutions;
e  Community scale water supply schemes for gravity-fed and stand-alone
solar powered systems;

e Large scale water supply schemes using a solar-hybrid power combination
to cover the full scope of the demand;

e Livestock water supply;
e  Small scale irrigation.

1.3.1. Advantages of Installing Solar Powered Water Systems

Solar water pumping has both advantages and disadvantages. Some of the advantages
include:

e Consumes no fuel because it depends on freely available sunlight. This
significantly reduces Operation and Maintenance costs.

e  Unlike diesel-based systems (i.e. where a diesel generator powers the
pump), solar pumping produces clean energy with zero exhaust gases or
pollutants. Using solar instead of diesel-powered systems reduces carbon
emissions by 2.6 kg/L of diesel, up to several tons per year.
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Solar pumping systems are durable and reliable. PV panels have a design
life of over 20 years, and solar pumps have few moving parts and require
little maintenance and increasing overall sustainability of the system.

Solar pumping systems are modular so can be tailored to current power
needs and easily expanded by adding PV panels and accessories. Solar
pumping systems can easily be phased in reducing capital cost as a smaller
system can initially be installed and as demand increased the system can
be easily scaled up.

Properly installed solar systems are safe and low risk due to low system
voltage. Adequate protection minimizes fire risk.

Stand-alone solar systems can be installed in remote locations, eliminating
expensive extensions of grid power.

Ongoing research and development in solar technology not only points
to increased global awareness and preference for solar water pumping
technology, but also results in higher efficiency and lower cost.

Possible disadvantages and mitigation:

Solar pumping systems have high initial capital costs. However, component
prices are dropping substantially and the investment payback is quick due
to low Operation and Maintenance costs, sometimes in as little as 2 years?

Increased water storage requirements due to limited pump time based on
sun-hours. Hybrid solar/diesel pumping can reduce the need for larger
storage capacity

Specialized technicians in solar pumping may be difficult to access in some
areas. Focused investment in the capacity development of system operators
and technicians will quickly reduce or remove this disadvantage.

Panel theft. Circumvented by sensitizing communities and providing
simple antitheft measures.

1.3.1.1. Economic Benefits

There are several technically viable options for new pumping systems, generally
distinguished by their energy source—manual hand pump, AC power grid, diesel
generator, wind, solar, etc. SPWS are the most economic motorized pumping option
available today, and generally the most attractive option for rural water systems
from a Cost-Benefit perspective. Although SPWS generally have higher initial capital
costs than hand-pumps or diesel generator-powered systems, they have much lower
recurring costs and throughout the lifespan of a water system. SPWS eliminate the

1 ECHO report, February, 2018.




high fuel and maintenance costs of a diesel generator and the regular maintenance
and repair costs required by hand pumps. Furthermore, motorized pumps are more
durable than hand pumps, and solar arrays are a more durable power source than
diesel generators. Durable technologies have longer equipment lifespans and less
maintenance requirements, thereby lowering recurring and replacement costs over
a water system’s life cycle.

Studies have shown that capital expenses of SPWS are only slightly higher than
that of hand pumps and diesel generators, when adjusted for level of service and
quality of installation. According to studies comparing costs of solar power to diesel
generators, solar power offers a 35-90% life-cycle cost reduction, and a capital
investment recovery of only 1-3 years. A study by Water Mission comparing hand
pumps to solar-powered pumping systems shows that recurring costs for these types
of systems are similar (even though solar-powered systems offer a much higher level
of service to the user).

Capital, recurring, and replacement costs for various water pumping systems may
vary greatly depending on the specific context of each project. Cost-Benefit Analysis
and Life-Cycle Cost analyses should be performed by the designer in each situation 2.

Solar pumped water systems in refugee settlements

Uganda currently hosts over 1.3 million refugees, mainly in settlements in West Nile, South
West and Mid-West. Refugee settlement specific challenges related to water delivery include
the uncertainties in how long they will stay, the underdeveloped locations where they are
settled and the aim to minimize the impact of the incoming refugees on the host population
for peaceful co-existence. Furthermore, when influx stagnates, funds tend to decrease and
sustainable solutions are needed to provide refugees with water. Using solar pumped water
systems proved to be a suitable solution: the operation costs are much lower compared
to the operation costs of water trucking or using generators to pump water due to the
independence of fuel. This makes solar pumped systems economically feasible stand-alone
infrastructural developments. The lack of roads to the water sources are not complicating
the fuel distribution and the host community is not confronted with an increasing demand
on fuel. Since solar (hybrid) systems are installed in refugee settlements (providing water
to refugees and hosting communities), the operation decreased significantly. Funds are
thereby used more efficiently and effectively.

UNHCR
September 2019

2 Armstrong, A., Mahan, J., and Zapor, J.,(2017). Solar pumping for rural water supply: Life-cycle costs from 8 countries.
Proceedings of the 40th WEDC International Conference. Loughborough, UK. Available online at https://www.rural-
water-supply.net/en/resources/details/822. Global Solar and Water Initiative, (2018). Scale Up of Off Grid Solar PV
Water Pumping: Cast study of Bidi Bidi Refugee Settlement, Uganda. International Organization for Migration. Geneva,
Switzerland.  Available at https://energypedia.info/wiki/Solar _Pumping_Toolkit_-_Guidance_and_Assessment.
World Bank. 2018. Solar pumping : the basics (English). Washington, D.C. : World Bank Group. http://documents.
worldbank.org/curated/en/880931517 231654485/ Solar-pumping-the-basics
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13.1.2. Environmental benefits

By adhering to relevant international standards and the guidelines herein (Annex 3),
SPWS can effectively support rural water supply decarbonisation and provide climate
resilient solutions through grid-independent power. In all these ways, utilization of
solar pumping systems contributes to the targets of Sustainable Development Goal
13, Climate Action.

SPWS offer a clear advantage to grid powered and diesel-powered pump systems in
terms of environmental impact, greenhouse gas emissions, and climate resilience.
Where grid power is inconsistent PV power provides more reliable pumping while
reducing reliance on fossil fuel. In completely solar powered systems reliance on
conventional grid power is eliminated. Compared to diesel powered pumping systems
a properly designed solar pumping system benefits the users and beneficiaries by
reducing local air, heat and noise pollution and reducing contact with potentially
hazardous fumes and fuel required to power a diesel system. With less exposed
electrical and fuel sources, solar powered pumping systems mitigate safety concerns
for system operators. When properly installed, PV powered submersible pumping
systems are safer and more environmentally friendly in all regards.

1.4. Design Considerations

The following sections will guide the users through the minimum design component
expectations specific to solar water pumping. However, there are some general design
considerations that need to be addressed.

1.4.1 How Pump/System Selection for Solar Application Differs from Diesel or Grid

The illustrations below explain how pump selection for solar pumping differ from
other mode of pumping.

A

Time =0 hr Time = 8 hr

Figure 3. Grid-powered Pump Flow Rate




Typically, when a fixed speed motor running an ordinary pump is powered from grid,
fixed flow rate is expected over multiple hours as illustrated in Figure 3 above.

A

Time =0 hr Time - 8 hr

Figure 4. Solar-powered Pump Flow Rate

Conversely, under solar water pumping, for the same total dynamic head, flow
rate will vary over time as shown in the curve above. The blue area represents
constant flow rate for 8 hours, red area represents solar powered pumping profile
and corresponds to solar irradiance profile. Solar irradiance is relatively low in the
morning and increases gradually over time till it peaks around midday hours. It then
decreases gradually till it disappears at sunset. Owing to this nature of solar irradiance
profile, solar powered pumping system will abstract approximately two thirds of the
amount of water an equivalent constant powered system will produce. Therefore,
for a SPWS to produce approximately the same daily amount of water, solar powered
system need to be ‘oversized’ to the actual yield of the borehole. The daily water
production profile of an ‘oversized solar pumping system will look as below.

Safety
Yield

Time -0 hr Time -8 hr
Figure 5. Oversized Flow Rate
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‘Oversizing’ means that at sun irradiance peak hours, the pump will be extracting
water above the hourly demand and above well yield. But this will only compensate
for the hours which water production was below the demand/calculated line. In
other words, the pump will be pumping the un-pumped quantity earlier in the day.

It is also possible to extend the pumping hours in a day by increasing the size of the PV
array so that the pump starts earlier in the day and peaks earlier, allowing for a longer
period of peak pumping hours.

L ]

Time - O M Time~8 M

Figure 6. Extended Pumping Time

1.4.2. General Design Considerations

There are some key components to consider when designing a solar powered water
system including:

Solar irradiance - solar irradiance will affect the power output of the solar array,
potentially changing/reducing the number of pumping hours of the solar pump or
the length of the pump’s peak performance hours.

Demand and source capacity - the water demand will not change with solar pumping,
however, the number of pumping hours and the capacity of the well will determine
whether stand-alone solar will provide sufficient water supply to meet the demand.

Pump selection - pump selection changes, particularly with stand-alone solar
powered water systems as the flow rate is increased to allow for maximum water
supply during the shorter pumping hours.

Storage size - due to the shorter number of pumping hours, the recharge rate of
the storage tank is faster, but less frequent. This will require a large storage tank to
supply water during the evening hours when pumping is not possible.




1.4.3. Phased Design and Installation

Design standards found within the MWE Water Supply Design Manual 2013 requires
a design to consider the 25-year population projection. For solar pump selection and
system design however, we recommend using the 10-year components life-cycle
and designing in a phased manner that allows for increased scale of the system
towards the 25-year projection as the components require replacing. In some cases,
the difference in daily demand now, in 10 years, and in 25 years will vary greatly.
While the life span of the system is closely related to the 25-year demand, the system
components of a solar system may need to be replaced within 10 years. Phasing in
the components of the design which both have a shorter life span than the system
in its entirety and which are reasonably accessible will avoid excess expense and
overdesign and can reduce initial capital costs. With the 25-year design in place, the
components can be installed now for the 10-year demand and replaced with larger
components when their life-span is realized.

In a similar vein, where supply significantly exceeds demand, in some cases, such as
the refugee context, it may advisable to design for the full supply and then scale back
the design for current demand in a way that should demand sharply increase due
to unforeseen events such as sudden influx of new refugee populations, or varied
water use for production, the system has been designed with full capacity in mind
facilitating system scale-up into full production.

A phased in design would install the underground and difficult to replace components
of the system, such as transmission distribution pipes, according to the 25-yer design,
but would reduce the size of the solar pump and PV module array for the pump’s 10-
year approximate life-span and the required power of that pump. The pump would
be sized for the 10-year water demand and when replaced would be sized according

to the 25-year demand.
1.4.4. Other Considerations

14.4.1. Manufacturer software for design

A number of software for SPWS are available in the market and some of them are
open access. They are developed based on certain assumptions which may or may
not be applicable to the context under consideration. It is therefore important that
the designer understands the design basics contained in this manual as a means to
check the adequacy the design software.

14.4.2. Certified Installers

Even with the most appropriate design, SPWS will still operate inefficiently for as
long as the installation was improperly done. It is recommended that the system
components, especially the solar component of the water system is installed by a
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practitioner certified in solar installation. In Uganda, ERA provides certification for
qualified installer. The requirements of a certified installer should be expressly stated
in the tender document.

14.4.3. Genuine parts and Warranty

The importance of identifying suppliers with genuine parts and provide warranty
cannot be overemphasised. Component specifications must be carefully prepared
to ensure that only genuine parts are installed as per the design specifications. The
biggest challenge today is that there are so many fake and counterfeit products in
the market and so the designer needs to ensure that the right product is specified and
installed. In Uganda, the UNBS (Ugandan National Bureau of Standards) is crucial in
availing the public with information regarding how to watch out for fake products.
During procurement, ensure that contractors fully understand the warranty and
defect liability clause in order to safe guard against installation of fake parts.




SECTION 2: WATER DEMAND, WATER
QUALITY, SOURCES AND INTAKES

2.1. Water Demand

Water demand is defined as the amount of water that will be used by all groups of
consumers, assuming that no limiting factor such aslack of resource, lack of pressure,
negatively perceived water quality, inaccurate distribution etc. will interfere MWE
Design Guidelines, June 2013). When designing a new water supply system, it
is important to evaluate the water demand, including the current and reasonable
future daily water demand. Although the designed system will only see the current
demand once installed, the goal of the source is to be able to supply water for the
area for years to come. The MWE Design Guidelines recommend a 25-year life cycle
analysis when evaluating the future demand of the system. Solar pumping system
demand should take the same design approach as outlined in the Uganda MWE
Water Supply Design Manual’

The demand for water will not change based on the power source. However, there
are some additional considerations specific to PV pumping systems. Because solar
pumping systems are only capable of producing water when the sun is powering the
system particular importance is placed on understanding the relationship between
pump operating hours, available water storage, and system demand. Once all demands
are evaluated and a total number has been calculated, the needed water flow in liters
per second for the limited solar power pumping hours of that season will need to be
calculated by the designer.

For additional instructions on estimating water demand, refer to the Ministry of
Water and Environment Manual, Section 2 Water Demand.

2.2. Water Quality

Water quality is a key issue to address early in the design process. The amount
of sediment, organic content, sand, and total dissolved solids may be a required
consideration for selecting the pump, as per the manufacturer’s specifications.
Additionally, test for faecal coliform contamination, high nitrates and salinity,
organic contaminants, and the presence of heavy metals, will be protective of human
health. The MWE Water Design Manual thoroughly covers this topic in Section 6.

Water quality results should be carefully coordinated with recommended
specifications from pump manufacturers. Materials of wetted parts are particularly
important when product water is for potable use. Impeller materials should be quality
castings of stainless steel or aluminium bronze are preferred. In installations with
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high salinity or hardeners stainless steel or duplex materials should be considered.
In installations with regular exposure to chlorine/chlorides (most boreholes and
solar powered water system pump do not have regular exposure) zinc alloys should
be avoided for wetted parts to avoid corrosion. Manufacturers should always be
consulted regarding material choice.

2.3. Water Sources and Intakes

2.3.1. Boreholes and Wells

There are no particular variances from the standard information derived from well
testsfor solar powered water supply design. Aswith any system design, understanding
the capacity of the well and the quality of the water is critical. The most important
consideration when designing for stand-alone solar systems is that the borehole will
need to supply the full demand within the solar working hours. For example, if the
daily demand is 15m3 and one averages the sun-hours at 7.5/day, allowing for 7.5
hours of pumping, then the borehole will need to have a safe yield of no less than
2m3/hour in order to fulfil the full daily demand of 15m3 in the 7.5 pumping hours.

2.3.1.1. Existing Hand Pump Conversion to Solar Pumping

If there is an existing hand pump water system at the site, the assumption in this
section is that the existing system will be removed and replaced with a solar or
solar hybrid system. As with new boreholes/wells it is critical to any existing well
conversion design is the necessity to conduct a comprehensive well test to assess the
current safe yield and recovery rate of the borehole. It is not recommended to rely on
old borehole testing data as the conditions may have changed which will adversely
affect the result.

2.3.2. Surface Water Sources and Intakes

There are no particular variances from the standard in designing solar powered
water systems from surface water sources such as dams and valley tanks. The same
opportunities and limitations are present. Water intakes will also have no variances.




SECTION 3: SOLAR WATER PUMPING

Solar powered pumping is also an option when retrofitting existing water pumping
systems in both domestic and irrigation cases. Solar pumping should be considered
whenever an existing pump requires replacement, as newer solar powered pumps
provide significant advantages than older equipment.

3.1. Solar Water Pump Selection

Solar water pump selection parameters are similar to selection of other types of
pumping systems in the calculation of Total Dynamic Head (TDH) and flowrate.
However, there are very specific exceptions to selecting solar powered pumps that
will be highlighted in this section and will require specific modelling. Solar powered
pumps have limited power resource availability in both time of day and season of the
year, as well as sporadic weather-related variability. Variable speed pumps allow for
pumping even when the sun is not at its peak and even on cloudy days. The pump
will run, at a lower speed when the radiation is low and increasing to full speed when
the sun is at its peak, with little to no cloud cover. Another way to overcome this issue
is to increase the number of panels in the solar array in order to increase the power
provided to the pump during these times of the day or year. Increased water storage,
typically in elevated or ground mounted tanks can allow for additional water supply
in times of lower pumping days. Through each of these mitigation efforts it is viable
to have a fully stand-alone solar pumping system, even for very large schemes.

Most commonly, solar powered (PV) pumps are the submersible multistage type with
either centrifugal impellers or helical rotors (positive displacement).

3.1.1. Variable Speed Pumps

Variable speed pumping is the standard for solar application in Uganda. Life-cycle
costsoutweigh capital costsin 2.6 years. For efficiency it is the strong recommendation
of this manual to use variable speed solar pumps.

Fixed speed pumps are not suitable to solar application and therefore not detailed
in this annex. For more detail on Fixed speed pumps, please see the MWE Manual,
Section 8.1 Pump Selection; General Information.

3.1.2. Solar (PV) Powered Centrifugal Pumps

In the centrifugal PV pump designs, the pump functions the same way as their main
powered designs do. Centrifugal pumps rely on rotational power instead of suction
power, and therefore have almost no suction power. These pumps produce variable
flow under variable feed pressure.
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Figure 7. Exploded view of Centrifugal pump

3.1.3. Solar Powered Helical Rotor (Positive Displacement) Pumps

Helical rotor pumps, also called rotary or progressive cavity pumps, are positive
displacement pumps. Unlike centrifugal pumps which have a hydraulically limited
maximum pressure, positive displacement pumps will continue to pump liquid up
to a very high pressure until the motor is overloaded. This poses a particular risk
to small PV pump systems with plastic discharge piping and fittings, which may be
exposed to pressures above their design rating if flow from a positive displacement
pump is restricted. Care must be taken to make sure that valves pump discharge is
not isolated by closing valves during operation, stopping the water flow while power
is still provided to the pump motor.

Where Helical Rotor or any positive displacement pumps are installed a pressure
relief valve (PRV) shall be connected to the pump discharge header upstream of any
pump valving. The PRV setting shall be 90% of the lowest pressure rating in the piping
system. The lowest pressure rating value should be converted to a corresponding
pressure at the PRV centreline after accounting for elevation change. The designer
should confirm that the PRV will not discharge during any normal pumping or static
scenario by analysing the Hydraulic Grade Line across the system during normal
pumping and static conditions. If normal conditions are found to exceed the PRV
setpoint the designer should consider removing and replacing sections of piping with
material rated for higher pressure until the PRV setting can be raised outside the
normal operating range of system pressures.

For smaller systems, the PRV may be overly complicated and unnecessarily complicate
operation and maintenance. A simpler solution than the PRV for smaller systems
may be to prohibit any shutoff valves on the discharge piping. When considering
this option, it is recommended to assess its practical application in the given context.




3.1.4. DC Systems

Research by various scholars have concluded that it is economically viable for solar
pumping systems below 5 kW to use DC motors. While there are two types of DC
motors, Brushed and brushless, the brushless DC motor is preferred due to reduced
operation and maintenance.

With regards to voltage permissible range it has been concluded from field tests that
for Permanent Magnet DC (PMDC) the range is 30-300VDC and 400-800VDC for
AC asynchronous induction motors incorporating an inverter.

Field studies have further shown that the performance characteristics of a brushless
asynchronous induction motor run by a PV generator under different insolation
levels can improved by incorporating a control strategy to maintain the motor voltage
within a permissible range and PV array to operate as close to the maximum power
point (MPP).

A permanent magnet synchronous (PMSM) brushless DC motor coupled to a
centrifugal pump is found to be a viable option for lower-power direct coupled PV
water pumping systems.

3.1.5. Pumps with Inverters

Based on the varying conditions of solar irradiation and temperature, MPPT
maximizes the electrical power drawn from the panels and maximum amount of
water pumped.

When solar irradiance decreases, the pump receives lower frequency and therefore
slower flow, but it continues to provide water until the irradiance falls below a
minimum level necessary to ensure operation.

Dry run, over voltage, over current, and missing phase are common in build
safety protection features to save motors from failure. Additional transducers and
accessories can be connected in the dedicated inputs- digital or analog, to allow the
inverter to extend the flexibility of the water system including worldwide monitoring

via wireless or wired connections.

Common Monitoring parameters

e Water level in the well (meters)

Motor running frequency (HZ)
Voltage inputs (DC)
Motor current (A)

Motor power factor (cosphi)




MINISTRY OF WATER AND ENVIRONMENT
SOLAR POWERED WATER SYSTEMS DESIGN MANUAL
SECOND EDITION, 2013

e Power adsorbed by the motor
e Temperature of the inverter
e Motor hours

3.1.5.1. DC/AC Pumps with In-Built Inverters

DC/AC inverter systems have the basic function of converting DC (Direct Current)
voltage from solar panels to provide AC (Alternating Current) power for an AC pump
driven by 3 phase or single phase motor.

A solar pump inverter is designed to power motors, control parameters and adjusting
those values for the motor to run with best performance. Voltage, ampere and
frequency and other parameters can be adjusted to improve motor and system
efficiency.

Different manufacturers provide inverter designs from simple fixed speed units up
through units that provide slow speed starts for motors to avoid the large current
inrush normally seen with AC motors. These variable frequency speed begin at very
low speeds and accelerate the motor up to a range typically from 30Hz to 50Hz to
match available power to the optimum motor load.

3.1.5.2. AC Pumps with External Inverters

It is common to use standard single and three phase pumps with solar DC to AC
inverters. Pump motor and inverter manufacturers should be contacted for
recommendations on a sine wave filter. This is needed to protect the pump motor as
no pump motors are truly inverter rated. Inverters typically produce an AC voltage
waveform that is not a smooth sine wave and this, combined with long cable to the
motor can lead to voltage spike above the rating of the insulation of the pump motor
windings. This issue is well known in the variable frequency drive (VFD) industry
where motors are powered by VFD's to provide energy saving by allowing the motor
to run at slower speeds.

Use of an inverter may impact warranty coverage of the pump motor. Pump inverter
manufacturers will provide needed operating voltage range of the solar DC array.

3.2. Water Quality for pump selection

While the considerations for water quality in relation to pump selection are not
dependent on the power source (solar, diesel generator, grid), water quality is a key
issue to address early in the design process. The amount of sediment, organic content,
sand, and total dissolved solids may be a required consideration for selecting the pump,
as per the manufacturer’s specifications. Sand and grit will abrade impellers, rotors,
and stators in the pump and wear out seals quickly. Mud or excessive turbidity can
clog the pump. Water velocities in the pump and piping must be adequate to keep any




particles suspended so they will not settle and clog the system. High viscosity is not
normally a factor in water pumping systems but it will increase power requirements
if present. Corrosive water will damage pump materials.

Water quality results should be carefully coordinated with recommended
specifications from pump manufacturers. Materials of wetted parts are particularly
important when product water is for potable use. Impeller materials should be quality
castings of stainless steel or aluminium bronze. In installations with high salinity or
hardness, stainless steel or duplex materials should be considered. Manufacturers
should always be consulted regarding material choice.

3.3. Pump Sizing and Performance for Solar Pumping

As outlined in the water demand section of this report, both system demand, pump
drawdown, and well recharge capacity are critical in PV pump system design, but well
capacity ultimately limits the design capacity of a single given pump. The required
flow rate and expected TDH will determine pump selection.

Flowrateisdependent onthetotal volume of the pumping divided by the time available
for pumping (volume required to be pumped divided by solar energy duration). For
example, If the daily water needs 16m3/day (16,000liters/day) and the data show that
the full sun equivalence hours for the site is 4 hours, then the required demand to
be pumped is 4m3/hr (4,000 litres per hour or about 1.11 litres per second). This is a
critical evaluation to make early in the design process to assess whether solar alone
will provide sufficient power for the system based on the demand and the capacity
of the water source.

As with a grid power pump the design factors for the size of the pump are the flow
rate and needed hydraulic head that the water must be pumped to. This consists of
the elevation difference between the dynamic water level (level of water while being
pumped at the needed flow rate) and the delivery outlet to the water storage tank.
We also must add in any static head (a pressure tank for example) and the frictional
head loss for the full pipeline length including the pipe from the submersible pump
to the ground level and loss from any fittings. This number is calculated just as for a
main powered pump in section 8.2.3. of the ‘Uganda MWE Supply Design Manual’.

Calculation of pump TDH should follow the same process outlined in the ‘Uganda
MWE Water Design Manual' for submersible multistage pumps.
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Figure 8. Total Dynamic Head

The available pump curves are reviewed based on needed flow rate and the expected
total dynamic head and the appropriate pump is selected. The proposed pump curve
then should be superimposed on the system-head curve generated to give the
designer a sense of the potential operating range of the pump. Pump manufacturer’s
curves will specify the needed pump power at given flow conditions.

The required solar PV array and needed wiring are all designed based on the
maximum pump motor power required for normal operation.

Important Note: Maximum flow rate for stand-alone solar water systems can reach
but not exceed 100% of borehole safe yield.
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Figure 9. Example of Overlay of Pump Curve and System-head Curve to find Duty Point

3.4. Solar Power Systems Design

After the pump and motor assembly are selected and the required power is established
the power system can be designed in detail. The design recommendations made in
this section apply to stand-alone solar. For systems where backup power is desired
or required information on hybrid powered systems are included in Section 4 of this
document.

3.4.1. Solar Powered System Components

Thekey system componentsas shownin Figure 10 include the solar panels, controllers,
pump, transmission main, reservoir and distribution system. These components have
to be correctly sized for the system to function effectively and efficiently.
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Figure 10. Simplified Overview of Solar Powered System. Figure created by Roberts, M.
EWB-USA, 2019

3.4.2. Inverters

A primary difference in solar system design is that commonly used centrifugal and
helical rotor pumps require an electronics power conversion device, or inverter,
between the solar PV power source and the pump motor (aboveground or built into
the motor housing underground). The inverter converts the DC solar panel output
into AC, often three phase to drive the pump motor. The inverter allows for “soft
starts” where it begins rotation of the pump motor at low speed and then accelerates
to normal operating speed. This greatly reduces the motor inrush current flow seen
during the start of an across the lines motor, where the motor initially draws 6 to 10
times the normal run current for a few fractions of a second. This inrush current
generates considerable heat in the motor windings and is why mains powered pumps
have recommended limitations of how frequently they can be stop and restarted.
Preventing this large current inrush and subsequent heating of the motor windings
by this current flow improves the life of the pump motor as the heat increases the
breakdown of the motor winding's insulation.

Factors for consideration when selecting inverters include input voltage, inverter
efficiency, the power required by the pump, and the output voltage and current.

The first consideration when selecting an inverter is the output voltage which is
dependent on the ranges for the given area. In Uganda the range is usually 380-
420Vac for 3-phase power and 220-240Vac for single phase power. The output




current of the inverter must not be less than the nominal current of the pump motor
and should not exceed the 20% of the nominal current.

Consideration should be given to the inverter input voltage range. A higher input
voltage range will reduce the required current of the pump and therefore reduce the
wire sizing.

Inverter efficiency is an important consideration in the selection of the inverter.
The lower the efficiency of the inverter the more power the inverter will consume,
reducing the efficiency of the system as a whole and requiring increased power

supply.

Ideally, the inverter efficiency should not be less than 95%.
3.4.3. Solar Array

3.4.3.1. PV Modules

Table 4. PV Module Comparison

PV Module Type Best for: Advantages Disadvantages
e e Upto22%
Vsl Areas with limited space for N — e Most

solar panels expensive

e 25+ vyr. life span

e Cheaper than e Around 14-

Polycrystalline Most solar pumping projects - 6% ey

Projects that require flexible
Thin Film solar panels and locations that | e Cheapest
are highly shaded or cloudy.

e Around 7-13%
efficiency

Source: Sendy , Andrew. “Pros and Cons of Monocrystalline vs Polycrystalline Solar
Panels.” Solar Reviews, Solar Reviews, 23 Aug. 2017, www.solarreviews.com/blog/
pros-and-cons-of-monocrystalline-vs-polycrystalline-solar-panels.

The type and quality of available PV solar modules available will vary greatly,
therefore panel rating should always be compared to measured values in the field.
The following nameplate information should be noted when considering solar panels
for a system design:

Rated Power Output per panel (Pmax), rated at Standard Test Conditions (STC)
Open Circuit Voltage (Voc), STC

e Maximum Power Point Voltage (Vmpp), STC

Short Circuit Current (Isc), STC

Maximum Power Point Current (Impp), STC
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3.4.3.2. Design

Solar Array design is usually the last component to be specified in the overall Solar
Water Pumping System Design. This following design guidelines assume that the
designer has already determined the following:

1. Pumping and storage requirements for the water system based on the water
demand.

2. Well capacity.

3. Pump type, pump motor, controller/inverter, including losses for each piece of
equipment.

4. Whether the system is totally powered by solar or some type of hybrid power
supply.

Designing for Solar Irradiation Variance

Once the above items are determined, a solar generator with the capacity to meet
the requirements of the pumping system must be designed. Solar Array sizing starts
with the performance values determined during standard test conditions for the solar
panel. Standard Test Conditions (STC) by labs for solar panel ratings are made with
solar irradiance of 1000 watts/m?, and cell temperature of 25 °C. These conditions
are not common for operating solar panels installed in the field, so the actual output
at the installation site must be determined. The solar irradiation and corresponding
power generation of solar panels can vary greatly from STC based on the following:

1. Sunangleto PV array

o +23%degrees seasonally generally north to south
o * 90 degrees east to west daily
o Affected by tilt and orientation of the modules

2. Cloud cover
3. Ambient temperature at the PV array
4. 'Wind conditions

In addition to the daily, seasonal, and weather impacts, maintenance practices and
equipment aging impact the system as follows:

1.  Dust on panels.

o Uganda, orienting the array towards the equator and at a tilt of
approximately 10-15 degrees, allows for cleaning by rain water in the
rainy season.

2. Shading from objects near the solar panels.




o This includes the effects of nearby mountains, hills or other sloping
geography.
3. Aging of the solar panels over time reduces output by approximately .05%
per year.

Designing for PV Voltage Output Variance

Output voltage of the PV array varies with ambient temperature. As the temperature
of the PV panel decreases, the maximum voltage that the panel produces increases.
Since the array string outputs connect to the motor controller, the maximum and
minimum voltage values must be compatible with the connected controller. Each
panel nameplate states the change in maximum voltage with change in temperature.
This must be applied to the STC maximum overvoltage to determine the actual
operating conditions of the PV array. These conditions must be within the limits of
the connected controller.

Example of Adjusting STC for changes in Ambient Temperature

The easiest way to demonstrate how the STC values are adjusted to actual conditions
is to use an example. Below is a sample of the type of data that the solar panel
manufacturers should provide usually on the nameplate of the solar panel. This is a
generic sample showing typical ranges and not from a specific manufacturer.

Typical Standard Test Conditions for a 270 watt Polychrystalline Solar Panel:

THERMAL CHARACTERISTICS

Nominal operating cell temperature NOCT  °C 46 +/-2
Temperature coefficient of Pmax vy %°C -0.45
Temperature coefficient of Voc Bvee %/°C 033
Temperature coefficient of I« ane  %/°C 0.06
Temperature coefficient of Vmpp Bvmge  %/°C -0.45
Installation
Range of ambient temperature: -40 .. 185 °F

Electrical data

Maximum power point voltage: 316V
Open circuit voltage: 384V
Max power point current: 8.76 A
Module shortcut current: 9.11A
Maximum power output: 270 W

Solar module type: POLYCRYSTALLINE
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Standard Test Conditions for solar panel ratings are made with solar irradiance of
1000 Watts/m?, and cell temperature of 25°C. These conditions are not common for
operating solar panels installed in the field, so the actual output at the installation site
must be considered in design.

Here we see the open circuit voltage at the NOCT - Nominal Cell Operating
Conditions. In the field, any airflow conducts heat from the panels cooling them
somewhat. These conditions result in the thermal characteristics in the second half
of the data. First note that under closer to real world conditions the solar cells are not
at 25°C. The air around them was cooler but due to being dark and in the sun the cells
were measured (again under these testing conditions) at 46°C. As a result, the solar
panel open circuit voltage goes down by 0.33% for each degree centigrade warmer
the cells are, and maximum power drops by 0.45% per degree centigrade warmer the
cells are than the stated field conditions.

The adjustment of STC must be reviewed to determine what impact expected field
conditions will be on determining how many solar panels will be needed to meet the
required current and stay within the required voltage range of the solar pump that
is selected.

Adjusting the standard test conditions to actual solar panel output conditions from
the STC at 25°C to an actual temperature of 40°C is done as follows. If the panels will
be operating in 45°C environment, we can expect the cell temperature to be likely
15°C warmer than the NOCT rating. This will reduce the open circuit voltage by 15
X 0.33% = 5% from the examples shown. Likewise, the rated panel power will be
reduced by 15 X 0.45% or about 6.75% from the manufacturer’s stated test conditions.
For the 270-watt panel this will reduce the VOC by 5% and will reduce the watt
output by 6.75% or 1.94 volts and 18.2 watts respectively.

It is important to adjust the VOC of the chosen panel to the lowest ambient operating
temperature determined for the installation site. This will produce the highest value
and will need to be compared to the pump controller maximum voltage to make sure
it is below the rating. For the example the vearly data was reviewed to identify that
the lowest temperature ambient was 5°C. The adjustment for the VOC is:

Voc max = Voc + Voc*(25 - 5) *0.33% = 40.9V per panel
Seven in a string = 286.5V
In this example, the pump controller limit = 300V

The choice of 7 panels in a string is the maximum that the pump controller can
handle. To add the 8™ panel the strings must be split into two strings of 4. This will
give the additional storage energy and provide two strings in case one fails.




This example demonstrates that the choice of the worse-case conditions for
determining the maximum voltage based on a worse case ambient for the site can
be used to determine the compatibility of the solar array with the controller. It also
demonstrates that the continuous changes in ambient temperature means that
determining the characteristics of the watt output of the array with even the ambient
temperature changes requires establishing the performance over large periods of
time and results in the need for yearly data on an hourly basis just to determine
the performance of the PV array generator watt characteristic variation. Doing this
calculation by hand is not practical.

Examples of Adjusting STC for General Changes Solar Irradiation to determine
yearly characteristics for Design

Since the ambient temperatures of the solar panels are changing over daily and
seasonal time periods this adjustment is applied to the STC at 25°C to adjust the
performance of the temperature and in addition the other three variables, wind
conditions, cloud cover, and sun angle on the solar panels at the specific location.
The calculations are usually made hourly over at least one year to determine the
actual real-world performance of a chosen panel. The manufacturer’s software for
solar solutions for pumping adjusts the data hourly for the analysis for temperature,
cloud conditions, sun angle, and wind speed to give a full representation of the
weather condition effects on the solar power input to the pump motors. This is used
to calculate the solar system components to deliver the TDH while supplying the
daily water volume.

The first step in deciding on a suitable solar array is evaluating the available
solar resources at the site. While general data on average solar resources can be
found online, the manufacturer’s simulation program provides a database of local
conditions based on GPS location that are measured and stored in their database to
represent the hour by hour variations in solar radiation levels which are the basis
for the simulation. It is also essential to make a physical evaluation of the site as local
conditions such as hills and other terrain features, trees, buildings and physical space
availability may impact the site suitability for the needed solar power array. The
summarized conditions provide a basis for sizing the array using typical monthly
and daily average data based on the application and location that the designer is
developing.
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Figure 11: Average daily water production for month of July (Lowest Water Production
Month)
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Figure 12: Average Monthly Water Production for one year




Figure 11 and 12 are typical outputs of matching specific GPS location based solar data
and solar panel design that the solar panel manufacturer simulation program should
provide. These can be generated by many different types of programs provided by
independent software systems and by manufacturer based software systems. The
data is used to correctly size the power input from the solar panels to the pump/
demand requirements of the site based on the sites most critical supply period. With
this information the supplier’s software will calculate the daily average output and
the monthly average output for the two systems as follows:

Power loss can also be caused by actual solar irradiance and ambient temperature.
Solar modules are tested and rated at optimum conditions of 1000w/m?. However,
solar irradiance in reality can vary from the testing parameters. In designing your
solar array, it will be important to refer to a weather database for the solar irradiance
per hour or day for particular location. This information will be averaged over the
course of a week, month or year. Design decisions will be made based on system
needs throughout the year. In some cases, designers will size the solar array for the
maximum output during the worst day/month in the year. In other cases, during the
rainy season demand will decrease, allowing the designer to design for the annual
average, rather than the worst case.

Deliberately oversizing the solar array by providing a greater number of panels than
the maximum power needed by the pump will allow the pump to start operating at
full power earlier and continue later in the day, extending the number of pumping
hours in the day and therefore increasing the daily system output. Solar panels are
power limited devices and cannot push more power into the solar pumping system
than the system needs. Oversizing the solar array will not result in a surge of power
to the pump or burn the pump out. The pump motor will only draw the power it
needs.

The second step in evaluation the suitability for solar pumping is to evaluate the
available solar hours each day during the most critical season of the year. For
example, a system for irrigation has the highest water needs during dry season. So,
the available hours of full sunlight equivalence (and solar angle in the sky) during
that season becomes the critical design factor. For domestic use, the critical season is
most likely to be the time of year with the lowest available full sunlight equivalence
hours. Whichever season is found to be most critical, the data on available average
hours becomes our limiting time factor.

The pumping system must be able to produce sufficient water for year-round use.
Therefore, the solar PV system must be able to supply enough power year-round to
meet the demands of the pumping system. The designer must consider the variability
of solar irradiance throughout the year. The designer should carefully consider all
the variables changing with season, but it is particularly important to establish the
worst-case month and design a system that will function even in this case. Where
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there is also variability in seasonal demand for water, the designer must establish
the worst-case month, but comparing the highest demand month for water and the
minimum solar month for power generation.

This gives a good overview of the design of the Solar PV Array output to the pumping
systems the full year of performance based on specific performance information for
the location put into each manufacturer’s program and taking into account weather,
temperature and sun performance as well. This also establishes the commissioning
expectations for the system and can be used to confirm the performance as well.

Additional Consideration for sizing the Solar Array from the Manufacturer’s
Program Output

It is essential to make a physical evaluation of the site as local conditions such as
hills and other terrain features, trees, buildings and physical space availability may
impact the site suitability for the needed solar power array. Other local factors need
to be considered such as: Are their local sources of smoke, haze due to water vapor,
morning fog, local microclimate, weather patterns or factors such as those that would
reduce solar intensity?

The system designer must take all these possibilities into account during system
design and must plan for annual degradation of .5% of panel output per year.

It is important to ensure that the rating of each panel in a string is matched. Should a
single module in a string be rated lower than the rest of the modules, this will reduce
the power of the entire string. Both the voltage and amperage of the modules need to
be matched. Each module in a string should be identical.

Asarule of thumb: Allowing for frames and spacing between panel frames for access
to retaining bolts and clips, it can be estimated that at peak about 1 square meter of
array is needed for every 100 watts of solar PV panel needed.

3.4.3.3. Wiring

The different sections of the system will affect wiring selection and sizing: the DC
wiring between the solar array and the inverter, and the AC wiring between the
inverter and the pump. The AC wiring from the inverter and the pump is generally
specified by the manufacturer. The sizing of the DC wiring is determined by the
output current of the PV array (a calculation of the voltage generated by the solar
array and the power required by the pump motor). In cases where the inverter is
in-built, the power draw of the pump determines the wiring size instead of the solar
array.




Current Capacity

Current capacity considers the actual capacity of the wire to carry the power.
Figure 13 gives the current-carrying capacities for different methods of installation
including PVC insulation, three loaded copper, free air, or in ground. Wiring runs
that involve multiple installation methods should be designed to the most restrictive
ampacity limit. For example, if the wiring from the solar panel combiner box to the
pump house is first run in a conduit (B2), then directly buried underground (D2), and
finally run up the block wall of the pump house (E), its ampacity is limited by the
section in the conduit (B2), because this section has the lowest ampacity limit.

Al
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conductors in conduit in a
thermally insulated wall

@ ° (o)
@ A2 - Multicore cable in conduit in
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’ D1 - Multicore or single core
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— F cables buried directly i the
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C 1 | E - Multicore cable in free air
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B1 - Insulated single core
conductors in conduit on a wall

B2 - Multicore cable in conduit
on a wall
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C - Single core or multicore cable
on wooden wall
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G - Single core cables laid flat
and spaced in free-air

Figure 13. Current-carrying Capacities.

Adapted from: “Cable Sizing Calculations to IEC and NEC Standards.” Cablesizer, www.
cablesizer.com/help/iec_refmethods/.

The following procedure should be used to determine the required current rating of
DC components:

e Identify the panel short circuit current (Isc) in amperes.

e  Multiply this value by 1.56 to determine the maximum amperage per
string.
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e  For parallel strings of solar panels, current is cumulative. Multiply the
value from the previous step by the number of parallel strings where
these strings are combined.

A safety factor must be applied to the calculations. This safety factor is unique to
the system and will depend the cable run length and current versus wire size. The
following procedure should be used to determine the required current rating of AC
components:

e Identify the full load amperage of the pump motor (FLA).

e  Multiply this value by 1.25 to determine the maximum AC current draw.

Current standards for wire safe ampacity can be found within the IEC standard
60364-5-52.

Voltage Drop
Voltage Drop is similar to the frictional head losses for water flowing in a pipe. It
is determined by Ohm’s law, where Voltage (volts) = Current (amps) x Resistance

(ohms). A system should be designed to minimize voltage drop, but a 2.5% voltage
drop is a good design target. The drop should not exceed 5%.

To calculate voltage drop, first calculate the resistance. For metric wire sizes, 1 m of
copper wire that is 1 mm?2 in size has a resistance of about 0.02 ohms.

The total resistance of a wire can therefore be calculated by the formula:

Resistance (ohms) = 0.02 x meters + size in mm?

Asvolts =amperesxohms, the voltage drop in a wire can be calculated by the formula:
volts lost = amperes x (0.02 x meters + mm?)

The length of wire in a circuit is double the distance between the end points, so the
number of meters of wire is twice the distance that the wire runs.

A 0.5V voltage drop is an acceptable drop for low voltage systems (12 - 48 VDC). The
formula below can be used to calculate a 0.5V drop for any distance of wire run and
current:

mm? = 0.08 x wire run in meters x amperes

These voltage losses calculated at maximum current flow and then subtracted from
the solar array’s output voltage must stay within the allowable voltage range of the
pump and controller.




3.4.3.4. Disconnects

An electrical disconnect is provided by a switch or a circuit breaker. These
components open the electrical circuit, disconnecting a source of electricity from a
load. Disconnects are used in solar pumping systems for two main purposes. The first
purpose can be to control system operation. The second purpose is to provide a way
to safely service system components.

Disconnects are usually located at the solar array and at any connection to another
source of energy, such as a generator or grid connection. Some systems may also
have a disconnect between a pump controller and the pump itself.

An array disconnect can be turned off by a system technician, turning off the
electricity to the array output wires that lead to the pump controller and pump. The
disconnect should be built so that it can be ‘locked out and tagged out” so that no
person can turn the disconnect back on while the pump controller or pump is being
services, and injure the technician. Many array disconnects also include overcurrent
protection from fuses or circuit breakers, which is covered in detail in the next
section.

Similarly, it's important to have a disconnect between a generator or utility
connection and the pump controller, for the same reasons an array disconnect is
critical. Overcurrent protection is critical for any connections to a generator or utility.

All system components, including disconnects, have a maximum current or voltage
rating provided by the manufacturer and should never be used at voltages or
currents that exceed this rating. All disconnects should be carefully selected for their
conditions of use. Array disconnects must be able to appropriately rated to carry DC
electricity, at the maximum possible voltage and current the solar array can provide.
DC electricity can sustain dangerous electrical arcs more easily than AC electricity,
especially at common pump input voltages of 300-500VDC. If a disconnect is selected
that is not rated for DC, proper voltage, and proper current, it may fail by catching on
fire, or even by exploding. One last consideration is that some disconnects rated for
DC are directional devices, which only properly work if current flows in a particular
direction. If used in the wrong direction, they may fail catastrophically.

3.4.3.5. Overcurrent Protection

Overcurrent protection is designed to be an intentional weak link in an electrical
system, and can be provided by circuit breakers or fuses. In the case of a short
circuit or other failure, overcurrent protection opens the circuit, stopping the flow of
electricity, and preventing wiring or components from catching on fire.

Fuses usually provide this protection by means of a small piece of wire inside a glass
tube, built from a metal that melts when a certain amount of electrical current flows
through it. With a fuse, once that filament has melted, but cannot be used again, and
must be replaced.
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Circuit breakers are more sophisticated. They use heat-sensitive metal and/or
magnets and coils to “trip” off when current above a certain level is passed through
them. But in contrast to fuses, circuit breakers can be turned to the full off position
after they've tripped, and turned on again. This allows them to continue to be used
after the short or other fault in the system has been repaired.

The overcurrent protection devices (OCPD) are used in systems where there is a large
source of electricity that could harm the wiring to the pump controller, or the wiring to
the pump. OCPD should certainly be used when connecting to a generator or the grid.

In many cases, OCPD should also be used at solar arrays. Solar modules are current-
limited devices--they may output about 125-150% of their STC-rated short circuit
current, but they will not provide the extremely high currents present at a utility
connection, or the high currents available from a generator. For this reason, a solar
array with all modules connected in series (one string) will rarely require overcurrent
protection (though it will need a disconnect). For solar arrays with three or more
parallel strings, overcurrent protection is required on each string. This is often
provided by commercial PV array combiners, which include OCPD/disconnect for
each string.

Like disconnects, each overcurrent protection device should be selected properly for
AC or DC electricity, maximum system voltage, and maximum current to prevent
danger to people and catastrophic failure. Like disconnects, DC circuit breakers
are often only rated for current flow in one direction. Solar array OCPD should
consider the additional current present when irradiance is above 1,000 W/m"2,
or temperatures are below 25C. Typically, this is a factor of 1.25 above short circuit
current.

3.4.3.6. Grounding the Electrical system

The following earthing guidelines should be used unless local codes require a
different arrangement then that code should be followed, in consultation with the
manufacture’s guidelines.

Earthing the PV panels and mounts is different than any earthing of power
conductors of the PV output power. The panel frames and metal support mounts
must be earthed for protection from lightning strikes. This can consist of the metal
frames being in direct contact with the concrete footings and can be supplemented
by deliberate bonding of the PV panel frames to the painted metal support mounts by
removing paint at bolted connections or with paint break (star or lock) washers. If the
frames are galvanized metal no additional bonding to the panels should be needed. It
is also wise to bond the panel frames together with lugs bolted to the metal PV panel
frames by at least a 16 mm2 cross sectional area copper bonding wire then connected
to a driven earthing rod comprising a solar PV earthing conductor system.




If the borehole is cased with a metal casing, it must also be bonded to the solar PV
earthing conductor. Bonding of all metal part along the electrical path that may be
energized by the electrical insulation failureis required. Also, if the submersible pump
has a metal riser pipe that pipe must be bonded to the solar PV earthing conductor.

As far as the power conductors from the PV panels to the pump controller, follow
[EC standards requirements and the manufacturer’s recommendation concerning
earthing of a DC polarity or AC conductor, but it is required to bond any above ground
solar pump controller’s metal case to the PV system earthing conductor.

3.4.3.7. Lightning Protection

The Standards IEC 62305 - Protection Against Lightning (All Parts) and IEC 62561~
Lightning Protection System Components (All Parts) provide guidance on protection
against lightning.

While lightning surge protection is vital in solar systems, the voltage range of any
transient surge suppressor (protector) on the DC or AC power systemm MUST be cross
checked with the required voltage operating range of each of those circuits. Surge
suppression must be provided on the DC circuits as close to the panels as possible and
connected to the PV earthing conductor as a grounding /earthing reference.

Follow the pump controller recommendations for any AC or DC surge protection
between the pump controller and the pump motor.

3.4.3.8. Racking

For a solar pumping system to last, it's important to select a well-design, sturdy
racking system. After the solar array location has been selected, we can select an
appropriate solution. This racking solution should be able to handle they weight of
the solar modules, the force of any wind, be secure against vandalism and theft, and
be able to last of the design lifetime or longer.

Solar racking is commonly built from steel, galvanized steel, or aluminium. Unless a
nearby building is available to mount the solar modules on, solar pumping systems
usually use ground-mount or pole mount racking systems. Ground mount systems
often use several concrete footings with embedded rebar and structural attachments.
The racking structure is built on these supports. Pole mount systems also use concrete
footers, but one large pipe is vertically embedded in a large concrete footer.

A qualified civil or structural engineer should evaluate any racking design. They can
make sure that the soil will support the weight from the solar array and that the
racking will remain intact in case of high winds or rain. They can also evaluate the
design of the racking itself, to make sure it meets the same functionality. Commercial
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racking systems will often use clamps to attach the solar modules to the racking.
Field-fabricated racking systems most commonly use bolts passed through factory-
made mounting holes in solar modules.

Solar modules frames are made of aluminium. When connecting modules to a
racking system, it's important to pay attention to the possibility of galvanic corrosion
that can occur when different materials touch.

Although not strictly part of the racking, it's important to consider security of solar
array when designing systems. This can include fencing arrays, elevating arrays,
and/or providing human security. To prevent vandalism, understand that even
a small rock thrown on a solar module may be able to break the glass, and place
surrounding fencing at an appropriate distance.

3.4.3.9. Pumping Stations

Ideally, pumping stations will be located within proximity of the solar array to
minimize cable lengths between the array and the inverter.

3.4.3.10. Additional Accessories
The following accessories need to be considered for all Solar Powered Water Systems:

Dry Run Switch - A dry run switch turns the pump off on any occasion in which the
water level drops to the level of the sensor

Sine Wave Filter - A sine wave filter protects the pump from voltage spikes due to
the inverters electronic switching at high frequency.

Level Switch - automatically switches the pump off when the tank is full.

3.5. Solar Powered Water System Installation
Considerations specific to the installation of solar powered water systems include:

e Ensurethe solar array in areas where there will be no obstructions or risk
of shade of the array.

e  Sufficient height above the ground of the solar modules but within a range
which allows for cleaning and inspection.

e  Qrientation of the array.
e Tilting of the array to aid cleaning.
e  Mounting, protection, anti-theft measures need to be in place.




SECTION 4: SOLAR HYBRID WATER
PUMPING

4.1. Solar Hybrid Pumping Systems

Solar hybrid pumping systems are equipped with one or more supplemental power
sources in addition to solar. These additional sources of power provide the system

operator with redundancy and flexibility, allowing solar equipment to be taken
offline without sacrificing water production, or extending water production into
night-time hours or periods of cloudy weather.

Supplemental power sources are generally used in one of two ways. Most often, they
serve to provide standby power. An example would be a diesel generator that is used
occasionally during cloudy or other inclement weather. Alternatively, power can be
instantaneously blended between solar and whatever supplemental power sources
are available. This enables solar pumps to run at full power, eliminating variations in
water production that normally occur with solar operation.

4.2. Hybrid Power Sources

The following supplemental sources of power can be integrated into a solar pumping
system to create a hybrid system:

e  Generator (diesel or petrol)

e  Grid power

e  Wind power

e  Handpump and solar pump in one common borehole

Each of these supplemental (non-solar) power sources are highlighted below, and
special considerations for planning, implementing, and operating hybrid systems are
included.

For any supplemental power source to be incorporated into a hybrid pumping
system, the output voltage, phase, and frequency should match those of the pump
motor. Solar pumps with DC motors can typically be powered by an AC generator
via electronics within the motor or pump controller. Refer to the manufacturer’s
literature when sizing and installing a generator to ensure compatibility with other
electrical equipment.
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4.2.1. Generator

Generators are used throughout the world for providing supplemental AC power.
They are widely available in East Africa, with high available power output and
relatively low capital costs per kilowatt. Due to their widespread use, there is a
general level of comfort for operations personnel when generators are installed as
a source of supplemental power in a solar hybrid pumping system. Generators can
be configured as portable units or permanent fixtures. Diesel and petrol (gasoline)
are the most common fuel sources; in Uganda, diesel-powered generators are more
prevalent than those powered by petrol.

Despite their many appealing attributes, generators do have several disadvantages.
Chiefly, the variable cost of fuel can result in exorbitant operating costs, especially
in remote environments where fuel is scarce. The labour burden to perform routine
maintenance is significant, especially when compared to the minimal maintenance
requirements of solar panels. Moreover, spare parts may be difficult to obtain in
remote areas. For these reasons, mechanical failures of generators are common. It
is recommended that generators be installed for supplemental power only when the
following criteria are met:

1.  Thereis an existing, reliable supply chain for fuel and spare parts.

Local maintenance personnel have the knowledge and tools to
perform routine maintenance in accordance with the manufacturer’s
recommendations.

3. Alife-cycle cost analysis has been performed which supports the use of a
generator for the project.

The output power of the generator should exceed the maximum power draw of the
pump motor. The system designer should remember that an electrical motor can draw
more power than it is rated for; divide the motor rating in kW by the decimal motor
efficiency to calculate the maximum power requirement of the pumping system. A
diesel generator should not be loaded at less than 30% of its rated output power. This
can result in the incomplete combustion of diesel fuel, causing premature engine
wear.

For AC solar pumps controlled by inverters, special care should be taken when
sizing and configuring generators. Harmonic distortion generated by the inverter’s
variable frequency drive can cause the generator to overheat. To mitigate this, some
manufacturers recommend that the generator be oversized such that the pump
motor load is less than 50% of the generator’s rated output power. For example, a 30
kW generator would only be capable of safely powering a pump motor that draws
15 kW. Consult with the inverter and generator manufacturers to ensure that the
selected equipment is compatible prior to procurement and installation.




4.2.2. Grid

The electrical grid can provide a robust source of supplemental power to a hybrid
pumping system. Like generator power, grid power is AC, and the voltage, frequency,
and phase of the pump motor must match those of the grid. Most controllers for DC
solarpumpscanreceive ACpowerinput; refertothemanufacturer’'srecommendations
when evaluating grid power for a solar hybrid pumping system.

There are several challenges associated with implementing grid power into a solar
hybrid pumping system. First, grid power is often not available in remote areas,
which may drive the decision to install a solar pumping system in the first place.
Where grid power is available, it may be unreliable, cutting out frequently or for long
periods of time. Finally, grid power may be expensive, resulting in high operating
costs for the system. It is recommended that grid power be integrated into a hybrid
pumping system only when the following criteria are met:

1. It can be reliably used to supplement water production from solar.

2. A life-cycle cost analysis has been performed which supports the use of
grid power for the project.

4.3. Hybrid Supplemental Power Selection process

When selecting which hybrid power source to couple with solar, the following should
be considered:

e Local availability and perceptions of prospective technologies

e  Local ability to operate and maintain the system

e Intended lifespan of system

e  Economic evaluation: capital investment and operating expenses

e Quality of resources available (solar, grid power, existing generator)

Local conditions are very important to consider and will weigh heavily into the
longevity of the system. Technologies that are readily available in the community (or
in larger surrounding towns/cities) are more likely to be replaced when damaged than
something that requires import, duties/taxes, and additional logistics. Technologies
that are simple to operate and repair should be given preference. If there are
technicians in the community that know how to operate this equipment already,
that system is more likely to last for the intended lifespan.

System lifespan should be considered in order to properly evaluate which hybrid
option is the best fit. An accurate lifespan will allow for an easier decision when
performing the economic evaluation; see Section 12 of MWE's Water Supply Design
Manual for guidance on performing this evaluation.
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4.4. Equipment components, typical layouts, sizing and selection
parameters for Solar Hybrid Systems

In a solar hybrid pumping system, all power sources will ultimately be connected
to the pump controller or inverter. These connections may be made directly, or
intermediate electrical components may be required.

Figure 7 below shows solar DC and a supplemental AC power source both wired
directly to a Renewable Solar Inverter (RSI). Note that while not depicted, DC and
AC circuit breakers are required by the manufacturer so that DC and AC are not
connected at the same time.
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Figure 14. DC and Supplemental AC Power Wired Directly to RSI®

Figures 8 and 9 below show a SmartPSUk2 unit being used to condition AC from
the grid or a generator prior to feeding the pump controller. The SmartPSUk2 unit
provides the option to simultaneously blend solar DC with AC power.

S Image taken from Grundfos RSI Product Guide
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Figure 15. Power Conditioning Prior to Feeding Pump Controller (1)*

PSk2 controller SmantPSUR2 SmartStart genecator

Figure 16. Power Conditioning Prior to Feeding Pump Controller (2)°

4 Image taken from Lorentz PSk2 Product Guide

Image taken from Lorentz PSk2 Product Guide
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4.5. Hybrid System Installation

It is important to keep in mind that supplemental power sources in a solar hybrid
pumping system areintendedto support theinstalled solar panels, providing flexibility
and extending daily solar pumping hours as required. The addition of supplemental
power sources should not be done in a way that may negatively impact the principal
solar pumping system. Examples would include a wind turbine that casts shade on
the solar array, or an AC power source that is wired incorrectly, resulting in rectified
back current to the solar panels.

As previously mentioned, circuit breakers should be installed at each parallel string
of solar panels and on the combined solar DC prior to the inverter or pump controller.
When connecting supplemental power sources to the inverter or pump controller,
ensure that solar DC is disconnected. A multimeter should be used to confirm that
there is no DC voltage differential at the pump controller or inverter. FAILURE
TO DISCONNECT SOLAR POWER PRIOR TO PERFORMING WORK WITHIN AN
ELECTRICAL ENCLOSURE MAY RESULT IN SERIOUS INJURY OR DEATH.

Coordinate with the vendors of all equipment to confirm selection during design
and to ensure that installation is performed in accordance with all manufacturers’
recommendations. Installation of electrical components should be performed by
qualified personnel.




SECTION 5: WATER STORAGE,
TRANSMISSION & DISTRIBUTION FOR
SOLAR PUMPING

5.1. Water Storage

Water storage design considerations are discussed thoroughly in the MWE Water
Supply Design Manual. However, storage sizing for stand-alone solar systems needs
to take into account cloudy days and long periods of pump down-time each day.

It is highly recommended to consider installing a reservoir that allows for 100%
storage volume of the average daily demand.

5.2. Water Transmission and Distribution

The water supply system for a community is delivered via the transmission main
and the distribution mains. Transmission mains are defined as the piping that
conveys the water from the source, whether the source be the treatment facility,
reservoir, etc. while the distribution mains are the individual pipelines that deliver
water to individual consumers. The site survey must be incorporated and referenced
frequently when designing the transmission and distribution system. Elevation of
the source and storage tank will dictate the pressure in the system. The pipe routing
should be overlaid on the site survey. Challenges the designer might consider include
soil type, existing streets, marsh areas, etc. For calculations to size the pipe system,
the designer should reference the MWE Manual.

5.3. Water Treatment

Detailed instructions for system water treatment are outlined in section 6 of the
Ministry of Water and Environment Design Manual and should be similarly followed
for Solar Powered Water Systems.
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SECTION 6: SOLAR OPERATION AND
MAINTENANCE

6.1. Operations of Solar Pumping Systems

Operation of solar pumping systems include activities dealing with the actual running
of the water service, such as operating technical equipment, but also routine activities
such as meter reading and record keeping. In addition, inspection and monitoring
activities must be performed to identify problems in time to take corrective action
before major breakdowns or contaminations occur.

6.1.1. Special Considerations for Operations of Solar/Hybrid Systems

Most commonly, solar and supplemental power sources are used independently. For
example, a generator installed for supplemental power at a borehole is typically not
opened in conjunction with solar. If cloudy weather precludes the use of solar for
pumping, the following procedure is typically employed:

e  Thepump isturned off at the inverter
e  Solar input power is disconnected at the master circuit breaker
e The generator is turned on and allowed to warm up for several minutes

e  The AC circuit breaker is closed, allowing AC power from the generator to
the inverter or pump controller

e  The pump is turned back on at the inverter or pump controller

When sufficient sunlight is available, this procedure is reversed to transfer from AC
back to solar DC. This is a manually intensive procedure, requiring the input of an
operator. However, this approach is simple and robust, requiring minimal electrical
equipment to accomplish a transfer of power from one source to another.

Some vendors offer equipment that will measure the available solar irradiance and
automatically transfer the pump motor load to a supplemental power source when it
falls below a certain level. This requires calibrated instrumentation and a mechanical
interlock switch that precludes multiple sources of power (especially DC and AC)
from being connected at the same time. These systems can even be configured to
remotely start a generator and then transfer the electrical load to it from solar; in this
instance, it is advised that a time delay or low threshold irradiance setting be used, so
that the generator is not started and stopped frequently.




6.2. Preventative Care, Maintenance and Trouble-Shooting

A dedicated Operation and Maintenance Manual covers all aspects of preventative
and technical maintenance of the solar powered water system. This manual should
be consulted for O&M issues specific to solar powered water systems and should be
used as a guide for training of specialists in these areas.

Preventative maintenance, such as cleaning the solar panels and ensuring debris and
other dirt to not affect the system performance will increase the system longevity
and efficiency. Therefore, paying extra attention to the operation and maintenance of
solar systems is highly recommended to protect the high capital cost of installation.
It is important to remember that the electrical components of SPWS should not be
attended to by anyone other than trained technicians.

6.3. O&M Costs for Solar Pumping Systems

The Operation and Maintenance costs of Solar Powered Water Systems will not vary
greatly from the costs of other powered/motorized systems detailed in the MWE
Water Supply Design Manual 2013. Due to the low operation costs of solar, solar
being a FREE power source, the operation and maintenance costs should reduce
from those of other power sources.

A detailed section on Operation and Maintenance costs for SPWS can also be found in
the dedicated Operation and Maintenance Manual for Solar Powered Water Systems.
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Sendy, Andrew. “Pros and Cons of Monocrystalline vs Polycrystalline Solar Panels”
Solar Reviews, Solar Reviews, 23 Aug. 2017, www.solarreviews.com/blog/pros-and-
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Towns and Rural Growth Centres, Version 2, November 2017
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ANNEX 3: REFERENCE STANDARDS

The following standards are part and parcel of this document. Only the cited edition
applies for dated references, otherwise, the latest edition including any amendments
applies.

e JEC 62253, Solar pumping standard
e JEC60364-5-52, Low Voltage Electrical Installations

e JEC 600068-2-6, Environmental testing — Part 2 - 6: Tests Fc: Vibration
(sinusoidal)

e JEC 60068 - 2 - 30, Environmental testing - Part 2:30: Tests - Test Db:
Damp heat, cyclic (12+12h cycle)

e [EC 60146 (all parts), Semiconductor converters - General requirements
and line commutated converters

e JEC60364-4-41, Low-voltage electrical installations - Part 4-41: Protection
for safety - Protection against electric shock

e JEC 60364-7-712, Electrical installations of building - Part 7-712:
Requirements for special installations or locations - Solar photovoltaic
(PV) power supply systems

e [EC 60529, Degree of protection provided by enclosures (IP Code)

e JEC 60947 -1, Low voltage switchgear and control gear - Part 1: General
rules

e [EC 61000-6-2, Electromagnetic compatibility (EMC) - Part 6-3: Generic
standards - Emission standards for residential, commercial and light -
industrial environments

e [EC 61215 (all parts), Crystalline silicon terrestrial photovoltaic (PV)
modules - Design qualification and type approval

e JEC 61683:1999, Photovoltaic systems - Power conditioners - Procedure
for measuring efficiency

e JEC 61725, Analytical expression for daily solar profiles

e [EC 61730 - 1, Photovoltaic (PV) module safety qualification - Part 1:
Requirements for construction

e [EC 61730 - 2, Photovoltaic (PV) module safety qualification - Part 2:
Requirements for testing

e JEC 61800 - 3, Adjustable speed electrical power drive systems - Part 3:
EMC requirements and specific test methods

e JEC 62103, Electronic equipment for use in power installations

o JEC 62109 - 1, Safety of power converters for use in photovoltaic power
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systems - Part 1: General requirements

[EC 62124:2004, Photovoltaic (PV) stand-alone systems design verification
IEC 62305 - Protection Against Lightning (All Parts)

IEC 62458, Sound system equipment - Electro acoustical transducers -
Measurement of large signal parameters

IEC 62548, Design requirements for photovoltaic (PV) arrays

IEC 62561~ Lightning Protection System Components (All Parts)

ISO/DIS 9905, Technical specifications for centrifugal pumps - Class I (ISO
9905:1994)




ANNEX 4: WIRE SIZING

Table 5. Two Loaded Copper Conductor Wiring and Current Sizing

Current Rating for 2 x PVC Insulated Copper Conductors

Reference Installation Method

A2

15 145 |14 175 165 19.5 22 22 22 -
25 1195 |185 |24 23 27 29 28 30 -

4 26 25 32 30 36 37 38 40 -

6 34 32 M 38 46 46 48 51 -
10 46 43 57 52 63 60 64 70 -
16 61 57 76 69 85 78 83 94 -
25 80 75 101 90 112 99 110 119 131
35 99 92 125 111 138 119 132 148|162
50 119|110 151 133 168 140 156 180 | 196
70 151|139 192 168 213 173 192 232|251

95 182 167  |232 | 201 258|204 230 282 | 304
120|210 (192|269 | 232 299|231 261  |328  |352
150 240 |219 300 |258 344 261 293|379 | 406
185 273|248 (341  [294 392 1292|331 [434 | 463
240 321 (291|400 |344  [461  [336  |382 |514 |546
300 [367 334 |458 | 394 530|379 427|593 | 629
400 |- - - - - - - - 754
500 |- - 868
630 |- - - - - - - - 1005
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Table 6. Three Loaded Copper Conductor Wiring and Current Sizing

25 18 |175 121 |20 24 124 |24 |25 - - - -

4 24 |23 |28 |27 32 |30 |33 |34 - - - -

10 42 |39 |50 |46 57 |50 |54 |60 -

16 56 |52 |68 |62 76 |64 |70 |80 -

25 73 |68 |89 |80 96 |82 |92 |101 |110 114 146 130
35 89 |83 |110 |99 119 |98 | 110 | 126 |137 143 181 162

50 108 |99 | 134 | 118 | 144 | 116 | 130 |1583 | 167 174 219 197

70 186 | 125 | 171 | 149 | 184 | 143 | 162 | 196 | 216 225 281 254
95 164 | 150 | 207 | 179 | 223 | 169 | 193 | 238 | 264 275 341 311

120 188 | 172 | 239 | 206 | 259 | 192 | 220 | 276 | 308 321 396 362
150 216 | 196 | 262 | 225 | 299 | 217 | 246 | 319 | 356 372 456 419
185 245 | 223 | 296 | 255 | 341 | 243 | 278 | 364 | 409 427 521 480
240 286 | 261 | 346 | 297 | 403 | 280 | 320 | 430 | 485 507 615 569
300 | 328 | 298 | 394 | 339 | 464 | 316 | 359 | 497 | 561 587 709 659
400 | - - - - - - - - 656 689 852 795
500 - - - - - - - - 749 789 982 920

630 - - - - - - - - 855 905 1138 1070
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