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Note valve riser pipes for priming of each suction line
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Please read this manual carefully
before beginning the installation.

Note solar PV examples are often
based on 270W panels. Today
280W or larger panels may be
more common/cost effective.

Please note that the intended
application of this solar pump Is
for high country stock water
pumping from Spring to Autumn.

Operation in w inter (or when
freezing temperatures may occur)
IS only permitted if protection
from freezing Is iImplemented.

Damage cause d by freezing
temperatures is not covered by
warranty.
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React pump with fairing removed

Solar Pump
SHP-Triplex

Faiin in place (ebranded React pump i previously SHP-TX or SHP-Triplex)
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Ecolnnovation endeavours to reduce their footprint in many different ways, e.g. to save on
paper and airfreight, this manual is only supplied electronically to customers. We encourage
users to minimise printing where appropriate and to provide feedback via our website or via
emalil (see contact details inside front cover).

If English is not your language, click here for instructions on how to translate this PDF to
your desired language.

Notice of Copyright
PowerSpout Installation Manual.
Copyright © 2019 All rights reserved.

Notice of Trademark

PowerSpout i is a USA registered Trademark

React pump, PHP, TRG, PLT, LH & LH-mini - are non-registered Trademark product names
of Ecolnnovation.

Notice of Company Registration
Ecolnnovation 1 is a NZ Registered Limited Company.

Disclaimer
UNLESS SPECIFICALLY AGREED TO IN WRITING, ECOINNOVATION LIMITED:

(a) MAKES NO WARRANTY AS TO THE ACCURACY, SUFFICIENCY OR SUITABILITY
OF ANY TECHNICAL OR OTHER INFORMATION PROVIDED IN ITS MANUAL OR
OTHER DOCUMENTATION.

(b) ASSUMES NO RESPONSIBILITY OR LIABILITY FOR LOSS OR DAMAGE, WHETHER
DIRECT, INDIRECT, CONSEQUENTIAL OR INCIDENTAL, WHICH MIGHT ARISE OUT OF
THE USE OF SUCH INFORMATION. THE USE OF ANY SUCH INFORMATION WILL BE
ENTI RELY AT THE USERO6S RI SK.

Revisions history

1.0 New release February 2019 content by ML, edited by HP & EL.

1.1 Minor typing corrections and additions 7/3/2019 by ML

1.2 Minor typing corrections 27/3/2019 by ML

1.3 Clearer advice on string protection when >2 PV strings installed by HP & ML

1.4 Corrections to section 1.1.2, to align with web site options by ML 29/9/19

15 Image update minor by ML 30/10/19

1.6 Clearer clarification that oil level is to be normally at top of sight glass and never
allowed to operate lower than centre of sight glass.

1.7 Correction, no 25mm suction hose supplied as standard, optional extra item only.

1.8 Better advice on oil selection - refer to revised section 8.6

1.9 Additional install images. Anti-clockwise rotation for best lubrication see section
1.3.1.

2.0 Clearer advice on the intended application of the product and when frost/freezing
protection is needed by ML 30/6/2020

2.1 Rebranded to React pump, new name and logo. General corrections and updates
to text by ML 20/8/20

2.2 Addition of links to service videos, requirement to register online for full 2-year

Warranty - otherwise 1 year applies, and minor alterations by ML 25/9/20

Ensure you are reading the latest version

D Remes

© 2019 Ecolnnovation Ltd (NZ) V2.2 Page 11


https://www.investintech.com/resources/blog/archives/2640-how-to-translate-pdf-documents-without-learning-another-language.html#:~:text=With%20your%20PDF%20open%20in,original%20and%20translated%20versions%20included.

PowerSpout React Pump Installation

The most recent release of all our products documentation can be located in our INDEX
here.

WATER GOES IN OWER COMES OQUT

PowerSpout

PowerSpout Contact details

Web: www.powerspout.com

If you cannot find the answers to your questions about our products, renewable
energy systems, or your site's potential in this document or on our website at
www.powerspout.com, please submit a question via email to any of the dealers listed
on our website. We will answer this as quickly as possible.

PowerSpout is a product proudly designed and manufactured by:

Ecolnnovation Ltd
671 Kent Road

New Plymouth R.D.1
New Zealand 4371

Web: www.ecoinnovation.co.nz or www.powerspout.com

If you need to contact Ecolnnovation by phone then email first via our web site and
check the local time in NZ if calling from overseas. Business hours are 9:00am to
5:00pm weekdays only. Ecolnnovation is closed for up to 3-4 weeks over the
Christmas break from 24™ December.
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1. Scope of Application and Safety

This document is part of the product. It refers to the PowerSpout React pump (formerly
called the SHP-TX Solar Hydraulic Pump Triplex) and the associated PV array, wiring and
pipe connections.

1.1. Scope

The product is designed to pump fresh water with the use of solar power (or other approved

power sources) in the following conditions:

1 The application of the React pump is to lift water on hill country farms for stock water
needs. If you plan to use (or store) this pump in conditions below freezing then extra
protection in needed to protect the React pump from damage due to freezing
temperatures.

91 Do not install unprotected in situations where the pipeline may freeze. Protection from
freezing temperatures is outlined later in this document. Frost will damage the pressure
sensor first, which is designed to fail safe and prevent operation of the pump.

Water that will not corrode aluminium parts. Seawater is not permitted.

Dirty pond water is acceptable within reason . River water that includes pumice or other

sharp abrasive material must be adequately filtered.

9 Terrain that can be walked over safely for pipe laying etc. (i.e. no large vertical drops).
The client confirms that the site is unlikely to: slip, have rock falls, flood, earthquake etc.
Where such conditions exist the client has taken appropriate measures (i.e. insurance
cover). Product warranty does no cover such events.

1 The client has read the manuals, view React videos (older videos here may also help)
understood installation examples before starting on this project.

1 We advise engaging an experienced/qualified installer who has good mechanical,
electrical, plumbing, reading and comprehension skills if you do not possess these skills
yourself.

1 The React pump must be sited above any flooding level unless pontoon mounted. React
pump submersion will result in serious equipment damage which is typically 50% of the
new cost to have repaired.

1 The React pump, solar PV array and power cable must be adequately protected from
large animal damage.

= =4

1.1.1. The client must determine:

Vertical lift from the React pump centre line to header/storage tank.

Size of header tank to meet their needs.

Length of pipe to the header tank.

Inside diameter of pipe to the header tank (already installed or available to purchase) to
allow for the extra friction pumping head to be determined.

Suction lift (vertical distance) from the lowest level of the water resource surface to the
React pump centre line (if a floating React pump on a pontoon is not being employed).
The suction pipe length. This must be less than 5m long, or the suction pipe size will
need to be increased from the 25mm ID to 30mm ID. Long suction lines should be
avoided where possible.

1 Maximum daily water requirement in summer, or the driest season.

= = = =4 -4 -9

1.1.2. Items that are provided with all pump sales (NZ & International):

1 React pump with pressure limit control

9 Thick rubber vermin guard

1 Inlet and outlet fittings (final pipe outlet fitting rated up to 16 Bar, > 16 bar threaded
connector to pipe fitting  not supplied )

1 Non-return valve for supply pipe to storage tank
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PowerSpout React Pump Installation

Foot valve, pipe clamp, stainless mesh filter cage to go inside filter bag & 2x filter bags
7 x pairs of Slocable brand MC4 matching connectors

1 x pair of twin Slocable parallel connectors (for up to 4 panels i 2 strings)

1 x 30 amp DC switch with MC4 Slocable connectors

Stainless steel & ACP fairing with securing strap

= =4 -4 -4 -9

Optional extras are:

1 High Head Upgrade - High Power PMA & stainless steel inlet and outlet fittings for heads
>16 Bar (> 16 bar threaded connector to pipe ting  not supplied )

1 25mm ID clear suction hose

9 Slocable connector and fuse upgrade kit (for up to 6 panels i 3 strings)

We can also supply as needed:

1 Eixing kit (50mm SS Tek Screws x4)
1 Float switch
1 Additional MC4 connectors
1 15 amp MC4 inline fuse (often needed if > 2 x PV arrays are installed)
1 Spare foot valve
T KWhr meter
1 Flow meter
9 Seal service kit and valve set (x6)
1 Plunger ceramic liner set (x3)
1 Wet side seal kit
9 Qil side seal kit
1 Complete React pump seal/valve service kit
I System design service
For New Zealand Customers we can also supply:
1 PV array sized to suit
1 1080W PV array and one MC4 2-1 branch connector set
1 1620W PV array and one MC4 3-1 branch connector set
M Red solar PV wire
M Black solar PV wire
1 PV panel aluminium racking
1 Installation service (within 2 hours drive of New Plymouth ask us for a quote)

Note: Some items above may be provided by a local dealer/supplier/installer in your country
or you can source them yourself. Many will be available on our website at the time of
purchase for an additional charge.

Note! Nominally based of 270W pairs. Panels in the range 250-325W are also acceptable
referto 12.1.1.

Note? PV panel ratings tend to increase by 5W/per year for the same size. The best price
panel today (2019) is likely to be 280W. Last year it was 270W. This manual a nd
example s herein mainly refer to 270W panel examples.
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https://www.slocable.com.cn/mc4-connector-copper-bar-terminal.html
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https://www.powerspout.com/products/slocable-solar-pv-panel-mount-connectors?_pos=2&_sid=ec32e8a31&_ss=r
https://www.powerspout.com/collections/solar-shp/products/15-amp-elv-solar-pv-fuse-holder-and-fuse
https://www.powerspout.com/collections/solar-shp/products/shp-tx-spare-foot-valve
https://www.powerspout.com/collections/solar-shp/products/digital-amp-meter-with-shunt
https://www.powerspout.com/collections/solar-shp/products/k24-flow-meter
https://www.powerspout.com/collections/solar-shp/products/shp-tx-spare-valves
https://www.powerspout.com/collections/solar-shp/products/shp-tx-spare-ceramic-piston-liners
https://www.powerspout.com/collections/solar-shp/products/shp-tx-spare-wet-side-seals
https://www.powerspout.com/collections/solar-shp/products/shp-tx-spare-oil-side-seals
https://www.powerspout.com/collections/solar-shp/products/shp-tx-spare-parts-kit
https://www.powerspout.com/collections/professional-advice-1/products/michael-lawley-consultation
https://www.powerspout.com/collections/solar-pv/products/yingli-270w-solar-pv-panels
https://www.powerspout.com/collections/solar-pv/products/yingli-270w-solar-pv-panels
https://www.powerspout.com/collections/wire-and-connectors/products/pv-wire-4mm-fine-stranded-tinned-copper
https://www.powerspout.com/collections/wire-and-connectors/products/pv-wire-4mm-fine-stranded-tinned-copper
https://www.powerspout.com/collections/solar-pv/products/pv-mounting-rail

PowerSpout

React Pump Installation

1.2. Pump serial numbers

All React pumps have identification plates and serial numbers.

Model type: <160m |:|
Serial Number:

Max PV Input Voltage:
Protective Class 1

Date Manufactured:
Guarantee:

\’ React

pump

>160m[ ]

Oil Type: SAE15W/40
Oil Quantity: ~500ml

Annual Service Required
- Refer to Manual

For example:

You might see Serial number: 00135 as the serial number. This means you have number
135 made. Write the serial number in your records, as from this number we can locate when
it was made, when it was sold, to whom, software version etc.

If you ever need to query an installation or order spares for a product, take a picture of the

identification plate and forward it with your query.
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1.3. Safety

The following safety warning signs are used throughout this manual.

Caution

Risk of electric shock . On this Solar ELV (extra low voltage) pump system
electric shock is very unlikely if these instructions are followed. All voltages
are ELV if the solar panels are correctly connected together. Incorrect
connection of >3 solar PV panels is LV (over 120VDC) and can result in
electrocution (and/or damage to the React pump speed controller).

Caution
Cautions identify conditions or practices that could result in damage to
equipment, fire, or personal injury, other than by electric shock.

Ecolnnovation will not be liable if you connect this equipment incorrectly and in doing harm
yourself, harm others, cause a grass/bush fire or damage other equipment in your system.

This section addresses safety concerns as required by international standards and accepted
best practices.

If you are not technically competent, experienced and qualified you should not install this
equipment until after you have read this manual and watched all relevant videos provided.
Our INDEX provides links to the most recent version of all these documents/videos.

Equipment can be installed or operated in such a manner that hazardous
conditions can occur; compliance with this manual does not by itself assure a
100% safe installation. If the equipment is properly selected and correctly
installed and operated according to this manual, then any such hazards will be
minimized.

1.3.1. Rotational Machinery Safety

The PowerSpout React pump is rotating equipment and is provided with a

stainless steel protective enclosure. There are rotational hazards present if the

protective enclosure is removed. The React pump must be turned off at the DC

switch(s) prior to removing the protective enclosure. It is also possible to turn off

the React pump (if the PV array is distant) using the "ignition switch" which is located inside
the protective enclosure (on the end of the microprocessor enclosure). This can be also
wired to an external switch if required.

Note: a React pump can start rotating without warning if the DC switch is on and the
microprocessor switch is on.

Once the React pump has been commissioned, the protective enclosure needs to be
fastened in place with the tie-down provided.

The installer should ensure that the React pump is mounted such that
inquisitive children are not exposed to a rotational machine hazard.

Note: Direction of rotation is best anti-clockwise when looking on the electric motor end, this
direction provides slightly better lubrication on the plunger guide surfaces when run anti-
clockwise. For a full explanation view this video.

D Remes
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1.3.2. Pressurised Water Safety

In some countries, legislation covering pressurised pipes applies for pipe
pressures over 10 bar (100m head). The PowerSpout React pump often
operates at more than 10 bar. It is capable of pumping to 30+ bar (300m head).
Check with your local authority if you have any legal requirement that may
concern this installation in your country.

Generally there is little risk at less than 10 bar pressure. The biggest risk is insecurely
fastened pipe joiners that blow off, with the free end of the pipe hitting people. Securing the
pipe at regular intervals, particularly near the joins, and checking all joiners are tight and that
the pipe's pressure rating exceeds the pumping pressure will eliminate such risks.

1.3.3. Fire Safety

Solar pumping is often done in very dry parts of the world. In tinder-dry conditions the risk of
fire can be extreme. These manual instructions comply .

with AUS/NZS 5033:2012 and AS/NZS 4509.1:2009, as Deparenes o < ox ;
such if installed as per this document the installation '
meets the requirements in NZ and Australia for ELV FIRE DANGER TODAY
systems. Not all countries have the same rules and in

many countries the rules are not clearly defined. Check
with your local electrician and fire department if you are
unsure of the rules in your country. Also call your

insurance company to check that your cover meets your
needs in this regard.

Warning: if you do not comply with standards/codes and

laws in your own country then your fire insurance may not be valid and if your inadequate
installation of this React pump were to cause a fire you could be personally liable _for any
damaged caused.

1 The electronics in the React pump are contained in a metal enclosure to reduce the
fire risk.

1 The smart drive motor (stator and rotor) are made from fire resistant UL listed plastic
and are the same parts used in Whirlpool washing machines.

1 The pump outer casing is a metal skin. This product does contain a small amount of
combustible plastic material.

Where the risk of a grass or forest fire is real in your area, the following
measures shall be taken:

Mount the React pump on a concrete base at least 1m square.

Ensure the React pump is shaded if exposed to high summer temperatures. The
BLDC motor and pump do need cooling airflow. Provide shade but do not enclose it.
1 In pontoon applications (see pontoon section) no additional fire protection is needed).

)l
)l

Assessing the fire risk is the owner/insta  llers responsibility:

The precautions required are the same as for petrol/diesel water pumps, which
have a high fire potential due to their liquid fuel and high exhaust temperatures.
The risk is small but the consequences can be very high, so please take the time
to ensure that your installation is fire safe.
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1.3.4. Electrical Safety: ELV Wiring rules specific to NZ and Australia

Two definitions exist in NZ for ELV ("extra low voltage"):
Any voltage normally _not exceeding 50 volts AC or 120 volts ripple-free DC
Any voltage not exceeding 50 volts AC or 120 volts ripple-free DC

AS/NZS5033 also definesiir i ppl eafs ree DCO

1.4.62 Ripple -free D.C.

For sinusoidal ripple voltage, a ripple content not exceeding 10% r.m.s.

NOTE: The maximum peak value does not exceed 140 V for a nominal 120 V ripple-
free d.c. system

All extra low voltage wiring should be performed by a ‘competent’ person, defined by
NZS4509.1 as:
"a person who has acquired through training, qualifications, experience or a
combination of these, knowledge and skill enabling that person to correctly perform
the task required”

Note i even with a reduced shock hazard there is danger of fire from

incorrectly installed ELV wiring systems. Note the word fishould ¢ is

advised (best practice) and not alegal re  quirement in NZ. ELV work in NZ A
is classified as fAnon prescribed el e

law as the law does not apply to this work , nevertheless you can be liable

for the consequences of improper installation practice . Do a quality job a nd seek paid
assistance if/as required.

al wor k

This document and supporting videos are sufficient training and knowledge to enable a
capable owner/installer to perform the tasks required. If you feel you are not capable and do
not have the time to fully read and view our installation material (to become capable and
competent) then engage the services of an Electrician or Renewable Energy
Installer/Technician.

Wiring is simple. You will need to attach MC4 connectors from the Solar PV DC switch box
to the pump as the wire length/size will vary from site to site. All that is required is for the
installer to plug together the waterproof connectors (in the correct sequence) and secure the
wiring as per our supporting videos. If using three or more strings of solar panels you should
determine whether there is also a need for string fuses in the design. (See 3.2.3)

1.3.5. Installation Safety Checklist
The installation shall be carried out by installers, owners or contracted persons with relevant

experience and good practical skills relating to general water reticulation systems and ELV
electrical systems.

To meet good working practices and safety requirements for this installation, the installer
must:

GENERAL

1 Check for any transit damage to the product prior to installing it. If damaged it must
not be installed.
Connect equipment to a high standard to relevant good practices and standards.

1
1 Read and comply with this installation manual and supporting videos.
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PIPES
1 Ensure both the suction pipe and the tank supply pipes are of the correct size.
Undersized pipes will reduce React pump performance and can result in pressure
blowouts and failure of the React pump to operate. There is a section later in this
document to assist with pipe sizing.
Do not confuse pipe ID with pipe OD when purchasing pipe.
Use standard LDPE, MDPE or HDPE pipes. The pipes must withstand the maximum
total pressure to which they are subjected. A safety margin is already included in the
pipe rating, this safety margin allows the pressure stop switch to operate without
rupturing the pipe. If you skimp on the pipe cost by installing 12 bar pipe when you
have 160m of head, the lower section of the pipe will likely rupture on a hot day once
the tanks is full - you have been warned.
1 Inhot dry c limates where the pipe lays on the ground the pressure rating must
be reduced to allow for the maximum temperatures. Burying the pipe protect s
the pipe from physical damage, heat (pressure derating) and cold (damage due
to freezing). If necessary bury the pipe to protect it against heat, stock damage, rock
falls, tree falls, slips, avalanches, freezing etc.
PLUMBING WORK
1 Tighten all water connections with appropriate sealing tapes or compounds to ensure
connections do not leak.
9 Provide a suitable disconnection point fitted with a non-return valve close to the
React pump so that it can be easily removed for servicing.
1 The React pump includes a digital pressure sensor that monitors the pressure and
will turn off the pump when a set pressure is reached. The pump will stop if is detects
a pressure above 300m, this can be easily adjusted downwards or reset (a reset
returns default to 300m).
INSTALLING YOUR REACT PUMP
1 Make sure that you install the React Pump such that it will not be exposed to freezing
temperatures which may damage it. If the React Pump is only to be used from Spring
to Autumn to provide stock water for hill top gazing, then no extra freezing protection
may be needed, provided the React pump is removed to a dry/warm store for the
winter. Carefully read section 8.3.5 before you decide how best to install your React
pump.
COMMISSIONING
1 Securely fix the pump base prior to operation, at least 300mm above ground level to
allow for pipe and wire connection that enter via the underside.
1 Ensure:

A Rodents cannot get access inside the pump.

A Grass and other vegetation are prevented from growing into the pump via the
cooling vents. Cover the ground with corrugated steel or concrete to prevent
plant growth if required. Plant growth can be a significant fire hazar  d.

1 Do not run the pump without first adding oil. Each pump has been tested at our
factory, this testing oil is drained out prior to freighting.
Fill the pump body with clean SAE15W/40 (see section 8.6) to_the top of the oil
level indicator glass . Oil leve | should never be less than the middle of the level
glass . A little higher than the top of the level glass is OK

1 Do not intentionally run the pump without the water supply connected for more than
10s. Water is needed to cool and lubricate the ceramic plungers.

1 Do not run the pump at a supply head above 160 or 300m (depend on option
purchased).

9 To turn on the pump you must ensure:

A Solar panel switch is on.

A If pump fails to rotate check sunlight is on panels and that the microprocessor
switch is on.

= =4
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A Any float switch connectedt o t he fAfl oat swi.tcho connect
A Wiring has been done correctly.
A MC4 plug connectors have been pushed fully home (this is a common error).

1 In a pump runaway situation (where the high pressure output pipe bursts) turn off the DC
switch to stop the React pump.

1 If you start the pump against a closed valve this will stall the pump. (You may also burst
your pipe or fitting.) It may also go into sleep mode as it thinks your water tank is full.
Turn off the solar power at the switch and wait 30s. Open the valve, turn the switch back
on and it will run fine.

1 Check for excessive noise. There should be little/modest noise from the pump. Get

familiar with what your React pump normally sounds like.

Check water is being pumped at the expected rate for the sunlight conditions.

Ensure that all protective fairing/enclosures are locked in position after commissioning.

Complete sensible signage requirements to help with pump maintenance and as

required for AS/NZ 5033 compliance.

1 Complete all documentation and take picture of your installation and the serial number
identification plate.

1 Make relevant notes in the manuals that will be of assistance to yourself and any future
service personnel.

1 Ifiinstalling the React pump for a client then all of the above must be completed before
client handover.

1 Train the client/user of the pump in routine care and maintenance of the React pump and
general solar system.

SERVICING

1 Keep the React Pump packaging and red oil transport cap. If you ever need to return the
pump under warranty or for factory service you will need to: drain out oil, fit red oil
transport cap and repackage for freight in a similar manner to which it was received.

1 Hold in stock a complete spare parts kit, spare suction hose, spare foot valve, spare foot
valve filter sock, spare SAE 15W40 oil.

1 Check oil level and ensure level is always close to the top of the sight glass. If oil level is
allowed to fall below the bottom of the sight glass serious damage may result.

= =4 =

1.4. CE and FCC Declaration

Refer to PowerSpout Document INDEX for compliance declaration documentation.

The React pump contains electrical or electronic components.

The React pump will be tested for radiated emissions as soon as practically possible.

The fact that the BLDC driver and Smart Drive BLDC motor are mass-produced & globally
available means that it is likely that they already comply. We will provide an EMC lab test
report in due course. Once tested the certificate can be located in our INDEX.

1.5. Standards and certification

All PowerSpout pumps have been evaluated against the relevant sections of major
international standards in regard to rotational machine safety and the restriction on the use
of hazardous materials in the manufacture of the React pump.

The React pump has a metal casing and meets product safety, impact durability and freight
drop test requirements.

Refer to PowerSpout Document INDEX for more information.
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1.6. Consents and environmental impact

1.6.1. Frame building consent

No building permit for the PV array structure is required as it is less than 10m? (note the limit
in NZ has recently been increased to 30m?), and is not a dwelling.

1.6.2. Electrical wiring COC (code of compliance)
A React pump is electrically safe (when correctly installed) as it runs at ELV (typically 50-80

VDC range) and hence does not need a COC and is very unlikely to be an electric shock
hazard.

1.6.3. Water abstraction resource consent
For stock water and domestic home needs no consent is required in almost all cases.

1.6.4. Water usage with minimum impact on the environment

The React pump systems may potentially affect:
9 Plants and fish in the water.
I Plants and animals beside the water.
1 Stream banks and surrounding land.

Local authorities in NZ do not need to provide consent to pump water for stock and domestic
home needs, it is a permitted activity unless your resource is the habitat for an endangered
species.

If however, you intend to build a buffer storage pond in the water way consent may be
needed, always check first to see if you need to obtain consent to build any structures or
intakes in the waterway.

You should take care to ensure that the overflow water (if the React pump pressure stop is
not to be used - you need a ball cock in your header tank for this feature to work) from your
header tank overflow can return without causing erosion.

1.6.5. React pumpé Bloise Levels

You are unlikely to be able to hear the React pump at 50m away. So noise is not a big issue.
For what little noise there is, vegetation or a pump shed around the React pump will
dramatically reduce the distance that the noise carries. A suitable pump shed can also
prevent: stock nuisance, freezing temperatures and provide fire protection. So if building a
shed or protective cover do so for: noise, stock, freezing and fire protection.

By way of comparison, most fuel engine pumps or water rams are very noisy.
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2. Product Overview

Congratulations on your choice of a PowerSpout React pump. This ingenious little pump will
give you years of trouble free water pumping, avoiding the need for more expensive
solutions. Not only does the PowerSpout React pump give you renewable energy, it is also
made from 25% recycled materials, making it the most eco-friendly solar pump available on
the global market.

Efficiency is the measure of the pump's ability to convert solar energy into moving water
against gravity. The PowerSpout React pump commonly averages 40-50% efficiency with
64% peak (when input power exceeds 700W and lifts approach 300m), which is superior to
all other products on the market, meaning that it will move more water using a given solar
array size. For a document that compares the PowerSpout React pump to other solar
pumps and other methods of water pumping click here.

All PowerSpout React pumps are shipped fully assembled. We will provide a service guide
for the React pump in due course.

Videos and other documents to introduce PowerSpout React pump are available here:

React pump installation videos
React pump comparison document
Service video valve replacement
Service video seal replacement

1
1
1
)l

Please note that video clips are indicative only and do become out-dated quickly and may
not be up-to-date. Where instructions differ, the latest written manual (available online) will
always be the correct method to follow. If you are reading this document then please check
you have the latest version.

2.1. Product up close

The following pages contain images and information about the product. Please note that the
solar panels can be mounted in many different ways, array images are illustrative only. If
outside NZ please feel free to copy what we have done for our NZ clients.

2.1.1. Image cutaway of React pump
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React Pump Installation

2.1.2.

diameter ceramic plungers)

React pump exploded view and parts list (14mm stroke with 20mm

2.1.3. Pump parts list
Part Quantity | Description Consumable part
Number
1 4 M6 hex bolt for rear cover (5mm A/F hex)
2 1 Rear cover with oil level glass
3 1 Rear cover seal
4 3 Big end bearing
5 3 Gudgeon pin
6 3 Plunger base
7 1 Pump body
8 1 Crank shaft
9 1 Crank shaft front bearing
10 2 Crank shaft front & rear retaining circlip
11 1 Crank shaft front seal Yes
12 2 Oil drain/filler O-ring seal
13 2 3/8 BSP oil plug
14 3 Qil seal for plunger base (6) Yes
15 3 Plastic spacer

’ React
pump
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16 3 Ceramic piston seating washer

17 3 Ceramic plunger liner Yes

18 3 Ceramic plunger seating washer Yes

19 3 Ceramic plunger sealing O-ring Yes

20 3 Ceramic plunger liner bolt

21 3 Brass ring O-ring

22 3 Brass ring

23 3 1% plunger seal Yes

24 3 Plastic seat Yes

25 3 2" plunger seal Yes

26 3 %% BSP suction plug

27 3 14 BSP suction plug O-ring seal

28 6 One-way valve seat Yes

29 6 One-way valve Yes

30 6 One-way valve plug O-ring seal Yes

31 5 One-way valve plug

32 8 M6 hex bolt for plunger head (5mm A/F hex)

33 8 M6 split washer for plunger head bolt (5mm A/F hex)

34 1 Brass plunger head

35 1 One-way valve plug (see 31) for ¥4 BSP for pressure switch

36 1 Crank shaft rear bearing

37 1 Qil level glass

38 1 Crank rear retaining circlip

38 1 Read bearing cover plate

40 4 M6 hex bolt for rear cover (5mm A/F hex)

41 1 Transit plug Yes

42 1 Qil vent and dip stick

43 1 Pressure transducer (not shown) Yes if operated
below freezing

Note: consumable parts are not covered by warranty, as the life of these parts depends on:
1 Cleanliness of water pumped.
1 Oil changes performed, oil level maintained and quality/grade of oil used.
1 Run time hours.
1 Installation measures employed to mitigate freezing temperatures.

Normally all consumable parts should last more than one year provide that the:
1 The React pump is installed correctly as per this guide
9 The water resource is clean
1 The pressure stop sensor has been employed to avoid excessive run time hours
9 Protection from freezing temperatures has been implemented

This pump was originally designed to pump clean water up to 100 bar (1000m of water
head) using a 4000W AC motor for commercial car forecourt cleaning machines. We use it
for lifts up to 300m, running at slower speed with input powers up to 900W. So it is very
conservatively rated. Installation measures must be employed to mitigate freezing
temperatures.

2.1.4. Image of React pump with body fairing

Solar Pump
SHP-Triplex

\’ React
pump
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2.1.5.

Brushless motor

Image of React pump (with body fair

ing remove

Speed controller
(under pump body)

Qil transit plug
(normally red)

Oil drain cap

d & land mounted)

One way valve
plug (x6)

Pressure sensor

LED state
indicator

Pressure pipe
fitting 16 bar 20mm
supplied

Microprocessor

Suction pipe fitting
25mm supplied

MC4 connections
to DC switch

" Side view of brass head

LED indicators

=a =4

1
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f
f
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i pump is running.

T pump waiting, there is insufficient solar
power to start pumping will try again in 30 seconds.
Blue solid (for 5s) i pressure limit successfully set.
Blue blinking i pump waiting, the pressure sensor has
activated, will try to start again in 30 minutes.
1 Clear (no light) i ignition switch is off or DC switch is off or

float sensor has activated or it is night time.

- memory error, please reset the pressure limit.
i for up to 5 seconds Voc/MPPT check in progress, this is done every 10 minutes.
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2.1.6. Wiring detail

Wires to motor
for anti-clockwise
rotation when
looking on motor

Wire float
switch here
(remove link)

end of SHP-TX.

To change
direction swap
any two wires.

Wires to solar
PV DC switch

See 1.3.1.

Wires to
controller order
not important

Pressure set
button

Ignition switch
(on/off switch)

2.1.7. Rodent guard (customers required to cut & fit as shown)

D Remes
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2.1.8. Smart Drive motor

The magnetic rotor (black high power <300m head or beige standard power <160m head) is
mounted on the pump shaft. The stator is stationary. There are no wearing parts i no
brushes or separate bearings.

2.1.9. React pump (Pontoon)

N
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2.2. React pump performance
See the back of this manual for a brief summary of specifications.
These tables are given as a guide only for typical NZ conditions. The test site where this

data was measured was in Taranaki NZ. Places with higher average solar radiation levels
will observe higher litres per day pumped and vice-versa.

2.2.1. Summer flow volumes (litres per day)
Table of flow in L/day
PV array Pumping head
When size 50m 100m 150m 200m 250m 300m
Best summers day 1080 W due North 9584 8685 7810 7028 6299 5575
Cloudy summers day 1080 W due North 4792 3884 3076 2530 2079 1728
Best summers day 1080 W split East/West 11980 10856 9763 8784 7874 6968
Cloudy summers day 1080 W split East/West 4792 3884 3076 2530 2079 1728
Best summers day 540 W due North 6825 5645 4508 N/A N/A N/A
Cloudy summers day 540 W due North 3889 2935 2081 N/A N/A N/A
Data collected in early Jan 2019
2.2.2. Estimated flow per day over the calendar year
1080W solar PV installed (540W East and 540W West)
Head (m)
Month <50m 100 150 200 250 300
December 8439 7378 6390 5610 4918 4287
January 8985 7855 6804 5973 5236 4564
February 8879 7763 6724 5903 5174 4510
March 8054 7041 6099 5354 4694 4091
April 6093 5327 4614 4051 3551 3095
May 4816 4211 3647 3202 2807 2446
June 3955 3458 2995 2629 2305 2009
July 4835 4227 3662 3215 2818 2456
August 5838 5104 4421 3881 3402 2966
September 6745 5897 5108 4484 3931 3427
October 7602 6646 5756 5054 4430 3862
November 8287 7246 6276 5510 4830 4210

For example: here on our test site, on atypicals u mme r §we cahaxpect about 6800
I/day to a 150m dynamic head. (120m vertical lift + 30m pipe friction head).

This table may over predict or under predict for your NZ location; it is indicative only. As
more data comes in from our test sites these number will be further refined. If you live in a
blue sky desert (like many parts of Australia) then performance will be higher. If your chosen
pipe diameter results in a very high friction head then you will get a little less.

The pump will work fine on heads as low as 10m, where it will run maost of the time at full
speed and peak flow rate. For heads below 50m where less flow is needed, consider

fitting only 540W of solar PV  facing midday sun . With this array size you will still pump
about 2/3 of the flow indicated above. On your best summers day it is possible to pump up
to 12,000 litres on a 1080W PV array on heads below 50m. Below 50m less power is
required so the pump spends more time running at full speed, limited by the electronic BLDC
speed controller to 1200 rpm.

\ React
pump
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It is our view that most of our NZ customers will wish to pump inthe  50-160m static
head range and so our advice is to install a 1080W PV array with 540W facing East
and 540W facing West.

2.2.3. Maximum flow rate possible at each head Poak

Head | L/min

This maximum (peak) flow of the pump (see right) can be a little misleading 50 15.79
and should not be used to calculate daily water quantities. What is more 100 | 1524
useful is the average flow per day over the calendar year as listed in the 150 14.56
previous table. ggg ﬁﬁ%
300 | 12.40

The peak flow figure is needed (as you will see later) when determining the
size of pipe from the React pump to your header tank.

Our competition also publishes these peak flow figures for the same reason (and often little
else). It is easy to measure the maximum flow yourself (in conditions of full sun at right
angles to the solar array) so you can verify from a simple test that all is working correctly. As
you can see, peak flows for the React pump do not fall much with increasing head. This is
because as the head increases more of the solar PV power can be utilized and the pump
efficiency is also higher at higher heads.

2.2.4. Peak pump efficiency

React pump efficiency increases steadily with Peak Peak | Efficiency %
head. Efficiency is best when: Head | L/min |Efficiency %at peak flow
_ 50 15.79 32 26
T RPMis lower. 100 | 15.24 47 40
# ::r)wucrgrrrjlilr?gh;gc)rl]g lrce)\?i(ijaet?c;n is not at its peak 150 | 14.56 26 >0
(Peak PV power is more than can be used 200 13.81 61 o7
whereas morning, afternoon and cloudy 250 13.10 65 61
periods provide usable power.) 300 12.40 67 64
2.2.5. Solar PV utilisation efficiency
e - . 540W 1080W
Solar PV utilisation efficiency is Peak | Peak | Ulitization eff | Ulitization eff
the power consumed by the React . . : .
) Head | L/min [Efficiency % at midday at midday
pump at midday on a clear =0 15.79 = 89 o
summers day divided by the :
nominal PV array size in "W5p". 100 15.24 47 89 o7
150 14.56 56 89 67
The table illustrates that the power | 200 | 13.81 61 89 74
available from a smaller PV array 250 | 13.10 65 89 81
is better utilized. This means that 300 | 12.40 67 89 88

there comes a point (at midday on

a sunny summers day) where more installed PV will not result in more pumped water. There
is a diminishing return for every extra 540W of PV installed. The implications of this are
discussed in more detail in section 7.

D Remes
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React Pump Installation

2.2.6. Maximum input power of React pump

at various heads

As shown opposite, installing more than 540W of PV will
not result in significantly higher peak pumping rates on very
sunny days, but more solar PV is needed on higher head

sites to ensure reliable starting of the React pump.

A larger PV array will increase the hours of operation in

Head Max Power
(m) SHP can use (Wat
50 510
100 620
150 720
200 805
250 880
300 945

less ideal weather and extend the operating day length and the amount of pumped water.
See section 2.2.9 for recommend PV array size.

2.2.7. Pumping Height of the PowerSpout React pump

The PowerSpout React pump has a maximum dynamic pumping head of 300m (1000 feet).
(But keep in mind that 160m (aka 16bar) is the upper limit of common HDPE farm pipes.)

If you have a specialized application and want to pump up to 500m head, we can also do
this but need to fit a lower RPM higher power motor. We can do this but the retail price will
be at least twice the standard price for a specially configured React pump to order.

2.2.8. Seasonal Variation

The React pump delivered flow will change throughout the year with sunlight intensity but
this tends to be a good match to demand. In general, farm animals drink much more water
from troughs on sunny days than wet overcast days. A solar PV powered pump is a very
good choice to meet stock water needs.

The React pump is intended for cattle and sheep farms where water demand peaks with
sunlight intensity. Farmers who intend to use the React pump for the water supply for dairy
cows milking in winter need to check winter radiation levels carefully in selecting the

optimum number of React pumpb s
and implement protection from freezing

temperatures.

Such farms should install 1620W (or the
maximum 2160W we allow) of solar PV per
React pump to lift winter pumping yield.

Three arrays increases nominal solar wattage
from 1080 to 1,620W, which will not increase
the maximum pumping rate but will extend the
operating hours in marginal weather or
conditions/seasons. Or consider using a

required

backup pump or a backup power source for your React pump at these marginal times.

2.2.9. Recommended PV array size

Dynamic Head

Nominal PV array size

React pump

<50m

540W or 1080W

Standard version

>50m < 160m

1080W or 1620W

Standard version

>160m < 300m

1620W

High torque version
(surcharge applies)

>300 <500m

1620W or larger

Specially made to order
high torque and slow speed
(surcharge applies)

D Remes
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2.3. Step by step design overview

This section briefly outlines the main choices you will need to make in the design of your
system.

You will need to do the following:

1 Consider whether a single React pump is likely to meet your L/day needs before you
commit to purchase. (If you are unsure of your needs, you can always install one and
see how you go before deciding to buy a second unit.)

Install a suitably sized header tank if you do not have one already.

Install a correctly sized pipe from your React pump to your header tank (typically 20
or 25mm NB (nominal bore) PE pipe.

Install the PV array in a sunny location within 100m of the React pump.

Install the correct sized wiring between the React pump and the PV array.
Commission the system.

= =4 =4 = =4

All the above should take 2-3 days work for a competent person.

2.3.1. PowerSpout React pump site data requirements

As we only make one version of the React pump, and as it will pump in the range 10-300m
head we need no site information from you prior to purchase. But you do need to survey the
site to establish the pipe size, pressure rating and length and to get an initial estimate of the
pumped volume per day that you can expect to reach the storage tank.

2.3.2. Measuring head

You will need to measure the vertical rise in feet or metres (referred to as head or lift).
Altimeter, GPS, Smart Phone app or Google Earth - not very accurate but it will give you a
rough indication of the head and pipe length.

2.3.3. Measuring flow in your water resource

Try and find a place in the stream where it drops quickly over a rock, place your bucket
below and measure the time to fill it.

As a small flowing water resource is required a 5-10 litre bucket will be sufficient.

If the flow rate is not enough to keep up with your React pump (see Peak
table opposite) then you may want to consider a storage pond that fills Head L/min
with water overnight. In order to be useful this must hold at least 5 0 1579
cubic metres of water (5000 litres) per React pump. If half a metre '
deep on average, this would be a pond with area 10 square metres. 100 15.24
150 14.56
200 13.81
250 13.10
300 12.40

D Remes
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2.3.4. Choosing the correct number of React pumps for your site

Different sites will need a different number of PowerSpout React pumps depending on the
head and daily volume you need to pump. It is not an economic option to manufacture many
different React pump size options. If you need more flow or more head all you need to do is
install another React pump.

More than one React pump greatly improves system reliability on parallel installations, as if
you do get an React pump failure (solar PV panels rarely fail as they have no moving parts),
then up to 1620W of the available solar PV can be attached to the remaining React pump
while the other unit is away being repaired.

Repairs when needed are simple and fast. You can either send it back by courier to
Ecolnnovation (only NZ clients) or you can do it yourself by buying the parts you need
online.

With multiple pumps you could simply run the React pumps until one fails (but if you do this
make sure to check and top up oil level often) rather than having to take a more proactive
approach with annual maintenance checks.

With many water source combinations, 3 x PV array sizes, multiple React pumps, parallel
and series installations the React pump can solve almost any stock water pumping problem.

Once you have determined the head, use this chart and table to estimate your daily pumped
volume (for summer days) and the peak flow rate per turbine, for pipe sizing.

12000 Sunny day
Cloudy day
g Peak
g - Head L/min
50 | 15.79
o 100 15.24
150 14.56
b 200 13.81
T 250 13.10
Pumping head (height plus friction) 300 12- 40

These estimates are based on performance measured at our test site in Taranaki NZ. We
regard this data as indicative of likely performance i you may pump more or less than this.

91 If for example you need 7,500 l/day in summer to a 100m tank you will need to install
one React pump with pipes rated for 12 bar.

1 If for example you need 15,000 l/day in summer to a 100m tank you will need to
install two React pumps in parallel with a larger pipe rated for 12 bar.

9 If for example you need 5,000 l/day in summer to a 200m tank you will need to install
one React pump with pipes rate for 20 bar.

1 If for example you need 6,000 l/day in summer to a 320m tank you will need to install
two React pumps in series with pipes rated for 16 bar.

9 If for example you need 5,000 l/day in summer to a 750m tank you will need to install
three React pumps in series with pipes rated for 25 bar.

D Remes
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2.3.5. Matching the React pump supply to demand changes

Matching the supply of the pump to your demands is achieved by adequately sizing your
storage tank. Bigger is always better. The amount of water pumped will change with the
available sunlight but this will normally also mirror your demands.

2.3.6. Incrementally increasing the system size cost to meet your needs

Letdbs assume you are a farmer with a moderate si
back hilly part of the farm. There is no utility/mains power available. Water had previously

been provided by access to a stream and small man-made pond. This practice is no longer

acceptable due to the new fencing requirement to help reduce water pollution from large

farm animals. You also want to fence into paddocks the large hill block, so gains can be

made from improved stock & pasture management.

You are very busy, have only $3-5000NZ to spend on the pump and PV array. You do not
want to waste any more time trying to accurately determine how much water you will need
each season as you need the problem mostly solved immediately. Fencing work is about to
start and that means water for paddock troughs is needed urgently. Your gut feeling based
on decades of farming experience is that 5,000-10,000 L/day in summer should do it. Google
Earth indicates the hill is about 50-70m high (above pond level).

In this case the farmer can:

9 Start off by installing a minimum package of one React pump and 540W of PV on a
pontoon on his pond or on the adjacent land.

1 If more litres/day are needed later, the PV array size can be doubled at this later
date.

9 If still more litres/day are needed (mainly on hot clear summer days) the array can be
configured East/West.

9 If still more flow is needed another React pump can be installed with 540W of PV per
React pump.

9 If still more flow is needed the second React pump can have another 540W of PV
added.

9 If still more litres/day are needed (mainly on hot clear summer days) the arrays can
both be configured East/West.

9 If still more flow is needed on overcast days or in winter time each React pump can
have up to 1620W of solar PV added.

The above example illustrates that you can take
unsure of your pumping needs, or if your demand grows in the future. The farmer will need

to consider whether the original delivery pipe is large enough and it may need to be

upgraded or additional pipe(s) installed as the system is upgraded.

D Remes
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2.4. Multiple React pump install examples

2.4.1. Higher flow parallel installation

Dual React Pump

Multiple pumps can be connected to the same delivery pipe to increase your flow.

2.4.2. High head series installations
A series installation is where one pump feeds another one half way up the slope.

Series installations are more reliable than one React pump as if the lower React pump fails
the upper can be moved to the lower position so that at least the lower part of the farm has
water.

-

Ball cock

Upper farm
supply

Level switch

PV array

Lower farm
supply

D Remes
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2.43. High flow twin React pump to lower farm, high head series React
pump to upper farm

If you decide to pump all the water to a tank on the highest hill (so as to supply all troughs
below) then you need to think carefully on these points:

1 You may require more costly pipes or a pressure reducer to prevent pipes from
bursting at lower locations due to the high pressure.

91 If most water on the farm is consumed at the lower troughs, then pumping all the
water to the highest point is a less efficient use of your pumping infrastructure.

The illustration that follows for farms with high heads (typically 160-500m) can work well. Up
to twice as much water is available on the lower part of the farm than the higher smaller part
of the farm.

Ball cock

Upper farm
supply

N
N

PV array

Level switch

Lower farm
supply

PV aluray

| /

D Remes
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2.5. Effects of having not enough water for the React pump

The flow of water through the React pump depends on having water in your resource. If your
resource flow cannot keep up with the React pump flow then the level will fall until air enters
the suction line. A small buffer pond in the water resource can store the water that flows
during the night when the React pump cannot run.

Once air enters the React pump it will continue to rotate, but no water can be pumped, as
suction prime will have been lost. This can damage the React pump as it needs water to cool
and lubricate it. Our software team are working on a sensor (future upgrade) that will stop
the pump if this condition is observed). Allowing the React pump to run without water will
cause about $100 worth of parts damage. So it is not a major issue, but should be avoided
with the addition of a level switch.

Also, once air enters your suction line you will need to manually prime it. If the supply pipe to
the header tanks is full of water, then you will need to manually open the bypass valve while
running the pump so that the air lock can clear.

To avoid both of the above issues, fit a float stop switch to stop the React pump if the level
ever gets too low. We supply a float switch (optional extra), and there are contacts on the
controller for a float switch.

2.6. Pumping too much water and conserving your water resource

Your React pump may pump more water than you need at times, your
React pump is fitted with a pressure transducer which will turn the
React pump off at a pressure you can set via a button.

When you start your React pump for the first time, the long supply pipe
to your tank will start to fill. Depending on factors such as head, solar
radiation, length and size of the supply pipe it may take up to 30
minutes or more before your storage tanks will start to fill. While the
pipe is filling you can walk the line slowly and check for any leaks.

2.6.1. Setting the off-pressure

Once you can hear that water is entering the tank, return to the React
pump and press the button on the React pump (shown opposite) and
watch the LED (refer to 2.1.6).

This action sets the off-pressure to the measured pressure at that
moment. The allowance added to the measured pressure is the greater . -

of 20m or 20%. You cannot set the off-pressure to >300m. You cannot set the off pressure
to < 60m (6 bar pipe grade are higher rated must always be installed).

Then when the tank is full and the ball cock starts to close, the pressure will rise and the
pump will turn off for 30 minutes before attempting to restart.

2.6.2. Resetting the off-pressure

If you accidentally press the button at the wrong time or wish to reset the off-pressure (or
after changes to your system) you can follow this procedure below to reset the off-pressure.
To disable the user set off-pressure (which then defaults to 300m):

1 Ensure the PV main DC switch is on.

1 Turn off the BLDC via the ignition switch (if off already leave it off).

91 Press the button (Blue LED will stay on for 5 seconds).

1 Turn on the BLDC via the ignition switch.

React

PumP
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You can now repeat the setting procedure in section 2.6.1

2.6.3. If you fall to set the off-pressure

If you fail to set the off-pressure and have a ball cock fitted in your tank the pump will keep
going until your pipe bursts or 300m head is reached. This is why we advise the installation
of a weak link as detailed next. This also protects your pipe in the event of a pressure sensor
failure.

Warning

If you disable the pressure sensor (or fail to commission your React pump and
check correct operation) and a ball cock is fitted in your tank, the React pump
will probably rupture the pipe. This will not normally (see below) harm the
pump; it will increase in speed and keep pumping water through the hole in
the burst pipe.

It is inevitable that some installers and owners will do just this,
we suggest you weaken your pipe (or use a short length of lower
pressure rated pipe) just after the React pump in a section of the
pipe that is easy to access with a pipe joiner on either side of the
weakened section. (Ensure this section is on land if your React
pump is pontoon mounted.) You do not want the pipe to rupture
at the React pump outlet fitting (where the pressure is greatest)
as this could spray water all over the internal workings of the
React pump and cause serious damage.

You can weaken the pipe by filing a flat on the top of the pipe
plastic with a file, it will then fail at this point should the pipe be
exposed to excessive pressures.

File a few samples, if one bursts while pumping normally take
less off next time.

2.7. Supply water to top or bottom of storage tank

You have the option to connect the supply pipe from the React pump to either the top or the
bottom of the storage tank. These are some considerations.

Top connection:

1 Easy to fit a ball valve.

1 Silt can settle out in the large storage tank where it can be easily syphoned out every
few years.
If the supply pipe is damaged and leaks the water in the tank is not lost to the leak.
If the supply pipe is used to feed troughs on the way to the tank (this can be a saving
in pipe quantity needed), then these troughs will have a limited supply from the React
pump (no night time supply) combined with limited pipe storage.

)l
)l

Bottom connection:

91 Float for the ball valve must be on a rope, such a ball valve is difficult to access as
you have to get inside the tank to install and maintain it. Working in a confined space
can be dangerous, legislation applies.

If the supply pipe is damaged, water in the tank is lost to the leak.
The supply pipe can be used to feed troughs on the way to the tank.

=a =
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In general, it is more common to top feed the supply tank. Pipe outlets about 1/3 of the way
up the tank can give reserve capacity in the event that any pipe in the system is damaged
and leaks. A compromise, such as a middle connection may be a good option for some
farmers to consider if reserve capacity is critical to the farming operation.

Advised connection (a compromise of top and bottom options):
1 Easy to fit a ball valve.
9 Silt can settle out in the large storage tank where it can be easily syphoned out every
few years.
91 If the supply pipe is damaged and leaks all the water in the tank is not _lost to the
leak as you have a reserve capacity.
1 The supply pipe can be used to feed troughs on the way to the tank.

P o

Ball cock |- ‘

: (
\
\

Normally
open

Normally
closed

2.7.1. Overflow pipe

If you do not intend to use the pressure sensor to turn the pump off (we advise that you do
use it to reduce unnecessary wear and tear) then we suggest that you install a return pipe on
the tank overflow fitting. This is the simplest option for dealing with surplus water. If you have
previously used grid electricity or a fuel pump you would normally stop the pump when the
water tank is full to save running costs. You do not need to do this with a solar pump as
sunlight is free. There is more wear and tear on the pump if you let it run when it is not
needed, this is an extra cost in maintenance. Farmers who require all the water that can be
pumped or those with lower pressure rated pipes may opt for this option.

D Fimp
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2.7.2. Conserving your resource
There will be occasions when your resource may run dry or the pumping rate exceeds the

natural flow rate of the resource. In such cases you either need to stop pumping or provide a
pumping buffer (tank or pond) for the resource to accumulate when the React pump cannot

pump.

o+ e Ignition ON/OFF wire to BLDC
If for example you have a small ReactPump  contacts

spring with a dry summer flow of Non return
0.1 I/s (10s to fill a 1 litre container) valve
then in a day this is 9000 litres and \

a very helpful amount on a dry Kl |

sheep/cattle farm. If we assume ==
you need all this water to be
pumped to your tank on a 60m hill
each day, then some buffer
storage of the water resource is Oupmgul | Lower OFF level
required. Normally this storage Weak Link
would naturally replenish at night
when your React pump cannot

Float switch

Steel/timber post

operate.

To stop the React pump a float switch can be wiredto | _ DISCHARGE

the BLDC driver's "ignition" contact. (Do not install a | Ll . (MAXIMUM

switch on the PV supply wires). R _l_’ o TIE WRAP
TETHER

This solution will stop the pump at the lowest | Lof”m é T\

acceptable level of your water intake resource. § TETHES

w

Floating switches that are tethered by their own wire - & )

can provide a wide, adjustable hysteresis between . POSITION

turning on and off. Much of the time they float level on (oM ELOAT

the water surface. The switch will not operate until it :

tilts.

If the small spring can be diverted into a pipe and fed
by gravity into a 10-15,000 litre tank then the outlet of
tank can be connected to the input of your React
pump, and is the best solution.

S N—
N Optional
/ Float switch

If you do not have the fall for a tank, \
you can excavate a small pond to store

about 20,000 litres. Ponds can be a
death trap for children and animals, so
fence it appropriately.

Then you can install a React pump on a small pontoon

in the middle of your pond with the suction hose set about 200mm below the surface where
UV from the sun helps to sterilise the water being pumped. Design the pontoon structure to
sit on the bottom of the pond before the foot valve intake hits the mud/silt level and where
the React pump turns off.

D Remes
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2.8. Dealing with dirty water

No farmer wants to pump dirty water, as this dirt will foul pipes, tanks and troughs resulting
in more work at some future date to clean it all out.
2.8.1. Our advice for moderately clean water resources:

1 Each React pump comes with an intake foot valve strainer and replaceable intake
filter socks. It is fouls too quickly install a much larger stainless wire basket and filter
sock.

9 Ensure you have good access so that you can easily lift out the foot valve and
replace the sock as needed and to check that the foot valve is always in perfect
working order.

2.8.2. Our advice for rather dirty water resources:

1 Provide a small pond where possible so that your water resource has more time to
settle. Ensure you have a large flush pipe and valve in the bottom of your pond so
you can flush silt away, otherwise your pond will soon silt up and be difficult to clean
out.

1 Ensure you have good access so that you can easily lift out the foot valve and
replace the sock as needed and to check that the foot valve is always in perfect
working order. See the operation section at the end of the manual.

D Remes
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3. Solar array design and installation
3.1. Understanding PV size and ori entation

The size of solar PV array you need to install depends on the head, the amount of water you
wish to pump, your budget and our advice. There are many possible solutions. You can use
any make of monocrystalline or polycrystalline panel so long as the open circuit voltage per
panel is <40VDC and the voltage for peak power is >30 VDC. They must be wired in pairs.
You can fit 2, 4, or 6 panels, depending on your head and pumping volume required. PV
panel's are all the same physical size, nominally 1m wide x 1.65m long, but their Nominal
Power - (Pwpp in Watts) can range from 240W, to 300W,, per panel. Our installations
examples (that follow) use 270W panels as these were the most cost effective at the time of
writing.

The solar panels power the BLDC driver that in turn powers the pump motor. The BLDC
driver takes power from the solar array with a Vmp in the range 50-64V approx. (and Voc not
exceeding 80V). The pump will stop and start in marginal conditions. It needs a minimum of
100-200W of actual solar power to operate, and it uses a maximum of 900W (at higher
heads). How much power is available depends on the brightness of the sunshine and the
number of solar panels. We recommend using two solar arrays per React pump, each
approximately 540W. Each array normally comprises two standard solar panels connected in
series.

The pump will slow every so often so that the microprocessor can measure the Voc to obtain
the maximum power point voltage Vmp. Vmp = 0.8 x Voc. The rpm of the pump is then
continuously adjusted to ensure it runs at the Vmp until the next check (typically every 10
minutes).

The comments that follow focus mainly on pumping water in the head range 30-160m with a
1080W PV array, with a focus on summer time flow, as most farmers will need this type of
system.

3.1.1. Single array facing midday sun

In NZ (southern hemisphere) the midday sun is due north between 1 and 1:30 PM rising at
about 6 AM and setting at about 9 PM). An array facing north will not be able to power the
React pump until about 8 AM, and it will stop at about 7 PM. This is because close to sunrise
and sunset the sun is behind or edge-on to the solar array and low in the sky so less solar
radiation is available to be harnessed at these times.

We also have to consider that the React pump at heads below 160m cannot use more than
750W of power despite up to 1080W being nominally available from a north facing array at
times close to midday sun. This 1080W PV array is chosen because it will only generate this
peak power for a short time in full sun around midday which is not a long time. There will be
clouds much of the time in reality. Higher midday temperatures mean that a 1080W PV array
may never generate more than 900W (as solar panels are less efficient at high
temperatures).

There is no value in producing a very high peak output at midday, so do not orient the arrays
to both face due north (or south in the northern hemisphere). The important consideration is
to extend the operating hours by starting the pump earlier in the day, and keeping it running
later in the day.
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3.1.2. Array split into two halves facing East and West

If the installation site is not shaded by hills, trees or
buildings from morning and evening sun and we want
to pump longer and have more power available
sooner it makes sense to have an array split into East
and West facing halves. The React pump would then
start pumping at about 6:30 AM and stop at 8:30 PM.

Pumping power at midday will not be affected, as with
the sun directly overhead the 1080W East/West array
will still be able to deliver the power needed for the
pump to be at full power capacity.

On an overcast summer's day the light is diffused by
the clouds. So on a cloudy day both arrays will
generate to a similar extent regardless of where the
sun actually is. We may never generate more than 300W from the 1080W array on a heavy
grey summers day in NZ, but all this 300W can be used, so the pumping yield does not
suffer as much as you might expect.

Winter sun is never directly overhead unless you are close to the equator. The angle of an
East/West array should be biased to morning, evening and winter sun. 45 degrees is a good
angle for and East/West array. Visualize a roof with a 45 degree pitch facing East and West
and you have it. The 4 x 270W panels are then very easy to mount onto a simple truss that
is described in more detail later. Such a truss can be mounted on 4 posts in the ground or on
a pontoon floating of your water resource.

In summary an East/West array pitched at 45 degrees will yield:
1 more pumped water on a sunny day
1 more pumped water on an overcast day
9 Dbetter all day and all year production if pitched at about 45 degrees

3.1.3. Sites with shading in the morning and/or evening

Where the site does not benefit from early sun in the morning, and/or late sun in the evening
due to shading, the optimum arrangement will be to point the sub-arrays at the mid-morning
and mid-afternoon sun as shown here.
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3.1.4. Smaller PV array orientation

If your pumping needs are modest and mainly summer biased
then a smaller 2-panel PV array of 540W may be sufficient. This
array size must be pointed at midday sun at a pitch of 20-30
degrees. Or point it in the middle of the shade free time-zone if
your site is clipped by shading from surrounding features. (Do not
face the two panels in different directions as they must work
together in series as a pair.)

540W PV - facing midday sun (10-50m head)

3.1.5. Larger PV array for maximising pumped
volume in winter or poor weather conditions.

On cloudy sites or where more water is
desired it can be helpful to add a third array,
bringing the total "rated" power to
approximately 1,620W, but the pump will
never use more than 900W. This third array
will enhance performance and extend
operating hours in marginal sunlight
conditions. In some cases there will be a need
to add string fuses to the wiring when a third
array is connected.

3.1.6. 1620W PV - facing morning, midday and evening sun (160-300m
head) in the shade free zone

For sites close to the equator (and sites
using a truss frame i discussed later) we
advise one pair due East one pair due
West. The third pair is positioned
completely flat between these two as
shown.

There will usually be a need to add string
fuses to the wiring when a fourth array is
connected. (see 3.2.3)

N SSSZ=saso
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3.2. Wiring the PV t o the React pump

The React pump comes with two MC4 type connectors on flying leads. Mating MC4 plugs of
the same (or compatible) brand are supplied.

In NZ we can supply solar PV wire from the Solar PV array switch box to the React pump
(normally 4mm? tinned double insulated). It all arrives ready to plug together, but you must
advise the wire length required. If the distance is long then you may need to double the size
of the wire used, and beyond 100m you may need to install larger aluminium wire.

Cable length | 4amm~"2 | 8mm~2 | 25mm”"2 | $NZ cost
650W 650W 650W to
(m) % loss % loss % loss supply Material Wire protection
10 1.5 40 Tinned copper 2 cores |[20mm LDPE/PVC
20 3.0 80 Tinned copper 2 cores |[20mm LDPE/PVC
30 4.5 120 Tinned copper 2 cores |20mm LDPE/PVC|
40 6.0 160 Tinned copper 2 cores |20mm LDPE/PVC]
50 7.5 200 Tinned copper 2 cores |20mm LDPE/PVC|
60 4.0 480 Tinned copper 4 cores |[25mm LDPE/PVC
70 5.0 560 Tinned copper 4 cores |[25mm LDPE/PVC
80 6.0 640 Tinned copper 4 cores |[25mm LDPE/PVC
90 7.0 720 Tinned copper 4 cores |[25mm LDPE/PVC
100 8.0 800 Tinned copper 4 cores |[25mm LDPE/PVC
125 5 400 Aluminmu 2-core 25mm LDPE/PVC|
250 10 800 Aluminmu 2-core 25mm LDPE/PVC|

Costs are approx. based on 2017 prices and exclude GST and freight

The table above indicates the percentage power loss at 650W pump power. Cable runs less
than 30m are typical and are a very cost effective solution. Longer cable runs should be
avoided where possible. Try to keep cable losses under 5% loss (some countries mandate
only up to 3% loss), the power cables are low cost compared to the long delivery pipe (pipe
typically has 10-30% loss at rated flow).

The SEIDP guideline states that: "Under maximum load conditions the voltage drop from the
most remote module in the array to the input of the controller should not exceed 3% of the
maximum power point voltage (Vn, at Standard Test Conditions) of the array.”. To comply
with this guideline larger cables than stated above may need to be installed.

3.2.1. ELV Wire protection
In NZ and Australia ELV wire protection is covered in:

1 AS NZS 5033
1 AS NZS 3000
1 AS NZS 4509

At the time of writing (for NZ) these are the rules for ELV wiring:

5033: 7.5.11.3 Underground conductors. There are no depth-of-burial requirements
for the safety of extra-low voltage cables. NOTE: Consideration should be given to
the risk of mechanical damage.

The above means that in NZ ELV cables that lay in contact with the ground do not need to
be buried and can be laid on the ground, only @ Co reedstdeergisenioon o n
protection of the cable, for example from:
1 UV radiation (sleeve in LDPE pipe).
\ React
k pump
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Cattle hoofs (sleeve in LDPE pipe).

Cattle teeth (sleeve in LDPE pipe).

Tractors and farm bikes (Sleeve in LDPE pipe and bury 100mm down at gate/track
crossings).

= =4 =4

3.2.2. Over current wire protection

In most cases (but refer see 3.2.3), no over-current protection is required, as (unlike the
case with a battery or grid connected system) the short circuit current is limited to the "Isc"
the PV panels can produce. Here are typical values:

I 18amps (1060 W PV).

1 27amp (1620 W PV).
These currents cannot therefore overload the MC4 connectors and 4mm? wiring that is rated
for 30 amps.
For client s who want to add a larger array , this is possible provided a DC breaker
rated for <30 amps is installed to replace the DC switch. (String fuses will likely also
be required, see 3.2.3 below.)

We supply with every React pump a DC switch to allow the system to be turned on/off. This
switch is a convenient DC on/off switch, which can be opened without damage under full
load current. This switch is required to be labelled to identify its use and purpose.

We supply the switch (with anew React pump purchase) for you.

3.2.3. "Maximum Series Fuse" rating and the possible need for string fuses

Note that your PV panels have a "maximum series fuse" rating written on their label. Where
there are 3 or more strings to the array, this may result in the need for fusing of individual
strings to protect against excessive reverse current. Reverse current in the event of a
possible fault must not exceed this fuse rating.

If there are maore than two strings in parallel then the maximum fault current that can arise (in
reverse) in any one string is equal to the number of other strings connected, times the short
circuit rating of each of those strings. Therefore if there are three (or more) parallel strings,
the PV modules could be subjected to reverse currents of two (or more) times their nominal
short circuit current. This reverse current rating (normally called maximum series fuse rating
on the panel label) is different for different makes of panel and is typically in the range 15-20
amps for 250-300W panels.

When using 3 or more strings you should read the following extracts from the regulations
(AS/NZS 5033) and our two worked examples, so you can be sure to comply.

3.3.4 String overcurrent protection
String overcurrent protection shall be required 1
(54 = 1) I5¢ mop :]};wmu MAX OCFR
NOTES:
I Circuit breakers are not recommended for string overcurrent protection.

2 Where fuses are applied, these fuses need to be sufficiently selective (refer to Clause 4.3.8 for
fuse requirements).

3 Owercurrent protection of strings with different current ratings is not covered in this Standard.
These configurations are not recommended but when used for the overcurrent protection
requirements should be analysed in detail for the specific application and PV module ratings.
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1.4.22 I}'HJD MAX OCPFR

The PV module maximum overcurrent protection rating determined by IEC 61730-2.

NOTE: It is a mandatory requirement of IEC 61730-2 that this rating be specified in the
documentation of PV modules (see Clause 5.7).

1.4.26 I:,',(_' MO

The short circuit current of a PV module or PV string at 5TC, as specified by the
manufacturer in the product specification plate.

NOTE: As PV strings are a group of PV modules connected in series, the short circuit current of a
string is equal to Jsc mon.

3.3.5 Ovwercurrent protection sizing
3.3.5.1 PV string overcurrent protection
Where string overcurrent protection is required, either—

(a) each PV string may be protected with an overcurrent protection device (refer to
Figures 2.3 and 2.4) where the nominal overcurrent protection rating of the string
overcurrent protection device shall be [, where:

I, >L5% g yopn

1, <24xd g pop

lr1| 5 IMU[:I MAX OCPR

Renesola260W module example
For 3 strings oRenesol&260W module,3.3.4 stateg3-1) x8.95= 17.9 <module OCPR @0A.
Henceno overcurrent protectiorfor 3 strings is
required. Potection willbe required whent or Renes*la §
more PV strings are connected &React pump il 12 -

Module Type:JC2

3.35.1 (ot
n Circuit Voltage(Voc)

T h>15x8.95=13.43A l&e Power Voltage(Vmp)
T 1,<2.4x895=21.48 [ Maximum System Votage

lD’mensiw(L‘W'H)
All technical data at
AM=1.5 E=1000W

1 1,=<20A

Hence a fuse =< 20 amp and > 13.43 A is requirea per string, but only when 4 or more
strings are connected to a React pump.

Yingli 270 module example
For 3 strings of Yingli 2Wbmodule,3.3.4 :
states(3-1) x 9.27 = 18.5 > module OCPR of YING!
15A.
Hence overcurrent protection will be
required when3 or morePV strings are
connected toa React pumgriplex.
3.35.1

7 1,>15x9.27=13.91A

1 1,<24x9.27 =22.25A

1T lL=<15A

Power Your Life

PHOTOVOLTAIC MODULE IS RA
1000W/m? SOLAR IRRA

D peact
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Hence a fuse =< 15 amp and > 13.91 A is required per string when 3 or more strings of
Yingli 270W are connected to a React pump.

Summary (fuses required per string)

Panel example 1-string | 2-string 3-string 4-string
(not
advised)
260W Renesola N/A N/A N/A 14- 20 amp
270W Yingli N/A N/A 14-15 14-15 amp
amp

Note that 15 amp MC4 inline fuses are widely available and low cost

Hence is this example, for the correct application of AS/NZS 5033, some panel makes
require string fuses while other makes may not . If you are careful in selecting the make of
panel for your React pump application then you can avoid the need for string fuses.

Do both poles need protection?  (normally only the positive pole is fused)

AS/NZS 5033 states in section 3.3.6 that:
In ELV arrays, overcurrent protective devices, where required for string and sub-
array cables, shall be placed in either the positive or negative conductor (the number
of current carrying conductors minus one). Where the extra-low voltage array is
earthed, the protective devices shall be installed in all unearthed current carrying
conductors.

Section 4.4.2.1 states:
In PV arrays with a PV array maximum voltage greater than ELV and in systems
which include a.c. modules and microinverters with LV outputs, all exposed metal PV
module frames shall be earthed and the array mounting frames shall also be earthed.
Earthing/bonding of exposed conductive parts of a PV array shall be performed in
accordance with Figure 4.5 decision tree.

Hence there is no requirement to earth an ELV PV array, only an LV one .

3.2.4. Selecting suitable fuses where needed
Here is what the regulations tell us
4.3.8 Fuses

4.3.8.1 General

Fuses used in PV arrays shall—
(a) be rated for d.c. use;

(b) have a wvoltage rating equal to or greater than the PV array maximum wvoltage
determined in Clause 4.2

{c)  be rated to interrupt fault currents from the PV array, and any other connected power
sources such as batteries, generators and the grid, if present; and

{d) be of an overcurrent and short circuit current protective type suitable for PV
complying with IEC 60269-6 (i.e. Type gPV).

The maximum voltage is found as follows (next page.)
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