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Thank you for purchasing theedflowZBM2
Redflon2 2ABM2represents the statef-the-art in zinebromine flow battery technology.

It is designed as a modular battery to be integrated into electricity storage systems.
For Sales and Technical SuppBedflowcan be contacted at:

RedflowLimited
ABN 49 130 22771

27 Counihan Road
Seventeen Mile Rocks
Brisbane

QLD 4073

Australia

W: www.redflow.com

T +61 7 3376 0008

F: +61 7 3376 3751

E tech.support@redflow.com
sales@redflow.com

Office hours: 8:30am to 5:00pm, Brisbane, Australia
Monday- Friday

© 2018. Redflow Limited. All Rights Reserved.

Any reproduction, modification, or electronic transmission of this publication requires the prior
written authorisation ofRedflowLimited.
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1. Introduction

This manual issedfor RedflonR & 5/ Tt 2 ¢ baftely p®du&,Ehé RidBiotnite Module2
(ZBM2D ® LG LINPGARSA AYTF2NNIGA2Yy 2y OGKAfr ol GGSNEQA
nominal 48VDC systeminstallation of the ZBM2 is to be done by trained installers.

1.1. About theZBM2

Redflon 2BM2is a fully DC modular flow battery with-iouilt intelligence. With appropriate
ancillary circuitrymultiple ZBM2Z can be connected together in parallel

TheZBM2is ideally suited to deep cycling and long cyiééeenergy storage applications requigin
multiple hours of discharge on a daily basis. It can operate to Hi€&hargeor partial depths of
discharge without a reduction in operating life.

ZBM2main components

1 Tanks(including electrolyte)
Hectrode Sacks

Module Management System (MMS)
Analagy Loom

Pumps (Zic and Bromine)
CoolingFan

Cooling Tubes

Gas Handling Units

=A =4 =4 =4 =4 4 4

Battery operation is controlled and managed by the internals of the MMS. OperatioBM% must

be kept within the boundaries of the operating envelope set oukablel to ensure correct

operation and also to comply with warranty conditions. It should be noted that in applications where
one ZBM2would not be able to remain whin the operating envelope, adding anothgBM2may

bring the performance of eachBM2back within the envelope.
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Tablel: ZBM2Electrical Operating Envelope

OkW to 2.5kW during charge

Power Range 0kW to 3kWeontinuousduring discharg€skW peakor up to 40 minutel
Note: Refer to Sectidh4.3for more information about peak power.
Net Energy Range 0kWh (0% SOC) to iWh (1006 SOC)
DC Voltage Operating Range 36to0 58V DC
Absolute Voltage Range 3210 DV DC . L )
Note: ZBN terminal voltage = OV on initial staup & after maintenance cycleg
Quiescent Current Draw 1.5A DC maximum @ 40V DC
Auxiliary Power 180W maximum @ 32V DC minimum
Circuit Protection Maximum rating of 125A

10to 50°C 60to 122 °F) Charging

Operating Battery Temperature Range
P g y P ¢ 15 to 50°C 69to 122°F) Discharging

Ambient Temperature Range Operation:5 to 50 °C (41 to 122 °F) Storage=10 to 50 °C (14 to 122 °F)

Typically at least once ever hoursof zinc pump operation.

SelfMaintenance Cycle Frequenc . . . )
4 q y Users must not override ZBM2 internal automatic-setfintenance procedures

Net Ehergy Eficiency 80% DEeDCmaximum

Minimum Energy Efficiency

0 . . .
Performance Requirement 68.0% gross (energy out/energy foj Standard Cycle described Appendix E

EMC Compliance EmissionsEN610066-3:2007;Immunity:EN6100&4-2, 3, 4, 5, 6:2007

CEo! O2Lk 2F GKS 9/ 5SOftFNriGAz2zy 27F
and is attached id\ppendix B

RCM

Approvals

It should be noted that any voltage exceeding the absolute maximum voltage specifiadl@l will
damage the electronics in the MMS if connected to AM2

The physical and communications characteristics ofAB®2can be found ifTable2.
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Table2: ZBM2Physical and Communications Characteristics

830 L x 823 H x 400 W (mm)

Dimensions(ZBM) 32.7 L x32.4 H x 15.7 W (in)

240Kkg (29.11b) ZBM2with electrolyte

Weight(ZBIP) 90 kg (1984 Ib) ZBM2without electrolyte

1080L x1040H x660W (mm)

Dimensions(crated) 42,6 L x41.0 H x26.0W (in)

320 kg (705.4 Ib) Redflow crated ZBizh electrolyte

Weight ted
eight (crated) 170 kg (374.8 |b) Redflow crated ZBiMi¢h electrolyte

Sideways (left/right): 25
Lengthways (front/back): 45
Diagonally: 45°

Stability (Maximum Tilt Angles)
(seeFigure9 for orientations)

Electrolyte Volume 100 L (26JSGal)
Module Geometry Two parallel stacks of 30 cells
Dangerous Goods Class DG Class 8 for electrolyte BBM2 containing any trace of electrolyte

ThezBM2must be kept in an upright position (orientation showrFigure9) at all

Orientation times of operation, storage, handling and transportation

Weather Protection The ZBM2 must be installed indoors (out of weather) or in a wegtheof enclosure

Operating Conditions Stationery applications offat, level fully-supported baseurfaces only

Ventilation TheZBM2must be a_dequatt_ely v_entilated with m_inimum a_lirﬂow of 50L/s (18
per ZBM2not opposinghe direction ofZBMZ2cooling fan airflow

Humidity Conditions 5%95% humidity, norcondersing

Explosive Environments The ZBM2s not intended for use in explosive environments

Positive: 8mm (approx. 5/16 inch) eyelet

ZBM2 Bus Terminal Connectior ) .
Negative: 8mm (approx. 5/16 inch) eyelet

ZBM2BusTerminal Torque 10 Nm (7.4ft-Ib) (appliesto fasteners fitted to MMS studs)
Communications RS485 MODBUS RTU
Pagel0 Redflow Installation an@peration Manuat; ZBM2
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2. ZBM?2Safety

personnel who are responsible for ensuring that all local and government]
regulations and standardare complied with.

@ All low voltage (LV) wiring must be performed by licensed electrical

The following general safety rules apply for any operation ofAB®2batteries.

1 Use tools withsuitably rateinsulated handles to make connections.

1 No smoking near ZBMs.

1 Check that cable connections between td8M2and the rest of the Energy Storage System
are tightened to the recommended torque valireTable2, and torqued nuts and/MSare
marked

1 Check DC cabling polarityttte ZBM2 is correct prior to powering the system up.

1 Even when disconnected ZBM?2battery can remain charged and have voltage on the
battery terminals.

There are also four main areas of safety specifically relevant t@B2battery.

9 Electrolytecharacteristics

1 ZBMZ2battery voltage

1 ZBMZ2fire safety characteristics
1 ZBM2 safety labelling

These are explained in detail in the sections below.

2.1. Hectrolyte Characteristics

Ensure local government regulations and standards are complied with
when working with ZBM electrolyte.

TheRedflowzZBM2is a flowing electrolyte battery containing approximately 100gé?) of water
based zindromide electrolyte.

TheZBMZ2electrolyte is an aqueous (watdased) solution of ziRbromide salt including additiona
supporting salts and complexing agents.

The electrochemical process of chargingBiM2battery alters the electrolyte. Zinc ions are plated
out as metallic zinc, and bromide ions become linked with the complexing agents in the electrolyte
to form a sepaate dense Bromine Complex phase.

Electrolyte is yellow to orange in colour, while the Bromine Complex phase is dadeetdgurel).
This complex phase has a higher density and readily separates (sinks) from the aqueous electrolyte
LKF&aS yR Oly d31BE&ONAROGSR & daz2Af
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Yellow electrolvte

Dark red complex

Figurel: Hectrolyte phase and bromine complex phase

Personnel responsible for handling teBMX2a St SOG NRf & i §
cleaning up an electrolyte spill, must be aware of the content of these
Safety Datasheets and thellowing safety information.

The Safety Datasheet (SDS) is includesbjpendix Fof this manual.

2.1.1. Bromide and Bromine Complex

ZBMZ2electrolyte contains Brominins, which are complexed with a quaternary ammonium salt (N
ethyl-N-methylpyrrolidiniumbromide, or MEP) to form the separate dense bromine complex phase,
as the battery is charged.

MEP maintains the concentration of elemental Bromine in the aqueousrelge at very low levels,
of approximately 0.04 mol/LMEP also reduces the vapour pressure of Bromine above the liquid to
levels well below that of pure bromine.

Figure2 shows the significantly lower vapour pressures of bromine complex (with 15009/l of
Bromine) and charged aqueous electrolyte (with 15g/l of Bromine), compared to pure Bromine.

800 7,000

] 6,500
700 6,000

5,500

=)

Q

o
I

5,000
50 ] 4,500
1 . 4,000
Bromine a
3,500
9
3,000¥

2,500

Vapor Pressure (mm Hg)
&
o
|

2,000

1,500

1500 g/L LOoo
Ny /1§ g/l Eswo

O r——————— . FO
0 10 20 30 a0 S0 €0 70
Temperature (°C)

Figure2: Vapour pressurefor chargedbromine complex battery electrolyteand purebromine

Studies of both small and large leaks of Bromine complex have shown that the concentration of
Bromine evaporation in the air is well below theéesbongterm working level of 0.1 ppm (as
specified by the Occupational Safety and Health Administration and National Institute of
Occupational Safety and Health in the United States). In this complexed form, Bromine is:
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I Easy to detect early via its chiloe-like smell
1 Easy to neutralize (e.g. with sodium bicarbonate or ammonia)
1 Poses no fire risk (Bromine is actually used in many fire retardants)

Despite the fact that there is a very low risk of being exposed to unsafe Bromine gas levels, all
personnel ivolved in opening ZBM2to fill it with electrolyte, clean up an electrolyte spill, or
empty electrolyte from aZBM2 must wear the appropriate Personal Protective Equipment (PPE)
(refer to Sectior?.1.4).

Bromine has a chlorinkke smell and if this is detected, operation of tABBM2should be ceased
and the user should investigate whether there are any electrolyte leaks.

2.1.2. Gas Emissions
Low levels of gas may be #@tad duringoperation of theZBM2via theZBMZX2 law pressure relief
valve.This gas is automatically diverted to tABMXQ2 & / | (i OK traps gfsEs usgirig Adivated
carbon reducing the concentration of any emissidhat exit the ZBM2Regardless, energy storage
systems containingBM stall be located in areas designed to ensure adequate ventilatikaier
to Section9.2.3for more information about ventilation requirements. Standards such as AS4086.2
(Section 2.7) also providguidelines about battery room ventilation.

2.1.3. Electrolyte Leaks

The presence of liquid electrolyte in tZ8M2means that there is potential for a spill tmcur. Any
electrolyte leak or spill il be cleaned up in accordance witippendix C

Spills and leaks aZBM2electrolyte stall be cleaned up immediatelywhere
possible.

It should be noted that th@BMX2a 2 gy St SOGNRte&edS Glryla FNB oS
electrolyte in the case of a minor leak. However, to prevent electrolyte spillage during major leaks,
readily available polyethylerkined contaners or bunding should also be used to contain any spilled
electrolyte. This is the same material that the electrolyte tanks are made of.

2.1.4. Personal Protective Equipment (PPE)

The following, or equivalent, PPE must be worn when handling electrolyte oiirdeam an
electrolyte leak.

= Respirator:  Moldex halfface preassembled respirator with mulgas/vapour cartridges
(available from Protector Alsafenfyw.protectoralsafe.com.au product
code 8602A, partumber 0109 0268)

1669211 part number 0708 204)

Gloves: Prosafe Premium 806 Blue PVC Gauntlets (available from Protector Alsafe,

)
@ Goggles: Bollé Blast Duo goggles (available from Prmtedlsafe, product code
@ part number 07841L563)
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Spill kits shouldbe kept on hand at all time.9.62 litre Hazchem spill kits can be sourced from
Global Spill Control alittp://www.globalspill.com.au/?gclid=CMTvvokgi CFY JLpgodSBzjwQ

It should be noted that there is approximately 100L of electrolyte in &2 and while any leak
would be unlikely to result in more than a few millilitres of electrolyte escaping, there is potential for
a leak of up to 100L to occur.

RedflonQ2 @ontractedglobal emergency contactan also provide additional details on how to clean
up an electrolyte leak. Contact details are providethe SDS iAppendix F

2.2. ZBMZ2Battery Voltage Hazard

A singlezBM2can have between 0V and 88 C on the battery terminals during operation. The
voltage across the battery terminals will be OV when it is fully discharged and it is not connected to
any other power source. Ségégurellto identify the battery terminals. While theBM2should be

fully discharged (terminal voltage at 0V) during transportation or storage, catkbghtaken in case

the terminals are live.

In addition, there are internal voltages in t@8M2of 141V thatcan reach up to approximately
160V. As aresylll safety guards and covers (seectiord.13) shall always be kept secured on the
ZBMZ2unless it has been denergised and these guards need to be removed for maintenance
purposes.

2.3. ZBMZ2Fire Safety Characteristics

TheZBM2is an inherently low fire risk battery as its electrolyte is #flammable and has many
characteristics of a fire retardant (see Section 5 in the SBSpandix

As a failsafe measure, tEBM2automatically shuts its electrolyte pumps off if it detects a leak. This
LINSE@SYy(Ga FdzNHKSN) St SOGNREEGS FNRBY o60SAYy3a Ayl NRRdALC
battery cannot seksustain an energy dischargévhile there will be a slight increase in temperature,

these measures prevent a therraalnaway situation from occurring.

2.4. ZBMZ2Safety Labels
2.4.1.  ZBM2Label

ThezZBMZ2label is located on top of the electrode stack, near ZizM2terminals Figure3 shows
the ZBM2label and the information it conveys.
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L/ 48VDC Nominal

Barcode

Serial No.: $222A000-LYYMMXXXX

Supplier: RedFlow Limited, 27 Counihan Road, Seventeen Mile Rocks, QLD, 4073, AUSTRALIA

Authorised Representative: Compliance Engineering lreland Ltd, Raystown, Ratoath Road, Ashboume, Co. Meath,
IRELAND

Rated Voltage: 48VDC Nominal (Operational Voltage Range 30-58VDC)

Nominal Rated Maximum Power: Charge - 2.5kW, Discharge - 3kW (continuous)/ SkW (peak)
Nominal Rated Energy Capacity: 10kWh

Maximum Operational Current: 125A

Short Circuit Current: 600A

Mass: 240kg (5301b)
Primary Intended Use: Stationary, energy-storage battery ﬁ

Year of Manufacture: 2018

Refer to the ZBM Installation and Operation Manual: www.redflow.com i é Q é A

$222M020 Rev 2

Figure3: ZBM2label
2.4.2. Hazard_abel
Theelectricalhazardlabelshown inFigure4 is located on

1 thetop of the MMSbhox

9 the top of the Zinc Pump Cover
1 the top of the Bromine Pump Cover
1 on top of theTerminalCollar
Figure4: Hazardlabel
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3. ZBM2 Handling

the upright position

Transportation and lifting devices shall be appropriately rated.
The ZBM2 shall always be dischargeefore transportation
TheZBM2shall never be lifted or manhandled via the battery stack.
Always lift and manhandle th&BM2 from the bottomtank.

9 Green strapping that loops around stack and tank is not to be remove

@ 1 ThezBM2shall always be operated, handled, stored and transported i

= = =

3.1. ZBM2 Weight& Dimensions

830 L x 823 H x 400 W (mm)

Dimension(ZBM2) 32.7 L x 32.4 H x 15.7 W (in)

240 kg (529.1b) ZBM2with electrolyte

Weight (ZBM2) 90 kg (198.4b) ZBM2without electrolyte

1080L x1040H x660W (mm)

Dimensiong(crated) 426 L X410 H x26.0W (in)

320 kg (705.4 |b) Redflow crated ZBiizh electrolyte

Weight ted
eight (crated) 170 kg (374.8 Ib) Redflow crated ZBMizh electrolyte

The ZBM2 is delivered from Redflow in a wooden crdtes crate can be moved using a
appropriatelyrated forklift or palletjack

3.2. Lifting Straps

The ZBM2 is supplied with two lifting straps to enable safe handling BM2 when not in an

enclosureThe straps are rated to handle lifting of a ZBfifled with electrolyte and shable used to

move a ZBM2 in ampright orientation usingnly asuitably ratedifind RS @A OS F2NJ 1 KS %.
weight.

Liftingrequirements

9 Lifting of the ZBM2 shall not be done manually.

1 Any handling of th&BM2shall involve the use of the lifting straps supplied with the
ZBM2with two personnel on hand.

1 Lifting straps shall not be removed from the ZBWhen installed as they will be required
for use in removal of the ZBM

3.3. ZBMZ2CrateRemoval Bbcess
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The ZBM2 is to be removed from its crate using the following procedure:

1. Confirm trat the lifting devica can handle the weight dhe ZBM2 and a crated ZBM2.

2. Remove the 4 bolts at the base of the hesinga 15mm (p Kk N soeket
™ T N

Figure5: Crate bolt points

3. Removehe cratelid with one persoriifting at each end

Figureé6: Lifting crate lid

4. Undo the plastic bag and remove the foam.

Figure7: Plastic bag and foam
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Ensure the two straps are positioned around the sides of an upright ZBM2 (not front to
o O10 FLIWINRPEAYI G$Stf& wmko I Yy RpartsefohestrapLtlyatgo i K S
under the ZBM2 must be located in the recessed section of the ZBM2 to pr&imdage

Figure8: Lifting Srap location

6. Continue with the instructions given in Sectito install and connect the ZBM2.

3.4. Dry ZBM

The ZBMawill in most cases be delivered filled with electrolyteet), but in some casgwia air

freight), the ZBM2 will be deliveredwithout electrolyte. When delivered iy, the electrolytewill be
delivered in separate transport containers. This requires the ZBM2 to be filled with electrolyte prior
to use. Please contact Redflow or the appropriate Systems Integrator for an additional gufue for
procedure.

3.5. Transporting ZBM2s

@ A ZBMzZ2filled with electrolyte, as well as ZBM2that once contained

electrolyte, must be handled, stored and transported as an item with a
Dangerous Goods Classification gfseAppendix For the Safety
Datasheet

ZBM that have never contained electrolyte do not require a Dangerous
Goods rating or similar considerations during handling.

When transporting a ZBR/the following is required:

Pagel8

ZBM2 must be transported in an upright positiam a flat, fullysupported base surface

If not using the original eting, construct crate to handle the weight of the ZBM2 and
securely hold down the ZBM

Transport oZBM2smust also conform to local and/or international regulations.

Where possible, transpoZBM2s in an area that has secondary containment, for example,
a catchment tray or bunding.

Redflow Installation an@peration Manuat; ZBM2
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3.6. Storing ZBM2s

ZBM2s can generally be stored indefinitely in their wet sthtg must always be fully discharged.
Wet ZBM2s are classified as Dangerous Goods Class 8.

In all cases, ZBM2sahbe stored on a flat, stablend fullysupported basesurface in an upright

position. The storage areaalhbe dry and ventilatedglosedcycle airconditioned space arenot

suitable. ZBM2s sitl be stored in areas that do not receive direct sunlight, as ultraviolet rays can
ONBI {R26y (KS %. anQa LRteSGKetSyS O02YLRyYySyiliao
The ambient temperature should adhere to the operating temperatairgge specified ifablel.

It is recommended that secondary containmgesitich as a catchment tray ouiding (not provided
with the ZBM2)s used to reduce the spread of electrolytethe eventof an accidental leak or spill.
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4. ZBM2Components

SeeFigure9, FigurelOandFigurell for the components of the ZB2R/

2 Electrode

823 mm
(32.4in)

Bromine
Electrolyte
Tank

Bromine Pump

Cooling tubes

Zinc Electrolyte Tank

830 mm (32.7 in)

400 mm (5.7 in)

Figure9: ZBM2components(front and side view)
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Catch Can Inlet
Tube

Bromine

Electrolyte Tank

Vv
Viton Tubes
High Pressure
Relief Valve
Low Pressure
Relief Valve
Gas Handling
Units
Ambient
Temperature Sensor
N
) 7N
IR
R
Cooling Fan ﬁ\ ),
-
N )
—

Direcion of airflow
(air flows from back of
ZBM2 through ZBM2
cooling tubes towards

ZBM2 pumps at front
of ZBM2)

Zinc Electrolyte Tank
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Lifting Straps

Figure10: ZBM2components(back and side view)
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Top Caps

ZBM2 Label
(Serial Numbeér

Negative Terminal Loop

Negative Terminals

Positive Terminals <

Positive Terminal Loop

Cooling tubes

Zinc Bromine
Electrolyte Electrolyte
Pump Pump
Catch @n TankLeak
Sensor Slot

Battery Temperature

Sensor (behind catch can, ZBM2Serial Number

(stamped on tank)

Figurell: ZBM2terminal plates andpumps (front sideview)

4.1. Electrode Stack

The ZBM2 has 2 electrode stacks connected in paralitl each stack made up of 30 cells in series.
The top terminal on each stack is the negative terminal and the bottom is the positive terminal. The
socket head capcrews that hold the terminal loops to the stack electrical connections are torqued
to 12Nm (8.9 fiib) and are marked to indicate the péisin of screw relative to the terminal loop for

correct torque. No electrical connections are to be added tosheket head cap scregonnections
seeFigurell.
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4.2. Ekctrolyte Tanks

The ZBM2 has 2 tankike inner tank is referred to as the Bromine tank and the outer tank is
referred to as the Zinc tankThe tank name relates wwhich electode the electrolyte is pumped

into i.e. the Zinc tank electrolyte is pumpeddrihe negativeelectrode side of each cell and the
Bromine tankelectrolyte is pumped into the positive electrode side of each cell. The stored
electrolyte enables electrolyte to be pumped into the stack to continue the chemical reactions
required duringcharging and discharging. The amount of electrolyte is sized to allow the delivery of
10kWh of energy when fully charged.

4.3. Pumps

The ZBM2 has pumiene in each tankand are used to pump the electrolyte into the stack. The
Bromine pump pumps electrolytieom the Bromine tank into the positive electrode side of each
cell. The Zinc pump pumps electrolyte from the Zinc tank into the negative electrode side of each
cell. The pumps are powered from the MMS via cables connected to the base of the MMS. The
cables and MMS are labelled to enable correct connection. The pspeed and opert#on are
controlled by the MMSThe pumps are shown Figurel?2.

7i Bromine

inc € Electrolyte
Electrolyte ” Pump
Pump

Figurel2: ZBM2 pimps

4.4, Catch Can

The catch can is connected to the low pressure relief valve via a catch can tube. Any gas released
from the low pressure relief valve will flow into th€atch Can, whicinaps gases using activated
carbon reducing the concentration of any emissidhat exit the ZBM2 When the ZBM2 is

installed any tape covering the hole shall be removedeFigurel3).
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