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Thank you for purchasing the Redflow ZBM2. 

RedflowΩǎ ZBM2 represents the state-of-the-art in zinc-bromine flow battery technology. 

It is designed as a modular battery to be integrated into electricity storage systems. 

 

For Sales and Technical Support, Redflow can be contacted at: 

 

Redflow Limited 

ABN 49 130 227 271 

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 of Redflow Limited. 
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1. Introduction 
This manual is used for RedflowΩǎ 5/ ŦƭƻǿƛƴƎ ŜƭŜŎǘǊƻƭȅǘŜ battery product, the Zinc-Bromine Module 2 

(ZBM2ύΦ  Lǘ ǇǊƻǾƛŘŜǎ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǘƘƛǎ ōŀǘǘŜǊȅΩǎ ƛƴǎǘŀƭƭŀǘƛƻƴΣ ƻǇŜǊŀǘƛƻƴ ŀƴŘ ƳŀƛƴǘŜƴŀƴŎŜ for 

nominal 48VDC systems.  Installation of the ZBM2 is to be done by trained installers. 

 

1.1. About the ZBM2 
RedflowΩǎ ZBM2 is a fully DC modular flow battery with in-built intelligence. With appropriate 

ancillary circuitry, multiple ZBM2s can be connected together in parallel.  

The ZBM2 is ideally suited to deep cycling and long cycle life energy storage applications requiring 

multiple hours of discharge on a daily basis. It can operate to 100% discharge or partial depths of 

discharge without a reduction in operating life. 

ZBM2 main components: 

¶ Tanks (including electrolyte) 

¶ Electrode Stacks 

¶ Module Management System (MMS) 

¶ Analog Loom 

¶ Pumps (Zinc and Bromine) 

¶ Cooling Fan 

¶ Cooling Tubes 

¶ Gas Handling Units 

Battery operation is controlled and managed by the internals of the MMS. Operation of ZBM2s must 

be kept within the boundaries of the operating envelope set out in Table 1 to ensure correct 

operation and also to comply with warranty conditions. It should be noted that in applications where 

one ZBM2 would not be able to remain within the operating envelope, adding another ZBM2 may 

bring the performance of each ZBM2 back within the envelope. 

  



 

Page 9  Redflow Installation and Operation Manual ς ZBM2 
  Document ID: IMRFS22 | Version:  2.9 
  2018 | Redflow Limited | All Rights Reserved 

Table 1: ZBM2 Electrical Operating Envelope 

Power Range  
0kW to 2.5kW during charge  

0kW to 3kW continuous during discharge (5kW peak for up to 40 minutes) 

Note: Refer to Section 9.4.3 for more information about peak power. 

Net Energy Range  0kWh (0% SOC) to 10kWh (100% SOC)  

DC Voltage Operating Range  36 to 58V DC  

Absolute Voltage Range  
32 to 70V DC  

Note: ZBM2 terminal voltage = 0V on initial start-up & after maintenance cycles 

Quiescent Current Draw  1.5A DC maximum @ 40V DC  

Auxiliary Power  180W maximum @ 32V DC minimum  

Circuit Protection Maximum rating of 125A 

Operating Battery Temperature Range  
10 to 50 °C (50 to 122 °F)  Charging 

15 to 50 °C (59 to 122 °F)  Discharging 

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

Self-Maintenance Cycle Frequency  
Typically at least once every 72 hours of zinc pump operation.  

Users must not override ZBM2 internal automatic self-maintenance procedures. 

Net Energy Efficiency 80% DC-DC maximum 

Minimum Energy Efficiency 
Performance Requirement  68.0% gross (energy out/energy in) for Standard Cycle described in Appendix E. 

EMC Compliance Emissions: EN61000-6-3:2007; Immunity: EN61000-4-2, 3, 4, 5, 6:2007 

Approvals 

CE ό! ŎƻǇȅ ƻŦ ǘƘŜ 9/ 5ŜŎƭŀǊŀǘƛƻƴ ƻŦ /ƻƴŦƻǊƳƛǘȅ ƛǎ ŀǾŀƛƭŀōƭŜ ƻƴ wŜŘŦƭƻǿΩǎ ǿŜōǎƛǘŜ 
and is attached in Appendix B.) 

RCM  

 

It should be noted that any voltage exceeding the absolute maximum voltage specified in Table 1 will 

damage the electronics in the MMS if connected to the ZBM2. 

The physical and communications characteristics of the ZBM2 can be found in Table 2. 
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Table 2: ZBM2 Physical and Communications Characteristics 

Dimensions (ZBM2) 
830 L x 823 H x 400 W (mm)  

32.7 L x 32.4 H x 15.7 W (in)  

Weight (ZBM2) 
240 kg (529.1 lb) ZBM2 with electrolyte  

90 kg (198.4 lb) ZBM2 without electrolyte  

Dimensions (crated) 
1080 L x 1040 H x 660 W (mm)  

42.6 L x 41.0 H x 26.0 W (in) 

Weight (crated) 
320 kg (705.4 lb) Redflow crated ZBM2 with electrolyte 

170 kg (374.8 lb) Redflow crated ZBM2 with electrolyte 

Stability (Maximum Tilt Angles) 

(see Figure 9 for orientations) 

Sideways (left/right): 25° 

Lengthways (front/back): 45° 

Diagonally: 45° 

Electrolyte Volume  100 L (26 US Gal)  

Module Geometry  Two parallel stacks of 30 cells  

Dangerous Goods Class  DG Class 8 for electrolyte or ZBM2s containing any trace of electrolyte  

Orientation  
The ZBM2 must be kept in an upright position (orientation shown in Figure 9) at all 
times of operation, storage, handling and transportation  

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

Operating Conditions  Stationery applications on flat, level, fully-supported base surfaces only  

Ventilation  
The ZBM2 must be adequately ventilated with minimum airflow of 50L/s (180 m

3
/h) 

per ZBM2 not opposing the direction of ZBM2 cooling fan airflow  

Humidity Conditions 5%-95% humidity, non-condensing 

Explosive Environments The ZBM2 is not intended for use in explosive environments 

ZBM2 Bus Terminal Connection 
Positive:   8mm (approx. 5/16 inch) eyelet 

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

ZBM2 Bus Terminal Torque  10 Nm (7.4 ft-lb) (applies to fasteners fitted to MMS studs) 

Communications RS-485 MODBUS RTU 
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2. ZBM2 Safety 
 

 

The following general safety rules apply for any operation of the ZBM2 batteries. 

¶ Use tools with suitably rate insulated handles to make connections. 

¶ No smoking near ZBMs. 

¶ Check that cable connections between the ZBM2 and the rest of the Energy Storage System 

are tightened to the recommended torque value in Table 2, and torqued nuts and MMS are 

marked. 

¶ Check DC cabling polarity to the ZBM2 is correct prior to powering the system up. 

¶ Even when disconnected, a ZBM2 battery can remain charged and have voltage on the 

battery terminals. 

There are also four main areas of safety specifically relevant to the ZBM2 battery. 

¶ Electrolyte characteristics 

¶ ZBM2 battery voltage 

¶ ZBM2 fire safety characteristics 

¶ ZBM2 safety labelling 

These are explained in detail in the sections below. 

 

2.1. Electrolyte Characteristics 

 

The Redflow ZBM2 is a flowing electrolyte battery containing approximately 100L (26gal) of water-

based zinc-bromide electrolyte. 

The ZBM2 electrolyte is an aqueous (water-based) solution of zinc-bromide salt including additional 

supporting salts and complexing agents. 

The electrochemical process of charging a ZBM2 battery 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 separate dense Bromine Complex phase. 

Electrolyte is yellow to orange in colour, while the Bromine Complex phase is dark red (see Figure 1). 

This complex phase has a higher density and readily separates (sinks) from the aqueous electrolyte 

ǇƘŀǎŜ ŀƴŘ Ŏŀƴ ōŜ ŘŜǎŎǊƛōŜŘ ŀǎ άƻƛƭ-ƭƛƪŜέΦ 

All low voltage (LV) wiring must be performed by licensed electrical 
personnel who are responsible for ensuring that all local and government 
regulations and standards are complied with. 
 

 

Ensure local government regulations and standards are complied with 

when working with ZBM2 electrolyte.   
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Figure 1: Electrolyte phase and bromine complex phase 

 

The Safety Datasheet (SDS) is included in Appendix F of this manual. 

2.1.1. Bromide and Bromine Complex 
ZBM2 electrolyte contains Bromine ions, 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 aqueous electrolyte at very low levels, 

of approximately 0.04 mol/L.  MEP also reduces the vapour pressure of Bromine above the liquid to 

levels well below that of pure bromine.   

Figure 2 shows the significantly lower vapour pressures of bromine complex (with 1500g/l of 

Bromine) and charged aqueous electrolyte (with 15g/l of Bromine), compared to pure Bromine. 

 

Figure 2: Vapour pressures for charged bromine complex, battery electrolyte and pure bromine 

Studies of both small and large leaks of Bromine complex have shown that the concentration of 

Bromine evaporation in the air is well below the safe long-term 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: 

Personnel responsible for handling the ZBM2Ωǎ ŜƭŜŎǘǊƻƭȅǘŜΣ ƛƴŎƭǳŘƛƴƎ ǿƘŜƴ 
cleaning up an electrolyte spill, must be aware of the content of these 
Safety Datasheets and the following safety information.   
 

Dark red complex 

Yellow electrolyte 
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¶ Easy to detect early via its chlorine-like smell 

¶ Easy to neutralize (e.g. with sodium bicarbonate or ammonia) 

¶ 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 involved in opening a ZBM2 to fill it with electrolyte, clean up an electrolyte spill, or 

empty electrolyte from a ZBM2, must wear the appropriate Personal Protective Equipment (PPE) 

(refer to Section 2.1.4).  

Bromine has a chlorine-like smell and if this is detected, operation of the ZBM2 should be ceased 

and the user should investigate whether there are any electrolyte leaks. 

2.1.2. Gas Emissions 
Low levels of gas may be emitted during operation of the ZBM2 via the ZBM2Ωǎ low pressure relief 

valve. This gas is automatically diverted to the ZBM2Ωǎ /ŀǘŎƘ /ŀƴΣ ǿƘƛŎƘ traps gases using activated 

carbon, reducing the concentration of any emissions that exit the ZBM2. Regardless, energy storage 

systems containing ZBM2s shall be located in areas designed to ensure adequate ventilation.  Refer 

to Section 9.2.3 for more information about ventilation requirements. Standards such as AS4086.2 

(Section 2.7) also provide guidelines about battery room ventilation. 

2.1.3. Electrolyte Leaks 
The presence of liquid electrolyte in the ZBM2 means that there is potential for a spill to occur.  Any 

electrolyte leak or spill shall be cleaned up in accordance with Appendix C. 

 

It should be noted that the ZBM2Ωǎ ƻǿƴ ŜƭŜŎǘǊƻƭȅǘŜ ǘŀƴƪǎ ŀǊŜ ŀōƭŜ ǘƻ ǎǘƻǊŜ ŀ ǎƳŀƭƭ ŀƳƻǳƴǘ ƻŦ 

electrolyte in the case of a minor leak.  However, to prevent electrolyte spillage during major leaks, 

readily available polyethylene-lined containers 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 or cleaning up an 

electrolyte leak.  

Respirator: Moldex half-face pre-assembled respirator with multi-gas/vapour cartridges 

(available from Protector Alsafe (www.protectoralsafe.com.au), product 

code 8602A, part number 0109 0268) 

Goggles:  Bollé Blast Duo goggles (available from Protector Alsafe, product code 

1669211, part number 0708 2904) 

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

part number 0784 1563) 

 

Spills and leaks of ZBM2 electrolyte shall be cleaned up immediately, where 
possible.  

http://www.protectoralsafe.com.au/
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Spill kits should be kept on hand at all times, e.g. 62 litre Hazchem spill kits can be sourced from 

Global Spill Control at: http://www.globalspill.com.au/?gclid=CMTvvobp-64CFYJLpgodSBzjwQ.  

It should be noted that there is approximately 100L of electrolyte in each ZBM2, 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. 

RedflowΩǎ contracted global emergency contact can also provide additional details on how to clean 

up an electrolyte leak. Contact details are provided in the SDS in Appendix F. 

 

2.2. ZBM2 Battery Voltage Hazard 
A single ZBM2 can have between 0V and 58V DC on the battery terminals during operation.  The 

voltage across the battery terminals will be 0V when it is fully discharged and it is not connected to 

any other power source.  See Figure 11 to identify the battery terminals.  While the ZBM2 should be 

fully discharged (terminal voltage at 0V) during transportation or storage, care shall be taken in case 

the terminals are live. 

In addition, there are internal voltages in the ZBM2 of 141V that can reach up to approximately 

160V.  As a result, all safety guards and covers (see Section 4.13) shall always be kept secured on the 

ZBM2 unless it has been de-energised and these guards need to be removed for maintenance 

purposes. 

 

2.3. ZBM2 Fire Safety Characteristics 
The ZBM2 is an inherently low fire risk battery as its electrolyte is non-flammable and has many 

characteristics of a fire retardant (see Section 5 in the SDS in Appendix F).  

As a failsafe measure, the ZBM2 automatically shuts its electrolyte pumps off if it detects a leak. This 

ǇǊŜǾŜƴǘǎ ŦǳǊǘƘŜǊ ŜƭŜŎǘǊƻƭȅǘŜ ŦǊƻƳ ōŜƛƴƎ ƛƴǘǊƻŘǳŎŜŘ ƛƴǘƻ ǘƘŜ ōŀǘǘŜǊȅΩǎ ǎǘŀŎƪΦ  ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ 

battery cannot self-sustain an energy discharge.  While there will be a slight increase in temperature, 

these measures prevent a thermal-runaway situation from occurring.   

 

2.4. ZBM2 Safety Labels 

2.4.1. ZBM2 Label 
The ZBM2 label is located on top of the electrode stack, near the ZBM2 terminals.  Figure 3 shows 

the ZBM2 label and the information it conveys. 

 

http://www.globalspill.com.au/?gclid=CMTvvobp-64CFYJLpgodSBzjwQ
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Figure 3: ZBM2 label 

2.4.2. Hazard Label 
The electrical hazard label shown in Figure 4 is located on: 

¶ the top of the MMS box 

¶ the top of the Zinc Pump Cover 

¶ the top of the Bromine Pump Cover 

¶ on top of the Terminal Collar 

 

Figure 4: Hazard label  
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3. ZBM2 Handling 
 

 

 

3.1. ZBM2 Weights & Dimensions 

Dimensions (ZBM2) 
830 L x 823 H x 400 W (mm)  

32.7 L x 32.4 H x 15.7 W (in)  

Weight (ZBM2) 
240 kg (529.1 lb) ZBM2 with electrolyte  

90 kg (198.4 lb) ZBM2 without electrolyte  

Dimensions (crated) 
1080 L x 1040 H x 660 W (mm)  

42.6 L x 41.0 H x 26.0 W (in) 

Weight (crated) 
320 kg (705.4 lb) Redflow crated ZBM2 with electrolyte 

170 kg (374.8 lb) Redflow crated ZBM2 with electrolyte 

 

The ZBM2 is delivered from Redflow in a wooden crate.  The crate can be moved using an 

appropriately rated forklift or pallet jack.  

 

3.2. Lifting Straps 
The ZBM2 is supplied with two lifting straps to enable safe handling of a ZBM2 when not in an 

enclosure. The straps are rated to handle lifting of a ZBM2 filled with electrolyte and shall be used to 

move a ZBM2 in an upright orientation using only a suitably rated liftinƎ ŘŜǾƛŎŜ ŦƻǊ ǘƘŜ ½.aнΩǎ 

weight.  

Lifting requirements: 

¶ Lifting of the ZBM2 shall not be done manually. 

¶ Any handling of the ZBM2 shall involve the use of the 2 lifting straps supplied with the 

ZBM2 with two personnel on hand. 

¶ Lifting straps shall not be removed from the ZBM2 when installed as they will be required 

for use in removal of the ZBM2. 

 

3.3. ZBM2 Crate Removal Process 

¶ The ZBM2 shall always be operated, handled, stored and transported in 
the upright position.  

¶ Transportation and lifting devices shall be appropriately rated.  

¶ The ZBM2 shall always be discharged before transportation 

¶ The ZBM2 shall never be lifted or manhandled via the battery stack. 
Always lift and manhandle the ZBM2 from the bottom tank. 

¶ Green strapping that loops around stack and tank is not to be removed. 
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The ZBM2 is to be removed from its crate using the following procedure: 

1. Confirm that the lifting devices can handle the weight of the ZBM2 and a crated ZBM2. 

2. Remove the 4 bolts at the base of the box using a 15mm (фκмсέ) socket. 

 

Figure 5: Crate bolt points 

3. Remove the crate lid with one person lifting at each end. 

 

Figure 6: Lifting crate lid 

4. Undo the plastic bag and remove the foam. 

 

Figure 7: Plastic bag and foam 
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5. Ensure the two straps are positioned around the sides of an upright ZBM2 (not front to 

ōŀŎƪύ ŀǇǇǊƻȄƛƳŀǘŜƭȅ мκо ŀƴŘ нκо ŀƭƻƴƎ ǘƘŜ ½.aнΩǎ ƭƻƴƎ ǎƛŘŜΦ ¢ƘŜ parts of the straps that go 

under the ZBM2 must be located in the recessed section of the ZBM2 to prevent slippage. 

 

Figure 8: Lifting Strap location 

6. Continue with the instructions given in Section 5 to install and connect the ZBM2. 

 

3.4. Dry ZBMs  
The ZBM2 will in most cases be delivered filled with electrolyte (wet), but in some cases (via air 

freight), the ZBM2 will be delivered without electrolyte. When delivered dry, the electrolyte will 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 guide for this 

procedure. 

 

3.5. Transporting ZBM2s 

 

When transporting a ZBM2, the following is required: 

¶ ZBM2 must be transported in an upright position on a flat, fully-supported base surface. 

¶ If not using the original crating, construct a crate to handle the weight of the ZBM2 and 

securely hold down the ZBM2.  

¶ Transport of ZBM2s must also conform to local and/or international regulations.  

¶ Where possible, transport ZBM2s in an area that has secondary containment, for example, 

a catchment tray or bunding. 

A ZBM2 filled with electrolyte, as well as a ZBM2 that once contained 
electrolyte, must be handled, stored and transported as an item with a 
Dangerous Goods Classification of 8, see Appendix F for the Safety 
Datasheet. 
  
ZBM2s that have never contained electrolyte do not require a Dangerous 
Goods rating or similar considerations during handling. 
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3.6. Storing ZBM2s 
ZBM2s can generally be stored indefinitely in their wet state, but must always be fully discharged.  

Wet ZBM2s are classified as Dangerous Goods Class 8. 

In all cases, ZBM2s shall be stored on a flat, stable and fully-supported base surface in an upright 

position. The storage area shall be dry and ventilated; closed cycle air-conditioned spaces are not 

suitable.  ZBM2s shall be stored in areas that do not receive direct sunlight, as ultraviolet rays can 

ōǊŜŀƪŘƻǿƴ ǘƘŜ ½.aнΩǎ ǇƻƭȅŜǘƘȅƭŜƴŜ ŎƻƳǇƻƴŜƴǘǎΦ  

The ambient temperature should adhere to the operating temperature range specified in Table 1.  

It is recommended that secondary containment, such as a catchment tray or bunding (not provided 

with the ZBM2) is used to reduce the spread of electrolyte in the event of an accidental leak or spill. 
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4. ZBM2 Components 
See Figure 9, Figure 10 and Figure 11 for the components of the ZBM2. 

 

Figure 9: ZBM2 components (front and side view) 
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Figure 10: ZBM2 components (back and side view) 
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Figure 11: ZBM2 terminal plates and pumps (front side view) 

 

4.1. Electrode Stack 
The ZBM2 has 2 electrode stacks connected in parallel, with 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 cap screws that hold the terminal loops to the stack electrical connections are torqued 

to 12Nm (8.9 ft-lb) and are marked to indicate the position of screw relative to the terminal loop for 

correct torque. No electrical connections are to be added to the socket head cap screw connections, 

see Figure 11. 
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4.2. Electrolyte Tanks 
The ZBM2 has 2 tanks; the inner tank is referred to as the Bromine tank and the outer tank is 

referred to as the Zinc tank.  The tank name relates to which electrode the electrolyte is pumped 

into i.e. the Zinc tank electrolyte is pumped into the negative electrode side of each cell and the 

Bromine tank electrolyte 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 during charging 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 pumps (one in each tank) and are used to pump the electrolyte into the stack. The 

Bromine pump pumps electrolyte from 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 pumpsΩ speed and operation are 

controlled by the MMS.  The pumps are shown in Figure 12. 

 

Figure 12: ZBM2 pumps 

 

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 the Catch Can, which traps gases using activated 

carbon, reducing the concentration of any emissions that exit the ZBM2.  When the ZBM2 is 

installed, any tape covering the hole shall be removed (see Figure 13). 
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