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Background  
 

The Australian Government has chosen Ausgrid to lead a $100 million initiative across five sites in 

Newcastle, Sydney and the Upper Hunter regions (see Figure 1). Smart Grid, Smart City creates a 

testing ground for new energy supply technologies.  At least 30,000 households will participate in 

the project over three years.  

The demonstration project gathers information about the benefits and costs of different smart grid 

technologies in an Australian setting. Building a smart grid involves transforming the traditional 

electricity network by adding a chain of new, smart technology. It includes smart sensors, new back-

end IT systems, smart meters and a communications network.  

RedFlow has won the bid to supply 61 energy storage systems (ESS) to Ausgrid for installation in 

Newcastle, Scone and Newington in Sydney.  40 of these were installed in Newcastle in late 2011 

and early 2012, with the other 20 ESS installed in Scone in April 2012.  One ESS has also been 

operational in Newington since 2010 as part of the ongoing Smart Home sub-project.  The 40 

systems in Newcastle have been operating since February 2012 and have been feeding into the grid 

during peak demand periods.  The 20 systems in Scone have been operational since mid-May 2012. 

 
Figure 1: The locations and highlights of the Smart Grid, Smart City Trial [1] 

wŜŘCƭƻǿΩǎ 9{{ ŀǊŜ ōŀǎŜŘ ƻƴ ƛǘǎ ŎƻǊŜ ȊƛƴŎ ōǊƻƳƛŘŜ ƳƻŘǳƭŜ ό½.aύ Ŧƭƻǿ ōŀǘǘŜǊȅ ǘŜŎƘƴƻƭƻƎȅΦ 9ŀŎƘ 9{{ 

contains one ZBM, battery management system (BMS), remote terminal unit (RTU), inverter and 3G 

modem for communications.  All components are housed in a metal enclosure installed near 

customer houses on private property. 

 

40 RedFlow ESS 

20 RedFlow ESS 

1 RedFlow ESS 
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Summary  
 

Increases in both general and peak electricity demand, the integration of intermittent and 

distributed generation, and developments in communications technology have all enabled, as well 

as necessitated a more advanced electricity network.  This moves away from the traditional uni-

directional grid, with central generation and one-way communications.  As such, utilities have seen 

Smart Grids as an answer to the need for greater grid capacity, as well as allowing transmission and 

distribution infrastructure upgrade deferral.  According to the Electric Power Research Institute 

ό9twLύΣ ŀ {ƳŀǊǘ DǊƛŘ άƛƴǘŜƎǊŀǘŜǎ ŀƴŘ ŜƴƘŀƴŎŜǎ ƻǘƘŜǊ necessary elements including traditional 

upgrades and new grid technologies with renewable generation, storage, increased consumer 

ǇŀǊǘƛŎƛǇŀǘƛƻƴΣ ǎŜƴǎƻǊǎΣ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ŀƴŘ ŎƻƳǇǳǘŀǘƛƻƴŀƭ ŀōƛƭƛǘȅέ [2].  

The use of energy storage in Smart Grids can provide utilities with many benefits, including 

improved operational efficiency and increased value of distributed generation, thereby improving 

customer satisfaction [3].  This is done through the time-shifting of electricity from low demand, as 

well as times of high distributed generation output, to high demand times. 

However, despite the many benefits of energy storage, existing proven technologies are either 

inappropriate for Smart Grid applications (in the case of lead acid batteries), or are physically 

impossible to implement on a large scale in a variety of areas (in the case of pumped hydro or 

compressed air energy storage (CAES)).  As such, new and advanced technologies are emerging to 

satisfy this new market.  These must be trialed and tested to ensure that they are both reliable and 

align with the needs of utilities. 

As such, the Australian Government has initiated, and is currently funding the Smart Grid, Smart 

Cities (SGSC) Trial.  It aims to test several hypotheses about many types of Smart Grid technology.  In 

particular, the Trial aims to quantify the following seven benefits of energy storage: 

1. Reduction in peak demand ς energy storage as a cost-effective and reliable alternative to 

network capacity expansion  

2. Improvement in network reliability/voltage/power factor/power quality ς cost-

effectiveness and value of energy storage 

3. Energy supply during peak price events ς net benefit to retail sector 

4. aƛƴƛƳƛǎŀǘƛƻƴ ƻŦ ŎǳǎǘƻƳŜǊǎΩ ŜƴŜǊƎȅ ōƛƭƭǎ ς with innovative tariffs e.g. time of use together 

with energy storage. 

5. Combined benefit between consumer, retail and network sectors 

6. Investigation of large capacity (~1MVA) storage ς extra cost and other benefits compared 

to smaller capacity storage 

7. Intermittent generation support ς optimisation of renewable energy sources value 

RedFlow has been selected as one of several advanced energy storage companies to supply energy 

storage systems (ESS) for the trial to test these seven benefits of energy storage to Smart Grids.  The 

ESS supplied for the Trial by RedFlow are the zinc-bromide module (ZBM)-based R510 model (see 

Appendix B ς R510 Product Brochure).  These systems are rated at 5kW, 10kWh, and comprise one 

ZBM, inverter, 3G modem for communications, battery management system (BMS), remote terminal 

unit (RTU) and other power electronics housed in a metal enclosure (see Figure 8).   
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Figure 2: Components of RedFlow's R510 ESS 

61 R510 ESS have been installed and commissioned on separate residential properties as part of the 

SGSC Trial.  The ESS have been staggered in their installations, with all systems operational since 

mid-aŀȅ нлмнΦ  ¢ƘŜ ƻǇŜǊŀǘƛƻƴŀƭ ǊŜǎǳƭǘǎ ŀƴŘ ōŜƴŜŦƛǘǎ ƻŦ wŜŘCƭƻǿΩǎ ½.a-based ESS were analysed, 

and the lessons learnt presented.  This produced the following key conclusions: 

Á Over the period between 1 March and 31 May 2012, the R510 ESS installed for the SGSC trial 

have outputted a total of 14.334MWh to the grid at an average efficiency of 58.03%.  This is 

shown in the graph below in Figure 12. 

 
Figure 3: Total grid import and export over the trial period with average monthly efficiency 
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Á ¢ƘŜ ǳǎŜ ƻŦ wŜŘCƭƻǿΩǎ 9{{ ǊŜŘǳŎŜǎ ǘƘŜ ǘǊŀŘƛǘƛƻƴŀƭ ǇŜŀƪ ǎŜŜƴ ōȅ ǘƘŜ ƎǊƛŘ ōȅ мл-15% when used 

in a ratio of approximately 1 ESS for 16 customers during cooler months (see Figure 4). 

 
Figure 4: Results from the Melinda Avenue feeder in  Newcastle show a reduction in peak demand of over 15% with the 

use of RedFlow's ESS during traditional peal times 

Á ¢ƘŜ ǳǎŜ ƻŦ wŜŘCƭƻǿΩǎ 9{{ ǘǊŀƴǎŦƻǊƳǎ ǘƘŜ ǘǊŀŘƛǘƛƻƴŀƭ evening peak seen by the grid to a 

trough  when used in a ratio of approximately 1 ESS for 1 customer during cooler months 

(see Figure 5).  

 
Figure 5: Results from the Scone feeder in mid-June show a transformation from peak to trough with the use of 

RedFlow's ESS during traditional peak times 

Á Research and Development already undertaken by RedFlow shows that its kW-scale ESS can 

be scaled up to MW-scale systems (see Figure 6). 
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Figure 6: RedFlow's M90 90kW, 180kWh ESS was installed at the University of Queensland in late May 2012 

Á wŜŘCƭƻǿΩǎ 9{{ ǇŜǊŦƻǊƳ ǿŜƭƭ ǿƘŜƴ ƛƴǘŜƎǊŀǘŜŘ ǿƛǘƘ ƛƴǘŜǊƳƛǘǘŜƴǘ ǎƻƭŀǊ ƎŜƴŜǊŀǘƛƻƴΣ ŀǎ ǿŜƭƭ ŀǎ 

more reliable fuel cell distributed generation  

 
Figure 7: The SGSC trial in Newcastle has integrated  a total of 200kW of solar and 50kW of Blue Gen fuel cell generation 

with 40 RedFlow ESS 
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1  Introduction  
 

Increases in both general and peak electricity demand, the integration of intermittent and 

distributed generation, and developments in communications technology have all enabled, as well 

as necessitated a more advanced electricity network.  This moves away from the traditional uni-

directional grid, with central generation and one-way communications.  As such, utilities have seen 

Smart Grids as an answer to the need for greater grid capacity, as well as allowing transmission and 

distribution infrastructure upgrade deferral.  According to the Electric Power Research Institute 

ό9twLύΣ ŀ {ƳŀǊǘ DǊƛŘ άƛƴǘŜƎǊŀǘŜǎ ŀƴŘ ŜƴƘŀƴŎŜǎ ƻǘƘŜǊ ƴŜŎŜǎǎŀǊȅ ŜƭŜƳŜƴǘǎ including traditional 

upgrades and new grid technologies with renewable generation, storage, increased consumer 

ǇŀǊǘƛŎƛǇŀǘƛƻƴΣ ǎŜƴǎƻǊǎΣ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ŀƴŘ ŎƻƳǇǳǘŀǘƛƻƴŀƭ ŀōƛƭƛǘȅέ [2].  

The use of energy storage in Smart Grids can provide utilities with many benefits, including 

improved operational efficiency and increased value of distributed generation, thereby improving 

customer satisfaction [3].  This is done through the time-shifting of electricity from low demand, as 

well as times of high distributed generation output, to high demand times. 

However, despite the many benefits of energy storage, existing proven technologies are either 

inappropriate for Smart Grid applications (in the case of lead acid batteries), or are physically 

impossible to implement on a large scale in a variety of areas (in the case of pumped hydro or 

compressed air energy storage (CAES)).  As such, new and advanced technologies are emerging to 

satisfy this new market.  These must be trialed and tested to ensure that they are both reliable and 

align with the needs of utilities. 

As such, the Australian Government has initiated, and is currently funding the Smart Grid, Smart 

Cities (SGSC) Trial.  It aims to test several hypotheses about many types of Smart Grid technology.  In 

particular, the Trial aims to quantify the following seven benefits of energy storage: 

8. Reduction in peak demand ς energy storage as a cost-effective and reliable alternative to 

network capacity expansion  

9. Improvement in network reliability/voltage/power factor/power quality ς cost-

effectiveness and value of energy storage 

10. Energy supply during peak price events ς net benefit to retail sector 

11. aƛƴƛƳƛǎŀǘƛƻƴ ƻŦ ŎǳǎǘƻƳŜǊǎΩ ŜƴŜǊƎȅ ōƛƭƭǎ ς with innovative tariffs e.g. time of use together 

with energy storage. 

12. Combined benefit between consumer, retail and network sectors 

13. Investigation of large capacity (~1MVA) storage ς extra cost and other benefits compared 

to smaller capacity storage 

14. Intermittent generation support ς optimisation of renewable energy sources value 

RedFlow has been selected as one of several advanced energy storage companies to supply energy 

storage systems (ESS) for the trial to test these seven benefits of energy storage to Smart Grids.  The 

ESS supplied for the Trial by RedFlow are the zinc-bromide module (ZBM)-based R510 model (see 

Appendix B ς R510 Product Brochure).  These systems are rated at 5kW, 10kWh output, and 

comprise one ZBM, inverter, 3G modem for communications, battery management system (BMS), 

remote terminal unit (RTU) and other power electronics housed in a metal enclosure (see Figure 8). 
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Figure 8: Components of RedFlow's R510 ESS 

61 R510 ESS have been installed (see Figure 9) and commissioned on separate residential properties 

as part of the SGSC Trial.  This includes 40 systems in Newcastle (see Figure 10), which were installed 

throughout late 2011 and early 2012.  All systems were operational by February 2012, and operate 

on four different charge/discharge cycles with the aim of reducing the peak load seen by the grid in 

these suburban areas.  They are also integrated with solar and fuel cell distributed generation. 

 
Figure 9: Installation of an ESS in Newcastle 
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Figure 10: The locations of the RedFlow ESS in Newcastle, with the fuel cell generation connected to each feeder 

Twenty systems were installed in Scone (a map cannot be given for privacy reasons) in early 2012, 

and were operational by May 2012.  These systems are located at fringe-of-grid areas, and are being 

used to test islanding aspects of a Smart Grid, as well as integration with wind turbines.   
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One R510 ESS (see Figure 11) has also been in operation since October 2011 in !ǳǎƎǊƛŘΩǎ {ƳŀǊǘ 

Home, located in the suburb of Newington in Western Sydney.  It was installed as an upgrade to an 

existing RedFlow lead-acid system that was installed in mid-2010, with a ZBM installed in late 2010 

to augment the lead acid storage.  This ESS originally operated on a daily charge/discharge cycle, 

which was followed by a zero import/export from the grid mode with the installation of the R510.  

This has recently been modified to a hybrid cycle including both forced charge/discharge, as well as 

dynamic load following.  

 
Figure 11: The R510 ESS installed at the Smart Home in Newington, Sydney 

¢Ƙƛǎ /ŀǎŜ {ǘǳŘȅ ǇǊƻǾƛŘŜǎ ŀƴ ƻǾŜǊǾƛŜǿ ŀƴŘ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ wŜŘCƭƻǿΩǎ wрмл 9{{ ƛƴ ǘƘŜƛǊ 

Smart Grid applications.  It will cover the period of 1 March to 21 May 2012.  It has been divided into 

the sections of Operation, Results and Lessons Learnt.  Each section addresses the three locations of 

Newcastle, Scone and Newington separately. 

Appendix A contains a list of abbreviations used in this Case Study. 

Appendix B contains a Product Brochure for RŜŘCƭƻǿΩǎ wмлΣ ƻǳǘƭƛƴƛƴƎ ƪŜȅ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ ƻŦ ǘƘŜ 9{{Φ  

Appendix C contains a list of all sites testing energy storage in the SGSC trial (see Appendix D for an 

explanation of schedule profiles). 

Appendix D contains a list of charge and discharge schedule profiles. 

Appendix E contains a large graph of peak reduction data from Newcastle. 
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2 Operation  

2.1 Newcastle 
The 40 R510 ESS installed in Newcastle were located in suburban areas, which generally experiences 

a very high standard of power quality.  However, in relation to the installation of further embedded 

generation (e.g. fuel cells and extra solar panels), the value and capabilities of energy storage in 

meeting these non-traditional challenges to the grid were tested.  

As such, the ESS were set to charge from and discharge into the grid at set times every weekday.  

The ESS did not operate at all (apart from discharging in the early hours of each Saturday) on 

weekends.  This time schedule was varied between four different profiles: Profile A, Profile B, Profile 

C and Profile D (see Appendix D).  10 ESS operated on each profile (see Appendix C1). 

The efficiency and reliability of the R510 ESS in reducing the peak demand seen by the grid was 

tested.  The results of this are presented in Section 3.1. 

 

2.2 Scone 
The 20 R510 ESS installed in Scone were located in fringe of grid areas, which generally experiences a 

lesser standard of power quality than those areas in Newcastle.  As such, the islanding abilities of the 

ESS were tested, as well as their ability to limit peaks seen by the grid. 

The ESS did not operate at all (apart from discharging in the early hours of each Saturday) on 

weekends.  This time schedule was varied between two different profiles: Profile E and Profile F, (see 

Appendix D).  6 ESS operated on Profile E, and 14 ESS operated on Profile F (see Appendix C1). 

 

2.3 Newington  
The R510 ESS installed in Newington is located in a suburban area, which generally experiences a 

very high standard of power quality.  While the ESS at Newington has operated under several types 

of cycles, it is currently operating under Profile G (see Appendix D).  When it is in the load following 

mode, the ESS discharges power to the household load if the generation from the solar panels and 

the fuel cell in insufficient, and charges from any excess generation that exceeds the household load. 

The efficiency and reliability of the R510 ESS in reducing the peak demand of the Smart Home seen 

by the grid was tested.  The results of this are presented in Section 3.3. 
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3 Results 
Over the period between 1 March and 31 May 2012, the R510 ESS installed for the SGSC trial have 

outputted a total of 14.334MWh to the grid at an average efficiency of 58.03%.  This is shown in the 

graph below in Figure 12. 

 
Figure 12: Total grid import and export over the trial period with average monthly efficiency 

 

3.1 Newcastle 

3.1.1 Peak Demand Reduction  
The ESS installed in Newcastle have had significant impact on the peak demand seen by the grid.  

Analysis has shown that during the cooler Autumn months, a ratio of 4 ESS to 65 residential 

customers produced reductions of peak demand seen by the grid during the traditional peak period 

(between the hours of 4pm and 10pm on weeknights) by an average of 5.39% in May.  This is with 4 

ESS operational for most of the month (1 ESS recommenced operation on 10 May after being out of 

service since the start of the month), and therefore a ratio of approximately 1 ESS for 16 customers.  

A typical output curve of the cumulative ESS is shown in Figure 13. 

 
Figure 13: A typical feed-in curve for the 4 ESS on the Melinda Avenue feeder 
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However, the irregularity of this curve results in only very small peak reductions when peaks occur 

around 7pm, or after 9pm.  The variability in peak reduction can be seen in Figure 14. 

 
Figure 14: The reduction in peak demand seen by the grid (4pm-10pm) in May on the Melinda Avenue feeder 

Despite this, the ESS have been capable of achieving peak reduction of about 15% (see Figure 15).  A 

grid peak demand graph for the week of Monday 9 April 2012, showing similar results, is given in 

Appendix E.   

 

Figure 15: Reduction in peak demand seen by the Melinda Avenue feeder during traditional peak times 

However, in this particular area of Newcastle, many homes are fitted with automatic hot water 

systems that are set to charge at 11pm.  As can be seen in Figure 16, this causes a much larger peak 

than that seen during traditional peak periods, when the ESS are discharging into the grid.  

Therefore, while the ESS are effectively reducing the traditional evening peak, they are not 

addressing the actual peaks see by the grid. 
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Figure 16: The peaks caused by automatic hot water systems on the Melinda Avenue feeder 

This highlights the importance of thorough load profiling prior to setting charge/discharge profiles 

for residential ESS aimed at reducing peaks in demand seen by the grid.  In the case of the Newcastle 

ESS involved in the SGSC trial,  this would have raised two main issues.  Firstly, the ESS should be 

discharging between about 11pm and 2am to reduce the true peak caused by the hot water systems.  

Furthermore, the discharge profiles should be more appropriately staggered to achieve a smoother 

collective output curve, that discharges more power during times when the load curve is normally 

highest.  These measures would aid in reducing the peak demand seen by the grid even more than 

the significant reductions already provided by the ESS. 

3.1.2 Reliability   
As the ZBM is still an emerging technology, the reliability of the R510 is an important aspect of 

evaluating its value in Smart Grid applications of energy storage.  As can be seen in Figure 17, the 

vast majority of ZBMs were available for operation throughout the study period, showing that ZBM 

failure is not the main cause for making ESS unavailable. 

 
Figure 17: Availability of ZBMs and ESS in Newcastle 
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