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Overview

Currently there are a range of battery storage options coming on to the market to support the deployment of renewable energy. Solar and wind, being the most technologically mature options have a poor perception with transmission and distribution companies due to intermittency of supply. This is seeing the energy storage sector bringing a range of technologies into the commercialisation phase of the innovation path.
For most major renewable energy projects being considered within distribution networks, storage options are becoming almost a necessity to obtain network connection agreements. Whilst some of the newer technologies are showing promising results, are there advantages for early adopters given that costs will fall as they reach larger production levels.
Battery technology is also influenced by the intended use with some technologies better at smoothing out power quality issues whilst others better for longer term energy storage. New technologies are being developed on a commercial scale with the market also expecting significant cost reductions. This study focuses on the storage options available and why the expected results from using storage are important in technology choice and the economic value that storage may provide to renewable energy generators. 
Finally we must consider that most energy projects have long development lead times and expectations in relation to system costs at the time of deployment will also figure in technology choice, but that technology must be able to best meet the needs of that particular site and provide economic benefits to the network.
Whilst the current research has produced theoretical results, these will be field tested with the results analysed to compare expectations with actual results and identify those areas where future comparative technology analysis should focus.
Methodology
As part of the Australian Federal Government Solar Flagships Project, a dedicated 3.25MW solar PV array is to be constructed at The University of Queensland’s Gatton Campus. The project will incorporate battery storage on both the AC and DC side of the array and will look at utilising at least three different types of technology. A study was undertaken to decide which technologies should be deployed taking into account the research questions that distribution network service providers want resolved and the economic value to the network that the solution may provide.
With a wide range of technologies available, a select number of suppliers were selected and technical specifications supplied in relation to the anticipated solar system generation inputs and proposed storage requirements. Discussions in relation to battery use to meet power system quality (smoothing) and shifting load to meet peak demand were held to determine suitability.
The life cycle of the various technologies also differs considerably; therefore we have used our levelised cost model to determine which technology provides the best solution for the proposed operating conditions. This is particularly relevant when looking at power system quality issues as the battery is in a current state of charge and discharge.
The proposed battery storage sites adjacent to the PV array were designed so the batteries could be ‘dropped in’ with all balance of systems being identical for all systems. Similar research programs will be undertaken on all systems at the same time providing comparison between technologies for different network solutions.

With many aging networks struggling to handle the two flow of electricity that distributed generation is now providing, the ability of storage to defer network upgrade costs can provide significant economic benefits to the distribution network service providers. These costs are being blamed for recent double digit price rises in retail electricity costs with storage considered an acceptable trade-off.
Results

Initial studies show (for example) that flow batteries will provide better results for deep storage, whilst lithium ion batteries are best for power systems quality. Cost differentials between the two will become closer due to technology learnings as deployment levels increase, noting that short term storage is currently much less than long term storage options. The technology range is developing and further research is required on some of the newer variations.
Depending on individual network requirements, technology choice may be more dependent on meeting network solutions, whilst in less critical situations the cost of deployment will be the deciding factor. The results from the modelling undertaken to date will be supported by actual field test results providing a range of options for generators and network operators alike. 
Conclusions

The commercial storage options available are increasing at an exponential rate but specific technologies have identifiable advantages and the problem is matching that benefit with network expectation and economic advantage. To date distribution network service providers have a belief that large amounts of intermittent renewable generation will have adverse effects on the network, but battery storage has the ability to overcome these problems.
Battery storage options have more technology choices than most renewable generation technologies, but matching network needs with available technology and providing an economic benefit to the network operators will be an on-going issue over the next decade. The development of analysis tools will continue to be developed as new technology options continue through the innovation cycle and the level of intermittent renewable energy generation is deployed on distribution networks.
This research whilst only providing theoretical results to date will allow for comparison with actual data from a range of deployed technologies and will provide a basis for future evaluation of storage options.
