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The search for completely efficient renewable energy sources is becoming a common theme amongst countries throughout the world. It is coming to light that finite resources such as oil, coal and gas are not only damaging the Earth, but they are running out and there is a need for energy sources to be renewable and completely efficient so that it can provide the energy for the growing population. One main concern that academics and engineers are finding is that some renewable energy sources are intermittent, meaning that the gathering of the energy and the output is not 100% efficient. This creates concern and forces countries to continually use finite resources. Therefore, there is a need for a technology which can combat this intermittency and enable renewables to be successful and take over their dying predecessors. 
[bookmark: _Toc515039051]Introduction 
Due to the rising energy issues and the continued need to protect the earth that we live on (Donavan, 2015) there has been an increased need to use renewable energies in order to protect and conserve the landscape. Renewable is “energy derived from natural processes (e.g. sunlight and wind) that are replenished at a faster rate that they are consumed” (IEA, 2018).  Therefore, offering the world with a sustainable energy source that would not deplete. In 2014, renewables made up 24% of electricity generation (C2ES, 2018). However, there could be a reason for why renewable energy consumption is so low. An area of concern for when trying to use renewable resources for energy generation is intermittency (Kosonen, 2018).
Intermittency is the “unplanned unavailability or stoppage of the power sources energy production and variability in output caused by reasons that are uncontrollable” (Kosonen, 2018) causing there to be reduction in power generation, for example, lack of solar energy which effects the amount of energy a solar panel can consume. Intermittency has plagued the use of renewable resources due to the unpredicted amount of energy that can be produced. Due to this, they cannot fulfil the demand of the world’s power grid, especially when it is at its highest (Stram, 2016, as cited in Kosonen, 2018). 
Energy storage has been making its way onto centre stage quite rapidly as it is becoming a way to harness the energy from Solar, Wind and Hydro and keeping it stored so that the population can use it at any time. Energy Storage can come in many forms: battery technology, hydrogen fuels and pumped hydro (Clean Energy Council, 2017). It can be used at residential, commercial or grid scale (Clean Energy Council, 2017) and with rising electricity costs and large-scale coal plants closing, there is a drive to develop and use this type of technology as it can enhance the output levels of wind and solar (Clean Energy Council, 2017). 
Battery Energy storage has become increasingly popular throughout the world, especially in Australia as they are finding ways to store solar and wind energy and produce the energy at a higher output. There is one battery that has been given lot of attention lately and could be a safer, easier way to reduce the intermittency of wind and solar power. Due to the reduction in amount of raw materials for lithium-ion batteries, Australia have been using alternative energy storage batteries such as a flow battery (Knott, 2018) to provide a cleaner storage for energy. 
This report will assess the likely hood of whether the flow battery technology would offer a solid solution for the intermittency problems that Solar and Wind are faced with, as well as, assess the life span of the battery, whether it will be a technology that will be of benefit or will it be very costly to maintain leading to more problems and effectively coming away from the technology. Moreover, it will assess integration and market readiness of the technology. 
[bookmark: _Toc515039052]Why are some renewables intermittent?
It is often said that wind and solar can only produce when the wind is blowing or when the sun is out (Fares, 2015). It has also been said that the power grid cannot withstand the energy that is produced by renewables because it disrupts the conventional methods of the power grid output (fares, 2015), example being, the use of solar panels which can only capture energy during daylight hours (fares,2015), resulting in a plan being made in advance to factor in energy from Solar (Fares, 2015). Therefore, there seems to be a lot of effort to compensate for renewables, an energy source which can be a system disturbance (Bird et al, 2013).
With the lifespan of non-renewable energy reducing rapidly, there is a huge responsibility put on the adaptation of renewables to be as or even better producers of energy than their dirtier competitors. However, renewables are struggling to meet the demand and sometimes are ineffective, for instance, in the winter of 2012, 1.1 million solar power systems in Germany provided little electricity and to recuperate this loss, they had to power up an old oil- fire plant (Der Spiegel, 2012, as cited in Gowrisankaran et al, 2016). 
This is one of the main problems for why some forms of renewable energies are intermittent. Wind and Solar rely on natural forms of stimulus to provide energy, that being direct sunlight and wind for any type of electricity to be produced. However, if these factors are taken away from the equation, the facilities that are there to capture this renewable energy are deemed ineffective and other, more non-renewable measures are used to help aid the demand, provoking the term intermittent as a word to describe some renewable energy sources. 
Intermittency of renewables and the flexibility of fossil-fuelled plants is the reason why there is still a need for use of fossil fuels (Green and Staffell, 2016). With this flexibility in mind, there is a resistance to change from these means due to the unpredictability of renewable energy. Therefore, there needs to be more investment into avenues which combat this issue of intermittency. 
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Energy storage is offering power grids efficient ways of storing energy from sources such as wind and solar to solve the issue of intermittency (Tolk and Rainey, 2015). Energy storage technologies can be used to store the energy that has been collected from renewable sources and they can release that when needed (Bevrani et al., 2017). 
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(Fig.1) a diagram of energy storage technologies (Electropedia, 2005) 


 (Fig.1) shows the different ways of storing energy. At this present time, the most efficient way of retrieving energy and providing efficiency at the same level or at an even better level than fossil fuelled energy is pumped storage. Pumped storage boasts a huge efficiency rate between 75%-85% (Crawley, 2017), providing the world with an energy resource that can sustain the demand. However, pumped storage has one main drawback from all its glamour and excitement. It requires site specific locations (Crawley, 2017) in order for it to work. Therefore, leaving a gap in the market for smaller scaled technologies. 
A more flexible, smaller scale approach to the demand is Battery storage. Battery storage offers high output, less environmental impact when a facility is built and often a safer means as opposed to the safety of a dam and the environmental implications caused by the development (Vaughan and West, 2017). 
Battery storage is the conversion of electrical energy into chemical potential energy when it is stored and then it is converted back into electrical energy (Office of Environment and Heritage, 2016) when needed. Battery storage coupled with solar PV enables businesses to become more self-sufficient and enable them to meet the necessary demands in the periods that solar energy is enable to produce (Office of Environment and Heritage, 2016). Battery storage is offering huge opportunity to tackle intermittency of renewable resources. 
[bookmark: _Toc515039054]Types of Battery storage technologies
There are several types of Battery storage technologies that have come to light, such as, Lead-Acid, Lithium Ion and Flow Batteries. Lead acid Batteries are considered the most established technology (Arup, unknown), they have an existing infrastructure to deal with the end state recycling and can be considered relatively efficient, perfect for car engines (Arup, unknown). However, the downfalls of this type are that it has materials that can be hazardous and could be plagued by high depths of discharge (Arup, unknown). This is a type of technology should be on its way out due to the materials and hazards that it can cause and has somewhat been overtaken in that department by Lithium Ion batteries. 
Lithium Ion batteries are rechargeable batteries consisting of lithium ions that move from negative to positive when discharging and back again when charging (Arup, unknown), it is mostly commonly seen in electric cars (Arup, unknown). They have high levels of efficiency and can withstand more discharge cycles than lead based flow batteries. Although, there a few drawbacks with lithium Ion batteries in that, there are negative effects causes when overcharging and over discharging, they can overheat and can be quite costly (Arup, unknown). Moreover, there are negative impacts of the mining as it is affecting communities and limiting resources (Friends of the Earth, 2013). Therefore, there is potential for this to become a limited technology due to its effect on the environment and limited resources. 
Flow batteries make use of two liquid substances, one positively charged and one negatively charged (Arup, unknown). The electrolytes are stored in separate tanks and pumped when they are needed (Arup, unknown). They are less sensitive to higher discharges, able to withstand more charges and discharges than Lithium Ion (Uhrig et al, 2016), have a huge capacity (Arup, unknown) and provide a safer means of use than its counterparts. The only downfalls of this type of technology is that it has a low energy density, it is not as commercially mature (Arup, unknown) as its others and materials for some flow batteries are costly. Although, this type of battery provides more opportunities for renewable energies and dealing with the integration of it (Arup, unknown).
[bookmark: _Toc515039055]Flow batteries a better solution to intermittency?
Lithium Ion and Acid-lead based batteries have received a lot of research, however, the means to storing renewable energy does not seem to be faring well with these types as the technology is reliant on materials that will shortly run out (Rusch, 2018). 
Flow batteries have been in and around the market since the 1970’s (Shigematsu, 2011), but have received less attention, however, that has recently changed and they are now experiencing an increase in research (Winsberg, 2016). They are mostly being used in Japan (Shigematsu, 2011) and Australia (Knott, 2018).
The process of a flow battery is the liquids are separated by a membrane into two separate tanks reducing the probability of the battery being damaged and needing to be replaced (Kipp, 2017), unlike Lithium Ion batteries which degrade much quicker. With a flow battery, the electrical current produced does not degrade the materials and can provide a longer life span and respond quickly to the energy demand (Kipp, 2017). 
Flow battery technology tests show that it surpasses the cycle times of lithium Ion and it runs longer. When using a flow battery, the period of self-supply increases to 130 hours per year compared to a lithium ion battery (Uhrig, et al, 2016). Thus, outperforming the leading technology in this area. 
Flow batteries have been providing a lot of excitement to members of the storage market. A survey undertaken to assess whether lithium Ion would be the stand-alone technology showed that 46 % of the 500-people surveyed, stated that Flow batteries in the next 5 years would be lithium Ion’s biggest competitor. Only 23 % chose to say that Lithium will remain the main battery storage technology. That is a huge difference, especially since Lithium Ion batteries have been commercialised since 1991 (LeVine, 2015). The possible reason for that could be due to the life expectancy. Lithium Ion batteries have a smaller life expectancy than flow batteries by quite some margin. A typical lithium Ion battery cycle is between 300 and 500 discharge/charge cycles (Battery University, 2018) and a typical flow battery can produce up to 10,000 discharge/charge cycles or 20 years (Battery University, 2016). Therefore, dwarfing the output of its more researched counterpart.
So, in terms of sustainability, flow batteries showcase that they can provide a longer lasting storage device, they are able to produce more over a longer period. Also, due to its nature, flow batteries can be scaled up to meet the needs of the power grid (Gattu, 2016), emphasising the importance that this technology will be better suited to storing energy over a longer period (Gattu, 2016), allowing for it to be the best means of storing intermittent energy that is produced from renewable energies (Gattu, 2016). 
So if that is the case, why are they not the leading technology in the battery storage industry? They offer a device that can last longer so that there will be no need to change them as much as lithium Ion, they have been tested to show they can withstand the pressure of intermittent renewables, the materials that are used for flow batteries are more abundant and less costly (Energy Storage Report, 2017) than lithium Ion materials. However, as with many storage technologies, flow batteries are not without their drawbacks. 
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Flow batteries somewhat lack the same competitive edge as lithium. One of the main drawbacks for the world wide use of a flow battery is that many of the options are less researched and the ones that are out there have high unit costs. The materials for a Vanadium flow battery’s unit cost is higher than lithium Ion and lead (Winsberg et al, 2016). This is causing manufacturers to go with the product which has the most information on it and less cost, nevertheless, there is lot of research going into the cost side of flow batteries as there could be a way of overcoming this drawback. By utilising the vast amount of inexpensive organic materials on the earth and using low-cost membranes, such as an aqueous membrane (Li and Liu, 2017), this will result in the cost of materials plummeting (Winsberg et al, 2016). Thus, tackling this issue, however, it is still within its research stage. 
Another area of concern is energy density (Winsberg, et al, 2016). Flow batteries have around 25 wh/kg (Irizarry, et al 2015) and Lithium Ion ranges from 250 wh/kg to 676 wh/kg (Greenspon, 2017). Therefore, lithium ion provides a much higher energy density. The reason for this is due to the limits of the solubility of the electroactive species (Qi and Koenig, 2017), meaning that the materials used in a flow battery are difficult to dissolve, which then causes the performance to be lower because there is less material to stimulate. However, more research needs to be put into this area because this can be overcome by using materials with a better solubility (Winsberg et al, 2016). 
There have been some advancements in trying to increase the energy density though. Illinois University have been creating big strides in finding a substance or liquid that will enable flow batteries to exceed their current energy density. Their research involved the use of Nano electro fuel which they believe increased the energy density to 600 wh/kg (Argonne National laboratory, 2016). If this is the case, and they are able to create a flow battery with these components and able to market it, this will allow flow batteries to be used in electric vehicles and provide it with a technology which not only has the same energy density as lithium, which is one of its advantages over a flow battery, but it will be a rechargeable battery with no emissions (Qi and Koenig, 2017) and provides the grid with a technology that would be able to handle the intermittency of renewable energy (Gattu, 2016). 

[bookmark: _Toc515039057]Integration and Market Readiness
[image: ]Fig.2 Vanadium flow batteries used to store solar energy, (Sumitomo Electric, 2018)
Vanadium Flow batteries have been integrated into the market for quite some time, and so have Redox-Flow, especially in the larger plants in japan, see (fig. 2 which demonstrates this), however, the main downfalls of the current flow batteries out there now is their energy density and high cost, which makes it hard for them to truly be considered at this moment in time as the stand-alone battery storage model. 
There have been some international agreements between companies such as Sumitomo. Sumitomo have just recently linked with CMI energy in Belgium, which will bring the most advanced Vanadium flow battery to Europe (CMI Energy, 2017). Australia have started to branch out into the zinc-bromine flow battery, which will allow for more residential level storage (Redflow, 2018). It is a more environmentally friendly, recyclable battery that allows for your lights to still be on if a blackout happens, it is tolerant to weather changes and provides a means to sustain your energy throughout the day (Redflow, 2018). Although, many are finding that more research needs to be done in organic and metal flow batteries (Molchanov, 2016) to truly be the saviour against intermittency, which is clearly the case if this type of battery storage would like to compete with lithium Ion on all levels. 
This type of technology could provide so much to facilitate against intermittency, however, projects such as the Nano electro fuels flow battery and the organic battery that the Harvard group produced (Burrows, 2017) are still in their research phases. They are not able to be put on to the market because they are just tests or still in development (Noack et al., 2016) which would need further research and the investment that lithium ion has had. The type of funding being, the amount Tesla has put into lithium ion batteries in electric vehicles. 
Yes, certain flow batteries have been introduced into the market and they can be considered market ready, however, electrolyte costs must fall below the $100/kwh if this is to be more cost efficient than lithium Ion (Noack et al., 2016), which is a target set by The US Energy department to be met by 2020 (Kittner and Kammen, 2018). So, some products which can combat the drawbacks that most of the leading flow batteries out there today have, are still in their development stage and have yet to be marketed. 

[bookmark: _Toc515039058]Conclusion
So, Flow batteries have the components to be the technology that will solve intermittency. It is a battery than can last a long time, it can compete with temperature changes (Redflow, 2018), it can be up scaled to meet the needs of the power grid (Gattu, 2016), its draw backs are currently being investigated and there are have been some pretty exciting research ideas and test completed to show that a flow battery can be a leading technology to solve intermittency of certain renewable energies. 
Theorists and researchers have said that this is the technology that has the greatest potential (Winsberg, 2016) and more favoured (Gattu, 2016) to provide the means of efficient storage and play an important role (Shigematsu, 2011) in the quest for sustainable storage solutions. As previously mentioned, pumped storage is the most efficient at this point in storing and supplying the energy to meet the demand (Barbour, 2015), however, because of its faults in that it is site specific (Crawley, 2017), it does not offer an all-out solution to the problem. Therefore, if funding is provided on the scale of lithium ion batteries then there is no reason why this technology, with the longer lasting life span, quicker response time (Kipp, 2017), is less sensitive to discharges and charges (Uhrig, et al, 2016) and it is better adapted to the grid demands, but also offers safety (Redflow, 2018), could be a technology that is the means to an end of the renewable energy efficiency worries. 
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