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1.0 Introduction

Climate change has become a major issue across all countries of the world with most researchers agreeing that the problem is mostly anthropogenic (NASA, no date; IPCC, 2007). It is predicted that temperatures will continuously rise , and will cause social, environmental and economic damage throughout the globe.. With this increased rate  in climate change, more importance is being placed on the reduction of emissions of green house gases and use of fossil fuels.
The most widely accepted way of reducing these emissions is through the research and development of renewable resources. Renewable resources are 
any natural resource that can replenish itself naturally over time (www.dictionary.com, n.d.); these include wind, solar and hydro power.

Renewable resources have many advantages; the main benefit is the fact that, long term, there will always be wind and sun that can produce green energy which therefore reduces the need to burn fossil fuels. However, it also comes with its disadvantages, one of which is the intermittency of the power generated. ‘Unlike conventional power plants, wind, solar, and other renewable sources are intermittent because they generate electrical power according to the time and climatic availability of the resources’ (Alotto, Guarnieri and Motto, 2014)’. 
What can be agreed is that wind and sun are infinite resources but there are factors that effect their efficiency in power generation.

This report will give a brief background around the need for renewable resources and the problems that they face. The main objective is to discuss the ways in which intermittency of power supply is being addressed by companies and governments, therefore this report will focus on one technology and one step, these will be Redox Flow Batteries and Micro-grids.


2.0 Background

What is agreed by most is that with an increase in Co2 and other gas levels, comes an increase in temperature due to the greenhouse effect. Evidence shows that the industrial revolution was the key event that caused a constant increase in green house gas emissions and that Co2 levels have increased by 45% and have never been higher. Therefore the principle factor in the increased levels GHG is human activity. 
(Climate Change: Vital Signs of the Planet, n.d.), (Committee on Climate Change, n.d.), (carbonfootprint, n.d.)







The evidence regarding anthropogenic causes of climate change and global warming sparked political engagement in different forms and although the IPCC and other organisations have produced different reports highlighting this, it was not until 1992 that it became a topic at a political level. The Earth Summit in Rio provided aims in the form of the United Nation Convention on Climate Change, its objective was to ensure greenhouse gases were at a level that would prevent serious damage to the climate (United Nations, 1992)
What was apparent though was that the agreements were not legally binding and there were no consequences if the levels were not met. This changed with the widely accepted Kyoto Protocol 1997, which established legally binding aims for developed countries. Since 1997, there have been different attempts at curbing the emissions of green house gases, with the most recent being in the Paris Agreement 2015 (Unfccc.int, 2015) where countries again, agreed to tackle their own emissions.
The transition towards a society that is 100% green and sustainable will be difficult, but the next section highlights two ways that will benefit it.


3.0 Flow battery storage

Redox Flow Batteries (RFB) were first developed in the 1970’s in the USA and since then it has grown in popularity over the world (Savinell, 2012)

3.1 How they work

Flow batteries use two separate liquids that contain electroactive elements that have been dissolved in solution.  A membrane that has been specially designed, allows the movement of ions through the cell but stops the mixing of the two solutions. An electrochemical cell is found In between these two liquids and enables the extraction of stored chemical energy to be used as electricity. (Rodriguez, 2015)


3.2 Advantages and Disadvantages

Redox Flow Batteries provide an efficient alternative to other forms of battery storage like Lithium- ion battery storage, however there are advantages and disadvantages to the technology.

The main advantage of RFB is that power conversion is separate from storage. Therefore allows for independent power and energy sizing, meaning the storage capacity can be endless (Alotto, Guarnieri and Moro, 2014).  
A key factor in Redox Flow Battery storage is that if an increase in capacity is needed, all that needs to be added is more liquid. Mearian (2017) quotes Dean Frankel  who believes that this gives the RFB a competitive advantage against competitors like Lithium Ion Batteries which require additional battery units in order to increase capacity 
When installed, RFB are an environmentally friendly alternative to the contemporary Li-ion batteries. A report by the U.S. Environmental Protection Agency’s Design for the Environment believes that, due to the use of nickel and other materials, Li-Ion batteries are likely to have a high environmental impact. (Epa.gov, 2013)

Therefore, in terms of applicability, commercially the RFB would fair better due to the less amount of space needed to upgrade the facility when compared to Li-ion batteries but when it comes to residential, the RFB systems are far too big to be applied whereas the Li-Ion batteries already being applied.
It is believed that second generation systems that are in development will provide improved power but far more research and development is needed in order for it to be incorporated into smart grid (Alotto, Guarnieri and Moro, 2014)

A disadvantage of RFB is that they are unable to be used for moving transport eg for use in vehicles; which is where lithium ion batteries have the upper hand. Although with increased development, the system can be reduced in order to provide a more effective energy storage within vehicles. It is also important to keep the solution at a regulated temperature, between 15C and 35C to reduce solution precipitation which would be difficult in vehicles (Alotto,Guarnieri and Motto, 2014) 


3.3 Market comparison with Li-ion Batteries

Redox Flow Batteries are fairly new to the competitive market when compared with Lithium Ion Batteries (Li-ion Batteries) which are the main competitor. In the United States, Li-Ion accounted for more than  96% of newly installed capacity in 2015. (Burger, n.d.)  Therefore, the market for battery storage in the US can be penetrated fairly easy due to there being only one real competitor; produce more efficient batteries than your competitor and you will control a vast majority of the market.


3.4 Case Study: The Olde House in Cornwall, south west England (The Olde House, n.d) 

The 1MWh system is believed to the largest operating containerised vanadium redox flow machine system in the UK (as of 2017). The system aims to store the excess solar generation produced by the farm in order for the use during peak times in the evening, this will have a number of benefits; reduced reliance on the national power grid, which will ease pressure on the grid;  less reliance on fossil fuels which will benefit the environment; and increased savings from using less power from the national grid. 
The storage was a project installed in order to add more business to the micro-grid in order to create an energy market where the contributors can buy and sell energy both locally and to the national grid.

From the information provided, it can be agreed that RFB provide an efficient, cleaner way of storing energy that can rival the Lithium-Ion batteries. However, corporations and governments need to place more importance on the use of energy storage in general in order to reduce the intermittency of renewable resources and, in turn, reduce dependence on fossil fuels. 
In order to fully utilise the RFB, advancements need to be made in the size of the equipment in order to enable its public use as opposed to only being used for commercial purposes. 
As with most recent technology, the price of the equipment is expensive, but with developments and competition with other battery storage, prices will reduce in time. Equally, governments could encourage the installation of systems by providing green grants, similar to the previous grants for domestic solar panels which have now been cut.

4.0 Micro-Grids

Technology will play a massive role in combatting the intermittency in power that nations face from certain renewable energy, however, technology cannot be solely depended on. Different technologies must work in collaboration with each other in order to provide an energy system that is able to cope with power demand through the use of clean energy. One method that is being considered, and the method that will l be discussed in this report are micro-grids.

Before the power grid was established in the US, Thomas Edison created a ‘micro-grid’ in New York using a power plant in 1882. Since then, the concept has evolved into a highly technical and highly useful system for energy production, storage and distribution.

 A simplified definition of a Micro-grid is:

‘ a local energy grid with control capability, which means it can disconnect from the traditional grid and operate autonomously.’ (Energy.gov, 2014)
  
A report by Scott (2016) states that a micro-grid could be anything from village; commercial estate; hospital or university campus. It is possible to create an area that is able to operate with and without the local energy grid but these are not regarded as micro-grids.	Figure 2 shows a simplified micro grid, the main point it shows is that connection to the utility grid can be altered and yet power can be sustained through the use of power generation and battery storage. A micro-grid can also transfer surplus power back to the grid in order to cope with local or national demands.

[image: ]



4.1 Positives and Negatives of Micro-grids

The main positive of micro-grids is that it can be used independently or in unison with the electric grid. This reduces the chance of blackouts significantly but can also help in the event of natural disasters disrupting power supplies. This increases the reliability of energy supply to customers but also increases the efficiency through less loss from lengthy transmission.

The issue of intermittency with renewable resources can be reduced or even eradicated through the use of micro-grids. This is achieved through the generation and storage of local electricity but also the fact that micro-grids have the ability to disconnect from the main power grid which is known as ‘islanding’.
With this increase in reliability, costs in relation to business losses due to the fact that blackouts will be significantly reduced. Micro-grids can also generate local income with surplus energy that can be sold back to the national power grid. 
With micro-grids offering the chance for cheaper energy and potentially revenue, there may be a reduction in the reliance on fossil fuel, thus encouraging the closure of power plants.
However, with all ‘young’ technology, there are negative points that run parallel with the positive points. 
Due to micro-grids only recently gaining popularity, research and development into the implementation of micro-grids is fairly juvenile. What is also apparent is that there is a lot of advanced technology used in micro-grids which are expensive and all of which will require expert handling. This then reduces the attractiveness of the grids. Energy storage is another factor that may effect the success of micro-grids, due to the fact that  batteries are not advanced enough to cope with the demands of micro-grids at this time.
Asmus and Stimmel (2012) believe that the true cost of micro-grids is yet to be understood due to the lack of evidence to compare. 
4.2 Case Study: Centre for Alternative Technology, Wales
The Centre for Alternative Technology in Wales is an eco-centre in Mid-Wales that focuses on teaching all aspects of Sustainable Development. In 2009, it became the UK’s first totally renewable micro-grid. The system relies on Solar, Wind and Thermal power, along with biomass  and can operate fully independent from the  national grid. The system also contains battery storage which supplies at least 3 hours worth of power. The centre is an ideal example of the effectiveness of being able to self sustain power using the three components of generation, usage and storage (Blog from the Centre for Alternative Technology, 2009).
Although minimal research has been conducted on micro-grids, the effectiveness can be gauged from individual projects. Projects such as the micro-grid in the Centre for Alternative Technology show that the technology and the theory work at a base level and can be implemented at a lager scale. By generating and storing local energy, it eases pressure on the national grid but also tackles the problem of intermittency by using stored energy at peak energy times. Although the benefits are substantial, a lot of commitment and funds are required to buy the resources and to completely renew grid systems.

5.0 Conclusion
With nations agreeing to cut fossil fuel use in order to combat global warming; the use of renewable resources is highly important. Renewable power comes with its own set of disadvantages, one of which is its intermittency. 
In regards to technological ways of combatting this, the report highlighted the development and use of Flow Batteries. Renewable resources produce energy inconsistently and will peak at different times, the benefit of energy storage is to utilise and store energy at the peak times in order to use at times when minimal energy is being produced. This combats the intermittency in the energy supply. This, however, is not the full solution to the problem due to the fact that the technology is not readily available to all. It should be incorporated into a wider system; one of which are micro-grids.
Micro-grids are a positive step towards minimizing the intermittency of renewable resources. Micro-grids primarily run on power from the national grid; but generate and store their own energy. By doing this, in times of need, they are able to run independently from the national grid in order to sustain power and prevent blackouts. During peak energy times, micro-grids are able to use the stored power in order to sustain their power output, thus 
Therefore, the issue of intermittency of renewables resources is one that can be solved with different forms of technology and different steps however more commitment is needed from companies in order to make the technologies readily available and from governments to implement steps, like micro-grids, into society.
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