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Abstract 
This report focuses on the problem of intermittency in renewable sources 
and how energy can be stored efficiently. It will also examine the impact 
of energy storage technologies and identify the key UK actors, 
effectiveness and timescales for implementation. 
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Energy: Issues & Concerns: (M7X01805) 
 
There has been increased uptake of renewable energy, stimulated in part from 
targets set both domestically and internationally.  There is, however, an issue 
with intermittency of supply from certain renewable sources.   
 
You are to investigate what steps or technologies could be applied to solve the 
issue of intermittency from renewable supply.  If looking at steps, you should 
define the key actor(s) involved and the effectiveness of the steps in the short, 
medium and long term.  If looking at technologies, some issues to consider 
include lifespan, integration, applicability and scale, as well as market 
readiness. 
 
You are to present this in a professional style report, 3000 words +/- 10%. 
 
This report focuses on the problem of intermittency in renewable sources and how 

energy can be stored efficiently. It will also examine the impact of energy storage 

technologies and identify the key UK actors, effectiveness and timescales for 

implementation.  

 

Intermittency is defined as the periods when a renewable source is completely cut off 

to due atmospheric and environmental conditions. For example, during a storm to 

much wind can damage generators consequently the generators are shut down and 

no energy is produced.  

 

Energy Storage (ES) is a form of storing energy from a renewable source during times 

when supply is greater than demand and releasing the energy back for consumption 

during peak periods of demand. Methods of storing energy include using turbines such 

as Pumped Hydro Storage (PHS), Flywheels, and various battery storage 

technologies.  

 

The UK’s Department for Business Innovation and Skills has identified ES as one of 

“Eight technologies the UK could be world leaders in.” (Gov.uk, 2014) But in order for 

the UK to reach this, investment must happen in order to develop ES.   

 

In 2006 Demirbas estimated that 14% of the world’s energy supply came from 

renewable sources (Demirbas, 2006). Renewable energy is generated by multiple 

sources and technologies including solar, wind, pumped hydropower, geothermal and 

tidal energies amongst others.  

 

Hardisty argues “Most forms of renewable energy are unreliable i.e. the wind does not 

blow all of the time, and this is taken into account when analysing the financial viability 

of a project” (Hardisty, 2008:76). Despite these perceived problems electricity 

generation from wind and solar energy, hydropower 2is more reliable and is more 

efficient at producing electricity (U.S Office of Energy Efficiency).  
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Another difficulty with renewable sources is that they do not necessarily generate 

enough electricity to match demand during peak energy consumption.  

 

There has been an increased uptake in renewable energy technologies in the United 

Kingdom (UK) guided by policies such as the Climate Change Act (2008) and The Low 

Carbon Plan (2012). On the contrary renewable energy uptake worldwide has 

progressed slowly despite binding international agreements such as The Kyoto 

Protocol (1997) and The Paris Agreement (2015).  

 

Thesis  

 

In order to address the issues of intermittency in some renewable sources  there is a 

body of thought that suggests integration of a SMART grid which is a “self-managing 

and reliable transmission grid that would use Information Communication 

Technologies (ICT) to conduct an automated system of monitoring, control and 

protection” (cited in Blarke and Jenkins, 2013) would help solve the problem of 

intermittency. Another solution might be the integration of a SuperGrid which is an 

adaption of the current grid network that facilities large quantities of renewable energy 

into the energy mix.  

 

This report intends to promote ES as a viable solution to mitigate against intermittency. 

It will examine the generation, supply and transmission of renewable energy sources 

into the grid together with the integration of these new technologies into a SMART grid 

system which would allow UK citizens and businesses to meet their current and future 

energy needs. 

 

Roadmap  
 
This report shall examine how ES is being implemented in the UK to solve 

intermittency in renewables. It composes of three sections:  

 

Section 1:  ES Technologies 

 

This will examine the lifespans of various ES technologies and how ES technologies 

are integrated within the UK. The applicability and scale of each technology will be 

analysed and suggestions made how these technologies can be developed further. 

An evaluation will be undertaken to assess market readiness of each technology and 

to summarise the potential benefits and shortcomings. 
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Section 2: Steps  

 

This will identify the key actor’s involved in implementing ES in the U.K. from the U.K. 

Government and regulation bodies, electricity providers, the scientific research 

community and The National Grid.  This section shall also examine the effectiveness 

of actions already introduced in the short, medium, and long term. 

 

Section 3: A case study of ES in Jamestown, South Australia 

 

This will discuss a case study were ES has been recently implemented outside the 

U.K., evaluate whether the U.K. can easily integrate this technology.  

 

Finally, some concluding summaries and recommendations on the findings of this 

report. 

 

Section 1: ES Technologies  
 
1.1 Mechanical ES 
 

Mechanical ES comprises of any system of ES that is mechanically driven.  

This section analyses: 

• Pumped Hydro Storage (PHS) 

• Flywheels 

• Compressed Air Storage Systems (CAES) 

 

Pumped Hydro Storage is when water is transported from a low laying reservoir to a 

higher-level reservoir through pipes driven by pumps and turbines (Foley et al, 2015). 

PHS can be combined with Wind Energy in order to mitigate against intermittency.   

Figure 1. PHS storage plant diagram 

 

 
 
Source: Renewable Energy Association (2016), Energy Storage in the UK, an overview 
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PHS is a mature technology that has been used for decades. The technology is 

expensive to install and relies on specific topography (REA, 2016). Due to these 

installation and location issues it would be difficult to integrate this technology on a 

large scale in the UK. This technology is already available on the market but due to 

these specific optimal conditions is not widely applicable.  

 

Flywheels are “an electromechanical system that stores energy in form of kinetic 

energy. A mass rotates on two magnetic bearings in order to decrease friction at high 

speed, coupled with an electric machine. The entire structure is placed in a vacuum to 

reduce wind shear” (Diaz-Gonzales et al, 2012:2160). 

 

Flywheels have a long lifespan and are low maintenance. Once installed they are 

constructed with environmentally inert materials and have a high efficiency in terms of 

energy conversion (Diaz-Gonzales et al, 2012). This technology is available to buy 

commercially however the technology is newly developed. Flywheels are currently 

used in vehicles engines and power plants (IEC, 2011).  Flywheels have been 

recorded to lose up to 20% of their storage capacity per hour therefore making them 

ineffective for long term energy storage (Hadjipaschalis et al, 2009).  

 

Compressed Air Storage Systems (CAES) can store energy either underground or at 

ground level in an air tank. The air is compressed through an electrified motor that 

serves to push the air through a turbine. Integration of this technology is dependent 

on geology especially with underground installations.  This technology can be utilised 

with Wind Energy, Solar Energy and existing grid infrastructure to mitigate against 

intermittency. CAES can produce three times the amount of energy of a conventional 

gas turbine of similar size making this system an effective way of ES (NECEC.Org, 

2007). 

Table 1: Summary of mechanical ES technologies 

Mechanical 

ES category  

Lifespan Integration Applicability 

and scale 

Market ready  

PHS 

 

Long lifespan  Not easily 

integrated 

Requires 

specific 

optimal 

conditions so 

not widely 

available 

Yes 

Flywheels Long lifespan  Widely 

integrated 

Widely 

available 

Yes 

CAES Long lifespan Not easily 

integrated 

Requires 

specific 

geological 

conditions  

Yes 
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1.2 Battery ES 

Conventional battery technology has been in use since the late 19th century. Battery 

ES is the process of converting energy from mainly electrical sources into storage 

cells, this process can also be reversed (Luo et al, 2015).  Battery ES can be 

separated into three categories: 

• Conventional batteries e.g. Lead Acid, Nickel-Cadmium (NiCd) and Lithium Ion   

• High temperature batteries e.g. Sodium Sulphur (NAS), Sodium Nickel Chloride 

(NaNiCl) and Copper/Zinc Rechargeable batteries 

• Flow batteries e.g. Radox Flow Battery  

The following table summarises the lifespan, integration, applicability and scale and 

market readiness of each category of battery ES. 

Table 2: Summary of battery ES technologies 

   

 

ES battery 

category 

Lifespan Integration  Applicability and scale Market ready 

Conventional 

batteries 

Variable life cycles. 

Lead Acid batteries 

have a short 

lifespan whilst 

Nickel- Cadmium 

have longer lifespan 

Lead Acid and Nickel-

Cadmium are used 

commercially. Although 

NiCd is potentially 

explosive and only 

used in stationary for 

safety reasons (REA, 

2016)  

There is a wide variety of 

producers, outlets and 

manufacturers who 

supply conventional 

batteries 

Yes 

High 

temperature 

batteries 

Long lifespan Sodium-Nickel 

batteries are being 

used to power electrical 

vehicles 

Technologies are costly 

although expected to 

decrease with more 

electrical vehicles being 

produced with large-

scale implementation of 

NAS batteries. 

No 

Flow 

batteries 

Long lifespan Flow batteries are a 

new technology 

therefore they are not 

produced commercially 

yet 

 Are portable, have a 

high level of efficiency 

but low-density of stored 

energy, flow batteries are 

costly 

No 
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1.3 Electromagnetic ES 

This form of ES involves using the earth’s magnetic field in order to generate and store 

energy. The energy can either be stored through Capacitors or through a 

Superconducting Magnetic Energy Storage System (SMES).  

 
1.3.1 Capacitors 
 
These electrical conductors have been in use since the early 1980’s. They are made 

of material that conducts and stores electromagnetic energy in an electrostatic field 

(Luo et al, 2015). Advantages of this technology include high energy capacity, a long 

lifespan, durability and low cost and the potential to charge and discharge quickly. One 

of the drawbacks of using capacitors in ES is the cost of upgrading to larger scale 

super capacitors which would be needed to address intermittency in renewable energy 

sources. 

 
1.3.2 Superconducting Magnetic Energy Storage (SMES) 
 
SMES stores energy through direct current (DC). Electrical energy is stored in the 

magnetic field through a superconducting coil which has been cooled cryogenically. 

As a consequence of the coil materials and physical conditions within the system no 

energy is wasted during storage (Luo et al, 2015).    

 

Figure 2: Diagram of a SMES system 
 
 

 
 
Source: Luo, X., Wang, J., Dooner, M., Clarke, J., (2015), Overview of current development in electrical 

energy storage technologies and the application potential in power system operation.  

Lou et al state “The features of SMES include relatively high-power density (up to 4000 

W/L (weight/length ratio), fast response time (millisecond level), very quick full 

discharge time (less than 1 min), high cycle efficiency (95– 98%) and long lifetime (up 

to 30 years)” (Lou et al, 2015:521).  
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However, there are some drawbacks in using this technology to solve intermittency 

mainly due to the high cost of materials and specialist operators required to use the 

machines. SMES is also a new technology that needs developing for the market place. 

Therefore this product is not yet market ready. 

Table 3: Summary of Electromagnetic ES technologies 

Electromagnetic 

ES categories  

Lifespan Integration Applicability 

and scale 

Market ready 

Capacitors  Long lifespan  Widely 

integrated  

Super 

capacitors 

expensive and 

not widely 

used 

Yes 

SMES Long lifespan  Not widely 

integrated  

High cost of 

materials and 

manpower to 

operate 

machinery 

No 

 

 
1.4 Chemical and thermal ES 
 
1.4.1 Chemical ES 
 
This technology involves the combustion of natural synthetic gases and hydrogen 

based gases in a generator or battery. The storage process can be carried out in 

conventional power plants and refineries. The strengths and drawbacks of each gas 

ES system are summarised in the table below: 
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Table 4: Comparison of Chemical ES gas energy storage technologies 

 
 
1.4.2 Thermal ES 

 
This technology uses varying temperatures in order to store energy. The process is 

either implemented through a cryogenic refrigerator or by an electrical resistor 

(Amrouche et al, 2016).  There are three types of thermal ES which are: 

 

• Sensible Heat Storage 

• Latent Heat Storage 

• Thermo-Chemical Storage 

 

Amrouche et al state that “Thermal ES systems can also be used to mitigate the 

intermittency of renewable energy sources, by storing heat in water tanks, molten salts 

or another material.” (Amrouche et al, 2016:20919).   

 

Thermal Heat Storage Technologies (TES) have been in use commercially since the 

1980’s (Rutberg et al, 2013), the authors also stated that TES is already present in 

the US market especially in Florida where it is used to cool commercial buildings. 

 

 

 

 

 

 

 

Table 5: Summary of Chemical and Thermal ES technologies 

Hydrogen chemical storage (H2) Synthetic Natural gas chemical storage 
(SNG’s) 

Advantages 
 

• Hydrogen is an abundant 

element 

• Hydrogen chemical storage uses 

environmentally inert materials 

• No release of greenhouse gases 
(GHG’s) into the atmosphere 

Advantages 
 

• Cleaner energy source then most 

Fossil Fuels 

• Easy storage both above and 

below ground 

• Synthetic natural gas is abundant 

Disadvantages  
 

• High start-up costs  

• Fossil fuels are needed for 

construction and combustion  

• Dangerous process 

• Technology is not developed 

Disadvantages 
 

• Dangerous process with 

combustible materials 

• Non-renewable energy source 

• Releases GHG’s into the atmosphere 



10 

 

 

Section 2: Steps 

 

In the autumn of 2016 The Renewable Energy Association reported that the U.K.’s ES 

industry was approaching a crossroads with the threat being left behind by more 

investment in other countries ES industries (REA, 2016).  

 

In order for ES to become more integrated in the UK’s electricity grid network, more 

action needs to be taken from a range of actor’s for example UK Government including 

regulating bodies such as OFGEM, electricity providers, the scientific research 

community and The National Grid.  

 

2.1  ES and the UK Government  

 

After the UK Climate Change Act (2008) the UK government released the Energy 

Act (2013) in order to “establish a legislative framework for delivering secure, 

affordable and low carbon energy including provisions on decarbonisation, reforming 

the electricity market, reviewing its strategy with OFGEM and introducing new 

consumer right.” (Gov.uk, 2013).  

 

In 2016 the House of Commons reviewed ES in the UK. The Commons summarised 

its discussion in a report called the ‘Low Carbon Network Infrastructure’. One of it’s key 

suggestions was for the “UK Government to publish its plans for exempting storage 

installation from balancing charges, and from all double charging of network 

charges” (E&CCC, 2016:26).       

 

In July 2017, the Government along with its partners committed to invest £70 million 

into ES between 2018-21 (Gov.uk, 2017). There were also plans for a collaboration 

with the South Korean Government to invest up to £6 million from 2018-2021 on the 

development and demonstrations of innovative ES projects. 

 

 

2.2 Electricity providers and ES  

Chemical and 

Thermal ES 

categories  

Lifespan Integration Applicability 

and scale 

Market 

readiness  

Chemical ES 

 

Long lifespan  Not easily 

integrated 

Requires 

specific 

production 

plants  

Hydrogen 

chemical ES – 

No  

SNG – Yes 

Thermal ES Medium to 

long lifespan 

Easily 

integrated  

Can be used 

seasonally  

Yes 
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The UK network of electricity providers is currently privately owned. Electricity 

providers are key actor’s in integrating ES into the National Grid system. According to 

the Renewable Energy Association there were 39 stand-alone ES projects in the UK 

in 2016 (REA, 2016) with the majority of those projects being funded by electricity 

providers. The Electricity Storage Network has mapped potential new sites for ES 

projects within the UK for battery, pumped-hydro and liquid Air ES (Figure 3).   

 

Figure 3: Electricity Storage Capacity in the UK 

 

 
Source: BBC website (2014), Energy Storage: The key to a smarter power grid.  

 

There is potential for electricity providers to invest in future ES projects with global ES 

industries estimated to be worth up to $100 billion by 2025 (BBC, 2014). Energy 

providers such as French State owned Électricité de France (EDF) have already 

invested together with other international investors in the UK’s nuclear industries such 

as in Hinkley Point C. A more sustainable option for meeting future energy needs could 

be met by investing in ES projects rather than in nuclear power.   

 

2.3 Scientific research community and ES 
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ES energy systems can never reach full efficiency and there will always be energy 

loses from conversion from an energy source to storage.  

 

As discussed in section 1 there are many of the forms of ES that are in the early 

stages of technological development and there is no currently no country that 

implements a network of ES technologies beyond the stand-alone project level. There 

is a need for more investment in ES research on an international and national level in 

order to make ES integrated into all new energy developments. 

 

There is one notable example which is the 2014 UK £4 million collaboration between 

7 universities and 14 industrial and Governmental bodies created the SUPERGEN ES 

hub. The hub will develop a shared vision for ES in the future and develop a national 

roadmap for ES through community engagement (Ecnmag.com, 2014).  

 

2.4 The National Grid 
 

There are three concepts which The National Grid could choose to implement into its 

future infrastructure. They are the concepts of the SMART grid, SuperGrid and 

MicroGrid.  

 

The SMART grid has been defined as a “bi-directional electric and communication 

network that improves the reliability, security, and efficiency of the electric system for 

small to large-scale generation, transmission, distribution and storage” (Hetzog, 

2010).  

 

Creating a SMART grid would enable energy trade off during peak energy demand 

and would enable providers to store excess energy during times of low energy 

demand. The National Grid’s high voltage power transmission network is a dated 

technology. However the technology and investment needed in order to integrate a 

SMART grid hasn’t been fully developed and there are no practical examples of a 

SMART grid on a national scale. 

 

Expanding the existing high-voltage transmission infrastructure and integrating multi 

state electricity transmission would create a SuperGrid. The SuperGrid has been 

criticised for not considering the integration of renewable energy in to its network. 

Contrary to this viewpoint the Friends of the SuperGrid see the concept as a direct 

current (DC) transmission system designed to transfer mainly renewable energy from 

remote areas where it is generated to urban centres (Friends of the SuperGrid, 

2010).     

 

A MicroGrid is were energy is generated and stored on a local scale, for example a 

single household. This form of energy generation promotes self-sufficiency. With a 

MicroGrid system energy can be sold back into the grid creating a multi-directional 
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transmission network. Creating a MicroGrid for the UK would be the most sustainable 

and effective transmission system. 

 

Table 6: Summary of key actor’s and short, medium, and longterm effectiveness    

 

Key actor’s  short term 

effectiveness (0-5 

years) 

Medium term 

effectiveness (5-10 

years) 

Long term 

effectiveness (+10 

years) 

UK Government  UK Climate 

Change Act (2008) 

Low Carbon Network 

Infrastructure report 

(2016) 

UK Government 

financial 

commitment (2017) 

There are no 

apparent steps 

taken for the 

medium term 

Energy Act (2013) 

Electricity 

providers 

Small scale 

investment in 39 

stand-alone ES 

projects 

There are no plans 

for medium term 

investment 

currently 

Potential 

investment in 

Pumped-Hydro, 

Liquid Air and 

Battery ES 

Scientific 

research 

community 

Much published 

research with short 

term investment   

Medium term 

research 

programmes are in 

development  

SUPERGEN ES 

hub (2014) 

The National Grid No change in 

current provision  

The SuperGrid The MicroGrid, The 

SMART Grid 

 

 

Section 3: A case study of ES in Jamestown, South Australia 

 

3.1 Background   

 

In December 2017 through a collaboration between Tesla, Neon (French energy 

provider) and The South Australian (SA) Government, the world’s largest Lithium-ion 

battery was installed near Jamestown, SA. The purpose of the installed 100MW - 

129MW battery (Greycellsenergy.com, 2017) was to mitigate against blackouts 

caused by extreme weather in the region through providing stored energy when 

needed (bbc.co.uk, 2017).  

 

 

 

 

3.2 Location 
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source: www.gozmodo.com.au (2017), All the details on Tesla’s Giant Australian battery. 

 

3.3 Discussion  

 

Australia is still dependant on fossil fuels for energy production with over two thirds of 

its total energy production coming from fossil fuels in 2015 (Originenergy.com.au, 

2015). In September 2016 a storm surge left over 1.7 million residents in South 

Australia without power and led to a state-wide blackout. The South Australian 

Government had no choice but to draw energy reserves from nearby State of Victoria.  

 

The limited energy security of South Australia presented an opportunity for Tesla’s 

CEO and founder Elon Musk who famously promised that the Lithium-Ion battery 

complex would be built within 100 days otherwise he would build it for free. The battery 

was built in 60 days. The battery’s renewable energy supply comes from the Hornsdale 

wind farm located adjacent to the battery complex and would generate enough ES to 

power 30,000 homes (bbc.co.uk, 2017).  

 

This report will now examine some of the criticisms of the project. The battery only has 

capacity for 100MW-129MW of electricity output, and was designed as a backup 

energy supply when energy is short. However some politicians have criticised the 

function of the battery for example Liberal MP Craig Kelly has criticized the efficiency 

of the power generation stating that it would require “30 batteries complexes of similar 

size to power South Australia on a hot day for 79 minutes” (Kelly. C, 2017).  

 

The project has been also labelled a public relations stunt used by Tesla to promote 

its products within the Australian market. The project has also been criticised for the 

costs of installation with estimated costs around $50 million dollars. 

http://www.gozmodo.com.au/
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There is currently insufficient published data to quantify the success of the Tesla 

installation at this stage due to its newness. Although data has been published by the 

Australian Energy Market Operator (AEMO) that suggests the battery is surpassing 

expectations by responding quickly to energy outages (blackouts) 

(Theconversation.com, 2018). The Victorian State has also planned to build its own 

Lithium-Ion battery complex in the town of Stawell. 

 

This case study was chosen because of a personal interest in Australian ES. It would 

be interesting to see how the UK market will respond to this innovation and apply the 

technology to UK energy consumers.  

 

Conclusion  

 
There has been an increased interest and uptake of renewable technologies during 

recent years stimulated by international policies and agreements.  

 

However intermittency within certain renewable energy sources is a barrier to 

achieving universal energy security. This report has analysed how energy storage 

could be a possible solution to solve intermittency. It has also examined how ES is 

integrated in the UK.  

 

The following recommendations have been made in order to solve intermittency issues 

in the UK. 

 

Recommendations 

 

1. Affordable and efficient ES needs to be available for all renewable energy sources 

 

2. Clear guidance needs to be issued by the UK Government on what is effective ES 

 

3. It should be compulsory that all new built houses and commercial buildings 

incorporate ES into their design 

 

4. ES needs to be integrated into a MicroGrid  

 

5. Enhanced research and investment needs to be put into ES technologies 

 

(Words excluding figures and tables 3001)  
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