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Abstract: This paper presents an overview of energy 

storage technologies for excess renewable energy 

production. In particular, wind and solar energy systems 

are investigated. A case study was conducted for a self-

sustainable energy system configuration to realise the 

impact and the importance of a suitable energy storage 

system. The issues relating to such a system design is 

investigated using a specific application and the 

performance of the system under variable conditions are 

determined. From the results and analysis, it is clear that 

the batteries are still best option for self-sustainable 
renewable energy systems. However, large-scale systems 

may require alternative storage mechanism such as P2G 

methods.

Keywords: Energy storage, renewable energy, P2G 

method, super-capacitor, batteries

1. INTRODUCTION

Recently, there is a growing interest in renewable energy 

systems, storage and its infrastructure around the world [1 
- 4]. Primarily because there is a significant amount of 

renewable energy production from several resources, 

through a number of sustainably technological routes [2]. 

The combination of renewable energy sources such as 

solar and wind with suitable energy storage systems may 

be able to resolve the growing energy demand [5]. Many 

sectors, including building and housing sector has 

increasing energy demand, yet it is mainly dependent on 

the grid system [5 - 6]. The key issue with using renewable 

energies to supply the grid, is the fluctuational production; 

due to dependency on environmental factors such as wind 
and solar radiation [7]. Nevertheless, the supply side 

cannot react flexibly to the demand; which may result in 

an overproduction and supply to the grid [8]. Decoupling 

the production from the demand side maybe a solution; by 

storing the overproduced energy and then utilising it when 

required during peak time or when an insufficient 

production of energies occurs. Therefore, it is important to 

have a suitable energy storage system to bring the power 

transition into successful future.

 
Power transition of small-scale system such as self-

sustainable renewable energy system can be manage with 

the use of battery energy storage system (BEES) and 

supercapacitors are useful to provide short duration power 

requirements [9 - 12]. Large-scale systems maybe manage 

by using method such as Grid to Vehicle (G2V) and Power 

to Gas (P2G) [6, 13 -15]. In order implement these energy 

storage systems, a number of technical and economic 

challenges must be overcome [16]. These challenges are 

associated with the capital cost of components needed, 

operation with renewable energy sources, lifetime and 
reliability[17-18]. G2V method is targeted at to maximise 

energy supply (storage) to electric vehicles/ hybrid electric 

vehicles and to facilitate more renewable energy onto the 

grid [6]. P2G technology maybe a suitable solution to 

bring the power transition in large-scale system [18 - 22]. 

The underlying idea behind this method is the 

overproduced electricity reformed into chemical energy 

via electrolysis. The product is hydrogen as gas; which can 

be stored in many different ways [5]. For example, a 

simple hydrogen storage system was developed at the 

University of South Wales (USW) hydrogen centre [5] to 

demonstrate the P2G technology (see Fig.1). The USW 
hydrogen centre has a 20kWp PV array, 10Nm3/hr alkaline 

electrolyser, 10barg intermediate storage cylinder together 

with 200barg compressor and associated storage cylinder, 

12kW PEM fuel cell with additional battery storage, along 

with a hydrogen/CNG vehicle refuelling station. 

Fig.1. Hydrogen production and storage system 

installed in USW hydrogen center [5]
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Hydrogen, or further developed SNG, in its gaseous 

state can be used for different sectors, like mobility, 

heating and electricity supply [23 - 25]. This will connect 

the renewable energies to almost any energy consuming 

sector and lead to a sector coupling in an integrated energy 

system (see Fig.2).

Fig. 2. Sector coupling – an integrated energy system 

based on renewable electricity [25].

Therefore the possibility to integrate and use it for 

different applications will result in a more efficient energy 
sector [25].

Among all different kind of renewable energy sources, 

solar and wind energies are the most popular ones mainly 

because it is free and in abundant supply for many regions 

[5]. Therefore, in this work energy storage issues with 

solar and wind energies are investigated.

2. ENERGY STORAGE OPTIONS

There are three distinct options of energy storage 

solutions to be considered and researched, whilst 

developing a sustainable grid connected energy system. In 

order to maximise the use of renewable energies detailed 

analysis must be carried out to maximise opportunities in 

the capture, storage and management of energy.

a) Supercapacitor

Supercapacitors, work on a principle that is, storing 

energy in an electric field that is created when charges of 

opposites sign are held separated from each other [26]. 

Supercapacitors have the ability to withstand a high 

volume of charge and discharge cycles without losing 

energy storage capability. However, the main problem of 

supercapacitors is their low energy density, therefore the 

storage capacity is limited, i.e., the amount of energy 

supercapacitors can store per unit weight is low compared 

to batteries [27]. Nevertheless, life expectancy of 

supercapacitors is longer than the batteries, but the cost is 

still restrictive  [28]. Due to its high rate charge and 
discharge capability, it is useful for providing short 

duration power requirements [26, 30].

b) Batteries 

In relation to energy storage for stand-alone and self-

sustainable renewable energy systems, Lead acid batteries 

are still ahead of the game in terms of energy storage / cost 

comparison, Lithium Ion batteries are continues to reduce 

in price, and now the market is approaching a position 

where Lithium-Ion batteries are able to compete on price 
[2].

Battery energy storage system are mainly used for 

household or smaller industrial applications, to store 

excess renewable energy and good for self-sustainable 

renewable energy systems, since they can be used 

independently as possible from the grid [30]. This is 

because there are only small periods, where it has to act as 

a buffer and the peak demand is low, compared to the grid. 

However, on the long run energy lost in batteries are 

unavoidable. Moreover, large batteries are heavy, take up 
a lot of space, and therefore not useful for many large scale 

applications. Nevertheless, in order to cope with the larger 

scale storage issues, industry is begin to develop large 

battery packs [30]. For example, Tesla in Australia, built a 

1000 MW Li-ion battery pack with a storage capacity of 

120MWh and it is connected to a nearby wind farm (Fig.3) 

which is operated by Neoen [31]. The key issue with the 

use of batteries in large-scale systems is the finite 

availability of the (rare) materials.

Fig.3. Large-scale battery storage system [31]

c) Power to Gas Methods.

Concerning the large-scale storage management, it is 

important to discuss the development of a new system, 

tailored for large-scale storage [13, 15, 30]. P2G energy 

storage method is a process of converting excess 

renewable energy supply into (hydrogen) gas by rapid 

response electrolysis and its subsequent injection into the 
gas distribution network [15]. 
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The P2G system is a connection of multiple 

technologies; it includes feed-in, storage and supply 

technologies for different usage [25]. Storage of the energy 

carrier in gaseous state is the key part of P2G method. The 

P2G method can use the existing infrastructure and may be 

able to substituting conventional fuel or natural gas in the 

mobility and other sectors [15]. In P2G applications, 

hydrogen and methane are the producible gases [30]. 
Methanation is one process step behind the hydrogen, 

which reduces its effectiveness; however, it increases the 

usability for different sectors [25]. The more process steps 

involved, the more losses will appear during the chain of 

applications. This may be the key issue to be resolve for 

the future; to increase the efficiency and reduce the costs - 

particularly for methanation.

3. SYSTEM ANALYSIS

It is clear from the above analysis, for small-scale 

systems, that the battery technology systems are preferable 

for continuous energy storage and usage. The 

supercapcitor is another storage device, it has a very quick 

charge/discharge times but due to its lower specific energy 

capabilities than batteries, it is not preferable.

A case study of a solar powered sustainable energy 

system was carried out, in-order to determine the best 

possible energy storage option for such systems.  Two 
different type of battery systems, such as Lead-acid and Li-

ion batteries were investigated. The reliance that the 

world’s consumer markets have placed on battery 

technologies can be seen in the vast amount of applications 

required today. Typically used in portable electronic 

devices such as mobile phones and small items of 

equipment [32], lithium battery technologies are now 

becoming more common in many sectors. However, a less 

obvious application is their integration into many 

stationary applications. The industrial applications include 

backup power systems for industry and energy storage for 
renewable energy systems. There are several large battery 

technologies being used in today’s industry. The following 

advantages are gained through using lithium technologies 

over other cell chemistries: (i) a higher cell voltage, which 

is key to the high energy density; (ii) greatly improved 

cycle count, with typical figures of 300 – 400 cycles; (iii) 

a more consistent manufacturing process between cells of 

the same type, resulting in more balanced battery modules 

and (iv) an improved specific energy and energy density. 

However, the benefits of lithium batteries are 

counterbalanced by several drawbacks: (i) high initial cost 

– although prices are reducing with increased high volume 
production; (ii) costly electronics for the battery 

management system (BMS) to protect the cells; (iii) 

increased risk of overheating and fire due to the high 

energy, albeit this is mitigated by the use of a BMS or the 

consequences of error can results in overheating, fire or 

explosion [2].

Although there have been many battery chemistry 

implementations, to meet the specific needs listed above, 

the oldest battery chemistries still command a large market 

share. The lead acid battery may not have the high energy 

density or fast cycle rates that the Li-ion technologies 

possess, but they are unparalleled in their tolerance for 

abusive conditions and are low cost [28]. This is most 

notable in uninterruptible power supply (UPS) systems 
where a battery bank can be stored in a remote area, 

usually an attic or a basement, where temperatures can 

vary significantly on a daily basis and have little effect of 

the ability of lead acid to perform. The preferred use of 

lead acid batteries in UPS systems also reflects their low 

price, with lead acid batteries on average 8.5 times cheaper 

than lithium technologies (£/kWh) [28, 32]. In a system 

where the batteries are going to be used only in an 

emergency, low purchase price is essential. As the batteries 

are only required in case of an emergency, it is of the 

utmost importance to ensure that, when called upon, the 
batteries are in an operational state. Therefore, for the PV 

based sustainable energy system in buildings, it is obvious 

that the best option for energy storage is the use of lead-

acid battery pack [32]. Lead acid batteries also have the 

advantage of being over 99% recyclable [33], with the 

recycled lead as chemically pure as the original virgin 

material.  

Case study – Solar PV systems combined with a home 

energy management system, capable of minimising the 

cost to consumers. A structural block diagram for the solar 
energy system is shown in Fig.4. The system will have the 

following elements; PV modules, battery pack, energy 

management system and load [2].

Fig.4. Solar PV energy and storage system [2]

This case study is intends to prove a more cost effective 
system other than grid connected systems that are available 

and provide cost effective solutions to consumers. This 

work investigates typical sustainable energy system 

configuration with energy management controller (EMC). 

The potential benefits of such a system design is 

investigated using data collected at three specific location 

within the UK and the performance of the system under 

variable conditions are determined. The solid arrows 

represent the electricity flow and the dotted arrow 

represent the control/sensor signals. A photovoltaic array 

is considered as the main power source to the system, 
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which enables it to meet the load demand. Due to the 

inherent intermittency of solar irradiation, Battery Energy 

Storage System (BESS) is included, not only to smooth the 

fluctuation of the solar energy generated, when such 

smoothing is necessary, but when excess energy is 

available it will be stored in BESS. However, when there 

is a shortage of direct solar energy, the stored energy will 

be used. The load characteristics selected for the energy 

management system (EMS) applied to a solar based 
renewable energy system were based on data collected 

from three distinct areas, Plymouth on the South West 

Coast of England, St Athans in the Vale of Glamorgan in 

South Wales and Nottingham in the North Midlands of 

England. The choice of location was to give a broad 

geographic spread to the sizing algorithms whilst 

validating the calculations. Authors, previous work [2] 

shows that, if the consumer stores the excess energy, and 

bills are calculated over a 12 month period, the cost of 

domestic energy bill can be significantly reduced. It has 

been shown that using a 4kW PV system in the South of 
England under idealised conditions consumption and 

generation can be balanced to almost achieve a break even 

point. In the South Wales region, the bills can be reduced 

around £48/year and in the North Midlands of England, the 

annual bill may be reduced to around £115/year (see Fig.5). 

It should be noted that adding more panels to the system, 

may continue to reduce the overall cost to the consumer. It 

also highlights regional variations in the UK, primarily due 

to geographic changes in irradiance. It can be seen that 

with a 4kW panel system, almost breaks-even on an annual 

basis in the South West of England, saving the consumer 
over £500/year in electricity. Whilst in Nottingham a 4kW 

system has an annual cost of around £150, but only 

produces around £35 from FIT. However, this is still a 

significant saving over the approximate £630 of energy 

consumed every year. The overall payback periods can be 

constructed by considering the initial investment of the 

BESS. It is interesting to note that due to the regional 

variations in both solar irradiance, the amount of daylight 

per region and the electricity demand due to climate 

conditions, the payback period for the three regions chosen 

is similar (See Fig.6).

Fig.5. Cost analysis and break even indicator

The payback period of a current solar powered system 

alone can be shown to be in the region of 21 years, this is 

primarily due to over production being fed in the grid, but 

with a BESS and Solar PV system, this can be reduced to 

15 years. However, the key issue is that the development 

of a demand side management system (DSMS), that will 

be form a crucial part of the energy management system.

Fig.6. Payback periods

From the above analysis, it is evident that the battery 

technologies are more efficient compared to P2G systems; 

especially because battery storage systems store electric 

energy without reforming it. The start-up and response 

time to buffer peak times is good and results in a flexible 

system. A disadvantage of batteries is the long-term 

storage property; the loss over time is high, which makes 
it difficult to buffer fluctuation over an extended period. 

This problem may be tackled with P2G technology. P2G is 

useful for long-term electricity storage, heating and 

mobility. Other storage technologies, like pumped hydro-

energy storage may still be used, but it has a limited area 

of use, because it requires geological formations to be 

implemented which limits its large-scale use. When using 

P2G method, the storage capacity can be increased almost 

indefinitely and the infrastructure for natural gas may be 

used to distribute hydrogen. However, for practical 

expansion the possible volumetric percentage limit need to 
be increased, which will take more research and further 

investigation. P2G application may be considered as a 

holistic solution for decentralised applications, like office 

buildings or domestic homes, to supply electricity, heat 

and fuel for cars. However, the main drawback is the low 

efficiency and high investment costs for complete 

installation including electrolyser, storage system and fuel 

cell. However, it is important to note that, P2G technology 

has potential to fill some aspects of the power transition 

for large-scale systems. Further research and development 

is required to determine how best to implement it into the 

energy supply system.  
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4. CONCLUDING REMARKS

From the results and analysis presented in the paper, it 

is clear that the batteries are still best option for stand-

alone and self-sustainable renewable energy systems. 
Super-capacitors maybe considered as an intermediate 

storage solution for small-scale system. However, large-

scale systems may require alternative storage mechanism 

such as P2G methods. 
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