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Abstract
Renewable energy (solar and wind) is an availability based resource of energy. It may be available at one
time and it may not be available during some other time. This drawback is the chief factor for slow
growth as well as poor awareness of this renewable energy resource. This energy can be stored in the
form of pumped-hydro-power (PHP) or compressed-air-system (CAS), flywheel energy storage or in the
form of electricity as in a very familiar battery system or capacitors or superconducting magnets. Among
all of them the battery storage system has been found old and technically convenient way of electricity
storage from solar and wind resources. A review about various battery systems and there’s advantages,
limitations and applications have been discussed in this review paper.
Key words: Renewable energy, solar energy, wind energy, battery, energy storage

1. Introduction
Battery storage is a basically electro chemical system of energy storage. The application of
renewable in to the power system network has been increasing in the recent years. As a result of
this, there has been a serious need over reliable and satisfactory operation of these power
systems. One of the solutions to improve the reliability and performance of these systems is to
use battery based energy storage devices into the power system network. Today there are many
types of battery storage systems. All systems possess a different technical as well as economical
feasibility for real applications. There is great need to understand technical features of various
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types of batteries for economical as well as efficient applications. A well organized technical
synthesis of various battery systems have been carried out in the forthcoming sections of this
paper as followings. Battery or cell is composed of the following four elements namely, positive
electrode, negative electrode, separator, and electrolyte (Vutetakis, 2001). The examples of
primary cells include Leclanche or dry cell, alkaline-manganese, mercury-zinc, silver-zinc,
lithium-manganese dioxide, lithium-sulfur dioxide, and lithium-thinly chloride. Examples of
secondary battery are: leadlead dioxide, nickel-cadmium, nickel-iron, nickel-hydrogen, nickelmetal hydride, silver-zinc, silver-cadmium, and lithium-ion. Batteries are rated in terms of their
nominal voltage and ampere-hour capacity. The ampere-hour (Ah) capacity available from a
fully charged battery depends on its temperature, rate of discharge and age. The maximum power
available from a battery is a function of its internal construction. The internal impedance of high
rate cells is kept very low. The state-of-charge (SOC) of a battery is defined in terms of the
percentage of its capacity available relative to the capacity when it is fully charged. A full
charged battery has a SOC of 100% and a battery with removal of its 20% capacity has a SOC of
80%.
1.1 Electrical Energy Storage (EES)
Electrical Energy Storage (EES-IEC, 2011) is one of the key technological requirements to
access renewable energy for the masses in society. Basically solar and wind resources are
availability based and their energy must be stored in some other form. Water storage,
compressed air storage and battery storage have been some of the methods that can store this
energy. The irregularities in availability of solar and wind energy create imbalance between
supply, and demand. The elevated hydro storage and compressed air storage cannot be applicable
for most of the mechanical works. Therefore it is necessary to convert this solar and wind energy
into electrical energy and then get it store in an electrical battery system. Direct conversion of
solar and wind energy into electrical energy is not acceptable for many applications, where
voltage and frequency variations due to fluctuations in the potentials of solar and wind resources
remains serious. Further, the solar and wind resources have been characterized by remote
locations than actual locations of consumptions. Even the production of electricity at these
locations cannot be accessed by urban or rural masses of society and there is need of power
grids. The power grid is a bridge between generators and consumers through an integrated power
system. The supply and demand may vary, and this will cause an unbalance between availability
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and consumption of electric power. There may be situations when there is surplus electric power
in transmission lines due to poor consumptions at application sources, and there may be shortage
of electrical power in transmission lines due to over consumptions at application sources. In both
the cases there may be either congestions or overflows of electrical power in transmission lines.
A third situation is also possible when there is an unavoidable failure in the grid or transmission
lines. An EES system is essentially a regulatory tool to avoid such problems due to congestions,
overflows or failures. It is not possible to run an electrical device through integrated grid supply
in a moving vehicle such as railways, ships, airplanes, buses etc. The EES shall play an
important role to provide electricity for mobile applications. The power demand fluctuates time
to time and price of electricity also changes accordingly. High demand creates costly production
due to applications of less cost-effective forms of generation such as oil and gas fired generators.
But during low demand period excess of low price electricity can be put on hold at utilities
through EES. Low price is achieved by eliminating the costly methods of generation. As a matter
of facts the low priced renewable generated electricity can be stored and is released during peakhours of demand. This is possible only with the occurrence of EES. The EES shall emerge as a
new source of employment for millions of people across the globe. The concept of plug-in hybrid
electric vehicles (PHEVs) shall consume off-grid energy by means of EES in the form of battery
storage. Petrol and Diesel filling pumps may be replaced by electrically charged battery to run a
PHEV. The days are not far when owners of the electric-vehicles (EVs) would replace a
discharged battery by a newly charged battery to run there’s vehicle. The windmills and solar
based Photovoltaic’s (PVs) have been the key resources of renewable EES. The electrical energy
can be stored in electrochemical storage systems e.g. secondary battery systems and flow battery
systems. Today the technology of battery storage is deeply matured because of the results of
successful practical applications at different levels. The oldest one is Lead-acid Battery (LAB).
This battery is satisfactorily used for stationary and non-stationary applications.
1.2 Wind technology market status
Wind Technologies Market Report Summary (Rayan, 2013) suggests the growth at the order of
13.1 GW of wind power was recorded in 2012, and it was 90% higher than 2011. A $25 billion
were invested in wind power projects and cumulative wind power capacity raise up by 28%, and
reaching total to 60 GW. The observation revealed the growth story of U.S. wind power growth
for the year 2012. The report reached following conclusions;
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The wind has been the significant source of new generation in U.S.



The supply chain is uncertain though domestic manufacturing remains strong.



There is uncertainty in cost related estimations due to decline in installation costs and
effects of turbine scaling on capacity factors.



Trends remain uncertainly aggressive in terms of wind power pricing and economics in
many regions despite low natural gas prices.

1.3 Solar and Wind Power quality
It is technically true that, the grid integration of distributed generation such as from wind and
solar-photovoltaic affects the quality of supplied power (Mahela, 2016). The term power quality
may include the deviation in current, voltage, and frequency from their standard values. These
variations may lead to failure or miss operations of consumer equipments. The battery energy
storage system (BESS) connected to the dc bus in parallel with dc link capacitor improves the
dynamic performance of the system, e.g. frequency and voltage regulation. The battery energy
storage

system

provides

the

additional

capacity

of

distribution-static-compensator

(DSTATCOM) for load balancing, reactive power compensation, and harmonic current
elimination. It also functions as uninterrupted power supply (UPS). The DSTATCOM can be
implemented for specific applications such as isolated wind power generation, residential low
voltage network, load compensation, isolated asynchronous generator, and standalone solar
photovoltaic system. The improvement of load voltage for a constant speed wind energy system
supplying the power to inductive load has been achieved with the help of Fuzzy logic based
control of DSTATCOM. The DSTATCOM technique for wind based battery energy storage
system is a tool for the improvement of the power quality in the distribution system.
1.4 Batteries for photovoltaic system:
The battery being a small, portable, stationary and silent device is a back-bone for standalone
photovoltaic systems (Dušan, 2011) The battery systems as a device possess some of the key
technically supporting attributes. A battery enables a portable source of DC power without long
cables. A battery can be recharged to deliver relevant amount of power for a short time. Battery
remains a guard for the electricity based appliances when normal power gets unavailable due to
some unknown reason, suddenly. The solar energy is stored in the form of electrical energy in a
battery through PV systems. Lead-acid battery is mostly preferred choice in PV systems
installations. These batteries are designed for deep discharge applications. The other batteries
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like NiCd and NiMH are rarely used in portable devices. A PV system battery can have a life
span of 3 to 5 years, this further largely depends on charging /discharging cycles. The frequency
(Nos. of cycles) of charging/discharging of a battery affects its lifetime seriously. If it increases,
life-time decreases readily. Antimony in the lead-acid battery influences the self-discharge.
Antimony accelerates the self-discharge in the lead-acid battery. Batteries for PV power
applications got recent developments of a tubular battery having silica gel and antimony free
features, using thicker plates than conventional ones. A battery with low antimony contents is the
best choice for PV applications. The commission of the European Community (CEC) in 1987
initiated efforts to investigate “Battery Charge Control and Management” in PV systems. This
work led the Identification of battery operating problems through monitoring on 16 PV power
plants. Poor operation and maintenance procedure, inadequate charging system, improper sizing
of battery and inadequate information about the condition of the battery have been observed in
most of the PV power systems. The problem of overcharging and deep discharging leading to
ageing and structural failure of the cell casing and cases of battery explosions due to hydrogen
build-up have also been observed in the aforesaid investigations. It was also observed that the
routine tests on voltage, temperature, specific gravity and periodic visual inspections were not
carried out in most of the PV power plants.
1.5 Brief Battery Storage Market Status and Technology Outlook
The technological approach and current developments of battery storage is quite acceptable and
challenging too, as per the 2015 report of international renewable energy agency (IRENA)
(IRENA, 2015). The safety, cost, performance and maintenance have been some of the key
burning issues since long, but with timely progress through R & D, those have resolved up to
certain limits. Battery storage is a tool for renewable energy based solutions, applicable in solar
and wind energy. Though being variable resources of energy (i.e. availability based), the
application range is getting widen and there is a need for its integration throughout the globe.
The cost of various components is coming down due to technological advances and increase of
key suppliers. There is significant deployment of battery storage based applications in China,
Germany, Japan, and the United-States (U.S.). According to this report awareness and emphasis
of battery storage implementation is increasing in India, Italy, and South Korea. In 2006-12,
solar PV and wind energy experienced an annual capacity growth rate worldwide of 190% and
40% respectively. They both present the fastest growth of all types of renewable energy
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according to IRENA’s publication Rethinking Energy (2014). The IRENA’s global renewable
energy road map analyzed the possibility of doubling the global share of renewable energy by
2030. Its authors foresee wind and solar power capacity growing to 1 635 and 1 250 giga-watts
(GW), respectively (IRENA, 2014a). This would mean wind capacity would be five and solar
PV capacity nine times higher than in 2013 (REN21, 2014). Australia, Denmark, Germany,
Morocco, Tonga and the United Kingdom are the expected countries which can reach or exceed
the variable renewable energy conversion into electricity beyond 30% by 2030 (IRENA, 2014b).
Battery storage is becoming incompetent because of hurdles in its smooth and efficient
applications. There is no monetary compensation scheme that may include benefits to this system
of energy storage. Cost based competitiveness, technical validity and safety being other key
barriers along with poor technical knowledge and lack of experience towards load-driven
planning and operations. The policy makers and stakeholders have been less aware to explore
potentials of battery storage which remains helpful in the integration of renewable energy. There
are many other technological options of energy storage. The most established one is PumpedHydropower. It is widely accepted globally. The battery storage is new in market. Adiabatic
compressed air energy storage, flywheels, super capacitors, heat-pumps, ice or chilled water have
been other contemporary methods of energy storage. The application areas for battery storage
have not been found specific through the world. The applications have a wide range and
varieties. It may depend strongly upon local policies, pertaining to regulatory / market drivers
and there’s need. According to Bloomberg New Energy Finance (BNEF), the application
remains in renewable energy integration, causing uninterrupted supply with frequency
regulation. Due to reduction in cost battery storage is becoming competitive in the market. There
is beginning in regulations and policies different from grid services based on fossil fuel. The
sector has achieved significant growth in the power sector in recent years. For utility scale
applications, global 2014 revenue was around 220 million United State Dollars (according to
Navigant research, Asia pacific, Europe and North America remained first movers in this
market). Figure-1 shows Navigant’s worldwide sales estimate for cells used in utility-scale
projects (data excludes batteries with solar PV system behind the meter). The annual revenue for
all applications is expected to increase from USD 220 million in 2014 to USD 18 billion in 2023.
Annual battery storage capacity will rise from 360 MW to 14 GW over the same period. For
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utility scale projects, Navigant expects battery use for renewable integration in 2014 to comprise
29% of the total.

The trends shown in figure-2 may vary depending upon the actual growth of energy sector,
including trends on manufacturing, demand and selling of batteries. Figure-3 exhibits an
informative illustration regarding industry players, battery market supply chain. Figure-4 (above)
shows a pi-chart indicating contributions of various companies involved with advanced battery
storage technologies for utility-scale applications. An NKG insulator is the market leader with
almost 350 MW of installed battery storage system including 200 MW for utility-applications.
The NKG Insulators, provider of sodium-sulphur batteries, is moving away from its present
market and shifting towards lithium-ion batteries and advanced lead-acid ones. It is because
lithium-ion has proven preferences for some applications because of the advantages of energy
and power density, cycle and calendar life, and cost. The sodium sulphur system is diminishing
and market of lithium-ion is moving far, as per NGK producers. The cost and performance have
been responsible for this shift apart from its deep discharge cycle life, higher energy and power
density. The lithium-ion battery system has increased deployment due to high cost reduction.
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1.6 Nickel-metal-hydride Battery
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Basically, a cell is a chemical reactor, where through a chemical reaction, positive and negative
ions move via metallic elements in a controlled manner to produce direct electricity (Kopera,
2014). A battery is said to be primary while there is a one-way-reaction only. It means that the
reaction cannot be reversed and hence battery/cell cannot be recharged by supplying current in
the reverse direction. But in a secondary battery there can be a reverse reaction by virtue of that
it can be recharged. The chemical reactions would occur in reverse direction under the influence
of reverse current supply and the battery/cell shall restore nearly original amount of energy. The
potential of electrical current or voltage produced by a cell is affected by the nature of chemicals
involved in reactions. The energy (watt hours) depends upon the amount of the chemicals
comprising the cell. Battery or cell can be specified by the chemistry of the cell or the voltage
developed by the cell. Oxidation reaction takes place at the anode and electrons as a result move
out of the cell into the external circuit. Electrons move back to cell after completion of reduction
reaction at cathode. Technically, in a primary cell anode also behaves as negative electrode and
cathode also behaves as positive electrode. In a secondary cell, cathode and anode is terminal
specific during charging or discharging actions. Means, both the electrodes might be referred to
as either positive or negative contrary to the direction of current flow during charging or
discharging applications. An electrolyte is a media for setting a path for completing the electrical
circuit inside of the cell via the transport of ions from one electrode to the other electrode. The
reactants active at electrodes may be gaseous, liquid or solid. The electrolyte may be a liquid or
solid. The selection of materials for making electrodes is an important task. As a matter of fact
the, ideally, battery would be made from elements that come from two separate columns which
are having a sufficient gap of columns in the periodic table. It enables good reversible
electrochemical reactions of oxidation and reduction. For example, negative electrode from
column 1A (Li-Lithium, or Na-sodium) and positive electrode from column 6A (O2-Oxygen and
S-Sulfur).
1.7 Smart clothes and wearable technology battery system
Table-1 below shows power levels required by commonly used portable electronic devices
[McCann, 2009] those may be well applicable for advanced wearable battery systems;
Table-1
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Electronic Devices

Power

Battery type

Operating Period

Watches

3 – 10 µ W

Silver oxide button

1 – 2 years

Pacemakers

25 – 80 µ W

Lithium button

7 – 10 years

Zinc

–

mercury

Hearing - aids

N/A

oxide

25 – 30 days

Digital clock

13 m W

Silver oxide button

6 – 10 months

Red LED

25 – 100 m W

Silver oxide button

6 – 12 months

Pedometer

250 m W

Silver oxide button

1 – 2 years*

Portable radio

500 m W

AAA

3 -6 months *

RF circuits

300 – 800 m W

AA

<10 hours

iPod

N/A

Li-ion rechargeable

16 – 32 hours

Mobile phones

4 – 10 W

Li-ion rechargeable

7 – 10 days

Laptop computer

50 – 80 W

Li-ion rechargeable

3 – 10 hours

*The devices operate in non – continuous mode and the period depends strongly on the
frequency of the usage.
A battery bank is a collection of batteries connected in series to 2, 6 or 12 Volt batteries
(Stafford, 2002) which supply powers to electrical appliances in the case of low production or
unavailability of renewable energy sources. The wired batteries in series produce strings of 12,
24, or 48 Volts. These strings are connected in parallel to make up a battery bank. This battery
bank is a source of DC power supply for an inverter. This inverter converts the DC power into
AC power to run AC appliances.
1.8 Factors for photovoltaic battery system
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The following factors have been recommended by Miro Zeman (Delft University of Technology)
when choosing a battery system for PV applications (Miro).
1-Temperature range (e.g. -15 °C to 50 °C)
2- Self discharge rate (in % per month)
3- Cycle life to 80% depth of discharge (DOD)
4- Charge efficiency from 20% discharged
5- Capacity (Ah) at 10 hr & 100 hr rates (C10 & C 100)
6- Required frequency for topping up the electrolyte.
7- Robustness for transport to site
8- Resistance to overcharging
9- Cost
Lead acid batteries used in cars are not suitable for PV applications which require deep discharge
cycles. The car battery is designed to produce a high current for short period to start an engine.
However car batteries are used for PV systems because of low cost but their life become short in
PV applications. The flooded tubular plate design with low antimony plates is most attractive
version of lead-acid battery, for use in most PV systems. These batteries can have an operational
life up to 5-7 years if maintained properly by using a suitable charge controller. A sealed lead
acid battery is designed for low spillage and improved electrolyte usage. Though being more
expansive and less resistant to extreme temperatures are used for PV applications. Pocket plate
NiCd batteries can be used in PV systems because of long operational life, resistance to extremes
of temperatures and low memory effect than sintered plate NiCd type batteries. The table-2
below summarizes the performance and prices of these batteries;
Table-2
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1.9 Commonly used Lead-acid battery system
Lead-acid battery is most economical for larger power applications (Battery University, 2010).
This is a bulky one in weight. It is mostly used for hospitals equipments, wheelchairs, emergency
lighting and UPS systems. Its flooded lead-acid version is used for automobiles, and forklifts
applications. It was invented by French physician Gaston Plante in 1859. The charge retention of
lead-acid battery is best among rechargeable batteries. A NiCd battery can reach about 40% selfdischarge loss in three month however, the sealed lead acid (SLA) will take about one year to
reach same self-discharge level. Both the SLA and valve regulated lead acid (VRLA) are
designed with a low over-voltage potential to prevent it from reaching to its gas generating
potential during charge. Excess charging would result in gassing and water depletion and hence
cannot be charged at its full potential.SLA is comparatively less expensive in purchase but
operational cost can be more than NiCd. The SLA battery would meet sulfation problem, a
difficult condition of recharging for the battery, if it is stored in discharged condition. It is
recommended to be stored in charged state, always. Depending upon the depth of discharge and
operating temperature, the SLA enables 200 to 300 discharge / charge cycles. The temperature
affects the grid corrosion of positive electrode. The optimum temperature for SLA battery is 25
0C. In terms of disposal the SLA is less harmful than NiCd battery, but the high lead contents
make it more environmentally unfriendly. The lead-acid batteries have the following advantages;
1- Inexpensive and easy to manufacture.
2- A matured, reliable and well-understood technology
3- Self-discharge is low in comparison to other batteries system.
4- Low maintenance requirements.
The followings are some of the limitations of lead-acid battery systems;
1- Cannot be stored in discharged condition.
2- Low energy density or poor weight to energy density, limits its use for stationary and wheeled
applications.
3- It is well suited for standby applications that require only occasional deep discharges.
4- Lead disposal can cause environmental damage.
5- Transportation restrictions in case of flooded lead-acid battery.
2.0 VRLA battery system
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Valve-regulated-lead-acid (VRLA) battery technology includes two types of design features
namely, AGM and gelled electrolyte design (C & D technology, 2013). Both the battery designs
shares some of the common components such as container, pressure relief valves and plates. The
AGM battery utilizes a separator of glass fibers which serves to isolate the negative and positive
plates and also absorbs free electrolyte within the cell. This AGM separator is fragile, highly
porous and absorbent by nature. However the separator used in gelled electrolyte VRLA battery
is a robust micro-porous polyethylene. This separator does not absorb the gelled electrolyte but
completely performs the function of separating the plates. Further, the AGM based VRLA
battery contains more electrolyte than a same volume gelled battery and will provide longer
duration capacity at the range of 7% to 8%. The oxygen recombination cycle character of AGM
VRLA battery is more efficient at lower resistance than gelled electrolyte VRLA battery, which
results drawing of more float current for the same float voltage, and causes greater internal
heating in the battery. The gelled VRLA battery possesses better thermal resistance than AGM
VRLA battery. The following are the typical application areas of VRLA batteries; Float Services
Applications at normal temperatures such as in,
Systems,

Emergency

Lighting

Systems,

UPS Systems, EPABX Systems, Security
Radio

Communication

Systems,

and

Telecommunications – Cell Phone Towers back up power, Telephone back up power. Float
Service at Elevated Temperatures Applications such as in, Solar photovoltaic, Wheelchairs, and
Golf Carts/Caddie, Portable Lighting, Recreational Vehicles, Trolling Motors, Portable Test
Equipment, Portable Communication, Portable / Mobile tools.
In the AGM type VRLA battery (Wieland, 2006), a glass fiber structure attracts the diluted acid
via surface tension and leaves about 5% of the space open for the oxygen transfer. The pores in
the SiO2 fiber structure are in average of 5μ. In case of AGM separator the expansion and
contraction of active masses during charging and discharging enables ionic contact between the
plates, because of elastic nature of the separator. A gel battery system incorporates the acid and
water molecules in the molecular chains of the pyrogenic silica. The pores of this material are
smaller than 0.5μ. This small size of pores in the gel system affects the oxygen transfer and
results different characteristics in comparison to AGM system. This pore size effects in the
determination of height of a cell. Consequently, the height of the AGM cell is restricted to plate
height of 300 mm. At larger height problem of acid stratification occurs in AGM system. Due to
small pores this problem does not appear in case of gel battery. The inner resistance of gel
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system is higher because of the extra micro-porous separator. Also, a tubular design is easier in
gel system, though the cost of gel system is more due to the use of extra porous micro-porous
separator. This extra micro-porous separator enables stability against deep discharges in gel
systems. VRLA gel tubular plate type batteries for discharge time of 60 minute and more can be
a choice if the required usage is between 10 to 20 years. The flat plate type version of VRLA gel
batteries for discharge time of 30 minutes and shorter can also be choice for the same duration of
application usage. The VRLA tubular gel batteries being maintenance free and having a longer
cycle life remains a best option for solar applications. VRLA Battery is designed to be
maintenance free [Power-Thru]. The hydrogen evolved during working is recombined internally
and this avoids the frequent replacement of electrolyte over its life span. Being a sacrificial
design both the positive plate and grid of this cell is liable to wear due to corrosion. The
thickness of plates and the type of materials used affects the cost of the VRLA battery. The
design life typically ranges from 3 years to 10 years for these batteries. VRLA batteries are
extremely susceptible to ripple current that results in cell heating, causing degradation due to
thermal runaway. VRLA battery is free from permanent failure due to hydration, because in this
containers remain opaque. As per one of the European study of over 1000 installations, working
at various system voltages and cell capacities concluded that VRLA battery require replacement
after every 5 to 8 years of operation. As operating voltage increases the life is affected. The life
of battery decreases as the operating system voltage increases. In case of lead-acid battery,
reduction of 80% of the rated capacity is generally considered as the end-of-life for this battery
system. It is more serious in case of AGM battery than gel type cell. The table-3 below exhibits
some of the common causes applicable in flooded-type and VRLA type batteries failure.
Table-3
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The term life in context of battery has been expressed in two ways. One is design-life and the
other is service-life (Stephen, 2011). Design-life is a theoretical term predicted by the
manufacturer of the battery and remains the basis for pro-rated warranties. It is expressed in short
terms such as 5-years or 10-years or 20- years battery. Service life is more realistic time in years
and do represent the durations from installations of a battery and until it reaches 80% of its
nominal rating. It represents a shorter term than design-life. The service life of a VRLA battery
under properly operated environments frequently reaches up to 70% to 80% of design-life. The
float-life (battery at a constant state of charge) of VRLA is affected by temperature. For every
80C increase in the temperature above optimum 250C, there is 50% reduction in life of the
battery. The Figure-5 below provides information regarding service life expectancy of VRLA
battery under continued operation at stable temperatures e.g. expected in a data center. The
amount of watts pulled out of a battery together with the length of time consumed during
discharge determines the depth-of-discharge (DOD). VRLA battery can provide hundreds of
shallow discharges (e.g. < 25% DOD). The batteries used at data center and network room UPS
systems are kept under float voltage (i.e. at constant state of charge). Overcharging can cause
dry-out, leading to failure of the battery. Also, a faster recharge will stress the battery and reduce
its life. Basically VRLA batteries used in small and medium-sized UPS systems can give reliable
performance for three to five years. Battery dry-out is a major cause for a VRLA battery failure.
Temperature monitored and current limited charging can help in preventing thermal runaway.
Use of redundant, parallel strings can reduce the consequences of a cell failure and will
contribute in life of the battery.

2.1 Large-Scale Stationary Electrical Energy Storage
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Daniel H. Doughty et al. in their article “Batteries for Large-Scale Stationary Electrical Energy
Storage” observed utility of sodium-beta high temperature battery technology for large scale
electric utility energy storage applications (Doughty, 2010). These included load-leveling,
power-quality and peak shaving and renewable energy management and its integration. The
sodium-sulfur technology was introduced in 1970s. The energy density is large along with
charge / discharge density at the order of 89% - 92%. Because of the operating temperature of
3000C to 3500C and highly corrosive nature of sodium polysulfide discharge products, this
battery is not suitable for mobile applications such electric motor vehicles etc. It is good for large
scale grid-energy-storage (GES). The primary disadvantage of this battery system is its thermal
management. It is essential to maintain seal integrity with separator. The development of
sodium-metal-chloride cells also known as ZEBRA (Zeolite Battery Research Africa) cells in the
mid-1980s offered solutions to some of the issues that sodium-sulfur was experiencing at that
time.
2.2 Sodium sulfur (NaS) battery system
Sodium sulfur (NaS) battery systems can be a solution for many types of energy management
e.g. peak shaving, reliability, and power quality (Bünyamin, 2004). The NaS battery technology
possesses the following attributes; High energy density: This may approach three times more
than lead-acid battery and is helping in proper space utilization. It has a high efficiency
approaching up to 89% cell dc efficiency without any self discharging, and the cycle life with
more than 2500 full charge and discharge cycles, and a shelf life of 15 years. The peak pulse
power capability may reach up to five times the nominal rating. The NaS batteries can be used
for UPS applications because of its high energy density that enables a significant size advantage.
The NaS batteries have unique features like peak-power-capability which helps in the making of
multi-functional systems that further provides the customer complete solution in one design. As a
matter of facts this may be possible because of the advances in power electronics. Technically,
the basic challenge in a combined or multi system is to provide adequate power-quality (PQ) to
perform all functions at the desired level without any compromise with PQ at a specific function.
Hence, PQ strategy is basic challenge for a multi-functional battery system and NaS batteries
proved to be capable of handling high PQ powers till there is sufficient remaining charge.
Therefore, it is mandatory to manage peak-shaving function properly, so that there is always
some extra energy stored in the battery to meet the challenges of PQ. The PQ problem due to rise
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in temperature, that basically occur near the end of discharge, can be solved by the use of
advanced controllers.
2.3 Lithium battery system
First commercial lithium-ion battery was reported in 1991 (Ralph,1991) The market of this
battery is associated with the demand and growth of portable consumer electronic products such
as calculators, note-book computers, and cell-phones etc. The figure-6 below shows demand and
growth of this battery.

As per Jim McDowall (McDowall, 2008) the lithium-ion battery was represented by black-box
like battery used in laptop computers. Though mobile phones battery use similar chemistry but
basically these are lithium-polymer types and have a different technology than lithium-ion
battery. These batteries have been seen getting promotions for power tools, electric vehicles and
standby-power applications. There would confusions among new terminologies such as iron
phosphate and lithium titanate, and nanotechnology also incorporated into some designs. This is
because all of these products fall into one broad category “lithium-ion system”. In lithium-ion
battery overcharging affects the anode electrode. Overcharging results in delithiated state of
positive electrode, causing thermal decomposition and possibility of fire. The overheating affects
the negative electrode. The effects of Joule heating can be combat through use of active cooling
systems or by stopping charging and discharging of the battery. This battery is best suited for
stationary applications. The cylindrical cells (Battery University, 2011) (lithium and nickel
based) are widely used primary and secondary batteries. The attributes such easy manufacturing,
mechanical stability and ability to withstand high internal pressure contribute in popularity and
widespread safe applications of these cells. These cells are protected by a positive-thermalcoefficient (PTC) switch. When the cells get exposed to excessively high current the polymer
inside the switch become heated which makes it resistive and starts behaving as short-circuitInternational Journal of Higher Education and Research (www.ijher.com)
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protector. And as soon the short circuit is removed, the PTC gets cool and returns back to its
conductive state. The lithium iron phosphate (LiFePO4) or LFP (Randy, 2013) battery is a largeformat prismatic type and is a recommended one for renewable energy storage for residential
applications. This battery possesses some of the advantages over lead-acid battery, which are as
following;
*LFP battery has one-third the weight of a lead-acid battery for same weight versus available
energy storage. This remains an advantage for mobile applications.
**The space occupation of LFP battery in comparison to lead-acid battery for equivalent energy
storage is half of the lead-acid battery. It may not be an advantage for stationary application.
***The storage capacity drop at temperature -40F of lead-acid battery is 50%. However, it is
only 8% for LFP battery. The lead-acid battery needs maintaining of such temperature in cold
climate so that there’s storage capacity remains intact. The LFP battery should be charged at
slower rate in cold than lead-acid battery. The C/10 charge rate (below 320F) for LFP is
recommended.
****The charging and discharging at higher currents is safe for LFP battery than lead-acid
battery. But this character of LFP is not appreciable for renewable energy applications. Though,
it is a good one for electric vehicle applications. Self discharge of LFP’s is 1% to 3% per month
in comparison to lead-acid battery, which may range 5% to 15% per month. Lead-acid battery is
cheaper up-front cost than LFP battery, but their lifetime price per kWh can be higher. Lithiumion batteries show reliability and penetration potential for solar and wind power installations
(Lowe, 2010). This battery will provide electric power for hybrid electric vehicle through solar
and wind storage. This battery system have been projected most popular one for plug-in-electric
–vehicles (PHEVs) and Full-battery Electric Vehicles (BEVs). Because of decreasing cost and
more power density lithium-ion battery will dominate the market by 2017(according to one
report of Deutsche Bank, 2009).
2.4 Flow battery
According to Trung Nguyen et al. Vanadium-Redox-Battery (VRB) (Nguyen, 2010) battery is
costly due to use of vanadium, which itself is costly and it contributes between $50 / KWh to $
110 / KWh, where cost of vanadium keep on varying time to time.
2.5 Nickel battery system
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Nickel-cadmium batteries like lead-acid batteries (Vutetakis, 2001) operate best at 250C and these
are rated at room temperature. As the temperature approaches to the lower limit of ambient
temperature, its performance start decline, and by reaching at higher ambient temperature than
rated (room temperature), its life is shortened. The lower temperature limit is a matter of the
freezing point of the electrolyte. And the upper temperature limit is generally in the range of 50
0

C to 60 0C. The battery storage characteristic of nickel-cadmium battery is not SOC specific.

This battery can be stored at any state-of-charge. Also, it can be stored in a broad range of
temperature i.e. – 65 0C to 60 0C. To obtain maximum shelf-life it is a best practice to store
batteries between 00C to 30 0C . Terminals of the battery are kept shortened in case of ventedcell battery but at the same time the shorting of sealed-cell batteries during storage is not
recommended, since it may cause cell reversal. The nature of nickel-cadmium battery towards
self discharge is fast, when left on open-circuit during idle periods. The self discharge rate of
sealed cells is approximately 1 per day at 20 0C and this rate increases by 1% per day for every
10 0C rise in temperature. Self-discharge rate is less for vented cells. The technical attributes of
Nickel-Cadmium rechargeable battery offers higher energy storage density (Electus, 2001),
ability to deliver very high load currents on demand and quick recharge ability at low cost. Long
working life can be obtained by properly managing the recharging and discharging operations.
This battery finds a wide range of applications in portable electrical and electronics equipments:
Cordless power tools, test instruments, radio transceivers, model boats, Cars, and Aircrafts, etc.
this battery finds its utility for military applications in particular to aircraft engineering. The
nominal terminal voltage of a nickel-cadmium battery remains 1.2 V. For normal use to obtain
maximum working life this battery should not be discharged beyond that point where terminal
voltage of the individual cell drops below 1.1 V. This battery system typically has an energy
storage density between 40 to 60 Watts-hours per kilogram. This figure is up to double of sealedlead-acid (SLA) battery. These batteries have an attribute of rapid charge, faster than any other
battery system. The memory effect is the largest drawback of this battery. Higher self-discharge
rate is another drawback of this battery. Technically this battery is not suitable for applications
where the battery is expected to remain in a charged state for a long time and deliver a current in
an emergency. SLA battery performs better for such applications. The memory effect can be
repaired by a technique known as reconditioning. Reconditioning repairs the crystal and
dendrites growth by means of reversing it. In reconditioning battery is subjected to go through
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very deep cycles of discharge and charge to obtain a discharge to the 1.1 V level. The
manipulations of discharge of battery at lower level results in shrink of crystals on the surface of
the plates and dissolve any dendrites that may have formed. It is now fully charged again, and
this sequence is repeated a few times to get the battery “working out” and, this Working out
result after termination of memory effect. The nickel-cadmium (Gp.batteries) batteries have
become best option for following applications;
Communications- Cellular phones, cordless phones, pager and transceivers.
Information devices- Notebook, personal digital assistants (PDAs), portable facsimile
machines.
Audio and video devices- Digital video cameras, LCD TVs, portable DVD, VCD, MD and CD
players.
Miscellaneous applications- Emergency lighting, remote controls & security systems, remote
control toys, shavers, massagers, electric tooth brushes, vacuum cleaners, power tools, handled
terminals, electric bicycles, memory back-up etc.

Nickel-metal hydride (NiMH) battery is basically derived from Nickel-Cadmium (NiCd)
(AVR463, 2007) battery and reaches few steps ahead to NiCd. Its cycle life is less but there is
about 50% increase in energy density in comparison to NiCd. The memory effect in NiMH is
lesser than NiCd and of-course this enables some excuses towards storage or charging cycles.
Due to absence of cadmium these batteries are environmental friendly and can be easily disposed
without any threat. NiMH batteries get a set-back of higher self discharge, approximately at the
order of 20% per month at room temperature, shorter cycle life (300 to 500 charge cycles) and
longer charging time with more heat generation in comparison to NiCd battery.
Though lithium-ion battery offers almost double energy density, higher cell voltage and shorter
charging time, but lags in stability in comparison to nickel based battery. The nickel based
battery is generally charged at constant current within the recommended range of 0.5 to 1.0 C
(Fast charge). The slow charging may cause crystalline formation i.e. memory effect and
response to lesser charge efficiency.
The NiMH battery remains 70% to 90% charge efficient. Since NiMH battery generate heat
during charging, and there is urgent need to monitor temperature to avoid any damage. The
temperature range for a fast charge is between 5 to 4500C, but temperature between 4500C to
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600C is also acceptable for short period of time at the end of charging. Further, with increase in
current temperature also increases which would result in decrease in cell voltage and charging
efficiency and also cause a higher rate of self discharge. Fan cooling can be used to maximize
efficiency. Determination of exact time for charging is not possible. Since, it is a function of
many variables such as current fluctuations, voltages, capacity of battery and SOC etc. NiMH
battery is not tolerant to overcharge as NiCd one. Therefore an attention towards a full charge is
recommended. The full charge state of battery can be observed by determining the growth in
temperature of the battery. At about 60% charge there is increase in heat generation and it is
recommended to stop charging of battery as the rate of temperature increase reaches to 100C per
minute. Though nickel based battery is reasonably stable but it might evolve gas or get explode if
put under short circuit, and charged with wrong charger, etc. There is provision for safety vent,
thermal fuse or switch in most of the battery systems. Technically it is found that the positive
electrode of this battery will reach at full charge first at the end of charge cycle and this result in
the production of oxygen gas. To prevent excessive pressure buildup in the cell, the oxygen is
put under recombination process to produce water. This process being exothermic and generates
heat in the cell. The adjustment of charge current should be such that the rate of oxygen
production remains equal to rate of recombination. The loss of electrolyte may occur through
safety vent valve. Therefore in most of advanced batteries, safety electronics device is applied to
regulate the charging conditions via monitoring of pressure and temperature variations and
controls beyond a threshold limits.
Nickel-cadmium battery (EVDL, 1991) has been referred as reliable and long life
electrochemical system for industrial standby, starter service and space applications. Though
being high cost due to high quality of manufacturing, it is used for terrestrial solar photovoltaic
systems. However, low cost nickel-cadmium batteries are available for starter, standby and
cycling services. Nickel-cadmium cells can be charged by constant current or constant potential
or by using combination of both of these methods. In comparison to lead-acid cells nickelcadmium cell can tolerate higher charge rate. The charge rates of 25 A per 100 Ah of 5 hour
rated capacity are commonly used without any harmful effects. As per one of the study of
constant current charge at 20 A per 100 Ah, the cell voltage rises from near 1.4 volts to the
gassing voltage of 1.45 volts per cell (at 2500C) and then very quickly reaches to 1.68 volts till
getting overcharge.
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In these cells the gassing voltage remains temperature dependent. It is found that in the
temperature range between 150 0C to 400 0C the gassing voltage increases by 0.0025 volts for
each degree Centigrade increase in electrolyte temperature. Nickel-cadmium batteries possess
very good power rating and very good recycling (Enersys, 2012) capability. Due to exceptional
life cycle costs maintenance costs also remains low. Large electrolyte reserve and robust
construction enable low maintenance costs to these batteries. The resistance within the battery is
low. These batteries are free from any risk of sudden death or terminal runaway
effect. These are free from electrolyte stratification and passivation (electrode plate corrosion).
Nickel-cadmium batteries have resistance towards loss of capacity at deep temperatures and also
free from ice formation below 0 0C. These batteries show exceptional lifetime at high
temperatures that may be above 20 years while used for stationary cycling applications.
Operational temperature range for nickel cadmium batteries may be between – 400 to +5000C.
The deep discharge is not a problem for these batteries. Several years shelf life in a discharged
state under manufacturer’s specified conditions can be obtained in these batteries.
Conclusions:
The renewable energy is effective when there is proper storage system for this energy. It is
because of its very nature of availability options. At the same time the utility of this energy is
important from its application points of views. When energy is not in use it will become surplus
and when it is not available it will become short for applications. Therefore it is an essential
requirement to get a proper storage system (preferably electrical storage) for proper functioning
of renewable energy generation plant. The battery storage system is one of the key solutions.
Various types of battery systems for renewable energy applications have been discussed in this
paper. It has been observed that a particular battery system may be effective for one application
and the other battery system will be suitably functioning for the other application. A single
battery system for all the applications e.g. stationary and non-stationary applications is not
possible. Some battery system works well for stationary applications and may not be suitable for
non-stationary applications because of leakage, portability etc. Different battery systems possess
different properties. It generally includes charging, discharging characteristics, costs, size,
working temperatures, safety and application support.
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