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Abstract— The raising global warming concerns, rising oil 

prices and the increasing electricity demand have led to an 

acceleration of the renewable energy contribution. Due to 

the fluctuating nature of renewable energy generation, the 

problem of generation to meet the demand has emerged. 

Therefore, energy storage has become essential to 

compensate this fluctuation. The vanadium redox-flow 

battery (VRB) is a promising and attractive technology due 

to its long lifetime and the possibility of independent scale-

up of nominal power and nominal energy. The paper 

presents a VRB model accounting for the electrochemical 

reactions, pump losses, temperature changes within the VRB 

and aging prediction. The model is applicable for a wide 

range of different VRBs with different nominal power 

ratings, nominal capacities and different vanadium and 

sulfuric acid concentrations. The modeling results discussed 

are proven to be consistent with current research in this 

field. 
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I. INTRODUCTION 

Worries about climatic change, rising oil prices and the peak 

oil scenario have led to an increase in renewable energy 

generation. Due to the intermittent nature of renewable 

energy generation, the problem of generation to meet the 

demand has emerged [1]. Especially in case of stand-alone 

electricity generation and small grids, where the grid cannot 

provide the balancing of power generation and demand, 

energy storage has become essential to compensate the 

fluctuations of renewable energies [2]. The vanadium redox-

flow battery (VRB) is a promising technology for balancing 

energy supply and demand in such systems [2]. Its long 

lifetimes and the possibility of independent scale-up of 

nominal power and nominal energy make it attractive for the 

usage in off-grid applications. 

 The below figure 1 shows the structure of 

vanadium battery. The vanadium redox battery is a type of 

rechargeable flow battery that employs vanadium ions in 

different oxidation states to store chemical potential energy. 

 
Fig. 1: Structure of vanadium redox battery 

 The vanadium redox battery exploits the ability of 

vanadium to exist in solution in four different oxidation 

states, and uses this property to make a battery that has just 

one electro-active element instead of two. The vanadium 

redox battery is a particularly clean technology, with high 

availability and a long life cycle. Its energy density is rather 

low, about 40 Wh/kg, though recent research indicates that a 

modified electrolyte solution produces a 70% improvement 

in energy density. Vanadium prices are volatile, though, 

with the increased demand for battery use likely to stress 

supply. Efforts are focused on improved efficiency by 

reducing self-discharge losses and on lower cost electrode 

structures. Self-discharge is being addressed by only 

pumping electrolyte through the electrochemical stacks 

when necessary due to the magnitude of the load. The main 

advantages of the vanadium redox battery are that it can 

offer almost unlimited capacity simply by using larger and 

larger storage tanks, it can be left completely discharged for 

long periods with no ill effects, it can be recharged simply 

by replacing the electrolyte if no power source is available 

to charge it, and if the electrolytes are accidentally mixed, 

the battery suffers no permanent damage. The main 

disadvantages with vanadium redox technology are a 

relatively poor energy-to-volume ratio, and the system 

complexity in comparison with standard storage batteries  

 The extremely large capacities possible from 

vanadium redox batteries make them well suited to use in 

large power storage applications such as helping to average 

out the production of highly variable generation sources 

such as wind or solar power, or to help generators cope with 

large surges in demand. The limited self-discharge 

characteristics of vanadium redox batteries make them 

useful in applications where the batteries must be stored for 

long periods of time with little maintenance while 

maintaining a ready state. This has led to their adoption in 

some military electronics. Their extremely rapid response 

times also make them superbly well suited to UPS type 

applications, where they can be used to replace lead–acid 

batteries and even diesel generators. 

II. HISTORICAL BACKGROUND 

Initial work on the Vanadium Redox Battery (VRB) at 

UNSW began in 1984. While other researchers had 

previously proposed the use of vanadium redox cell 

applications, this was previously believed to be impractical 

due to the very low solubility of V (V) compounds which 

would have restricted the concentration of the vanadium 

electrolyte to a level much too low for practical use. The 

technology was taken from the initial concept stage through 

the development and demonstration of several 1-4 KW 

prototypes in stationary and electric vehicle application over 

a 15 year period at UNSW. A further milestone in the 

UNSW R&D program was the development of a low cost 
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process for producing vanadium electrolyte from vanadium 

oxide raw material. 

 The original UNSW technology was used through 

the 1980’s and 90’s for a number of exciting applications 

some which are listed below:  

 200KW /800 KWh installed by Mitsudishi chemicals  

(1996) at Kashima-Kita Electric power, Japan for load 

leveling. 

 200KW  /1.6MWh installed by SEI (2000) at Kansai 

electric, Japan for peak shaving 170 /1MW installed by 

SEI (2001) at Hokkaido electric power wind farm, 

Japan for wind turbine output  stabilization. 

 250KW /2MWh installed by Pacific Corp  by VRB in 

2003 for Hydro Tasmania on king Island for wind 

energy storage and diesel replacement. 

III. PRESENT SCENARIO 

At present in mobile battery applications, namely car 

batteries for use in electric and hybrid vehicles, Vanadium is 

being added to various lithium based battery technology to 

produce a car battery that can store large amount of energy 

(which translate in to a greater distance travelled on a single 

charge), provide more power (which translates in to more 

torque) and can be recharged faster. Clean, renewable 

energy technologies such as electric cars, and wind and solar 

power generation continue to grow across global markets 

however, the existing grid never designed to handle the 

intermittent power supplies inherent with these clean energy 

sources. An efficient way to store the surplus of energy 

while making large amounts available at the moment’s 

notice has been a crippling hurdle renewable energy’s 

greatest challenge is Vanadium’s greatest opportunity. The 

solution lies in the unique properties of vanadium that make 

it the battery super charger vanadium is now making cars go 

farther faster and delivers solution to mass new energy 

storage system. At present Emerge Vanadium flow battery 

technology is installed in India’s GAT (Global academy of 

technology) college, an engineering education institution in 

Bangalore, at 30Kw and 120 kWh, ESP30.   

IV. COMPARISON OF TECHNICAL FEATURES 

In this section, a technical comparison between the different 

types of batteries, as well as with other types of large energy 

storage systems is carried out. In particular, the advantages 

and disadvantages of each energy storage system as well as 

their performance for power and energy applications are 

tabulated in Table 1, whereas their technical characteristics 

are tabulated in Table 2. It is observed that lithium-ion 

batteries and sodium–sulfur batteries have high power and 

energy densities and high efficiency, but they have high 

production costs. Also, pumped hydro energy storage 

systems and compressed air energy storage systems have 

high capacity, but they have special site requirements . 

Furthermore, it is observed that with the exception of 

pumped hydro energy storage systems and compressed air 

energy storage systems, all the other energy storage systems 

are fully capable and suitable for providing power very 

quickly in the power system. Regarding the energy 

applications, sodium– sulfur batteries, flow batteries, 

pumped hydro energy storage systems and compressed air 

energy storage systems are fully capable and suitable for 

providing energy very quickly in the power system, whereas 

the rest of the energy storage systems are feasible but not 

quite practical or economical. 

 In the technical suitability of the large scale energy 

storage systems to different applications is provided. It is 

observed that lead–acid and flow batteries are suitable for all 

applications. Pumped hydro energy storage systems and 

compressed air energy storage systems, are suitable for load 

leveling, peak generation, conventional spinning reserve, 

renewable integration and renewable back-up applications. 

The compressed air energy storage systems are also suitable 

for emergency back-up applications. Finally, flywheels are 

suitable for transit and end-use ride-through, uninterruptible 

power supply, peak generation, fast response spinning 

reserve and renewable integration applications. 

 
Fig. 2: Under construction Rubenius 1 GW battery energy 

system in California, USA [2] 

Energy Storage Technology Advantages Disadvantages Power Applications 

Lead–acid batteries 
Low power density  and capital 

cost 

Limited life cycle when deeply 

discharged 

Fully capable 

and suitable 

Lithium-ion batteries 

Sodium–sulfur batteries 

High power and energy densities,  

high efficiency 

High production cost, requires 

special charging circuit 

Production cost,  safety concerns 

Fully capable 

and suitable 

 

Flow batteries 
High energy density, independent 

power 
Low capacity Suitable 

Flywheels 
And energy ratings High 

efficiency and  power density 
Low energy density 

Application Fully capable 

and suitable 

Pumped hydro-energy 

Storage systems 
High capacity Special site requirement Not feasible 

Compressed air energy High capacity, low cost Special site requirement Not feasible 

Storage systems High capacity Needs gas fuel Economical 

Table 1: Comparison of large scale energy storage 
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Technology Power rating (MW) Discharge duration Response time Efficiency (%) Life time 

Lead–acid batteries o50 1min–8h o1/4cycle 85 3-12 

Nickel–cadmium batteries o50 1min–8h N/A 60–70 15–20 

Sodium–sulfur batteries o350 o8h N/A 75–86 5years 

Vanadium redox flow batteries o3 o10h N/A 70–85 10years 

Zinc–bromine flow batteries o1 o4h o1/4cycle 75 2000cycles 

Flywheels o1.65 3–120s o1cycle 90 20years 

Pumped hydro energy storage systems 100–4000 4–12h s–min 70–85 30-50years 

Table 2: Technical characteristics of large storage systems 

V. COMPARISON OF ECONOMIC FEATURES 

In this section, a comparative economic comparison 

between the different types of batteries, as well as between 

other types of large energy storage systems is carried out. In 

particular, the power and energy related costs, as well as the 

environmental issues of each energy storage system are 

tabulated in above Table II. It is observed that a range of 

values exists for each system regarding power and energy 

related costs, due to various capacity sizes of the operational 

large scale energy storage systems around the world. 

Specifically, lead–acid batteries, sodium–sulfur batteries, 

flywheels and compressed air energy storage systems, have 

the lowest range of values regarding power related costs [4]. 

Conversely, nickel– cadmium batteries, the two types of 

flow batteries, vanadium redox and zinc–bromine, as well as 

pumped hydro energy storage systems, have higher range of 

values regarding power related costs. 

 Regarding the energy related cost, pumped hydro 

and compressed air energy storage systems have the lowest 

range of values, followed by the lead–acid, sodium–sulfur, 

zinc–bromine flow batteries and flywheels.  

 The nickel–cadmium and vanadium redox flow 

batteries have the highest range of values regarding energy 

related costs. Regarding the environmental issues of each 

large scale energy storage system, the different types of 

batteries have to handle chemical disposal, specifically 

lead–acid and nickel–cadmium batteries which dispose lead 

and toxic cadmium. The effect of pumped hydro energy 

storage systems in the environment is the pollution during 

the construction of the two reservoirs, whereas for the 

compressed air energy storage systems are the emission of 

gas into atmosphere. Finally, flywheels have only a slight 

effect in the environment. 

VI. APPLICATIONS 

 Vanadium battery technology is used to provide the 

boost that winds needs in order reach the next tier 

capacity. 

 Vanadium battery technology is far greener as it lack 

toxic metals like Cadmium, Zinc, Nickel which can 

contaminate the Environment   at all phases. 

 These are advantageous in reaching the wind speed and 

electrical demand in future. 

VII. CONCLUSION 

For an ever growing electrical demand, this technology can 

be used in future which can be used as an alternative source 

of electrical energy. This technology proves to be more 

economical and eco-friendly and can be implemented over a 

large scale hence; we can depend comfortably on this 

technology if implemented. 

VIII. FUTURE SCOPE 

Vanadium flow battery technology will help Sun Edison 

bring reliable electricity to millions of people in rural India 

as part of its goal to help 20 million people by 2020.The 

world’s largest renewable energy development company 

announce that it plans to purchase up to 1000 vanadium 

flow batteries over (100MWh) from Emerge power system. 

The vanadium flow batteries will be used to store solar 

generated electricity for Sun Edison’s rural electrifications 

and solar powered mini grid projects in India. Vanadium 

battery technology can be installed to V2G (vehicle to grid 

technology) in order to meet the present electrical demand. 
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