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Abstract 

Statement of the Problem: Global development, industrialization, and 

our unsatiated desires for energy has contributed dramatically for the 

overexploitation of natural resources. Given the current global energy 

demand scenario, growing population (by 2050 it is expected to grow 

till 9.9 billion from 7.8 billion in 2020, requiring 80% more energy and 

70% more food)1, depletion of fossil fuels, greenhouse gas (GHG) 

emissions, and achieving net-zero emission targets are the issues that 

must be considered for sustainable development2. To address these 

challenges investment in R&D and adoption/integration towards 

renewable energy is of utmost importance to achieve the sustainable 

development goal, which can be addressed by conducting high-quality 

research and developing an understanding of the diverse next-

generation technologies that can help the scientific community 

to advance and to provide solutions to the socio-economic challenges. 

The scientific community is trying to work towards the development of 

non-conventional energy sources including new technologies for 

renewable and environmentally friendly electrochemical energy storage 

(EES) systems (Li-ion batteries (LIBs), Na-ion batteries (SIBs), and 

supercapacitors (SCs))3. EES technologies are one of the most promising 

electric energy storage applications because of their high efficiency and 

flexible design. There is a great demand for advanced energy storage 

systems with enhanced performance, especially in terms of their energy 

density, power density, cyclability, rate capability, operational safety 

for different applications. 

Methodology: The role of advanced synthetic chemistry plays a crucial 

role in design and development of the next-generation novel material 

which can not only perform well but also will help in meeting the gigantic 

upcoming energy demands. Also, by exploring and understanding the 

mechanisms of energy generation and storage has to be explored and 

designing advanced electrochemical energy storage (EES) systems is 

required with its integration with the renewable sources (like 

solar/wind/hydro can provide a solution. This might be accomplished by 

doing research and development in the field of advanced energy 

storage devices such as batteries and supercapacitors in a flexible, 

convenient, sustainable, and cost-effective manner.  

Findings: The electricity produced from most renewables is random and 

intermittent, which hinders the widespread application of renewables. 

Therefore, developing advanced energy storage technology is pivotal 

to improving electricity output reliability and stability from renewables. 

Now, the above-mentioned energy storage systems can be linked into 

grids (with renewable energy sources such as solar/wind/hydel, etc.) as 

part of a grid-based storage system. In addition, it can be used to 

facilitate efficient, sustainable, and reliable end-to-end users, which 

includes the growth of electricity demand for a variety of applications 

such as monitoring control and power systems, power quality management, 

smart home energy systems, and EV charging stations, among others.  
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Figure 1. (a) Advanced low dimensional materials design for high performance energy storage 

application and (b) strategy to integrate with renewable sources like solar/photovoltaics etc.  

Conclusion & Significance: One of the foremost challenges for 

sustainability is efficient use of renewable energy resources, a goal that 

hinges on the ability to store this energy when it is produced and disburse 

it when it is needed. The need for developing novel materials is the need 

of the hour and till now, the battery research could not achieve an energy 

density above 500 Wh/kg, so the research community aims to use and 

explore advanced materials which can offer and go beyond the above-

mentioned energy density targets. Moreover, the revolutionary 

technologies that dramatically increase safety and reliability remain 

urgently needed for the aforementioned EES systems. The demand for 

energy varies with the applications i.e., from personal devices (up to 10 

kWh) to transportation (up to 10-100 kWh) to distributed storage (up to 

100 kWh - 1 MWh) to central storage4. Research is striving towards 

achieve these targets and develop advanced technologies. 

Recent Publications 

1. Bhojane P (2021) Recent Advances and Fundamentals of 
Pseudocapacitors: Materials, Mechanism, and Its Understanding. Journal 
of Energy Storage, 45:103654. 

2. Bhojane P, Le Bail A, Shirage P. M. (2019) A Quarter of a Century after its 
Synthesis and with >200 Papers Based on its use, `Co(CO3)0.5(OH)·0.11H2O′ 
Proves to be `Co6(CO3)2(OH)8·H2O′ from Synchrotron Powder Diffraction 
Data. IUCr Acta Cryst. C: Structural Chemistry, C75:61-64.  

3. Bhojane P, Sinha L, Goutam U. K., Shirage P. M. (2019)  A 3D Mesoporous 
flowers of Nickel Carbonate Hydroxide Hydrate for High-Performance 
Electrochemical Energy Storage Application. Electrochimica Acta, 296: 
112-119. 

4. Bhojane P, Sharma A, Pusty M., Kumar Y., Sen S., Shirage P. M. (2017) 
Synthesis of Ammonia-assisted porous Nickel Ferrite (NiFe2O4) 
nanostructures as an electrode material for supercapacitors. J. Nanosci. 
Nanotech., 17: 1387–1392.  

5. Bhojane P, Sen S., Shirage P. M. (2016) Enhanced electrochemical 

performance of Mesoporous NiCo2O4 as an excellent supercapacitive 
alternative energy storage material. Appl. Surf. Sci., 377: 376-384. 

 

Biography 
Prateek Bhojane is an Assistant Professor, Department of Physics, University of Petroleum and Energy Studies (UPES), Dehradun, India. His current 

research interests include design and development of nanomaterials for energy storage applications especially supercapacitors and batteries. He 

mainly works in the field of material science; he synthesizes various nanomaterial and understand their structure-property relation and how the 

synthesized materials can be employed in the field of energy storage. He has received his B.Sc. in Physics, Mathematics and Electronics from 

Government Holkar Science Autonomous College, Indore, India in 2011. He has received his Master’s degree (M.Sc.) in Nanoscience and 

Nanotechnology from Sri Sathya Sai Institute of Higher Learning, Prashantinilyam, Anantapur, India in 2014 and later he has completed his Ph.D. in 

Metallurgy Engineering and Materials Science from Indian Institute of Technology Indore, Indore, India in the year 2019. Prior joining UPES, he was an industrial 

postdoctoral researcher in Matsumi Laboratory at Japan Advanced Institute of Science and Technology, Japan from 2019-2021. He has published ~ 9 research papers in 

peer-reviewed scientific journals with nearly 267 citations, and an h-index of 8 based on Google Scholar Profile. He has participated and in many national and 

international conferences/workshops. He has been awarded several best presentation oral/poster awards. Recently, he has been given an opportunity to chair an 

international conference session at Energy Materials Conference-2021, Stockholm, Sweden.  

Email: bhojane.prateek@gmail.com 

References: 1. Wang, F. et al., Innov. 2, 100180 (2021); 2. Bhojane, P, J. Energy Storage 45, 103654 (2022); 3. Bhojane, P, Nanoscale 10, 1779–1787 (2018); 4. Yoo, H. D., Mater. Today 17, 110–121 (2014). 
 

mailto:bhojane.prateek@gmail.com

