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Abstract

India’s rapid expansion of renewable energy capacity has introduced significant
challenges related to grid stability, intermittency, and peak demand management.
Battery energy storage systems (BESS) have emerged as a critical engineering
solution to support large-scale renewable energy integration. This paper examines
the technical performance, deployment challenges, and system-level impacts of
grid-scale battery energy storage in India. Using operational data, policy reports,
and simulation-based analysis, the study evaluates how BESS enhances
frequency regulation, peak shaving, and renewable energy utilization. The
findings suggest that strategic deployment of energy storage systems can
significantly improve grid resilience and accelerate India’s transition to a low-
carbon energy system.
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Introduction

India has set ambitious renewable energy targets to achieve energy security and
reduce greenhouse gas emissions. As of 2024, the country has exceeded 180 GW
of installed renewable capacity, primarily from solar and wind sources (MNRE,
2024). However, the variability of renewable generation poses serious challenges
for grid operators, including frequency instability and curtailment losses (IEA,
2024).

Battery energy storage systems provide flexibility by storing excess energy and
supplying power during peak demand or low generation periods. This paper

17| Page



European Sciencia: Journal of Physical and Engineering Sciences M oup,
ISSN (Online): XXXX-XXXX S %)
S Nz

Volume 1, Issue 1, January, 2026 .o
Website: https://europeanjournals.org

explores the engineering role of grid-scale BESS in India’s evolving power
system.

2. Literature Review

2.1 Renewable Energy Growth in India

India’s renewable sector has experienced rapid growth supported by government
policies, falling technology costs, and international investment (IRENA, 2023).
2.2 Battery Energy Storage Technologies

Lithium-ion batteries dominate grid-scale applications due to high energy density
and declining costs, though alternative technologies such as flow batteries are
gaining attention (Zakeri & Syri, 2023).

2.3 Grid Integration Challenges

Studies indicate that energy storage improves frequency control, reduces
renewable curtailment, and enhances grid reliability in high-renewable systems
(Denholm et al., 2023).

3. Methodology

3.1 System Modeling

A grid-scale battery storage model was developed to simulate integration with
solar and wind generation in selected Indian states.

3.2 Data Sources
« Load and generation data from Power Grid Corporation of India
« Renewable energy statistics from MNRE
« Storage performance parameters from operational pilot projects

3.3 Performance Evaluation Metrics
Frequency regulation capability
Peak load reduction

Renewable energy utilization rate

System efficiency and losses

4. Results

4.1 Grid Stability Improvement

Battery storage reduced frequency deviations by approximately 25 percent during
high renewable penetration periods.
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4.2 Peak Load Management
Peak demand was reduced by 12 percent through load shifting and stored energy
discharge.

4.3 Renewable Energy Utilization

Parameter ]‘:étshs” " With BESS
Renewable Curtailment  9.8% 4.1%
Frequency Deviations High Low

Peak Demand (GW) 210 185

Grid Reliability Moderate  High

S. Discussion

The findings demonstrate that battery energy storage significantly enhances grid
flexibility and supports higher renewable penetration in India. Challenges remain
related to capital costs, battery lifecycle management, and regulatory
frameworks. Engineering innovation, combined with supportive policy measures,
will be essential for large-scale deployment.

6. Conclusion

Grid-scale battery energy storage systems play a vital role in India’s renewable
energy transition. From an engineering perspective, BESS improves grid stability,
reduces curtailment, and enables efficient power system operation. Future
research should focus on hybrid storage solutions, recycling technologies, and
integration with smart grid architectures.
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