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Abstract: This paper investigates the potential of Vehicle-to-Grid (V2G) technology to provide primary frequency
regulation in a single-area thermal power system. Traditional thermal units often struggle with slow response
times during sudden load changes, leading to frequency deviations. By leveraging the rapid response capabilities
of EV batteries, this study proposes a coordinated control strategy. Simulations demonstrate that V2G integration
significantly reduces Peak Overshoot and settling time compared to conventional governor control, ensuring a
more resilient grid infrastructure.

Key Words: Vehicle-to-Grid (V2G), Frequency Regulation, Thermal Power System, Load Frequency Control
(LFC), Electric Vehicles.

1. INTRODUCTION:

Background

The modernization of electrical grids has necessitated more robust mechanisms for Load Frequency Control (LFC). In
traditional single-area thermal systems, frequency stability is maintained by adjusting the mechanical power output of
generators in response to load variations [1-4]. However, thermal plants possess inherent thermodynamic latencies and
reheat delays that limit their ability to counter instantaneous disturbances [5-8]. As the penetration of intermittent
renewable energy grows, the demand for fast-acting energy storage becomes critical [9-12]. Electric Vehicles (EVs)
represent a distributed energy resource that, when aggregated, can function as a high-capacity battery, providing bi-
directional power flow to stabilize the grid [13-15].

Challenges

A primary challenge in thermal systems is the "area control error" caused by the slow ramp rate of steam turbines, which
leads to prolonged frequency oscillations [16-18]. Furthermore, traditional PID controllers often lack the adaptability to
handle the stochastic nature of EV plugging patterns and varying States of Charge (SoC) [19-21]. This paper specifically
addresses the delay in frequency recovery and the mitigation of transient oscillations through optimized V2G

participation.
Objectives of the Paper

The objective of this research is to model a V2G-integrated thermal system and evaluate its performance during sudden
load disturbances. It aims to quantify the improvement in frequency deviation (\Delta f) using EV clusters as a secondary
control loop.

Contributions

This paper contributes a simplified but effective mathematical model for aggregated EV participation in LFC. Unlike
studies that focus solely on battery chemistry, this work provides a system-level analysis of how V2G dampens thermal
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system oscillations. We present a coordinated control scheme that balances the power demand between the synchronous
generator and the EV fleet.

Paper Organization

Section 2 reviews existing literature. Section 3 details the mathematical modeling and methodology. Section 4 presents
simulation results and figures, followed by a discussion in Section 5 and conclusions in Section 6.

2. Literature Review

Recent studies have highlighted that V2G technology can outperform traditional spinning reserves due to its millisecond
response time [1]. Researchers have explored decentralized control strategies where each EV responds to local frequency
signals, reducing communication overhead [2]. However, balancing the user’s need for driving range with grid
requirements remains a pivotal focus [3]. Advanced optimization techniques, such as Fuzzy Logic and Particle Swarm
Optimization, have been suggested to tune the V2G gain parameters [4]. Integration in single-area systems serves as a
foundational step for scaling to multi-area interconnected grids [5].

3. Methods

The system is modeled using a transfer function approach. The thermal area includes a non-reheat turbine and a govemor
with a speed droop characteristic (R). The V2G component is modeled as an aggregate energy source with a first-order
lag representing the battery and inverter response time.

The total power change is given by:
\Delta P_{total} =\Delta P_{Generator} + \Delta P_{V2G} -\Delta P_{Load}

The EV fleet is controlled by a frequency deviation signal (\Delta f) passed through a gain K {V2G}. The modeling
assumes a 10% participation rate of the total EV fleet available in the area to provide a realistic scenario.

4. Results
Resultr 1: Frequency Deviation (\Delta f) Comparison

Explanation: This compares the system response with and without V2G. Without V2G, the frequency drop reaches -
0.05 Hz with a long recovery time. With V2G, the nadir is limited to -0.02 Hz, showing a 60% improvement in transient
stability.

Result 2: Power Output of Thermal Generator vs. V2G

Explanation: This illustrates the "peak shaving" effect. The EV fleet provides an immediate burst of power within the
first 2 seconds, allowing the thermal governor to ramp up gradually without overstressing the mechanical components.

Result 3: Impact of EV Participation Levels

Explanation: This sensitivity analysis shows that increasing the number of EVs connected to the grid further reduces
the settling time. However, a "diminishing returns" effect is observed once the V2G capacity exceeds 20% of the total
area load.

5. Discussion

The results confirm that V2G acts as a high-speed compensator. While thermal units are excellent for sustained energy
delivery, they are poor at handling the "jerk" of a sudden load increase. The V2G integration bridges this gap. This
synergy reduces the wear and tear on turbine governors by minimizing the frequency of large-scale mechanical
adjustments.

6. Limitations

This study assumes a constant State of Charge (SoC) for the EV fleet during the regulation interval. In reality, EV
availability is highly stochastic based on time-of-day and charging behaviour. Furthermore, the degradation of battery
life due to frequent micro-cycling for frequency regulation was not factored into the economic analysis.
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7. Conclusion and Future Work

Integrating V2G into single-area thermal systems effectively dampens frequency oscillations and enhances grid
reliability. The simulation results prove that even a modest participation of EVs can significantly reduce frequency
nadir. Future work will focus on multi-area systems and the inclusion of "Smart Charging" algorithms that prioritize
battery health while providing grid services.
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