V2G Demand Response Control Laboratory - An Innovative Approach
to Smart Energy Management

Eli Brock, Patrick Connor
Advisor: Robert Kerestes, PhD
University of Pittsburgh

Electrical and Computer Engineering
Introduction

Background and Motivation

The integration of electric vehicles (EVs) into the power grid presents both challenges and opportunities
for energy management. With the rise in EV adoption, there is an increased strain on the electrical grid,
particularly during peak demand times. This scenario necessitates a more dynamic and efficient
approach to managing energy resources.

The "V2G Demand Response Control Laboratory" project addresses this issue by exploring the potential
of Vehicle-to-Grid (V2G) technology. V2G systems allow for two-way communication between EVs and
the power grid, enabling not just battery charging but also the possibility of energy feedback into the
grid. This technology paves the way for more flexible and efficient energy usage, contributing to grid
stability and promoting sustainable energy practices.

Project Objective

The primary objective of this project is to develop and test a real-time pricing structure combined with
intelligent control systems for EV energy management. This approach aims to optimize energy buying
and selling, taking into consideration EV drivers' needs, grid demands, and economic factors. By doing
so, the project seeks to enhance the overall efficiency of the grid, facilitate the integration of renewable
energy sources, and promote cost-effective energy practices.

The Proposed Solution

Innovative Real-Time Pricing Structure

The project introduces a novel real-time pricing mechanism aimed at optimizing the interaction between
EVs and the power grid. This pricing model is designed to reflect real-time grid demands and energy
availability, encouraging users to charge or discharge their EVs in response to grid needs. The system not
only supports grid stability but also allows EV owners to benefit economically by selling energy back to
the grid at peak times.

Intelligent Control for Energy Transactions
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Central to the project is the development of an intelligent control system. This system autonomously
manages the energy transactions between the EVs and the grid, based on the real-time pricing data. It
ensures that the charging and discharging of EV batteries are done in a way that meets the drivers’
constraints (such as desired charge levels and times) while maximizing economic and environmental

benefits.
System Design and Implementation

Step-by-Step Process and Prototype Overview

The system operates through a series of interconnected steps starting from the release of real-time
prices, followed by data collection from EVs, decision-making by the controller, and culminating in the
actual hardware response. The prototype developed for this project includes all the necessary
components to demonstrate this process in a real-world setting. This system can be seen in Figure 1.
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Figure 1: System Schematic

Components and Functionality

Each component of the prototype, from the data collection modules to the control algorithms and the
hardware interface, plays a crucial role. The system's design allows it to adapt to varying energy prices
and user preferences, making real-time decisions that optimize energy usage and costs.

Adaptive Control and Reinforcement Learning

Adaptive Controller Mechanism
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The project's adaptive controller is a key component in managing the dynamic interactions between EVs
and the grid. The controller’s block diagram is show in
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Figure 2: Adaptive Controller Block Diagram

This controller adjusts charging and discharging rates in real-time based on a variety of factors, including
battery level, energy prices, and driver requirements. An example of the real time pricing structure is
shown in the following figure.
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Figure 3: Real-Time Pricing Signal
Its ability to adapt to changing conditions ensures optimal decision-making for energy management.

Role of Reinforcement Learning

Reinforcement learning is employed to enhance the system's decision-making process. This Al-driven
approach allows the system to learn from past experiences and improve its responses over time. By
continuously analyzing data and outcomes, the system becomes more efficient at predicting the best
times to charge or discharge the EVs, aligning with both economic and grid stability goals.
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Figure 4: Reinforcement Learning Algorithm Block Diagram

The adaptive controller and reinforcement learning algorithm cascaded together to form the following
control system.
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Figure 5: Control system

The physical implementation of the full system is shown below.
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Figure 6: Physical implementation of the system

Testing and Results

Methodology and Hardware Used

Testing of the system involved a comprehensive approach, utilizing both simulations and real-world
trials. The hardware setup included a range of devices to mimic the charging and discharging of EV
batteries, along with the necessary computing resources to run the control algorithms.

Analysis of Performance

The testing phase provided valuable insights into the system’s performance. Results indicated a
significant potential for cost savings and grid relief, especially during peak demand times.
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Figure 7: (a) State of charge and, (b) reward

The system demonstrated its ability to balance the needs of the grid with those of EV owners, optimizing
energy usage in response to fluctuating market prices and grid demands. Figure 7 shows a plot of the
simulated state of charge and reward vs. the prototype.

Conclusion

Project Findings and Impact

The "V2G Demand Response Control Laboratory" project showcases a promising approach to integrating
EVs into the power grid. The use of real-time pricing and intelligent control systems offers a viable
solution to the challenges of grid management in the context of increasing EV adoption. The project's
success in balancing economic efficiency, energy sustainability, and grid stability marks a significant step
forward in smart energy management.

Future Directions

Looking ahead, the project opens avenues for further research and development. Enhancements in
control algorithms, integration with renewable energy sources, and scalability of the system are
potential areas for future exploration. The ongoing evolution of V2G technology promises to play a
pivotal role in the transition to a more sustainable and efficient energy landscape.
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