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What are the Challenges?

* How to meet GHG reduction in transportation, in view of
electrification, with CNG combination?

* How to overcome energy storage limitations, including range and
dynamic performance?

* How we evaluate and enhance the performance of energy storage
systems in transportation networks?

* How to achieve economically viable energy solution for sustainable
transportation system?



Research Objectives

* Design high performance Flywheel Energy Storage Platform (FESP) for
transportation systems, including buses, rail, fleet

e Optimize FESP locations: buses, charging stations, and as integrated
with microgrid as energy storage

* Design and performance optimization of charging stations, with
respect to charging / discharging mechanisms and trip routes
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System Features

FESP is integrated with advanced dynamic control scheme to enhance the flywheel
performance and storage capabilities, reduce the charging time, and to increase the
operating life time.

Provide a replacement energy storage module at charging stations to reduce the
charging waiting time in some cases as well as to achieve optimal operating costs.

Design intelligent control actions to optimize the decision to charge or replace at each
station.

Global management and optimization of the bus system using integrated Bus Energy
Management System (BEMS), with the following functions:

- Monitor and control the FESP in each bus during the trips;

- Monitor and control the charging of FESP at the charging stations; and

- Monitor and control replacement of energy storage module at the charging station.

Utilization of performance indicators for decision making and optimization of
transportation infrastructures in view of economic and technical criteria.



Implementation Challenges in Bus Systems

Optimum integration of Flywheel Energy Storage Platform (FESP) within the
transportation bus network, using Bus Energy Management System (BEMS)

Optimize energy storage capacity within transportation buses

Flywheel Energy Storage Platform
(FESP) on buses with integrated Bus
Energy Management Sy SlL111 (BEMS)




Flywheel Energy Storage Platform (FESP) for Energy Efficient
Transportation Buses and Railway
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Flywheel Energy Storage Platform (FESP) for Energy Efficient
Transportation Systems
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Interconnected Homes/Community for Utility
Grid-Connection and Transportation Networks
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High Performance Zero Net Energy (ZNE) Infrastructures for Transportation Networks
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Planning support tool for regional transportation infrastructure with
sustainable fuel production and supply strategies (PSTF-Tool)

Synthesize, analyze, evaluate, and optimize different scenarios of transportation network operation and
technologies (electric, natural gas, hydrogen, etc.) with performance indicators.
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Proposed Integrated ESN / FSN System Architecture
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Integrated Energy Data Center (Efficiency,
Conservation, Safety, Reliability)
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* Smart Energy Grid Engineering Book:
http://store.elsevier.com/Smart-Energy-
Grid-Engineering/Hossam-Gabbar/isbn-
9780128053430/
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