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TITLE OF TUTORIAL:
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ABSTRACT:

A. Significance and Objectives:

Photovoltaic (PV), wind, and fuel-cell (FC) energy are the front-runner renewable- and
alternate-energy solutions to address and alleviate the imminent and critical problems of
existing fossil-fuel-energy systems: environmental pollution due to high emission level and
rapid depletion of fossil fuel. The framework for integrating these “zero-emission” alternate-
energy sources to the existing energy infrastructure has been provided by the concept of
distributed generation (DG) based on distributed energy resources (DERs) which provides an
additional advantage: reduced reliance on existing and new centralized power generation,
thereby saving significant capital cost. DERs are parallel and standalone electric generation
units located within the electric distribution system near the end user. DER, if properly
integrated can be beneficial to electricity consumers and energy utilities, providing energy
independence and increased energy security. Each home and commercial unit with DER
equipments can be a micropower station, generating much of the electricity it needs on-site
and sell the excess power to the national grid. The projected worldwide market is anticipated
to be $50 billion by 2015.

A key aspect of these renewable-/alternative-energy systems is an inverter (note: for wind, a
front-end rectifier is needed) that feeds the energy available from the energy source to
application load and/or grid. Such power electronics for next-generation renewable-
/alternative-energy systems have to address several features including (a) cost, (b) reliability,
(c) efficiency, and (d) power density. Conventional approach to inverter design is typically
based on line-frequency-transformer architecture. A problematic feature of such an approach
is the need for a line-frequency transformer (for isolation and voltage step-up), which is
bulky, takes large footprint space, and is becoming progressively more expensive due to the
increasing cost of copper. As such, recently, there has been significant interest in high-
frequency (HF) transformer based inverter approach to address some/all of the above-
referenced design objectives. In such an approach, a HF transformer (instead of a line-
frequency transformer) is used for galvanic isolation and voltage scaling, resulting in a
compact and low-footprint design. The HF transformer can be inserted in the dc/dc or dc/ac
converter stages for multi-stage power conversion. For single-stage power conversion, the HF
transformer is incorporated into the integrated structure. Based on these HF architectures,
several high-frequency-link (HFL) topologies, being developed at the University of lllinois at
Chicago and rest of the world, will be described which have applications encompassing
photovoltaics, wind, and fuel cells. Some have applicability for energy storage as well. The
work will incorporate several patented and patent-filed technologies at University of Illinois
at Chicago in high frequency link power systems.

B. Intended Audience:
This tutorial is intended for researchers, industry professionals, and academicians engaged in
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design and development of power conversion systems for PV, wind, fuel cell, and storage
applications. The tutorial will require basic knowledge of power electronic topologies,
devices, and systems. However, an initial overview will be provided to engage and encompass
those who have recently engaged in this area or even business developmental audience.

C. Tutorial Outline:

1. Introduction (35 minutes)

a.

b.

Role and applications of inverters and power conversion systems in renewable
and alternative energy systems
Overview and limitations of existing technologies.

2. High-Frequency-Link (HFL) Topologies (100 minutes)

a.

b.

e

Outline of overall approach and core topological differences with conventional
approaches

Role and incorporation of next-generation wide-bandgap power
semiconductor devices and high-frequency magnetics

Fixed-dc link and pulsating-dc link HFL converters: design approaches and key
differences

Operational and design details of single- and split-phase HFL systems
Operational and design details of three-phase HFL systems

Topological scalability for high power and distributed applications

3. Modulation and Control (70 minutes)

a.
b.

Overview of existing approaches for standalone and grid connected operations
Outline and operational details of next-generation hybrid modulation
technologies that achieve soft switching and loss mitigation without auxiliary
circuits

Outline and operational details of new innovations in linear and nonlinear
controls for HFL power converters while operating in standalone and clustered
(e.g. microgrid, smart-grid) operations for high reliability and performance of
sustainable source and overall system

4. Conclusions (35 minutes)

a.
b.
c.

Review of key concepts and scope, applicability, and tangible benefits
Other emerging concepts and towards universal power conditioning
Overview and impact of new standards

D. Duration of Tutorial:
The intended duration of the tutorial is 4 hours. However, the duration can be modified as
desired by the program committee.

1. LEAD INSTRUCTOR:

Name: Dr. Sudip K. Mazumder
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Title: Associate Professor, Department of Electrical and Computer Engineering and
Director, Laboratory for Energy and Switching-Electronics Systems

Company: University of lllinois

Street Address: 851 South Morgan Street, Mail Code: 154, 1020 SEO

City / State / Zip Code: Chicago, IL: 60607, USA

Telephone / FAX: 312-355-1315. 312-996-6465

E-Mail Address: mazumder@ece.uic.edu

URL: www.ece.uic.edu/~mazumder
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