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 A major driver for the development of power electronics 
has been microelectronics and motor drive applications. The 
success and impact of this development can be seen today in the 
ubiquitous IT infrastructure which we depend upon for virtually 
every aspect of our life, and the millions of electric vehicles that will 
eventually displace vehicles based on internal combustion engines. 
From power system perspective, however, these applications are on 
the load side and their impacts on the system are not as prefund as 
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power electronics that started to proliferate on the generation and 
transmission side in recent years due to the rapid development of 
renewable energy and high-voltage dc (HVDC) trans 
mission.Compared to electromechanical and electromagnetic energy 
conversion devices such as generators and transformers that use slow 
(or no) control and can endure large overvoltage and overcurrent for 
long time, power electronics employ much faster control but have 
very limited overloading capabilities. These two fundamental 
characteristics, determined by semiconductor physics, complement 
each other at the device and converter level, but each is in conflict 
with certain aspects of how today’s power grid is designed and 
operated. Namely, fast control creates complex dynamics and  
resonance problems in the high frequency range that don’t exist in 
traditional power systems, while the need to protect a converter itself 
can be very detrimental to system transient stability. This talk reviews 
the technology and application of power electronics in renewable 
energy generation and HVDC transmission systems, and discusses 
their impacts on grid stability. System modeling and analysis based 
on a new small-signal sequence impedance theory is also presented 
as an effective method for the analysis and mitigation of high-
frequency resonance problems that have become a major challenge 
for the development and operation of HVDC and large-scale 
renewable energy systems in recent years.
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 To meet the rise in global energy demand with dwindling fossil 
fuel reserves, a lot of research is now focusing on different types of 
renewable energy sources. Solar, hydro, biomass, geothermal and wind are 
some renewable sources, which provide various forms of energy. Of these, 
biomass energy is unique since it is the only renewable source for organic 
carbon. Biomass are organic materials, mainly composed of carbon, 
hydrogen, oxygen and nitrogen. Sources of biomass include energy crops, 
algae, animal manure as well as agriculture, municipal and forest waste. As 
biomass is available in different forms, it is possible to convert biomass into 
value-added products via various processing technologies. A bio refinery, 
which is analogous to today’s petro refinery, is an integrated approach to 
convert biomass into a variety of fuels and chemicals. Two major platforms 
in biorefinery are sugar platform (bio-chemical) and syngas platform 
(thermos-chemical). Current paper discuss the chemical value of biomass 
and the potential conversion routes and major chemical processes in a bio-
refinery. Biomass is diverse in nature and are distributed widely. Therefore, 
collecting and processing biomass is still a challenge. In addition, biorefinery 
products has compact with existing petroleum-derived products. This 
presentation also includes a view on status of biomass and biofuels.

Title: Biomass for Fuels and Chemicals – Challenges and Opportunities

Dr. Suchithra Thangalazhy
 Gopakumar



Biography: 

Abstract: 

Ashoka K.S. Bhat obtained the B.Sc. degree 
in physics and math from Mysore University, in 1972. He 
received the B.E. degree in electrical technology and 
electronics and the M.E. degree in electrical engineering, 
both with distinction from the Indian Institute of Science, 
Bangalore, in 1975 and 1977, respectively. He also 
received the M.A.Sc. and Ph.D. degrees in electrical 
engineering from the University of Toronto, Ontario, Canada, in 1982 and 
1985, respectively.

From 1977 to 1981, he worked as a scientist in the Power Electronics Group 
of the National Aeronautical Laboratory, Bangalore, India. After working 
as a postdoctoral fellow for a short time, he joined the Department of 
Electrical Engineering, University of Victoria, B.C., Canada, in 1985, 
where he is currently a Professor of Electrical Engineering and is engaged 
in teaching and conducting research in the area of power electronics. He 
was responsible for the development of the Electromechanical Energy 
Conversion and Power Electronics courses and laboratories in the 
Department of Electrical Engineering at the University of Victoria. 

He has more than 40 years of experience in power electronics and authored 
(or co-authored) many reviewed journal papers and has presented more 
than 100 reviewed conference papers. He has successfully supervised 
many Ph.D. and Master’s students. He has offered several short term and 
full-semester courses in the area of Power Electronics.

Dr. Bhat is a Fellow of IEEE (USA), Life Fellow of the IETE (India), and a 
registered Professional Engineer in the province of British Columbia, 
Canada.

There is an increased use of alternate energy sources due to 
energy crisis and environmental concerns. Power electronic converters 
form an integral part of such energy systems due to the varying nature of the 
outputs available from various energy sources. In this talk, a brief overview 
of the application of power electronic converters in such systems will be 
presented. Some of the topics to be briefly discussed are: Interfacing of 
alternate energy sources (such as photovoltaic array, fuel cells and wind 
energy) to the utility line, bidirectional power converters needed for energy 
storage, power converters for electrolyser application, etc.
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 Current-fed power electronic systems have been demonstrated 
and justified for low voltage high current applications. Major applications 
include interfacing low voltage dc and high voltage dc grids in a microgrid, 
renewable energy integration, energy storage, and electric 
transportation.Current-fed converters offer short circuit protection and 
voltage amplification due to input inductor. In addition, inductor is reliable 
and offers higher lifetime (relatively reduced degradation) compared to 
electrolytic capacitor used in voltage-fed converters. Alternative energy 
sources output (solar PV, fuel cells) is low voltage and the same is true for 
energy storage. Current-fed transformer-less converters are able to boost 
the source voltage up to 10x. In addition, the variability of renewables 
varies voltage and current (so the power) output. Therefore, the power 
electronics interface should accommodate such variations with high 
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performance over entire operating range. The major challenge is to 
maintain high efficiency with intermittent variability, load profile, and 
usage. Current-fed converters are superior in performance for such 
variations and specifications. The major challenge in current-fed is high 
voltage spike/overshoot across the semiconductor devices at turn-off 
owing to hard commutation. It needs additional snubber circuits or 
active-clamping reducing density, efficiency, as well as boost capacity. 
Advanced current-fed converters with novel modulation and impulse 
resonance achieve soft-commutation and natural voltage clamping of 
the devices without external snubber circuit making it snubber-less. 
Soft-switching of all semiconductor devices is achieved and maintained 
over wide variation in source voltage and power. Similarly, the attributes 
of natural device voltage clamping and soft-commutation are also 
maintained. Conventional current-fed as well as voltage-fed PWM and 
resonant converters have soft-switching limitations and lose at light load 
and increased source voltage. However, the proposed current-fed 
converters maintain their originality owing to proposed modulation. 
Soft-switching, natural voltage clamping, and soft-switching are 
inherent and maintained with wide variation in source voltage and 
output power. As additional measures, proposed topologies report 
negligible circulating current that results in higher efficiency at partial 
load and increased source voltage and reduced peak current stress across 
the components
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 In recent years, the electric power sectors worldwide have 
seen a gradual penetration of renewable energy based distributed 
generation (DG) units. When a DG or group of DG units operate as single 
controllable system, it is generally addressed as a Microgrid. These 
microgrids can be used to supply power to the main grid or can operate as 
an autonomous grid feeding the local load demand. In an autonomous 
microgrid, the intermittent nature of DG units (such as, photovoltaic and 
wind) makes the system highly dynamic. This keynote will go into 
details of autonomous microgrids and discuss the operation, control and 
challenges associated with these systems. Some of the research findings 
and future research scope in this area will also be discussed.
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 Multilevel inverters are preferred for variable speed drives 
due to its improved output voltage profile , less low order harmonic 
content and low dv/dt requirements for the devises etc;. But the 
conventional multilevel voltage space vector structure has a hexagonal 
profile and it introduces the low order 5th and seventh harmonics 
especially in the overmodulation region.  Recently, numerous interesting 
multilevel topologies have been reported for motor drive applications. 
However, to date, the most popular topology is the neutral-point clamped 
(NPC) three-level topology, especially for medium-voltage drives 
applications. This shows that the industry is still looking for viable 
alternative to this topology, with reduced power circuit complexity and 
increased reliability for medium-voltage drives applications. This 
specific lecture will focus on some of the recent work from my lab on 
five-level and nine-level inverter topologies, with reduced DC-link 
voltages along with common-mode voltage reduction for conventional as 
well as open-ended winding induction motor drives. This is followed by 
the new interesting concept of dodecagonal voltage space vector 
structure generation with  fifth and seventh order harmonics as a viable 
alternative for the conventional hexagonal structure for the voltage space 
vector structure, for PWM control. The dodecagonal voltage space vector 
structure generation for an induction motor drive with open-end structure 
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will be introduced in the first part of the lecture and then it will be 
extended to the normal three phase IM drive using a switched 
capacitive H-bridge acting as a 5th and 7th order harmonics, 
throughout the modulation range. The switched capacitive filter with a 
capacitve fed H-bridge will only supply reactive energy and the 
capacitor voltage can be balanced during the PWM control without any 
complexity. The same concept will be extended for octadecagonal 
voltage space vector generation using the basic inverter modules, in 
this lecture.


