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• The power grid is transforming in an unprecedented scale  (Renewable energy, Power Electronics, Energy Storage, ... )
• South Australia is leading these transformations
• “Instant” renewable energy generation can be > 100% of the demand !
• “PV systems could produce electricity at a lower price than the grid !”

Major Issues:
• In Australia, coal-fired power stations will reach the end of their technical life by 2040
• Intermittent sources: Change the dynamic power demand-supply balance

Increasing power quality issues (harmonics, voltage variation, DP/Dt)
Reverse power flow (distribution/transmission): operation, protection, security

• Traditional power networks are designed for voltage drops, not for voltage rise.
• Demand increase : EV charging loads and air conditioners (in Australia !)
• Energy gap likely to come from Wind and PV 
• Reliability and cost of energy !

Great opportunities for the electrical and electronics industry:
• Power quality and efficiency improvements
• Microgrid, EV, Air/Con (DRED) technologies
• Technology development for the grid transformation  (converter technologies with WBG) 

• PV hosting capacity of a given region differs : energy needs of the local load center
amount of PV supply already connected 

• Localised solutions are desirable to mitigate the negative impacts of PV

• Various pilot studies have been reported (BSS, VPP..) but no quantified benefits and technically effective network solutions are 
demonstrated !

I. INTRODUCTION
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Few selected issues associated with intermittent sources and DERs

A typical daily power flow 
in a town with high PV 
uptake and with the 
corresponding solar 
irradiance 

Power Solar irradiance

A transmission network 
level load duration curves 
over multiple years with 
increasing reverse power 
flow

Reverse power 
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Traditional Grid No PV

Instantaneous Losses Total Losses

Voltage variations (voltage heat maps) and power losses

Few Selected Issues Associated with Intermittent Sources and DERs

Traditional Grid with PV Microgrid with PVs and BESS
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• Power networks are involving increasing level DERs and 
embedded (on-grid) and off-grid microgrid structures

• Electrical loads are changing (has already changed!)

• Power Electronics drive the renewable energy technologies 
and DER sources

• The grid is currently in a hybrid stage (as in transportation 
vehicles!), AC and DC (while DC intermediate stage is 
increasing)

• Reliability is reducing, energy cost is increasing !

II. GRID TRANSFORMATION !



Comparison of AC and DC Supplies
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Undesirable features of AC Factors that favour DC 

Regulation issues (voltage, 

frequency and phase) 

Changes in “existing and 

emerging generator /load types” 

(camouflaged or genuine DC) 

Synchronisation and time delay  Wide utilisation of Power 

Electronics 

Impedance and reactive power Demand for high efficiency 

4-quadrant control Demand for accurate control 

Power quality issues including 

harmonics 

Needs for multiple DC voltage 

levels 

Large initial currents (in motors, 

lines and transformers) 

Unbalance issues and sequence 

impedances (positive, negative, 

and zero) 

Skin effects and losses 

Inductive and capacitive 

coupling, and induced voltage 

Limited stepped-regulation, 

unidirectional power flow 

Multiple T/D lines and exposure 

to environmental factors 

Difficulty to integrate to DC 

(such as renewable energy) 
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Embedded modern generation sources and converter topologies
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• The driving force of the grid transformation is Power Electronics (switches, 

converters) 

• PE aims to address high efficiency (low loss), high power density (smaller/lighter), 

reliable systems !

• Higher efficiency also results in :

• reduced energy consumption

• less heat hence increased insulation and system life

• less cooling requirements (smaller fan, smaller space for heat-sinking)

• reduced air conditioning requirements in enclosed spaces (such as in large 

converters, data centres and battery storage systems)

• higher short term overloading capacity

III. WIDE BANDGAP DEVICES IN POWER ELECTRONICS
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Wide bandgap (SiC and GaN) devices

• The use of WBG devices in Power Electronics solutions has shown a huge increase specifically 
in a wide spectrum of power system applications

• Driving forces are : energy saving, size reduction, system integration and improved reliability

• WBG (1.1 eV for Si and 3.26eV for SiC)
• Status : GaN HEMT devices (600ns at 350V)

SiC devices (400V -1700V and 1A-325A)

• Desirable characteristics of WBG :
Higher operating temperatures (smaller heatsinks, smaller die sizes, lower costs)
Faster switching speed (reduced size of passive element but potential for EMI problems !)
Higher dv /dt and di/dt ratios (30-50kV/s and ~1kA/s, potential sensor/measurement 
issues!).
Hence ! Integrated , module based solutions !
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Si versus SiC and GaN

650V/60A
Si (TO-247) vs GaN
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Physical characteristics of Si and few WBG semiconductors 

(From L. M. Tolbert et al, http://web.eecs.utk.edu/~tolbert/publications/iasted_2003_wide_bandgap.pdf) 

Converter Power versus Switching Frequency  and Application Areas

Opportunity 
space for WBG 

(From ARPA-E  Report: Wide Band-Gap Semiconductor Based Power Electronics for Energy Efficiency)
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(In 2016)

Power America, 2016

Volume Reduction and Efficiency Increase

(In 2019)

200kW Traction Inverter 
with Power Density
of 60kW/L

FREEDM: RESEARCH TO REALITY, 2019
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WBG semiconductors within 
the Power Electronics market by 
revenue and percentage

Annual growth of WBG 
market by Application
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IV. POTENTIAL WBG DEVICE APPLICATIONS

WBG devices will replace present Si devices once the cost drops and modularised solutions offered 
PCB layout and gate-drive parameter design needs attention including measurement and protection

The perfect application for WBG devices are:
Battery chargers are in vehicle
BSS
PVs
Renewable energy technologies
Motor drives
Power supply applications
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WBG in Future PV 
Panels

PV Array
with String Inverter 

PV Structure
with -Inverter 

… … … …

IV. POTENTIAL WBG DEVICE APPLICATIONS

AC

DC/AC

With WBG DC/DC
converters
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EV Charger Categories

• Single-phase /Three-phase
• On-Board/Off-Board
• Isolated/Non-isolated
• Unidirectional /Bidirectional (V2G, G2V)
• Conductive /Inductive & Wireless

FAST On-Board CHARGING ! 3-Phase, High Power, @ 2-3 C Rate 

From  ORNL/TM-2017/702: Wide Bandgap Semiconductor Opportunities in Power Electronics

In EV Chargers
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SiC 10-20 kV devices can reduce the system size in renewable 
energy applications more than 5x, while offering  power and 
voltage support functions

By Subhashish Bhattacharya (North Carolina State University)
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WBG Devices in Utility Scale Applications
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WBG Devices in Utility Scale Applications
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WBG Devices in Utility Scale Applications
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V. CONCLUSIONS

• WBG switches have the potential to revolutionize the field of Power 

Electronics, hence the entire power system components

• They will allow on-board high-power DC charging for EVs, and V2V, V2G 

power transfer

• They are likely to drive a much greater transformation (AC to DC !)
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HOW IT STARTED 
(1880s) 

PAST 
(1900s) 

CURRENT 
(2010s, 

More AC) 

VISION/DC GRID 
(2050+) 

NEAR FUTURE 
(2030+, 

DC Dominant) 

Load centres 

Conventional small generators 

Conventional larger generators 
 

AC transformers 

Embedded microgrid 

AC/DC converters 
 
Autnomous DC microgrids/load centres 
  

Transmission lines 
lines Distribution lines  

HVDC lines 
 

An overview of the grid transformation timeline
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The system architecture of a clustered/community level BSS with a high power EV charger.

COMMUNITY LEVEL BSS AND BENEFITS

The single line 
diagram of a 
three phase and 
flexible BSS 
unit that can 
form the 
community 
level energy 
storage

ECP: Electrical 
connection point
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