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IPEMC 2016 Program at a Glance

May 21, 2016 (Saturday)

14:30-18:00  |Registration in the Hotel Lobby at the Main Level

May 22, 2016 (Sunday)

08:00-18:00  |[Registration in the Hotel Lobby at the Main Level

Tutorial Group | +08:50-12:10

(Room 310-312) (Room 311-313) (Room 316-318) (Room 320-322) (Room 321-323)
Tutorial 1 Tutorial 2 Tutorial 3 Tutorial 4 Tutorial 5
Preparing and Reviewing Design of Wireless Electric | Design, Control and Topology for Technology and Practical Advanced Control Strategy
08:50-12:10 Manuscripts for |IEEE Journal |Vehicles: Dynamic & Stationary | High Performance LLC Resonant Techniques to Test Power for High Performance AC
Publication Charging Technologies Converters Devices Servo System

10:20-10:40  |Morning Break: Hallway on the 3" Floor

12:10-13:40 Lunch: Buffet in Cafeteria on the 1% Floor

Tutorial Group Il »13:40-17:00

(Room 310-312) (Room 311-313) (Room 316-318) (Room 320-322) (Room 321-323)
Tutorial 6 Tutorial 7 Tutorial 8 Tutorial 9 Tutorial 10
Solld-;;ast.enTrca;:lth;rs-Kev Capacitors in Power Electronics Principles and Practices of PSR AT M Design Challenges for High
13:40-17:00 A Iicagbil' and ? tJ re Applications-Sizing, Modeling, |Digital Current Regulation for AC of Cnn{rol in Electrical Drives Frequency Magnetic Circuit
PP CO':I"D'ENS Lty and Reliability Systems for Power Conversion

15:10-15:30  |Afternoon Break: Hallway on the 3™ Floor

18:00-20:00 Reception: Buffet in Room 180-182

May 23, 2016 (Monday)

08:00-18:00  [Registration in the Hotel Lobby at the Main Level

07:30-08:20  |Oral Presenters’ Breakfast: Room 188 (Oral Presenters and Session Chairs of May 23 only)
08:30-10:20  |Plenary Session | (Room 303-305)

10:20-10:40  Morning Break: Room 303-305

10:40-12:10  |Plenary Session Il (Room 303-305)

12:10-13:40  |Lunch: Buffet in Room 301-302

12:10-17:20  [Setting-up Expo: Room 305

Room Room Room Room Room Room Room Room Room
310-312 311-313 315-317 316-318 320-322 581 585 586 588
Ma5-20: Mab-25: Ma39-36:
Ne“:‘a;:;es Ma2-04: Ma3-05: Ma4-08: Power Factor Coordinating R:’::;; f}ie wh;f:&gg ac | Grid Scale Energy
13:40-15:20 Modulation of DC/DC  |Electronic Motor| Correction and | Control of Parallel ! Storage:
and . . Energy Power N
s Converters-l | Converter-| Drive-I Harmonic Converters in Syst | BT | Modelling and
AL Mitigation Micro-Grids ystems Verters Control-

15:20-15:40  |Afterncon Break: Hallway on the 3™ & 5™ Floors
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Room Room Room Room Room Room Room Room Room
310-312 311-313 315-317 316-318 320-322 581 585 586 588
MbS-37:
Nen:rb;;?;a Mb2-04: Mb3-05: Mb4-08: Mb5-21: High ::I;\t:vi.rag.ens' R::zz;;'iie whgtésgngc Grid Scale Energy
15:40-17:20 Modulation of DC/DC  |Electronic Motor| Power Quality & ity ! Storage:
and . AC-DC/ DC-DC Energy Power h
- Converters-Il | Converter-Il Drive-ll Enhancement Economics and
Applications-l| Converter Systems-Il Converters-Il .
Business Models
17:30-18:30  |[Expo Reception: Beverage in Room 305 (Expo open)
18:30-20:00 Dinner: Buffet in Room 301-302
20:00-22:00 ‘'oung Professional s and Students Reception in Room 388

May 24, 2016 (Tuesday)

08:00-18:00  [Registration in the Hotel Lobby at the Main Level
07:30-08:20  |Oral Presenters’ Breakfast: Room 188 (Oral Pr ters and Session Chairs of May 24 only)
09:00-17:00  [Expo in Room 305
Room Room Room Room Room Room Room Room Room
310-312 311-313 315-317 316-318 320-322 581 585 586 588
Tab-33: Ta9-39:
Tal-24: Ta5-29: HVDC and DC Grid Ta7-12: Ta8-06: Penal Session:
Ta2-04: Ta3-05: Ta4-08: . .
08:30-10:10 GaN Pf}wer Modulation of DC/DC  |Electronic Motor Power guallty Téchnologle's for Renewable AC/DC, DC/AC | The Role of Grid
Device Converters-ll TERTETEETl Drive-il Analysis and Grid Integration of Energy Power Scale Energy
Application Enhancement-| | Large Renewable Systems-lIl Converters-lIl Storage in Low
Energy-l Carben Future
10:10-10:30  |Morning Break: Room 303-305
10:30-12:10  |Poster Session | (P101, P102, P103, P104, P105, P106, P107, P108, P109) (Room 302-303)
12:10-13:40 Lunch: Buffet in Room 382, 386 & 388
13:40-15:20  |Poster Session Il (P201, P202, P203, P204, P205, P206, P207, P208, P209) (Room 302-303)
15:20-15:40  |Afternoon Break: Room 303-305
Room Room Room Room Room Room Room Room Room
310-312 311-313 315-317 316-318 320-322 581 585 586 588
Tb2-28:
Fault-Diagnosis Th6-33:
. Th7-36: Th8-23: Tb9-26:
b el 3= Tb3-05: Th4-08: To5-28: | WVDCandDCGrd |- o oo prergy|  Stabilityand | Advanced Power
Electric and Tolerant . Power Quality Technologies for n 5
15:40-17:20 5 DC/DC  |Electronic Motor N 3 , Storage: Power Quality of Conversion
Hybrid Control of . Analysis and Grid Integration of . 0
0 Converter-lV Drive-IV Modellingand | Power Electronic Systems for
Vehicles Power Enhancement-ll | Large Renewable
. Control-ll Based Systems-| | Energy Storage
Electronics Energy-II
Applications
18:00-20:30 Banquet: Room 301, 302 & 303

May 25, 2016 (Wednesday)

08:00-10:00 Registration in the Hotel Lobby at the Main Level
07:30-08:20  |Oral Presenters’ Breakfast: Room 188 (Oral Presenters and Session Chairs of May 25 only)
09:00-10:30 Expo in Room 305 (Tearing-down during 10:30AM-12:30PM)
Room Room Room Room Room Room Room Room Room
310-312 311-313 315-317 31e6-318 320-322 581 585 586 588
Wa2-38:
Wal-06: smurilt:g e Wad-10: Was-19; Wa6-14; Wa7-12: \Wag-23:
; - Wa3-05: T = Lo e Stability and Wa9-13:
08:30-10:10 AC/DC, DC/AC | generation of be/ne Electric Machines, Transit, Mlc.rog.ndsand Renewable Power Quality of | Energy Storage
Power Energy ConvertarV Actuators and | Aerospace and Distributed Energy Power Electronic e
Converter-X | Conversion Sensors Marine Systems. Generation-| Systems-IV £
. Based System-Il
System in Real-|
time
10:10-10:30  |Morning Break: Room 303-305
Room Room Room Room Room Room Room Room Room
310-312 311-313 315-317 316-318 320-322 581 585 586 588
Whb1-35:
New
Technology Whb2-06: Wh4-11: Wh6-14: Whb7-22: Wh8-06:
; Wh3-05: g . e Wireless Power Wb9-32:
AT T and AC/DC, DC/AC be/ne Industrial Wh5-01: Microgrids and Transfer and AC/DC, DC/AC Reliability of
: Development Power Convertar-Vl applications of Power ICs Distributed oo Power Power Electronics
Trend of Converter-VI Machines Generation-Il Converters-IV
3 Converter
Electric
Vehicles
12:10-13:40 Lunch: Buffet in Room 301-302
Room Room Room Room Room Room Room Room Room
310-312 311-313 315-317 316-318 320322 581 585 586 588
Wed-09:
war | v | waos |wonmiows | e | weis  SHGSSISMEEEN v
13:40-15:20 Smart Grid LED Driver DC/DC Robotics and . X og
Technologies-1| Technology |Cenverter-Vil Sensorless Sl sy Distributed by r ity
Control-l Devices Generation-lIl Converter-Vil Converter-V Systems-V
15:20-15:40 IAfternoon Break: Hallway on the 3™ & 5™ Floors
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Room Room Room Room Room Room Room Room Room
310-312 311-313 315-317 316-318 320-322 581 585 586 588
Wde-27:
Wd2-16: Wd4-09:
Wd3-15: . Advanced Power Wd8-06: Wd9-06:
Wd1-17: Energy Motion Control, Wd5-03: .
15:40-17:20 | SmartGrid | Efficiencyand [ oS0 Robotics and Passive Sontros UEE=EE WDFC' Reies WDC'F R
Technologies-ll| Sustainable it Sensorless Components chislogiesfoy R et r r
Distribution AC/DC Hybrid Converter-Vill Converter-IX
Buildings Control-1l Microgrids

14:10-17:30 [Technical Tour in Hefei

18:00-20:00 Dinner: Buffet in Room 301-302

May 26, 2016 (Thursday)

IEEE Workshop on Electronic Power Transmission and Distribution {eT&D) (Room 303)

08:30-17:30 {Open on-line registration; Invited speakers)

Final Program

The Inaugural IEEE Workshop on Electronic Power Transmission and Distribution (eT&D)
May 26, 2016, Platinum Hanhjue Hotel, Hefei, China

Invited Presentations / Morning (Chairs: L. Chang & Z. Zhao)

Presentation Title

Liuchen Chang
8:00am Welcome Organizing Committee Chair
University of New Brunswick, Canada
Opening Remarks: Don Tan - ;
8:05am IEEE Board of Directors & PELS/PES Steering
Why We Are Here Today o e i
Development Trends and Technology Require- Xiaoxin Zhou
8:10am ments for Power Systems in the Ongoing Energy EiC of CSEE JPES, Member of Chinese
Transition Academy of Sciences, China
Oppoartunities and Challenges in Next Generation Tim Heidel_
8:30am | : | | Program Director
Power Electronics Based Power Flow Controllers ARPA-E, US DoE, USA
. e : Liangzhong Yao
8:50am Power Electronic Applications in Power VP
’ Systems - Opportunities and Challenges EPRI. China State Grid. China
Advanced Power Electronic Functionality for Re- Ben Kroposki
9:10am . ) ) Deputy Director, Power Systems
newable Energy Integration with the Power Grid NREL, USA
Research and Application for VSC-HVDC Gu?ngfu Tang
9:30am ; : Chief Engineer/VP
TechrologyliniChina $SGSGI, China State Grid, China
Johan Enslin
9:50am Distributed Dynamic Control at the Grid Edge Professor
U of North Carolina at Charlotte, USA

10:10am Morning Break

Study on the Onboard Power Electronics Trans- Jianghua Feng

10:30am Chief Engineer/VP
former (PET) Applied to High Speed Trains (HST) CRRC Cl?ina A
oo Advanced Electronics — The Technological Key to g?;;l;:nghung

Future Grid Success U of Saskatchewan, Canada

%4 H



11:10am

11:30am

11:50am

12:10pm

Power Electronics Application in Distribution
Systems

High Performance Power Converters Based on
Power Device and Circuit Topclogy Evaluations

Applications and Industrial Prototype

Xuzhu Dong

Deputy Chief Engineer

EPRI, China Southern Grid, China
Xiangning He

Professor

Zhejiang University, China

Chenxiong Mao

. Professor
Development of Electronic Power Transformer HUST. China
Lunch All Participants
— EEESE TR
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()= hn 2016 IEEE 8th International Power Electronics and Motion Control
Conference-ECCE Asia, IPEMC 2016—ECCE Asia &&=
ARG HRAE P EIAREGET O & ERGeERT - B PR E TR g2 & (China
Electrotechnical Society, CES) }¢ IEEE B JE & &/FEEM - mE TR - Bilgiiasa
B~ REEEBRRENINE T E T KA R GARRREGT - 1 R 3SR S E et B R 2
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Sl HA TR & i es ~ BT S BB AR R 0% - B B E SR
FEENETHEERTEA RS - g E —RbwAEAT - EIEABEERER - 24
FREE T o A T B
1-Si and SiC Power Modules Enabling Power Electronics Growth—Semiconductor &
Device Group of Mitsubishi Electric Corporation, Mr. Gourab Majumdar (India).
2 ~ State-of-the Art PV Inverters—Sungrow Power Supply Corporation, Mr. Jack Gu (China).
3 ~ Motor and Inverter Developments for EVs—Pohang University of Science and Technology
(POSTECH), Mr. Kwang Hee Nam (Korea).
4 ~ Grid Modernization: Electronic, Fractal, Structured, Fault-Tolerant, Resilient, and
Asynchronous—Power Products Manager with National Government Agencies (NGAS),
Mr. Don Tan (USA).

IPE//C23I5 BceBAsA
0Wmiis
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B 1: Siand SiC Power Modules Enabling Power Electronics Growth—Semiconductor & Device
Group of Mitsubishi Electric Corporation, Mr. Gourab Majumdar.

FEEREZH Gourab Majumdar JoAEJs5E > Majumdar JeA: s =22 85N\ B] - ERS LD
FIHE & » INPERIIRTTFERERB SRS - FREASHEEA  FI g LR
—EBEMNA TSI BRI R A SR - 8 I E TSR A 1956 FH R EEE
#5777 PNPN 38 8 HG - 16 78 M ft G (Thyristor) B0fE Ryt 220 25(SCR) » Bt 1% » [
CE IR 2N B E R R Th 3R P R T {4 DR AR il > NG EA A A b R R SRS T AT
o [B = R IR TR 0 A 1980 F1% - HA = ZEEMIE IR ZE IR T 454 (Intelligent
Power Module, IPM ) » DIFZEEERENIRE Y 24858 E % » EEFEGEA HEE
HHEE: > BB - FS M RE EENTRER (SIC)Zh T -

ISIISO 1?70 19:?0 19‘90 20?0
First Wave - '{Tliar RC 2~ -

(Uncontrollable

/
J / A
Latching ! Thyrist Thyristor
. ‘—‘—‘ Tistor
Devices) / & <
<

2N Light Trig. Thyristor[———--------"--

Second Wave ," S GToH——~——-----------
(Controllable i C200) GCTl]-----------

Non-Latching S s SIT

Devices) Sl Bipelw o e Tr Moduld—~———————————— e
Transistor o Bipolar Tr. Module| Highp —---ooooooo-
1991 : Second Generation MOSFET &\"I(\;B | Power MOSFET

Module

(5 1n design rule). . —
. 1993 : Third Generation MOSFET & IGBT -z == |
Third Wave (3 m design rule). N
(MOS-Gate 1995 : Fourth Generation MOSFET
Controlled (ASpmdesignrule). [ Yl ae aa |\ o
Devices & 1995 : Fourth Generation IGBT
Power ICs) (1 12 m design rule; Trench Version).

1997 : Fifth Generation MOSFET
(1 4 m design rule).
1999 : Fourth Generation IGBT

(14 m design rule; Planar Version).

| Integrated
*|_ Solutions

=Note: ASIPAL = Mitsubishi's Application Specific Intelligent Power Module.
CSTBT M= Mitsubishi's Carrier stored trench gated bipolar transistor.
.G * = The denomi refer to Mitsubishi” s technol

Power ICs NGB VST
(SiC Devices)

]PA} Introduction by Mitsubishi
= BB THEE
BIE TSRS FENE 1985 £ 2000 FRHIFEEZE RN 13 5 - S&NIIHRIT
PR A A B SRR ~ S SR ~ Rm R o DR E IR - BREHES
R/ NRSTRYE MR RE A -

1985 1990 1995 2000 2005
1t Gen | 2" Gen. ¥ 3dGen. [~ 4 Gen. ) 5t Gen. Device using
E series ~_H series F series NF series ~/ new materjal
A
Ve Power losses in S ulated Coniti
- = - mulate 0T ons
100W "é?//p inverter application  peiice Ratings = 764, 600V
—_ IGBT OW Application : VVVF Inverter Circuit
; o @r/ Inverter Output Current.Io = 45Ar m.s
= loss OSS Control Scheme = PWM. Sinusoidal
g 75W re Carrier frequency.fc = 15kHz
3 Oce Power factor. ¢ =0.8
c IGBT dto 7
g conductior s5ow /!3
o loss 40w
33W CSTBT™
IGBT
turn-on
loss
1st Gen. 2nd Gen. 3rd Gen. 4™ Gen. 5t Gen.
Planar gate Trench gate

VY - DRI AR S,

HT7TH



P& F B BRI ED - TR FEE S ERE - SEOTH RS EH RS - Tt
PEEDRESES - B TEFIRAMERFE K - & BT (B bh) Sof B i ple Ry 3R 5 B
HIbTZEEE -

100

M-Converter
Inverter . - .
[ - ofits towar
HEV Inyefiepgiec. orppﬁcation
M-Converter _~Integration
Ty 10 ~-om f:’l et Technology
K] (RB-IGBT) #F--" " _« New Packaging
2 Gen-purpose Inverter echnologies
Ko ( DIP-IPM ) Genl-purpose Inverte
- - ( RC-IGBT & others )
%; . Gen-purpoise Inverter © HEV Inverter
c (1P (EVAIFN)
Q
= Gen |
- -purpose Inverter
) ( Bipolar)
; Nate:
IPIM: Intelligent Power Modlle
O 0.1 @ DIP-IPM: Dual In-line Packfage IPM
o EM-IPM: IPM for EV and/or|HEV applications
RB-IGBT: Reverse Blocking type IGBT
RC-IGBT: Reverse Condudting type IGBT
M-Converter: Matrix Convefter
HEV Inverter: Inverter systems for hybrid vehicles
0.01
1980 1990 2000 2010 2020
Year

Ti : e IR S,
& NEEURIER T M R HRR ] > BRI 0 A4R R EEER UPS FIoTff
FEIESKE SR EAR N S DR B IAVE DL T 1R AR AR ~ 9 IGBT JTff:
iHERR LAY IGBT ~ fig{bhy MOSFET J5[Ajs% e

Inverter
UPsS

fast speed
* Lower power loss

1000
<>t « Voltage driven device (MOS-
< 10M[ gated)
£ » Higher voltage, higher current
% - On-state resistive loss reduction )
5-7 | — X + MOSFET-like fast switching speed
o 1M .. Steel mill ‘ + Simple forced air cooling realized
2 51 traction /4 by higher Tj operation
o
g )
s 100k j Automotive \ « MOSFET-like
>
=
o
]
Q
S
(8]

10k
Si * Higher junction
MOSFET
temperature )
1k
10 100 1k 10k 100k 1M
N UPRITIEZ I R H AR ]
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MBI ELERY (SN TERITI: - BR(EAY (SIC) R IT (A o] B R (R TR S8R e ol (B s
M (EHE R ERETITH R FEE S - A =28 H 1990 Fhia1 AbR{EA TR
TLIERTERA S - RS ERSH B FELTTH: - MR H A EUE s S E R TR
{EAETFAREIREBARATETK T > AR =22 A SR bW DR T (S K B RS-0 00 -

WAL AR AR B A VUK EZES - H—ES R asPo i ER s afIiEie ~ 1T
E - AR R E TSRS ROT RN - BT AR E TIE - HbRiREy
MRS RERR B AR 3 EUET) > (MR T - R(ER R R
B > I AT H AR EAE R SR AR Ty AT I A

m Conduction band High temperature

Band gap is approx.
3 times that of Si

Band gap

Valence band

SiC MOSFET structure

Large reduction in
Si MOSFET structure electrical resistance

J\ = BRAERYELRS A7 MOSFET T 451 51 i e
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FES HERAITRIER > WEW AR R A SR AT 10 (FHIFREERSEA - BURHE
TLHF AR Z RS Y R REE - BESMRAEAY ST TR A E R MO 00 2 — (A0 \) - #
ARYERAIAEREEPE - A EDERIEHE -

F BB Ry VAR AR, - Y Es /M E R ERE  RIPRIER - (H150T
RS S BRI - AR FRR A A A A (Schottky Barrier Diodes, SBDs)i » ]
IR VIR © oI EEMEE R B Ay MR 3 & - Sy -

Hybrid SiC power modules
e _si | _sic |
- High-speed - Th
. . . ermal
| switching operations realized . o
gop o conductivity
oy rate |s_approx.
T 3 times
'''' o el that of Si
g \/C&:250V/div

JU s BRAbAy ERRY AR 1 LR
] o e FH —fise TSRO 2 b BB B S DT (H5E4H (Hybrid SiC-1PM) » HL{ b b
W R B M AG(SIC-SBD) - H BN EEBE BN EE IS K PreE EES - DIRIBF R — AR B2
TR 2096 -

SiC-SBD incorporated in an IPM with a built-in drive circuit and protection functions

Power loss reduction of approx. 20% contributes to

enhancing the performance of industrial machinery

M Features

* Hybrid combination of SiC-SBD and IGBT with current and temperature sensors
implemented for IPM supplies high functionality and low loss enabling high torque
and motor speed

* Recovery loss (Err) reduced by 95% compared to the conventional product®

* Package compatible with the conventional product* making replacement possible

* Conventional product: Mitsubishi Electric $1 Series PM200SC1D060

. FWD_SW IGBT_SW
M Internal circuit diagram (_/:SIC-SBD @ Power loss comparison FWD_DC WEIGBTDC
Po
(3
[}
]
:
o
Si-IPM Hybrid SiC-1PM
N Condition:Vcc=300V, lo=85Arms, fc=15kHz, VD=15V,P.F=1, Modulation=1,
o three-phase modulation, Tj=126°C

-+ : 600V/200A JE & =i by B E TR T (540
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- s PR 72 AR5 i R BRI T (Power Factor Correction, PFC) #5725 »
TEDR RS E(PFC) RS E 7y » HHIA SR E B ERARFE SR - ARBS T PR PR LY R AL
15 (SIC-SBD) » B2 HE ER PR ETAEE 43 (5 A DIP(Dual In-Line Package):}4E » 8877 23 EE E% (Inverter
Circuit) 43 HIER A DIP-IPM S5 » (3115 2 22 R LA R B (E R0 -

High performance PFC-Inverter for Air-conditioning

PFC Circuit Inverter Circuit
(High frequency, Low loss requirement)
DC 300-400V .
(controllable) P DI‘P IPM
]
Relay L
30 r'y y
N”'| ACL Rl
+ [ M \

AC 90-264V h T
(universal) ‘T
LN

Preferable device: SiC-SBD

Control

c MCU

Possible module

DIP-PFC

@Compact PFC-Inverter system

@Complete clear of harmonic
current regulation

@ High performance PAM control

@ High system efficiency

Use of DIP-IPM concept k

T BRACAY DR R SR TR
[ Ry ME A — R LR HIEUR S U i LAY B B DT EEH (Full SIC-1IPM) » HoA5 bk
{bW MOSFET Jeifsts —HfG(SBD) - H B f N EERE) B S R rs - DR — M
Wby BT TR D 709
Built-in drive circuit and protection functions realize high functionality

M Features M Main specifications

* Incorporates SiC-MOSFET with current sensor and Rating | 1200V/75A 6in1
built-in drive circuit and protection functions to « Built-in drive circuit
deliver high functionality Mounted | * Under-voltage protection
* Significant reduction in power loss compared to the  Functions : i:ﬂ::;:;ﬁf:ﬂﬁm
conventional product* [Monitoring IGBT chip suriace)
* Package compatible with the conventional product*

* Conventional product: Mitsubishi Electric IPM L1 Series PM75CL1A120

FWD_SW Tr_Sw

Hinternal circuit diagram  Jscmosrer {yscsep M Power loss comparison FADDC  EETI DG

o Full SiC-IPM SiC-MOSFET

with current sense terminal
eS| W@ | ed B
e Tat A Drain :
i |
.
u v ! i _ N _
.
! i .
B | & | B |
- - (EEnEER(Solice . Si-IPM Hybrid SIC-1PM Full SIC-IPM

Condition:Vcc=600V, lo=31Arms (assuming a 15KW Inverter), fc=15kHz, P.F=0.9,
-+ 1 1200V/75A S EE RS B B E TR o 5H

Power loss [W]

Modulation=1 ,three-phase modulation, Tj=125°C
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RS ERABEEBEER A AMFIH W A4S PRI AVER, - (BRI M FEAEETRE R - ERk
MHEFEFTOR EREI > RE T ICI RS R =R R by E E A - B
{ER IERTTI B (B ERIERERHE - ATHU USSR DERTT A e g - TibR(ERy TERIT e
FHEAEESE b IRTRAERAS ~ TEE ~ BUE RN T KEFE LRS-y - 4 (A
AT -

Higher reliability, Simpler
system design, Safer Operation

; High voltage
High cost /\ = Po sston AHigh power
Normally Off type preferred| . cher power
Higher voltg,

2]

2
2 - >
@ @
L R
Z =
=] Lower cost =
S =
|
0
Home Adequate performance in -

Appliances harsh application surroundings
| | <600V
Low cost D I:l Low voltage
m BB >EI Low power
Reliability issue High grade

+= ¢ SiC IERITIHEH EIR
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E7H 2 : State-of-the Art PV Inverters—Sungrow Power Supply Corporation, Mr. Jack Gu.

BEEREE T Jack Gu JeAisEa - Gu Je A3 th BURECEIR A E] > BotEIR A E
TEIRHERIGRER S ~ FERE RS BB AR S F A i BN TCR BAER PSR BRI &
AT © AEGFIE R RIS RE S B0k - R RDRERE BT (B es) S IR - 8
aatZE I PSR B S (PV Array) i tHAE fe KT ES(Maximum Power Point, MPP) » #11E 2:45¢
BREBCRRAREE Ly EER AT - 155N > SR Es (Inverten)f KB RE A Y FrEE AV E.
SRR o WA RIS RSO BB FE R EAER - H HIK IS RE DF A SE RHY B A B 2R Rl ] o3 J5 A
-

A~ o e | EETERBAAE RN KIZRE NSNS (> 10 T-F0) » 3T KI5AE b

I
FIERAL s ~ ERIRE B — R as b HABRE A E A RRIVECA » 280 » KIGREEAHY
2 G RNRIGREE A S LA UCHD ~ S CARRE IR o LbAh - & h U8 23 =

R > RPEEEUCR(E KPS RE 3% B S A A

B~ AR U A ¢ BB PR E  EE (AR RES RE S FEIE 71 Ry 26 (I &7
BRENE R AR (E Th L R e b BEN R S Es B A BN MPP B
Al ECRPSRE B S TUCAC IR K b2 s a sk -

C - B nas « FERIZREEMFEA S HNVE L - BEE A SH MPP iGHAE
71 BEEEHIAEE LA -

a b c
. TTI  Y E},\, -
vy w~y ¥ ¥ v B
vy wv ¥ w v B
Yy wywv ™ w|wm
IZ—Z 1YY R Tmr A4 ot
| 1 T B
UL L acausa AcBuspar b acsusbard

U s KP5AE 3 B A4 e AN (a) S A it ds (D) He & =(string) o fi 2
(C)$Eéﬂft%;‘)t”\: 1=
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S P B AT AT AR T 2R » SR I AR » Hepsl By
F S A4 (Wide Band Gap)Thas st (B ~ L8R AR IIIRIRL: » LUR (2% fir
(Multilevel) 24555 HE AR (A5 A S REAR TR UCAE RETRE » T 7 Sl s -

Bl 75 : SRR SR 2 e
(9 IR MOSFET THETE AR IR 28 - 1F 40 KW AFRAE 408828 » TSI 1A
% 99.496 -

£ ¢ BRALB TLPEIERIR PV 25758




{52 FH 2 2B iz (Multilevel) Z.c45 5 - B ATRRATEI AR
AR -Ei

o R AR R PV SRS

RAKIGREZR B R - R B MV S BEHV)E - PURDIR LN Z 4]
WEHARS IR > ISR ERCR B ASUB A S EHASeR -

T/ R PG 5 iR s 3




EHH 3 : Grid Modernization: Electronic, Fractal, Structured, Fault-Tolerant, Resilient, and
Asynchronous — Don Tan

IEE R Don Tan JoA=lGE - Tan Jud: fy IEEE [ 2B 35 B Er s s - AKX
e AR A E /T - BAHRALTEH B IRIRET - fEHZEE M EEARRA - DR
LIRS T % » B LIR B BUEEEINAE - AP BB AE T - A
FORZERCEAIET - MEMEERREEGHEAERN - AR A S T ez -
A 2 AR I n] AT R BN - DA R4 TS - AN SR E T » A R4
AR EAKEFETEH EWRIE -

HEGE AR A LU N AR SEWE ) - BN ENREE —HFEZAR
AL S - BRI Emps R o RN E - BEEmEE  SERA RS - RIEA
AT THERRIEEE SR - AET AR AR RETRAVBH S - (B DimtianE - REE A EES &
MBS BB ST E - AR WIREREE NI —[EEETE - RS
49 » EISA(the Energy Independence and Security Act) /£ T IhiE AV EZ:

A~ AR ~ IR SRR IR ~ (8 - fERETE ~ EFEE SR A &R -
B~ EEEHEEHENEH - &1mE G &R

~ BN B R B T - DR AR H B reE - FRE - IReEEBLEHELF -
 TERMA T REENT - D& GET R ~ THP ~ G E -
RIS B TS SR B & A TS E -

~ DA SRR R 28R i AT AR -

* FEFEUIERI R EE - (BIEEIRK - EEAER RERET R EIEE -

5l

Y

I
i

O M mgo

Fundamental Limits of the Grid

» Fundamental limits with the traditional grid
 More than 100 years old
* Uni-directional power flow
 Expensive central generation
 Qver-loaded transmission capacity
# Inadequate ability to tolerate faults
= |nability to isolate faults

* Note
# Technically, the US NAE listed the grid among the top ten
engineering achievements in the last century

# Economically, the grid is an $800B asset that is paid for

 Operationally, the grid works well when it works (Power
availability extremely high)

— -
[ L T R SR PR
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Smart Grid Abilities

. Smart Grid Functions
Defined under EISA 2007 to have the abilities to:

= Develop, store, send and receive digital information concerning
electricity use, costs, prices, time of use, nature of use, storage, or
other information relevant to device, grid, or utility operations

= Measure or monitor electricity use as a function of time of day and
power quality characteristics; store, synthesize or report that
\ = information by digital means

= Sense and localize disruptions or changes in nower flows for enabling
automatic protective responses to sustain reliability and security of grid
operations

= Detect, prevent, communicate, respond to, or recover from system
security threats (cyber-security threats and terrorism), using digital
information, media, and devices

= Respond by any appliance or machine to such signals, measurements,
S\ or communications automatically or in a manner programmed by its
owner or operator without independent human intervention

= Use digital information to operate functionalities on the electric utility
_ grid that were previously electro-mechanical or manual
LR = Use digital controls to manage and modify electricity demand, enable

congestion management, assist in voltage control, provide operating
reserves, and provide frequency regulation 3

B WEEEE TS
BB LI TIR(EESRAEETY » LUTRBS B B b 5 T 1%
5+ R T B IR R - B -

Grid-Connected (I/F) Converters FACTS, STATCOM, APF, SV(, etc.
# Micro-inverter = SVC * FACTS
| “ Bi-directional dc/ac converter # Static VAR # Flexible AC Transmission System
‘ : # Grid-tied inverters for solar or wind Compensa- with static and electronic
* Demand response inverter ter devices/circuits to enhance
« APF stability, control and power

transfer capacity

« Active
< Power Filer SEENGS # STATCOM
P to eliminate ESIGUEel # Static Synchronous Compensator
A APRs, SVC,
| undesirable o
harmonics :
aado T

Grid-
Connected
Power (I/F)
Converters

B WL
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Intelligent Electronic Power Transformer

# Combine the
function of electric
transformer and
voltage regulatorin
a power substation
with digital remote
control and reduced

Digitally size and weight*
Controlled
Electronic
Power
Transformers

First power transformer, 1883

In the Works:

Current power transformer

=i

Solid-State Circuit Breakers & Smart Fuses

# Solid-State Circuit Breaker can be # Smart fuse
remotely controlled with can be
response time in microseconds reset
and adjustable trip thresholds to remotely
connect or disconnect circuits, and
critical for resiliency protect

In the against
P ‘ s Works: “smart

Intelligent
Solid-State
Circuit
Breakers &
Smart Fuses

short”

Capable of
interrupting current
insmsforupto1
GwW

“7~ HVDC Breaker Cell

Figure 4: Design of 80kV main HVDC breaker cell

# This is not just an energy router

Bi-

< : Directional
pynapower [ - Power Dist

= 7 ) ~ 1

' X

| o DR1-10kW
By (4 ports)
I. T B

50kW & Control
(3-in-1) E-QUAD™ Power Fiow Control Technology Units
Dynamic conno offour iciaclona o/ soutces ough
a contral highfraquoncy link '
m_. .. —%
o AC Grid
1 AC load
e
e

A= AR EAME TR
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EEAEHY Bl b (Fractal) » FEHHEESETT ~ KFGRE - ﬁﬁ&%ﬁiﬂﬁﬂﬁﬁi BN AR A
BRI AR B A > Bl e ,MIKE?EE‘E%@ » W R ETREJRER . HEY -

E— .

Integration of Green Energy Systems

Offshore : 4
wind
Farm

Energy Storage
for energy balz

Renewable
Energy

Resources
consumersenergy.com lntegration

@l Tidal Energy

inhabitat.com

conserve-energy-future.com

e ——— T TN N MR

Fractal Structure of Modern Grld

# Three (3) Fundamental Characteristics of Fractals
* Simple rules for infinite iterations
¢ Self similarity to scale
# Non-integer dimensions

* Fractal Grid
 |nfinite extendable
# With finite footprint (area), environment friendly

« |terative nature ensured through microgrids

*Classical calculus is inadequate to describe the complexity of the modern grid

& A= RCERE R bR
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THEEMEN AR > B EHE - sER(TE N FEARR) - LR - (EHEIE R R
Al N EA B - NS B TEEE U - SRS BRI ~ BB R SRR R
Mo BRER PR A EE A A {ﬁﬁiﬁ‘%ﬁﬁ—ﬁff@fg} }Eﬁﬁﬁﬁum% $§@WEML%

Structured Microgrids: A Def|n|t|on

~ ~

Distribution

DoE: A group of interconnected loads
and distributed energy resources (DERSs)
with clearly defined electrical
boundaries that acts as a single
controllable entity with respect to the
grid (and can) connect and disconnect
from the grid to enable it to operate in
both grid-connected or island mode.

Bulk Connection
b TS re i

sammlon—" 1)

Extension of the Dok Definition*
Integrated with loads, energy sources, storage devices, sensors, and data bus, a
structured microgrid is an autonomous subsystem that features
1. Balanced energy over the intended operation/capacity
2. Reconfigurable for stand alone or grid connected
3. Resilient with fault tolerance/fault isolation
4. Bidirectional power flow
5. Modular/scalable

*Definition can be extended for multi-port cases

An Illustration of Mlcrogrld Structure

e

DC Bus AC Subbus

Grid Sensors. AC
Control Control , and Loads
| Data CMD/ Processing -
LM Circuit DC/AC e
Breaker Convert ”
} AC
Gnd Power
( Q ) Circuit AC/DC DC
Breaker Convert Loads
rd
s

”
-
DC
Loads

A microgrid
Illustration

B P ER
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N RIS ENEENREEA - EARAKBEHRARREESHEHES » (H/E6F
Bl P RElT 138 BB - HIRE IR KB ARG » Ak B AL S Im A R I ALFE - 40E
R ANSA S A AR SR - SRR BRI - SRR BT 5 B ) A S EE
FeE Bl R -
Net load - March 31

28,000

26,000

24,000

22,000

2012

20,000 (actual]

2013 (actual)

Megawatts

18,000 \
16,000 2014 ramp need
~13,000 MW
14,000 - i e Nou
2019
12,000 550
overgeneration /
10,000 :
risk
12am 3am bam Qam 12pm 3pm 6pm 9pm

Hour

o ISR A EGR R AR

 With more renewable energy coming on line from distributed
generation, things are getting “worse”

Hourly Average Breakdown of Renewable

Resources
8,000

7,000

Megawatts

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Time of Day

AN BT H S e
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A2 BT - WAERRTEIRA R I A P A - QOBERIe] PR (LA iRy 222 > Jo/ )&
B > JER TR EA e HIRENE S HIRERE R STie it LA EINEE - SUERRE SR SHEAR R BE TR F
K N B

———

Curbing the Duck Curve (cont’d) |

# Peak shifting: Use of “excessive generation capacity” to
charge up energy storage during the valley demand and
then release the stored energy to supply the peak demand

Fans

Misc. Equipment

Area Lights

DAY

o EmHIEES
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=+ AR TREETH S 30kW Inverter
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