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Power supply:
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52GW new wind

China added and accumulated wind installation installation!
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China added and accumulated PV installation installation!

200 800
300 M added PV installation (MW) 21GW
700 BLaccumulated P\ installation (M)
600
500
400
300
200
100 )

5 10 10 20 ol—|SGW

0 — ¢ 5 -
2005 2006 2007 2008 2009 2010 2010 2015

O+Z=H#EE120005 kW
OfFEES o MIVREES




1, W [ T 52 Bt E A

N
Power Converters

»

Power Gateway
1\ J

=b £l &

A 2 ,

NN+ VaLE L b e




gﬁ{ak{ak
fo-frfp+
Y,
PMSG

20



PVIIAEZR R vs. G5t

DC
efficiency LF transformer | py |[==| . ) }Hg—bend
A
HF transformer be }H{ AC P | Gria
PV m=)| Gri
AC DC AC
99%[~ -
Non-isolated py = | Grid
AC
98%f— 9%
0
9796}— 97% 97%
96% |—
95.5%
L
LF transformer HF transformer ! 2 stage 1-stage :

| Non-isolated |

Using SIC or GaN device may increase the efficiency by 1%




‘ 19804 Werner Kleinkauf, Institut fir Solare Energieversorgungstechnik (ISET)

N

IAENUATR Advantage:
S \ O A AR BT 47 AR DO BRI, o

I = | : Pseudo /V\ ) /]\%IJEEA‘\‘/@*&%B)%%Z\ é{;iﬁi\ %R%%%Z:%Zuﬁ;g\:
Wi DGR :
— L/

COBEBRAL: FRififl. SR
P A v O %7718 5 HE— ik
aPaC' DC-DC Isolated Mai”jn';;?g;‘rency O g& j:)\j jj@

\ S OB

ﬁ&ﬁ ,E %% Disadvantage:

n
tor

1 5068 PL AR AS 5
O TERRES, @ik, RS
[ ULV 55
va() e -
L Enphase 20114E9H BV H 1 MUY A8 2%
Y E S5
eﬂ:max:96(%) 0217 2% 55,204 ] FE 4 ] @

@enphase




O034&3.0MWRIEB &5
OIrisE—1~ g LM



R AR A% H BRI

— 660V Vi =1200V V= 690V 2L vs. NPC 3L vs. Advanced 3L

60
2-level converter jloss reduced 1/3
| "EEg,

[ ]
> ;
u
u
[ |
n
NPC-3-levelg ed3-| L 2-levels NPC-3-levelqadvanced 3

\ 40 i
o o o o o ol 30 4 |
I SN S sl SN SN 2 | |
|
x x x + & i i 4@ 10 1 ]
o o JCE TE | o o
2 0 I
-levels -3-levels{advanced 3-
. ] ] . ] . : "P” lmlsi
Switch frenquency(HZ)

2-levels |

B_Qf o A? QK;} 55 converter (690V/2MW PMSG)
; Ve S
PMSG - ::J’3 2Tl e e e = -
et | .
gﬁ} gﬁ} Q%}_OJ gﬁ} gﬁ} Lossik 0 :
\_
[
\

o4

J
Hm@ﬂ;& 1% d@ﬂﬂm‘w\
PHSG %it %EL S | o ‘
S e T | S AP AR LIRS L3
L (@FF K% 2kHz)

K Advanced three-level converter ) 24




*%5'10 MWM Eiﬁ‘] E%ﬁ%ljz Ej,__\:?

4 ‘
§ Input_lF % JH} | J Jl{} J% Output
. Filter Filter
generator —m:
- ‘. J o ‘ 1
: j i ‘. i l » . %}

—rvvny Yy vy grid

. 5

3MW/3kV PMSG

| j — A l |
1 | 2 level VSI 1 A
R A ) T ¥ ) [ TF
O3S en bt | o= | e Fes ——
O (R 42E ‘1, / (1 HEE
DI)_JZ |\3:H_ }:T:ﬁ% T v, T / — p— J?“N
BR1EEE$$ I:I_H_/I \1;2- *—I— _l | 2 level VSI c

FRES B EihT

25



IR R G

ok

B
O 20114, 5,000 B 5iEekiR SITRISIAIIE 7865
O FJ2020£F, SiEsAIE1§31X20,000 28 , 2201 1FRIMUE

it RRITIZEH A ——

(20,000

5000

~1)x786=2358 { ~ Lii

amxn
.
i
‘.
B
.

High speed railway network

HEEH00-350kn  — HEDOHI00-250m  —— REENI0-200kn  ——

S T

S mamiEwn




mT"H
E

Numbers of IGBT ©3300V/1200A:33%
160000 51080 04500V/900A:33%
©6500V/600A:28%

140000

IGBT types ®Other IGBT devices : 6%

E2400V/1200A
W 3300V/1200A
0 4500V/900A
00 4500V/1200A
W 6500V/400A
E6500V/600A

120000

100000

80000

60000

40000
7200 8460

AN

20000

0

O#3-4RE 9P 2 S FrZEER

27



BB S IEXT HE T BRI R

OHV IGBT
D4mENFEIR |, FELRENIAAERS
OsvG, SVC, APF

28



REVREE -5 7H 57 O I B E

LEE L

Ulaanbaatar
o

e —

Mongolia S Harbin
0 -~
Bishkek oAlmaty, 7 ;
= o' — 7
: Coal = - Shenyang _r
Kyrgyzstan _ — S
Dl ﬁyng N -'Eortl‘l
e " orea
{T&njin
tan : \ s Jag
Bt O Na
s QD \ South Korea
o
Q l Daegu  oBusan 2o o
o5 @) Fukgnka Osz
smabad e =y \ NB”I%O 9' Nagasakic'e Kumamotg
e 1 ( water ‘ water Chengte uhan, = S::’g ~ KaBoaruTTS
J N East
NewoDeh: L3 o : - ' ~  — Chor?gqing \ C_eangzhl China Sea
~ Nepaln_ -~ o 25N
i ST Bhutan ,* o / Naha
2 _.(water \ \ / @
T —— } g —
Bangladesh. X0 Taiwan
India al. %2 7 T G
— Nagpur Kolkata i Myanmar—_.\ % " Ha Nai- | Hong Kong
» (Burma) _~ 5 U Macau thisrg.w'ne
Sty g 2 a
Laos: Map data 2012 Google, SKM{ | 7,

O2/3/K BRAEPE RS, 2/3 LA PE AL 5B
O 71 g O E 2R SR

O 58 Y5 5k 1 AH B 67 4e7 P 400500-2000 23 B

LKRIKIEEXSEEN

29



¥
il

HFHVDC i,

year

2011-2015 4240 Projection

2006-2010 2[7/90

2001-2005 1016

to 2000 305

0 1000 2000 3000 4000 5000  mKkw

42GW HVDC will be added from 2011 to 2015
30



HRIEBEREH (CSC- HVDC)

Rectifier Inverter
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@China Southern Power Grid LTD

31



JEEIREIE

HVSC-HVDC

K6 Dazhi

35kV line 1

—

| j(‘]é?Dﬂzhi 35kV line 2

35kV line 2

VSC oV
8.6km line
VSC —
,\/
35kV line 1
AV ma—— |
NN\ e——
10/35kV
10kV line 1
YAV e |
NN\ e—

S

10kV line 2

1.5MW/690 X11

S
Lo
©
Y—
©
=
=
b=
e
C
©
Z

C{FRN | it
OBEEES
Oz PATCR
ORJLASEIR S imiERs
&S5 L EBMighitE

VSC

Voltage: +30kV

Current:300A

Rate power:20MW

DC transmission distance:8.6km

02011 FigEpEF E—2kVSC HVDC



AR FL B 45 1) 7

2 HPAR S or 3 FEP AR,

MMC 2B i 257

VsC ~,

VSC

<
]

VSC HVDC #$h

Ud

Leg

'N Sub-Module
(N=5)

Modular Multilevel Converter
iRk, TR, HHE, ERTEEAINE
b5k

R EERE

BRIEMFFRIRFE, RS
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Inductive Load Turn-Off
for 50 A, 10 kV Half-Bridge Module
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GaN SiC vs. Si
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SI-MOSFET
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Current flow
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Si substrate
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= HESIC MOSFET

10kV/10A MOSFET(8.1x8.1mm2)on 10cm SiC Wafer 10kV/120A SiC MOSFET half H-bridge module(12 MOSFETs and 6 diodes)
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MIT=SU$=B1§LSHI SiC Devices Changes for the Better

Prototype SiC Inverter

& Power loss 70% reduction, 1/4 Volumes with SiC

N 100

0
@ _
5 Switching
- loss
o
3
o 30

o - \\\

REjIStlve loss
o . .
Si Inverter SiC Inverter Si Inverter - SiC Inverter
Power loss at 11kW output 11kW Inverter

70% Reduction 1/4 VVolumes
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