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E3g HFMAE AFAD J1EAD

O A% 5%
o 20199 7l& A AA LVDC 7] Al 129 &2, MV/HVDC zte7]
NFL 239 2R 27

o 2024704 LVDC k7] A2 159 2el(CAGR 5.68%), MVHV DC 2]
A7Ae ok 379) Zel(CAGR 6.54%) TFEo| ©]& RO Au

Attractive Opportunities in the Low Voltage DC Circuit Breaker Market, 2019-2024 Attractive Opportunities in the Dc Circuit Breaker Market

6.54%
5.68

* The DC Circuit Breaker market is expected to reach USD 3.2 bilion

* The global low voltage DC drcuit breaker market is projected to reach a size of by 2024, from an estimated market size of USD 2.3 billion in 2018
USD 15 billionby 2024, at a CAGR of 5.68%, from an estimated USD 1.2 billion
in 2019 = Market growth can be attributed to the increasing need for reliable
i : § o and resilient power supply worldwide, increasing focus on redusing
larket growth can be attnbuted to the upgrade & modemization of aging catbon emissions and grmng adOptan of renewable EI’IEY&'
infrastructure for safe & secure eledirical distribution systems, exparssion in
ok sources across the globe
transmission & distnbution networks, increasing rate of industnialization &
urbanization, and increased emphasis on renewables & storage systems. = Asia Pacific is expected to have the largest market for DC Cirsuit

Breaker due torise in energy demand and increasing investments in

* The Asia Pacific region is expected to bethe largest market for low voltage =
the electrification projects

Circuit breakers, by 2024, Countries such as the China, Japan, and South Korea
are among the major countries who have which, are considered as the main

—————————— manufacuring hubs for low voliage DC dircuit breakers.
2019 20249 2019¢ 2024p

[A3] MV/HV DC XFEt7] AE sigh 5 MY [O3] MV/HV DC XFTH7| A oigh g MY

@] EoF /\]7&}% FED Aow 94

o f¥ A9 AnE Zels JlEe] h@ FAZ7h AAA 71Eke] MVDC 7
ol WE MVDC Aw7] 58 2717} o) 4

o Buxde 7j& AH] =33} wE T&D(Transmission & Distribution) <1
gt wA 2D Ay 27 FHo] MV/HVDC 2 DC 2etr] =0] o4t
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ABB, GE(F Alstom), Mitsubishi, C-EPRI, CSG &°¢] HVDC =}7]E 7§35}
Jom FTAHOE J|AA IEXAAX L} HAH G EA=E 74

al

& Prototype B2 /AEHA O™, 4 LD A IUH |

S AEolAuw BH NLI|BES FACE FARH E AT
A

ABB GE C-EPRI CsG Misubishi

HEAl Hybrid Mechanical Hybrid Mechanical Hybrid Mechanical Current Injectioni Current Injection
2|

ks 160kV 160kV
TIV 160kV 272kV 250kV
Kok
e kA 5.2kA kA 16kA
Kok
*57]_ 5.5ms 5.5ms 2.5ms <5ms <7ms
=3 | - UFD@ms, 360kV) | - 2HE =& g5 - Zhoushan HVDC | - Nan'Ao HVDC - HEF e
- Current Limitin AlE : Lighting System EHZ2{"16 System EHE("17 215t High Speed
g : x Y Y gh >p
Reactor impulse withstand : 200kV/15kA(3ms) | - Grouding fault Making Switch™
“I%]C[)kﬁffzo?lg-l l:_i =0 - Zhangbei HVDC test =2 =2
_IZ il ;l(_-;a System =& |E - Coupling 2419|
74
x = S
[A2] siel F=2 7["e AHTH| R dg
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MVDC #pe7] Al 71& /e dA4S vfgo®E MVgel Ags 7%
A7} AL Folw, AC Aer)sh vk 2 A6 HHstd gao
&8s AT 23y

)= DOES] ARPA-E =273 ] 77§¢] MVDC =pt7] A3 daAE %
3 ol don, dH7le FH, 7 E2ATF A3, 33 H Ao FYdES A
gFelr] st A =230 F  ARPA-E(Advanced Research Projects

Agency - Energy) <&
« 2019 APRA-E= 350080+ 22

X EEME =07 I MER

Xl @stod MVDCel ZleX FES &8 AS2l =Y, ot

i Z2HEZS JHAIZH(77H MVDC AHEEZ| o 774

E U AR

AN E DA

Drexel University

Resonant Solid-State Breakers Based on Wireless
Coupling in MVDC Systems

Eaton Corporation

Ultra-Efficient Intelligent MVDC Hybrid Circuit Breaker

General Electric (GE) Global Research

Inline Gas Discharge Tube Breaker for Meshed MVDC
Grids

Georgia Tech Research Corporation -
EDISON

Efficient DC Interrupter with Surge Protection

Marquette University

Ultra Fast Resonant DC Breaker

Sandia National Laboratories

ARC-SAFE: Accelerated Response semiconducting
Contactors and Surge Attenuation For DC Electrical
systems

The Ohio State University

T-Type Modular DC Circuit Breaker (T-Breaker) for
Future DC Networks
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4,000 -
XckZ] 1,674 2,628 4,117 9.4%
3,000 -
2,000 -
Total 38,276 46,265 56,018 3.9% 1,000 -
0 ! :
S AT AR S 5 R 2010 2015 2020

Source EF A, 2014 FLY &I LS TG YIS

[AB] = X7 A A2 o =Y

-O

o = tEAHR] DC A7 A2 A7 AVEE 0o, 5 d=o A
29 Adrl= oF 1,500tH = =AH

UG IHAE 27

, 21,0009 © AlE 7Rl

<E> B- 2F7ZHE DC A Mg AR
o JE HAlIT E
NEgng | fUaS | Lo | HREN | gac ) | gmea
A A ey o0 | EEza | "@Ezag
1-88M | 1~434 1~224]
DC
Sy | 672 299 60 177 69 59 1,536

* AR TEAR E= St2EE ), 2017, 12, SHEEEI|&93
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2 Ve MY FEdTE 29
* 80kV DC XAtetz| MAA PT Mzt 2 MsHIL AlgdE 5920, 0|E &3 DC 80kV/2000A=
e 458 EHE
« SEX[2F MA =ZH0| MM, T HVDC AS A7 gldd BAZ As gs=4d 2 &£
Sz HAHAMe XIEH 7|&2S =HESIX| 28
« 0| QM 2 HE|Eo|lE HYDC AZS A7} 2esttt £Fd|20] 3l Jigr|zio] AMES]
AQRE ZHWOoZ AEEZ HME HEe Xtk Iz g 2 HAEHE AMY 2ES S5 A
Aol Hetst A3l 220 AF ek 7|2 Lol YR
o 84FTTHL qAFTFY U4 Prototype HVDC Ae7]E 7HEsision,
4.4kVpeak 2t Hd5s R
© 7AW % ABRAL 9ol o9t BAE A8 VB Y Fe
o QEAAAAE WA BHgY FT/E Awstgorh, LVEI5001)E MV
a5 7] A " A8 Je At 2.
<H> 2 F2 7| AL e s
“ee zg 5% piriine
=, =2I) )
= 80kV Hybrid DC XtCH7| 7Hgd
ot CMVE ED2 A9, MK HiTH Ko U XL 72
E = 2,484,978
=) - SHIF W], WY @] S HMaANY BE 2o
Huto| 7|22i2 Hosk 7|
. SiFEY 19 KEXiTH| s
BN - 4kVdc ACH Al 2tz
EL) s ETQ AJAH CIX|L|0jZ HOfo| HEbHQl 7jge moer | 219048
71
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o IFUAE AC wjdA S AL +
714 wH<t7](Potential Transformer), W
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Z37171 2 7es gHst QS

+ WH7](Current Transforer), 7
3+ WF7](Combined Voltage and
8% AC A% H89 HF, At

-

o MVDCel #8& 7Fed DCH HF/ASH AlAe ACHA= ddHo=m o
71€o] A ojof &tH 53], MVDCol A& 7bsdk 42kVe DCE HF/A
4 AN = AT A=A AFS FH=E A AT HE8s At 4EF
7€ ME B d3dvle dE0t 28

, W7], Adr], 87 9@ 4t
AdFANA AEEH= HAE7] AT H?} Passive 3Ejo] BEHH,
A S Agstsle] &7 Zﬂ% 24 93t o, DC
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25§ 4 AY7)71(DC 7], DC /A#H 7], DC 7)) 2 B7gA] 39
A Z1I71(F7], B2 Aes #3 AlA 7H‘:‘L 2 2ntEdtE e ARz
A

_46_



O 24 89
o EHFFES AR Sl )&Bolld MVDC 714 EAtoR sigon, &
B2 Fa) Z/PE A5d 5% 2 1% Hopd 4% WA 52 welsiaA 3
- (F477h 19934 1€ ~ 20149 7€
- @EW BF, 0T, YR FY, FF 5Y ZFao IAEH 2 52

=4

O 444 2 74 DB

-1
HI

zaa | a7

=

AAF+ 12 adjAlF NI ESEE A adjd{F ZAYAFY XA YadjHF

A& ARE™* ZF adjd™* HVDC high adjvoltage
adjdirect adjcurrent high adjvoltage adjDC high adjvoltage adjpower adjtransmi*
DC adjpower adjtransmi* direct adjcurrent adjpower adjtransmi* direct adjcurrent
adjpower adjgrid* DC adjpower adjgrid* direct adjcurrent adjpower adjsystem* DC
adjpower adjsystem*) AND(XtCH AQ{X[*  H2{|0[F* break* switch* interrupt*
isolat* eliminat* separat*)AND(@AD>=19930101)

((HVDC) OR (high PRE/1 voltage PRE/1 direct PRE/1 current) OR (high PRE/1
voltage PRE/1 DC) OR (high PRE/1 voltage PRE/1 power PRE/1 transmi!) OR (DC
PRE/1 power PRE/1 transmil) OR (direct PRE/1 current PRE/1 power PRE/1
transmi!) OR (direct PRE/1 current PRE/1 power PRE/1 grid!) OR (DC PRE/1 power
PRE/1 grid!) OR (direct PRE/1 current PRE/1 power PRE/1 system!) OR (DC PRE/1
power PRE/1 system!)) AND ((break! OR) (switch!) OR (interrupt!) OR (isolat!) OR
(eliminat!) OR (separat!))

133 685 213 163 1,533 202 28 2,957

Wips
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SIMENS7} 2} 391t 491E 7153iar, Top 20 Sl =712 1091 &
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TC8: System aspects of electrical energy supply
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electronics for electrical transmission and distribution system
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