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FAcTs & MvDC Solution
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FACTS & MVDC Solution STATCOM Solution
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FACTS & MVDC Solution B-STATCOM

B-STATCOM2 & HAI& Mot
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* MMC : Modular Multilevel Converter
* C&P : Control and Protection (30m x 60m)

345kV, 60Hz, Godeok
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FACTS & MVDC Solution C-STATCOM
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C-STATCOM Circuit Diagram 50Mvar C-STATCOM Layout
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FACTS & MVDC Solution P-STATCOM

PQUP2 125kVar TH?l MSSPE 7|t PanelHENC] MY F2TEHI T A= AEH A MSSP
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[ PQUP 78 ] [ EE PQUP 2JE U ALO|= ]

[250kVA/500kVA] [1000kVA]

[1,540mmx890mmx2,203mm] [2,140mmx890mmx2,203mm]

[1500kVA] [2000kVA]

AC & Control MSSP [2,740mmx890mmx2,203mm] [3,330mmx890mmx2,203mm]
Panel Panel
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FACTS & MVDC Solution MVDC
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Smart DC Distribution Solution

DC Projects
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Smart DC Distribution Solution V[EPNIK-2<;
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Smart DC Distribution Solution NEXT Factory

» Mercedes-Benz Factory 56 : CO2-neutral Production !
= EjFE T 3 HHE{E] A 2" HE DC HiFE =22 o|{X| H|E B S| 21t o &

Current DC project: NExT Factory from Schaltbau, Velden ODCA=

direct current by zvei

Every kWh of energy saved does not have to be produced, transported or regulated THY e

1 OWL:

The energy DC system in figures

Consumer heat/cooling

Rt L LHTTFTTT LT

T i e = Cooling demand: 1,500 kW

A Ay

= Heating demand: 1,100 kWh

= Thermal storage: 10 MWh

= high-bay warehouse

Energy generation and storage

= PV energy: 1,900 MWh p.a. / directly usable 1,200 MWh p.a.
= Battery storage: 300 kWh

= Thermal storage: 10 MWh

= 12 DC charger

= Fully electrified energy supply
Results

> 70 % self-consumption rate

. - 30 % Reduction of annual peak load
,N‘EXTE‘ - 35 % Reduction in energy costs

Source: Guido Bachmann NEXT Factory — Velden, Webinar DC-Ready, Fraunhofer IPA, Stuttgart 2022
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Smart DC Distribution Solution

DC F5t2| 7t M doHX] & X MEHA] S2f & HEo E 22X WX A&
T4 2o MHE HtEN| 7|= 7|9H2| Smart DC Distribution Soultion &
MV/HVDC Systems
Existing AC | MVAC
Infrastructure
DC/DC
Converter
SSCB y SSCB L SSCB SSCB * SSCB
ﬁ DC/DC No| DC/DC ‘ DC/DC o| DC/DC
Converter Converter Converter Converter
N
‘- -,-' " RGY
R & =g
DC industrial DC Data Electric Vehicle Renewable Energy AC Loads
Facility Center (PV, ESS, Fuel Cells etc.)
= SST(Solid State Transformer): Bt=X| Het7], MV AC © LV DC
= SSCB(Solid State Circuit Breaker): Bt X| X}Tt7|, WtE XS A ZH(us)
= DC/DC Converter : Wold class efficiency
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Smart DC Distribution Solution

Solid State Transformer(SST) ‘
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MVAC Panel Transformer AC/DC Converter v
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SEH U] 71 DC HE 22 AAE ‘ JJ;:% MV Panel 3P SST LV Panel
ey ) U=
MVAC (Incoming PanelZ &) . TNeZ
gaflsy = | mEmmmm mmm -~ | - ©H:40% 52 Contents Specifications
@ 58S 55N 5NN - 2 :60% LA p
— 1 HNE SN S8 L — Input Voltage 3-Phase, 22.9kVac
ESS SN SN . « B8 :4% S}
HES HEN HEN Output Voltage 750Vdc
\. J Total Efficiency > 98%
THD <5%
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Smart DC Distribution Solution

DC/DC Converter

= DC HfH YO eHE A QI MHZ Sg317| |8t 1500vE DC/DC A E 7HE
- SSTHIEHH7)HAM EHE DC M-S HiM US| HAFYoZ Ht
It

. HOIB/HEAYO| B

—

World Class High Efficiency 1MW DC/DC Converter

- \B
Rl

) ==== = 1500V LVDC 7|2 H|H Y 25 YEf EEHE
» HE AZZ S0t fdct 8 &% Jts

» CAN, RS485 7|8t EAl AA| 7| &

= =2 280 FHd Us AO|E A=

DC/DC Converter

A 600 ~ 1200 Vdc

650 ~ 1500 Vdc

= 1 MW

[80kW 2E]

= > 99 %
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Smart DC Distribution Solution

Solid State Circuit Breaker(SSCB)
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% Conventional CB
‘l
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: - +
Hsec msec
AR 2F
g2
SSCB(1.0kvdc) SSCB(1.5kvdc)
A Met(kvdce) 1 1.5

~150 (Air Force Cooling)
~250 (Water Cooling)

DEEEE (%) 110
23 Jls OVP, OCP, OTP
LU BEAI Air Force Cooling (Fan)
st e Water Cooling
sdls Siaital n/out
2 (kg) 6.3
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Smart DC Distribution Solution SE-2Y]
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Grid Connected PCS Solution

« FR7|%H MW ZHO|LH
+ 2-Level Topology, DC 1,000V

- Utility+BI T & H2ld HE
* 3-Level Topology, DC 1,500V

LSEE ESS A| %9 '='=|§H3H% ol XIH3E 26l Modular/ScaIabIe/Strm 7|4ke] pPCS
4SS 2018H 8 E FEIs 2O, Global M7 E {let XHAMICH x'"E7HHI' Il =
Global Utilityg 7|=/H|& Trends 3 LSE &%
Past - Current - Future -

* Integrated System$}

P « SiCAX}7|8 DC 1,500V
7lE/ME . <98% B8 - >98% B8 - >99% NBE
Trends » o * High Enclosure
j 1 ‘: = = ﬂ— W
=t 1 : -] =
7 ik Y e =
[Central Type PCS] [G1 MSSP*] [G1.5 MSSP] [G2 MSSP]
 PCS Line-up * 200kW(@690Vac)
- 90kW~2MW, 105 +>98% B8
+ 2-Level * 3-Level, >98%8 & ‘ J
« TMW/2MW G1 ) i ’
]/ Ty — 202541
LSE [ | _Lﬂ—b ~ . SiC A%} 28(>99% £ 8)
= /AL A 20211 » Liquid Cooling
7| 20184 "Uig7415A - String PCS
e s 20144 * P-STATCOM « Grid Forming
- ~2MVAR
String A3 UL1741SB
—'L’SH/ ] »T I b I Al <t "'l.EH Modular Scalable String Platform
- Helg(pss/es)  ClbANSEH L e w” @
" - Platform Biz. F7 " A e
S 1/2MW - 20|, Y2, QY S =y
= * MSSP(Modular Scalable String Platform) —~
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Grid Connected PCS Solution Central Type Vs Modular Type

Tl MEBIEH| Stack?|8t2| Central PCS®t H| 11 5t0| Modular PCS= SCH2| QIHE
ModuleS HE =%sl= A|AMIOZ CHYsH HIL7HX| Q| M| 30| 715

to—=—¢—° Central Type
DCEMI
Central Type bc Filter J K ® Limited to specific capacity
" - ® If defect any parts, whole ESS stops operation
pCFuse (DCSPD) peps it AC SPD
. Sl g ® Difficult to replace and high maintenance cost
A S N B i ® Low efficiency in low load condition
|
Modular String Type
Inverter v ® Flexible capacity design with module base
Viodular tos oo ® Scalable up with several modules (parallel)
. ontro!
String Type ® Even occurs defect, whole ESS keep running
Inverter except defect module
® Easy to replace and low cost to maintain
Tri-Modularity asa PCS Platform (Patent pending) ® High efficiency in low load condition
LSE ecrric 19/23 ENABLE
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Grid Connected PCS Solution

H
T

 Smart PCS

N0

Advantage of Modular PCS

- BolE0 ME HE 2T A4 - MSSP 11 ® A, 718 MSSPL 2 2H Al
- B 2 A A|AHR =T ME]Y =8 -HERVFCR HH M2 IISE M
General 500kW = Modular 500kW General 500kW = Modular 500kW General 500kW T = Modular 500kW
1CH PEBB 4o 1cH PEBB 4t 1cH PEBB 4l
R e o et
. o 00 o Al ) © 0 0 ||||4 | pesBiCh |
oo 000D @ | 000 A
L ME'20%)
PP Py ° 20% 30% ° power| L= :30% 1T | 00 30%  Power
250kW 5§35t
— popD|| B | =« DDOD e e
W oo 0006
(1) 7= PEBB2 2 (500kwOl
P 2 2 2 Al~" 8 = X222 7ts PEBB 1CH 20% #2h PEBB 2CH
. Ei ﬁ Ei Ei (20% F5t17h (50% H5t+7h
18% &4 88% o . 98%
7|-_I_ A EI‘_ = — - |:||.x.| [o] o
3% EIA _I_Ig 40% 'J;"%?:Fg 50% 7|'C:E 76% jl.%_g_ ocfé!' 85% 0|0|‘ ctRE 13% 2= :C'Fg
g ) NG )
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Grid Connected PCS Solution Available topology for commercial PCS

DC 1,500V Application CH-22 2|8l NPC1 TopologyE 0| 8% 0| SiC Hybrid ANPC EE= 2kva
MU= X 7|2tO] 2 Level Topology®il CHeH M AR L0| TS

IGBTJI |GBT2I IGBT3 ‘

ez s / . 2 =] =

snananmll -
S sz N"

SiC
>Mosfet

[IE I By
Nl i i e o

1 e 1

=G |

[Sem—
S |

iy

Topology 2 Level IGBT Inverter 3 Level IGBT Inverter Hybrid SiC ANPC Inverter 2 Level SiC MOSFET Inverter
M B X IGBT : 1,200V
% of 1,200/1,700 V 1,200V SiC : 1.200V 2.0 kV
DC &gt ¥ _ _ _ _
o 1,000V 0| ot Z[CH 1,500Vdc Z|CH 2,000vdc Z|CH 1,500Vdc
o
== > 97% > 98% = 99% 2 99%
ANQIXl X7
= pe i = KHz 4kHz 20 ~ 30kHz 20 ~ 30kHz
eSS o = ESE A
Power X 240} 1 HHBER 12 Si IGBT 12 Jeul e 1
Stack oA HMACH0I2C 6 SIC MOSFET 6 oA
-4 Gate Driver 3|2 12 Gate Driver 21 2 18
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Grid Connected PCS Solution

Modular PCS Control Hierarchy

rir

Z ModuleCt9 2 AlSHA FFHAH 7|7l fI1X|St 4% Master Controller= & 0{7] 5!
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Master Slave
M Control M Control
« Mode & sequence state o HirmkledE
« Synchronous signal maker 5 e reamve"cmem
: gz::::::szl‘:;fe . o Circulating current
. Synchronous or sync compensation
—
c g;:.:;?e( ::;Z,:t Cmd Signal maker « Harmonic current control
o Phaselocked loop Vae 1L Dead time o e ;’::szszﬁmfn
e High & Low dc voltage compensation
-I — M\l— balancing
VRT, FRT .
T ° v DC Vae i+ i —
voltage lde /LT /)_» Level/Phase Shift O_»
V. N > Gate pulse
e balancing \_ PWM 17
> Controller + Voo
o abe_t
Phase Locked 6 Var
Ve M Loop Control Phase Locked 2] Circulati
Vg N> irculating
Vea V Loop Control current control
_nm abctodq gd, Veq
_I A ———— :
a5 Rotation o
T P Vdead
abctodq lgd, lgq . I . abc to dq —()
o . . Power Calculation Rotation
2 iy —S\p Rotation +
= » Controller .
& [} p— Vabe
- abctodq o
5 P,Q stackst Rotation wi & ;
g o — [N
= From_PMS o
£ d O - N I E— Mode S \ N Voo
£ L 1 selection i Vd_tot »Vq_tot
£ T - L T < 6lnth)
I§] Current Control control Vhar_d s Vhar_q
3 Controller ] 1, lgq ¥
! _‘ Ve [N I + v Vgt P
- v L e . o) 2 O— - Ot ()
. Voltage Control Controller
. T
1
° ! .- -§°
| .
Y N\ P O Active power o
Power Control Controller
Operator Controller
T
1 _‘ Q
T
! ¢+ Reactive power
= \.J—»O—» Y
[G1/1 .5 Master-Slave I =] FRT/VRT Controller
+ 1 Q
nti
Anti-Islanding
P,a .
D ———— Sl Enable_stack_Ea
Control Mode maker

[MSSP H|0{ Hierarchy]
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Grid Connected PCS Solution

Modular Scalable String Platform

Modular PCS Control Hierarchy

Battery Battery Battery Battery

PCS PCsS PCS PCS

Generation 1

Generation 1.5

Generation 2

Cooling
Rated Power
DC Voltage Range
Energy Density
Efficiency

Configuration

Power
Semiconductor

Air Cooling
158 KVA @ 480 Vac
~ 1,200 Vdc
945 kw/m’
> 98 %

Modular Scalable (up to 2.5 MVA)

IGBT

Air Cooling
200 kVA @ 690 Vac
~ 1,500 Vdc
1,871 kW/m’
> 98 %

Modular Scalable (up to 3.2 MVA)

IGBT

Liquid Cooling
220 kVA @ 690 Vac
~1,500 Vdc
2,132 kw/m’

>99 %

Modular Scalable (up to 4.0 MVA)
Battery integrated application

SiC
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