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Outline
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» Demands on Future EE Infrastructure
» Fractal Smart Grid

» Smart Grid Power Electronics - SST

» Conclusions / Challenges
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___ Energy Consumption Growth

—> Consequences / Countermeasures
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» Global Energy Consumption Growth
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[ | NOt d Sustainable Path ! Source: Energy Outlook 2030 / BP 2012
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» Global CO, Emissions from Energy Use

Billion tonnes CO, Billion tonnes CO,
40 40 Base

Policy
o i / /—\ Case

IEA “450
20 20 Scenario”
10 10
Source: Energy
0 0 Outlook 2030 / BP 2012
1990 2010 2030 2000 2010 2020 2030

m Risk to Exceed Recommended Emission Limit —> Global Warming
m “Policy Case” > (1) Renewable Energy, (2) Increase Prices, (3) Increase Efficiency (“Negawatts”)
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Renewable Energy
—> Characteristics / Grid Integration
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» Characteristics of Renewable Energy Sources I
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- Hourly Output of
Wind Plant in Calif.

Source: IEC White Paper 2012

m Fluctuating (Partly Unpredictable)
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» Characteristics of Renewable Energy Sources II

Source: IEC White
Paper 2012
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- Full-Power Conv. Wind
Turbine Generator (allows
to provide Ancillary Services
to the Grid)

m Variable Frequency AC Output - Power Electronics Interface for Grid Integration
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» Characteristics of Renewable Energy Sources II

Power grid

‘ High voltage busbar

Step-up
transformer
Lower voltage busbar
Inverter AC Inverter AC Inverter AC
DC DC DC

Cable

o5
2

PV pane

- Structure of a PV

Source: IEC White A
Power Station

Paper 2012

m DC Output - Power Electonics Interface for Grid Integration

ETH
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» Characteristics of Renewable Energy Sources III

© ENERGINM/DI(

_____

Source: IEC White
Paper 2012
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- Simulation Benchmark

Test System for EU Transnational

Off-Shore Grid

11/57

m Decentralized / Remote (e.g. Off-Shore) - (Multi-Terminal) HVDC Transm. / EU Super Grid

ETH

Eidgendssische Technische Hochschule Zirich
Swiss Federal Institute of Technology Zurich
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» Local “Grid-Friendly” Integration of Renewable Sources

Power grid

High voltage busbar

Step-up
transformer

-
module
|
equency control
Fault ride-through
control
Other control

Command, Data
Measurement
Power

module

- Typ. Structure of “Grid-
Friendly” Wind Power Plant

Source: IEC White
Paper 2012

Short-Circuit Current Control
m Contribution to Power System Reliab. / Stability > Voltage/ VAr Control (VSC or FACTS Equipm.)
Fault Ride Through (Fault: Low/High V or f)
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» Grid-Integration of Distributed Renewable Energy
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Source: IEC White
Paper 2012

280km

Cluster control
station #2

m Multi-Layer Centralized Control of
Renewable Energy Plant Cluster

- NEW Approach Required to Allow Integration
of (also Small Scale) Renewable Energy Sources /

Storages & Load Control etc. All Over the Grid s < gkl

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich
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Future Fractal Smart Grid __

—> Fractal Grid Structure
- Convergence of IT & Energy Systems

Eidgendssische Technische Hochschule Ziirich \N‘-"J

Swiss Federal Institute of Technology Zurich
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» Advanced (High Power Quality) Grid Concept

Small Distributed
Gengration Units

Sex of Distributed Resources t%’?

Secondary Substation

Small Distributed
Generation Units

HV-Feeder
v

Normal AC
Loads Office Buildings, Banks, Malls,
hid A Hospitals, Industry....

Secondary Substation with MV/LV Power
Eleetronles Transformer

Source: ABB /

Heinemann 2001 I Conventional Secon-

: dary Substation

m MV AC Distribution with DC Subsyst. (LV and MV) & Large Number of Distributed Ren. Resources
m MF AC/AC Conv. with DC Link Coupled to Energy Storage - High Power Qual. for Spec. Customers

Eidgendssische Technische Hochschule Ziirich \N‘ "J

Swiss Federal Institute of Technology Zurich
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» Future Ren. Electric Energy Delivery & Management (FREEDM) Syst.

“EEnergy Internet”
ergy Internet IFM = Intellig. Fault

- Integr. of DER (Distr. Energy Res.) Management
- Integr. of DES (Distr. E-Storage) + Intellig. Loads = 2  SST = Solid-State
- Enables Distrib. Intellig. through COMM 5P Transformer
- Ensure Stability & Opt. Operation o \
| - |
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< = L >
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Source: Ayyanar / Huang 2008 (o} o
S — e
I__IIFMI 12 kV/Txc Bus [iFv ;% ]! | E =
o =4
) T !
COMM e o e e
[ ] [ ] ] [ ]
=y L . ©
400V DC Bus 120 V AC Bus S I —Z N
IJi_I 1o 1 1 1 1 o] — <
o0 OO ; .
LA X J L X R} - ¢
(6]
852 3 R 2 2
o T S S S > 8
s o o o o ) g
« at < <

mLAEL
— IFM

m Bidirect. Flow of Power & Information / High Bandw. Comm. - Distrib. / Local Autonomous Cntrl
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» Smart Grid Concept

m Hierarchically Interconnected Hybrid Mix of

AC and DC Sub-Grids

- Distr. Syst. of Contr. Conv. Interfaces

- Source / Load / Power Distrib. Conv.

- Picogrid-Nanogid-Microgrid-Grid Structure
- Subgrid Seen as Single Electr. Load/Source

- ECCs provide Dyn. Decoupling

- Subgrid Dispatchable by Grid Utility Operator

- “Vlirtual Power Plants”
- Integr. of Ren. Energy Sources

m ECC = Energy Control Center

- Energy Routers

- Continuous Bidir. Power Flow Control

- Enable Hierarchical Distr. Grid Control

- Load / Source / Data Aggregation

- Up- and Downstream Communication

- Intentional / Unintentional Islanding
for Up- or Downstream Protection

- etc.

17/57 —

Source: Borojevic 2010
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» Smart Grid Control Challenge I

Source: J. Sun, EPRI-PSMA
Workshop 2013

« Generation Control P1)=AP,(1)+ BA1) &

L ‘ l rr 11“” I l l
MM |u'krv I |!' (AR Hl
+ Load Control @ 20O=82,0)+P,0)

) f ‘/\ g“f‘i l e H'Vlli

‘.\’;

m Constant Power Loads
m Ren. Energy = Variable / Distributed Sources
m Red. Kinetic Energy Storage in Future Grids —> Provide other Storage & Control for Power Balance

Eidgendssische Technische Hochschule Ziirich \N‘-"J

Swiss Federal Institute of Technology Zurich
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» Smart Grid Control Challenge II

Source: J. Sun, EPRI-PSMA
Workshop 2013

10? 109
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~ 10 Central Control o Sl P=wy | 3 (31 ] (°
; Manual Dispatch .
= 100 e Be 0
= o . I
“ 00 B - ) 4
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Speed of Control (Hz) ——>

m Large Number & Low / High Dynamics > Clustering and Decentr. / Autonomous Contr. or Response

Eidgendssische Technische Hochschule Ziirich \N‘-"J

Swiss Federal Institute of Technology Zurich
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» Smart Grid Control Challenge III

Source: J. Sun, EPRI-PSMA
Workshop 2013

TTTTT L 1 T TLTTE [T T T LT T TTTI
==

Traditional
Generator

R
ER: Grid
= = Synchronization
9 2 T
RG] Current
= Control

0.01 0.1 1 10 100 1000 10000

Frequency (Hertz) ———>

m Dynamics - from Transient Balance by Kin. Storage (No Cntrl) to ms-Active Power Flow Control

Eidgendssische Technische Hochschule Ziirich N,m’JJ
Swiss Federal Institute of Technology Zurich
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» Example of Autonomous Response

PCC
T"
PWM Standard
Current
y Controller
Current
controller
Ai .
417 Source: ABENGOA RESEARCH
ECPE Workshop 03/2013
m Grid Connection Based on
yZA e ”
Virtual Impedance 2 I Virtual Electromechanical
impedance model
Power Converter Emulates
Synchronous Generator Behavior i e e
(according to EM Model) ¥

Eidgendssische Technische Hochschule Ziirich Nt-lj ——
Swiss Federal Institute of Technology Zurich
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» Smart Home / Microgrid

Source: P. Tenti ECPE
Workshop 03/2013

. Batterypack

- Energy Trading -_ e :
(Scheduling of Power B |
Supply/ Consumpt" Local (Grid side)
Operating Reserves, u(t), ift) "
Power Quality Services, el Sync 2
Energy Storage / iAo v(t), i(t) 2
R ppliances = - g o
Balancing etc.; Single phase fromother | &
Smart Meters residential g;t_emgys |f__D
settlement 1]
Control o
- Smart PiCOgﬁd Local signals .
(Smart Homes, ig;:ae;zt;zr;/} | A | fromuerid V
2$a)ﬂ Buildings u(t), ift) .

Energy Gateway — Functional diagram

m Distributed Control of Power Electronic Interfaces in Smart Picrogrids

ETH N

Eidgendssische Technische Hochschule Zirich a1 s —
Swiss Federal Institute of Technology Zurich
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Smart Grid Power Electronics
- Solid State Transformer

Eidgendssische Technische Hochschule Ziirich \N‘-"J

Swiss Federal Institute of Technology Zurich
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» Classical Transformer - Basics

Advantages

Relatively Inexpensive
Highly Robust / Reliable
Highly Efficient (98.5%...99.5% Dep. on Power Rating)

Weaknesses

Voltage Drop Under Load

Losses at No Load

Sensitivity to Harmonics

Sensitivity to DC Offset Load Imbalances
Provides No Overload Protection
Possible Fire Hazard

Environmental Concerns

A, =2 K

e Construction Volume A Wag=

'Core

P, .... Rated Power

ky .... Window Utilization Factor (Insulation)
B.,ax-- Flux Density Amplitude

Jims- -+ Winding Current Density (Cooling)

f ... Frequency

* No Controllability
* Low Mains Frequency Results in Large Weight / Volume

Eidgendssische Technische Hochschule Zirich
Swiss Federal Institute of Technology Zurich




Power Electronic Systems 25/57
|-I E 5 Laboratory d

» SST Functionalities

e Protects Load from Power System Disturbance

- Voltage Harmonics / Voltage Sag Compensation
- Outage Compensation (UPS Functionality)
- Load Voltage Regulation (Load Transients, Harmonics)

e Protects Power System from Load Disturbance

- Unity Inp. Power Factor Under Reactive Load

- Sinus. Inp. Curr. for Distorted / Non-Lin. Load

- Symmetrizes Load to the Mains

- Protection against Overload & Output Short Circuit

e Further Characteristics

Operates on Distribution Voltage Level (MV-LV)
Integrates Energy Storage (Energy Buffer)

DC Port for DER Connection

Medium Frequency Isolation - Low Weight / Volume
Definable Output Frequency

High Efficiency

No Fire Hazard / Contamination

Comm.

ETH

Eidgendssische Technische Hochschule Zirich
Swiss Federal Institute of Technology Zurich
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» Electronic Transformer - McMurray 1968

m Matrix-Type f,=f,

23,

HIGH FREQUENCY T

L LOW FREQUENGY ALor DE.
SOLID STATE

SYWCHRONOYS SWITCHES
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—-d S04/ J?AJ’[C | | A FREQUENEY
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FLECTRONE
CONTROLS -
B ) P
o vl
/, i Adp &)
(+)T Y "\
s
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e Electronic Transformer =

ETH

Eidgendssische Technische Hochschule Zirich
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Inventor:
Witiram McMurray:

yH/ls At toﬁne ve

HF Transf. Link & Input and Output Sold State Switching Circuits
e ACor DC Voltage Regulation & Current Regulation/Limitation/Interruption
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» Electronic Transformer - McMurray 1968
m Matrix-Type f,=f,

’ 4y .Y | |

-+ h.__.__. ._ ______ "
2 i 0 i !
- I L_.. e T

€4 s/

. . e L - s n
&~z e [z 7z ‘ + i \ r ey
. : . ‘ ! \ i i . \
- <y )&l o Ti(l As__, L ob— |
Vo o
. . [ -

R
i L)

™

N
QUADRANT /

e 50% Duty Cycle Operation @ Primary and Secondary
e Output Voltage Control via Phase Shift Angle

Eidgendssische Technische Hochschule Ziirich \N‘—"J

Swiss Federal Institute of Technology Zurich
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» Electronic Transformer

m Matrix-Type f,=f,
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ETH
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» Basic Solid-State Transformer (SST) Structures

e Power Conversion

Three-Stage Power Conversion with MV and LV DC Link

Two-Stage Concept with LV DC Link (Connection of Energy Storage)

Two-Stage Concept with MV DC Link (Connection to HVDC System) Source: ABB/
Direct or Indirect Matrix-Type Topologies (No Energy Storage) Heinemann 2001

MV Grid

e Realization of 3ph. Conversion

- Direct 3ph. Converter Systems
- Three-Phase Conn. of 1ph. Systems
- Hybrid Combinations

e Handling of Voltage & Power Levels

- Multi-Level Converters / Single Transf.

- Cascading / Parallel Conn. of Conv. Modules
- Series / Parallel Connection of Semicond.

- Hybrid Combinations

LV Grid

m Medium Freq. Required for Achieving Low Weight (Low Realiz. Effort) AND High Control Dynamics

Eidgendssische Technische Hochschule Ziirich \N‘-"J

Swiss Federal Institute of Technology Zurich
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» DC-Link Based Fully Phase-Modular SST Topologies

- Akagi (2005/2007)

The Bi-Directional Isolated DC/DC Converter
Converter Cell No.1 1

33KV o I | K U 20 1H K JK&“K& - iy
=YY\
/ = == @
Single-phase JKHS 4l JK& C J@ JHBX J
PWM
h“:‘%ﬁ;:xp::rg Power Cell No. A1 3.3kV ] converter
1,800 kW | Converter Cell No. 2
: Switching freq. ,— ]
s F = 1 kHz. § i
Switching loss : '
33y ) AL g I_ -
verter @— : l] negligible Converter Cell No. S
u f DC-Link Voltage: 610 V j\
P:v‘erge\ls T * 1,200-\'7 IGB’]‘ S'C I\’IOSP‘EVI‘ [’l ke
S0 or 60 Hz = = % o ) =

m Application for MV Motor Drives Replacing the 50/60 Hz Transformer

Eidgendssische Technische Hochschule Ziirich \N‘ "J

Swiss Federal Institute of Technology Zurich
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» Unidirectional DC-Link Based SST Structures

. g2 3-Phase Medium Frequency Transformer
- En.]et1 (2012) (2- winding primary & 6- winding Y-A Secondary ACDCA

o T Tk

1-phne unidirectional
AC-AC Converter

D1/\D3,
8193

AC-D'C-AC

Line Frequency  36-Pulse Source 5-Level NPC
Transformer  Diode Rectifier Inverter

hﬁ"ﬁi
HIIIIIH\I-HI\I-H-'ZII-II-IIA

T

A

B

-

a

g

§ Y I in_4
e g . ) Medium Voltage Motor
Gl A * Three phase Diode Rectifier— VAY
Single phn:n IGBT Inverter C VAR (6 6 4V)
13 n !
* [ 3-Phase Input Filter l Viseon 51 83 vey
A Vouta =
Va Vb Ve e T [VAA
CulE
k.

N D4 m#n‘ e
Medium Voltage, 3-Phase 60Hz AC 2Is ﬁ 'i::ﬂ

m SST Appl. for MV Adjustable Speed Drive (Unidir. AC/AC Front End / Cascaded 2L 1ph.-Inverters)
m Avoids Bulky LF Transformer / DC Link and Mains Current Harmonics (Active Filter)

Eidgendssische Technische Hochschule Ziirich \N‘-"J

Swiss Federal Institute of Technology Zurich
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» UNIFLEX Project

- EU Project (2009)

Port 1 Port 2
3.3kV ‘W—{ UNIFLEX 33kV

Tany

415V ‘b

poLs

@Q

3-phase grid/load

H-bridge[ = | PCA0 [V
H-bridge| T | PCA7 - [Vaaw
H-bridge| T | PCA Voo
H-bﬁdgemwmm
H-bridge[ T | PEA0 [Vaawm
H-bridge| = | DS [Vaom
H-bridge DC DC vch(B)
H-bridge| T | PCA7 [Veoum)
H-bridge| T | PS10 [Vio
H-bﬁdgeMVM(c)
Hobridge| = | PCA [V
H-bridge| £ | PC10 [ Voo
Port1

32/57

-
Varm T
X
Vaa®) T
-
Va1, T

XI
Vi T

v

3-phase grid/load

=X
de2(BY T

vdcj(AE H-bridge

Vaames, |H-bridge

v dﬂ[C)E H-bridge

Ve & -H-bridge

Vgeam T | Hebridge

|

{ Storage elements

-

Port 3

m Advanced Power Conv. for Universal and Flexible Power Management (UNIFLEX) in Future Grids

m Cellular 300kVA Demonstrator of 3-Port Topology for 3.3kV Distr. System & 415V LV Grid Connection

ETH

Eidgendssische Technische Hochschule Zirich
Swiss Federal Institute of Technology Zurich
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» MEGALink @ ETH Ziirich MY grid

i i i
Filter
LV grid Module
2 AF B
P 0 11%{? % T Tarn %J
- I Nz ik é
I e § uﬁ g_ e
LU 10 } F ;
; Fl ¥ 4%3 jt T 3% 3
G et . 51 ;
F [ IE 3
3 k “E%g ﬁ ] % T ;
B [ | {1 =z o PG _
Fe Er jé : g ;
i | = %
o0 :Et_ 1«%& j e § s
li h |E ) | --l§ | m T _
s gty & ghts :
16 Lfg i i % I EE 8
Sy =630kVA EERT: § TRy f Jg_'}__lg;c; 13
ULV - 400 v JFJF JF ¥ J - JdFJF
Uyy = 10kV
LV LF AC MF AC MV LF AC

m 2-Level VSI on LV Side / HC-DCM-SRC DC-DC Conversion / Multilevel MV Structure

Eidgendssische Technische Hochschule Zirich N‘-"

o
Swiss Federal Institute of Technology Zurich ;
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_ Examples of SST Applications

- Future Traction Vehicles
—> Subsea Power Systems

Eidgendssische Technische Hochschule Zirich N -"J
Swiss Federal Institute of Technology Zurich
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» Electric Railway Systems — Today’s Drive Scheme

m 16.7Hz 1ph.-Transformer Required to Step-Down the
Catenary Voltage to the Drive’s Operating Voltage

| [ | | | #[’T m Low Frequency Transformer
15 KV 1ph

- 15% Weight of Locomotive
- e.g. for 2MW ca. 3000kg
- 90-92% Efficiency

ETH

Eidgendssische Technische Hochschule Ziirich N '.'

o
Swiss Federal Institute of Technology Zurich ;
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» SST Application I - Next Generation Locomotives

* Energy Efficient Rail Vehicles - Loss Reduction would Req. Higher Volume)

- Trends  * Distributed Propulsion System - Weight Reduction (pot. Decreases Eff.)
* Red. of Mech. Stress on Track —> Mass Reduction (pot. Decreases Eff.)

|
AC Catenary (15kV, 16%Hz or 25kV, 50Hz) AC Catenary (15kV, 16%Hz or 25kV, 50Hz)

LFT MFT ]

 HVAE T PR
ACLF 9 DC ACLF 9 ACMF ACMF 9 DC

Rail Rail
Conventional AC-DC conversion with a line AC-DC conversion with medium frequency
[frequency transformer (LFT). transformer (MFT).

e Replace Low Frequency Transformer by Medium Frequ. (MF) Power Electronics Transformer (PET)
e Medium Frequ. Provides Degree of Freedom - Allows Loss Reduction AND Volume Reduction
e EL Syst. of Next Gen. Locom. (1ph. AC/3ph. AC) represents Part of a 3ph. AC/3ph. AC SST for Grid Appl.

Eidgendssische Technische Hochschule Ziirich \N‘ "J

Swiss Federal Institute of Technology Zurich
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» ABB 1ph. AC/DC Power Electronic Transformer I

e Dujic / Zhao (ABB, 2011)
V1

Catenary

\ 1250 1

MV LF.AC MF AC

O -1250

(@)
@
Z
LI

m Cascaded H-Bridges & Resonant LLC DC/DC Converter Stages

ETH

37/57

[A]

-+« 100

< -100

[A]

1200

- -200

Time [ms]

Eidgendssische Technische Hochschule Zirich
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» ABB 1ph. AC/DC Power Electronic Transformer II

Catenery PETT
15kV 16 2/3 Hz Power Electronics Traction Transformer
Pantograph
HV PEBB's LV PEBB's
_ . Short AFE LRC MRC
i Line Side Crout  wueres wmees RSB
IGBT's End) Correetter) Resonant Convertar)

Motor side

3

Ii-
1500V DG+ Udc_pos M
>/
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o s
1| 1 * motor |
:Earth discpn de_pos M i
‘l }_EEBI'J\ disch ETanas
i
-1 E '
€35
g AUX supply
15kVA. 3x400V @ 50HZ |
5kVA 36V dc i

JOI3OUUOD DUl

P = 1.2MVA, 1.8MVA pk
9 Cells (Modular)

54 x (6.5kV, 400A IGBTs
18 x (6.5kV, 200A IGBTs

18 x (3.3kV, 800A IGBTs

9 x MF Transf. (150kVA, 1.8kHz)

1 x Input Choke
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» ABB 1.2 MVA 1ph. AC/DC Power Electronic Transformer III

P = 1.2MVA, 1.8MVA pk
9 Cells (Modular)

[%]

96

00 cesi s ............. = = Operating with 9 levels |

= Operating with § levels

i i 1 i
0 200 400 600 800 1000
Qutput Power [kW]
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» SST Application II - Subsea 0il and Gas

Source: ABB
Devold 2012

m ABB Future Subsea Power Grid >  “Develop all Elements for a Subsea Factory”
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Subsea 0Qil and Gas

» SST Application II

Source: ABB
Devold 2012

m ABB Future Subsea Power Grid >  “Develop all Elements for a Subsea Factory”
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» SST Application II - Subsea 0il and Gas

Source: ABB / Devold 2012

- Future Subsea Distr. Network for
0il & Gas Processing

f
6|
T
.
o
% 9
Topside g
drive
£ e =
transmission m
% e
-]
%)
=
o
7]
2
e DC Transmission, No Platforms/Floaters
e Longer Distances Possible zﬁmﬁm
High
m Weight Opt. / Pressure Tol. Power Electronics s
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SST Reliability / Protection

- Multi-Level vs. WBG Semiconductors
—> Overcurrent Requirements

Eidgendssische Technische Hochschule Zirich
Swiss Federal Institute of Technology Zurich
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» Trade-Off - Reliability / Power Density / Efficiency

- Reliability / Power Density Pareto Front

(5 Casc. H-Bridges, 1700V IGBTs, No Red.,
FIT-Rate calculated acc. to 7j, 100FIT Base)

100

[~ 4389001, 60°C

o
A=}

efficiency [%]
W
\\
Y

R
LF*

_,H-bridge output stage

1

Sl‘lﬁDl S3 Di
R
CDC==1 Muvpe

sg-K&DZ sq-K& D,

44/57

DC
DC]

i // - DC — DC = DC
~——274'500h, 80°C / / | | 1
075 - -~ p B DC DC M DC
/,__f / \ comverter cell . H .
g /<‘166'300h 100°C < ~— - i_ -
| — - » 55'300h, 150° | ¥ - s ~ A
96.5 F— \:\ 5'300h, 150°C
103'700h, 120°C
96 // . i £ [ [ [
1 L5 2 25 3 3.5 4 45 N
power density [KW/1] MV output stage of phase R l')(' |

AC]

Ll
RS T LV side (100V)

m Equivalent 2-Level SiC Converter - 15.5kA/us & 1.1MV/us (!) for Equal Switching Losses

ETH
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» SST Protection Challenge — Overcurrent Requirements I

e MV Transformers must Provide
Short-Circuit Currents of up to
40 Times Nominal Current for
1.5 Seconds (EWZ, 2009)

e Traction Transformers: 150%
Nominal Power for 30 Seconds

(Engel 2003)

e Power Electronics: Very Short
Time Constants !

ETH

- typically 100 ki

132 kY Netwark
33 kY Metwork
- typically 350 Mt ‘

33M1 k¥ Transformer
- typically 12/24 hfuid

11 kW MNetwork

111042k

Transformer
- typically 500-1000 ki

400% Metwork
- typically 10 kit

Consumers network

Consumers network

Large Industrial distribution
higjor single consumers connected
at Hv

Inclustrial distribution
Single consumers connected to
one transformer

Domestic, commercial,
light industrial distribution
Several consumers connected

to one transformer

Stage 1 Assessment Stage 3 Assessment

Stage 2 Assessment
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» SST Protection Challenge - Overcurrent Requirements II

Source: Oswald
Uni Hannover

380 kV

16 |
% 220 kV

110 kV /
12
60 kV...100 kV / |
auto-transformers
8 30kV..72kV |

S kV...3V4

ol - : ~ ;
10 10 10 10" MVA 10
rated apparent power S"T _—r

impedance voltage at rated current

m Lower Grid Voltage Levels —> Higher Relative Short Circuit Currents

Eidgendssische Technische Hochschule Ziirich \N‘-"J

Swiss Federal Institute of Technology Zurich




Power Electronic Systems 47/57
|-I E 5 Laboratory ? /

- Hybrid SST Concepts .

-~ LF Transformer (!)
—> Power Quality Enhancement

Eidgendssische Technische Hochschule Ziirich \N‘-"J
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» Hybrid Distribution Transformer

® || »  Single-phase Hybrid Transformer
X1

Source: ABB/Bala 2012

Primary Primary Secondary

Option 1b

Primary

Option 1a

m Reactive Power Compensation (Power Factor Correction, Active Filter, Flicker Control)
m 5% and 7t" Harmonics Compensation by proper Selection of Vector Group

m Available DC Port (Isolated in Option 1a)

m Option 2: Controlled Output Voltage

Eidgendssische Technische Hochschule Zirich N\ N* JJ

Swiss Federal Institute of Technology Zurich
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» Hybrid Distribution Transformer

Source: ABB/Bala 2012

m Commercial Product (ABB)
m Direct Connection of Input to Output (Bypass) or
m Compensation of Inp. Voltage Sag (Contr. Output Voltage)

ETH

49/57

1

i

| Input r
| Frequency

| 0.0 M

Referance
o

ABB Low Voltage Power Converter Products

== ] 1

[ | oo | sover

[sm»-:lu.ln J
e

Frequency
500 K

[ Reference
4320 N
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» Critical Remark I - Technology Hype Cycle

m Different States of Development of SSTs for
Smart Grid and Traction Applications

Visibility

Peak of

Inflated

Expectations

SSTs for Smart Grids

Slope of
Enlightenment

SSTs for Traction Plateau of

Through of Productivity

Technology Disillusionment

Trigger Time
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» Critical Remark II - Limitations / Applications

SST
m SST Limitations t (o] *
e emance i i

[Ideal]

Efficiency (Rel. High Losses 3-6%)

High Costs (Cost-Performance Ratio still to be Clarified
Limited Volume Reduction vs. Conv. Transf. (Factor 2-3
Limited Overload Capability

(Reliability)

Performance

v

Costs

m Potential Application Areas

» Replacement of Multi-Stage Conversion System (Efficiency Margin) or DC Grids
» Applications for Volume/Weight Limited Systems where 3-4 % of Losses Could be Accepted

- Traction Vehicles

- UPS Functionality with MV Connection

- Temporary Replacement of Conv. Distribution Transformer

- Parallel Connection of LF Transformer and SST (SST Current Limit - SC Power does not Change)
- Military Applications

Eidgendssische Technische Hochschule Ziirich N‘-"J
Swiss Federal Institute of Technology Zurich h
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» Application Areas > SST Advantages /Weaknesses

[] LFtrafo. Functionality [] LF trafo. Functionality

[] sst [] sst I

Reliability kW/dm’ Reliability

kW/dm’

kwW/$ kW/kg kW/$ kW/kg

Efficiency Efficiency
m Traction - LF Transf. vs. SST m Distribution - LF Transf. vs. SST

Eidgendssische Technische Hochschule Ziirich \N‘-"J
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» Main SST Optimization Potential

e (Cost & Complexity Reduction by Functionality Limitation (e.g. Unidirectional Power Flow)

» Future Research Topics

Insulation Materials under MF Voltage Stress

Low Loss High Current MF Interconnections

MF Transformer Construction featuring High Insulation Voltage
Thermal Management (Air and H,0 Cooling, avoiding 0il)
“Low” Voltage SiC Devices for Efficiency Improvement

Multi-Level vs. Two-Level Topologies with SiC Switches 2> “Optimum” Number of Levels
Multi-Objective Cost / Volume / Efficiency/ Reliability Optimization (Pareto Surface)
SST Protection (e.g. Overvoltage)

SST Reliability

Hybrid (LF // SST) Solutions

SST vs. FACTS (Integration vs. Combination of Transformer and Power Electronics)
System-Oriented Analysis - Clarify Benefits on System Level (Balancing the Low Eff. Drawback)

Swiss Federal Institute of Technology Zurich
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___ Challenges of Smart Grid Realization ____

- Technologies
—> Reliability
- Costs

Eidgendssische Technische Hochschule Zirich -"J
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» Challenges of Smart Grid Realization I

m Engineering Challenge —> Competence in - Power Systems
- Power Electronics
- ICT
- etc.
m Technological Challenge Power Converters (WBG, Modular, Scalable)
Control Concepts (Autonom. Cntrl etc.)
New Protection / Monitoring Concepts
etc.
m Economic Challenges Standardization (Power Electr., ICT)
Forecasting / Planning
Establish Business Models
etc.
m Operation Challenge Grid Stability
Reliability
Data Security (!)
etc.

2 2 2 20\ 2 2 2 2 A A A\ 2
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» Challenges of Smart Grid Realization II

Done!

To be
Done...

m Huge Multi-Disciplinary Challenges / Opportunities (!) are Still Ahead
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Questions ?
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