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b FREE®N  Big Picture: Moving from Centralized Grid to
etenseentet - Distributed (& Renewable) Energy Resources

Challenges of large scale use of renewables for electrical grids:

= On the one hand many small decentralized units connected to distribution
and low voltage grid (micro- and mini-CHP, Wind, PV, solar, “prosumers”)

On the pther hand many large-scale wind farms, PV farms and solar power
stations, that have to transmit the energy over long distances

Power generation of wind and solar (PV) Is volatile, which requires medium
and lpng-term energy storage

1) 100% penetration: Voltage Issue?
2) Market transformation:
Energy Internet (proposed in 2007
by Dr. Huang)

Frequencies Losses

*Courtesy slide from: Dr. DeDoncker, PEDG2015



Energy Internet

= Local polley and ragulation
Energy supplier * Quztomar prefenenca
Ancillary service provide » Socisl behavior
* Buklneds strategy
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) FREEDM The Third Industrial Revolution

“using Internet technology to transform the power grid of every

continent into an energy internet that acts just like the Internet
(when millions of buildings are generating a small amount of
renewable energy locally, on-site, they can sell surplus green electricity
back to the grid and share it with their continental neighbors); and”
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) FREEDM  FREEDM System: Resilient Grid

systemscenter
12kV AC Bus m
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2. Plug-and-play DC Microgrid

*Proposed by Dr. Huang in 2007



‘F »M  Medium Voltage SiC Technology
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Voltage (kV) Using SIC MQSFET |
e 60to 120 X improvements In
V-f capability
20 = Enables MV & HF power
conversion
15 1G SiC
SiC MOSFET S o ¥

600 MHz-V(ZVS) [cEI=E

5 MHz-V B

Switching frequency (kHz)
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‘ REE®™M SST Functional Diagram

From 60Hz to SST to Smart Transformer
to Energy Router

Power Management:
«Control Voltage: Control power factor/VAR
Injection
Frequency Response: SSSM
Demand Response/CVR: Change/Control
customer voltage
*Energy Efficiency: Provide DC power
sImprove Power Quality:
*Eliminate customer side harmonics
sLow voltage ride through
*Resilience: Supports multiple islanding modes
Lvbcssov  *Fault management
«Current limiting
*Disconnect/reconnect
LVAC 120V Energy Management
/AMI: Monitor energy usage
«Can control/dispatch power via (Energy Cell)
*Energy Router ’

Medium Voltage AC 7.2 kV
(or Medium Voltage DC

Communication

LVAC 120V



SST: MV AC voltage sag operation:
25% voltage sag, 5KW

Tek Sopped  thew Mg 1am4r i

3.6 kVAC | V..

120V AC
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120V AC »

Non linear LOAD

SST Integration with a Non-linear Load:

Harmonic Mitigation
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Frequency Response: SSSM

Demo
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FREE® Short-Circuit Protection

Experimental results of worst-case short circuit protection
(Viv_ac=3KV, Vi 4.=200-0V )
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@ R All DC Electric Grid
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Plug-and-play DC Microgrid

MAJOR ADVANATGE Over AC: 1) Loss reduction, 2) Better utilization of cables, and 3)Easy for

DER integration
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‘V},u 15kV p-GTO, n-IGBT and n-MOSFET
A=0.32cm? or normalized to 0.32cm?
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GTO thyristor demonstrate the best current carry capability and small T dependence



How about 50 kV thyristor?

_ptop N _ptop [N _ptop [N

Nbase Nbase Nbase
250um P Drift . P Drift 420 P Drift
2el4cm3 g leldcm3 lel4cm3

30kV 40kV 50kV
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4 Current capability at 50 kV

p-GTO IV with T_HL=10us, good anode injection
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Better lifetime enhancement will lower forward drop at 50 kV to <5V
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15 kV GTO/ETO Safe Operation Area

- A
SiC 1.2kV BIT

Bipolar Avalanche Limit
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15 kV SiC p-ETO in Action: Hybrid Solid State Circuit Breaker

Target: 2 ms opening AC breaker
Fast enough as a DC breaker!
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FMS: 1.5 ms opening speed

UFMS driven by different voltages

‘?_

Coil current, [kA] Displacement, [nm] |

Cap bank voltage

mm

s 0 2 4 6 8 10 12 14 16
t/ms

15 kV withstand voltage separation achieved at around 1.5 ms
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 All DC Electric Grid has numerous advantages and should
be considered as alonqg term modernization goal
* 1) Lower losses & better cable utilization, 2) easer for DER
Integration

e High Voltage and High Frequency Capability Switch
« Ultra High Voltage SIC MOSFET can enable HVDC-MVDC-
LVDC Power Grid Architecture

 High Voltage and High Temperature Switch
 Ultra High Voltage SIC bipolar devices such as GTO and
thyristor are very attractive for very high voltage and high
temperature operation such as a in a DC circuit breaker




