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Our Vision of Distributed FACTS … 

Volatile power flow from intermittent generation and demand require 
intelligent grid operation and physical networks with flexible topologies.  

Our Distributed FACTS system adresses both the operation and the physical 
network design of power lines: 

 It varies line impedance autonomously and under remote control. 

 It has high reliability and security. 
― It is powered from the line itself. 

― It has no single point of failure. 

― It is maintenance-free. 

― It configures itself and under remote control. 

 It is easy to install with significantly less outage time and avoids lengthy 
permission procedures. 

 It defers investments in network capacity and saves money. 
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 Rapidly deployable technology to convert overhead lines with fixed 

impedance into transmission lines with variable impedance  

― which monitors line parameters  

― and is capable of self-controlling line impedance and diverting power flows 

 Simplified schematic showing basic principle: 

 

 

Smart Wires Concept … 
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Imbalanced impedances leads to overload 
(red) 

Smart Wires increases or decreases 
impedance to resolve overload (green) 
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Pilot Installations 
2012-2013 

 
 
 

 
Prototype Tests 

2014-15 
Prototype 

Production  2015 
 
 
 

Type-tested 
Series Production 
Roll-out Apr 2014 

 
 
 

Smart Wire Grid Milestones 
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DSR 1st Gen DSR 2nd Gen 

2012 

2014 

2007 

2013 

DSSC 
Lab Prototype 

DSR – injecting  
inductive reactance 

DSC – injecting 
inductive & capacitive 
reactance 

2010 

GeorgiaTech Smart Wire Grid, Inc. 

DSC 

DSSC Distributed Static Series Compensator - DSR Distributed Serie Reactor -  DSC Distributed Series Compensator 

DSR – injecting  
inductive reactance 

2015 

Injecting 
inductive &  
capacitive 
reactance 



Copyright 2014 Smart Wire Grid, Inc. All Rights Reserved 

5 

DSR Distributed Series Reactor 
 Actuator part:  

― Each device can increase the line impedance by injecting a pre-tuned value of 
magnetizing inductance into the conductor 

 Sensor part: 

― Each device has sensors for line monitoring 

 Two modes of operation: 
― The “fleet” of devices can operate autonomously with pre-set tripping points to 

inject impedance 

― Each device has radio communications for remote control to enable sophisticated 
grid operation and dynamic line rating by the grid control center 
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DSR Hardware & Intelligence … 

MCU 
ARM Cortex-M4 
32-bit, 120 MHz 

RAM 128kB, Flash 1MB 

DSR 
CONTROL 
SYSTEM 

MEMORY 
Serial Flash 

16MB 

Power  
Input 

Sensors 

Local  
RF Link 
To DSR  
Array 

Wire-2-
Wire 

Network  
Link 

ISM Band 
(US 902-928 
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C
O
R
E 

Secure 
IP 
Backhaul  
Link To 
System 
Manager 

Cellular 
GSM 

or 
CDMA 

Conductor 
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DSR Technical Specification 

• Life: 20+ year life; zero maintenance 

• Fault current: sense << 5 µs, then automatic transition from injection to monitoring 
mode in << 4 ms 

• No corona at operating voltage 

• Environmental: Resistant to salt fog, Aeolian vibration, ice buildup, thermal cycling 

• Conductor impact: No mechanical or thermal conductor degradation 

• Lightning Strike: tested to line BIL 

• Wind loading: up to 250 km/hr 

• Communications: as specified by owner 

Open DSR Unit 

68 - 113 kg 

170 - 805 mm2 

(conductor size)  

63 kA RMS (197kA peak)  

fault current for 30 cycles 

46 - 500 kV 

7 

42:1 - 56:1 turns ratio 
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DSR Sensing & Monitoring Capabilities 

 Standard Capabilities 

― Line Current 

― Conductor Temperature 

― System Frequency 

― Fault Indicator 
• Time 

• Fault Location 

• Through fault current 

― Span Sag Angle  

― Span Blowout Angle 

― Status (injection/monitoring) 

― DSR Set Point (injection) 

 Available Capabilities 

― Conductor Vibration 

― Real Time Fault Location 

― Geomagnetic Induced Current (GIC) 
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DSR Fleet Controls 
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Secure 
IP Network 

DSR 
System 

Manager 
Servers 

Encrypted  
Back Haul Communications 

NIB Enabled Super-DSR NIB Enabled Super-DSR 

Operator 
Web 

Interface 

Mobility 
Devices 

Manager 
Station 
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DSR Fleet Status 

11 
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Applications 

1. Reliability 

2. Congestion/Uplift 

3. RAS/SPS Simplification 

4. Phase Balancing 

5. Support for Construction and Line Maintenance 

6. Overvoltage Support 

7. Grid Optimization 
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 Based on 2013 Heavy Summer Case 

 Outage of Sparta - Athens results in 
3 thermal overloads: 

Applications - Reliability 

15 

 Conventional Solution: 

 Alternative Solution: 
― Combines reconductoring with DSRs and reduces all 

conductors to 99% or less of thermal limit during event. 
 
 

 

 

 Result: 
― Estimated $16.9 M in savings relative to conventional 

solution 

― 42 circuit-miles of avoided reconductoring 

― Capital freed up for strategic projects 

― Outage windows reduced 
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Applications – Improved Dispatch of Generation 
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Without Smart Wire Technology 

With Smart Wire Technology on line 

Without DSRs With DSRs Change 

            

Start End MW % MW % MW % 

              

A B 53 46% 56 48% 3 2% 

A D 59 58% 56 56% -3 -2% 

C B 43 20% 35 16% -8 -4% 

D B 54 57% 59 62% 5 5% 

D C 47 51% 53 56% 6 5% 

C E 28 49% 41 71% 13 22% 

D E 129 99% 129 99% 0 0% 

F D 56 27% 69 33% 13 6% 

F G 81 39% 107 52% 26 13% 

G E 5 22% 19 26% 14 4% 

              

Totals   555   624   69 12% 

A B C 

D E 

F 
G 

A B C 

D E 

F 
G 
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Applications – RAS/SPS Simplification 
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Existing RAS requires 4400 MW of tripping.  DSRs can eliminate up to 1710 MW of tripping. 

~ 4000 MW 

N-0 N-2 

    0 MW 

    To avoid overloads on lines in the affected area trip: 

 3000+ MW of generation 

 1400+ MW of curtailable load 

                  Total: 4400+ MW 

 



Copyright 2014 Smart Wire Grid, Inc. All Rights Reserved 

Reference – Tennessee Valley Authority (TVA) 

Installation Summary 
 Application: Flow control to reduce 

need for redispatch during n-1 

 Installation Location: 161 kV line 

 Circuit Length: 30 km 

 Conductor Rated Temp: 100o C 

 Installed: October 2012 

 Use Case Testing: December 2012 

 DSR Generation: Generation 1 

 Model Installed: 750 A 

 Units Installed: 94 DSRs, 6 Super DSRs 

 

 

 

 
 
 

18 

 

TVA Installation 
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Reference – Southern Company 

Installation Summary 
 Application: Mitigate overload during 

n-1 contingency without using prior 
solution, a permanently online air core 
reactor 

 Installation Location: two 115 kV lines 

 Circuit Length: 10+10 km 

 Conductor Rated Temps: one at 100o C, 
one at 210o C  

 Installed: March 2013 

 Use Case Testing: June 2013 

 DSR Generation: Generation 1 

 Model(s) Installed: 1000 A, 1500 A 

 Units Installed: 30 DSRs, 3 Super DSRs 
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Southern Company Installation 

Further 10 km 
in April 2014 
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Easy to install with less outage time … 

22 

0 1 2 3 4 5 

 <  10 minutes per module – de-energized install 

 Energized or de-energized installation 

TVA Lineman: “One of the easiest things I have installed…” 

Smart Wire Technology vs. Reconductoring 

Experience on a 20 miles line 

Outage Time 

 

Months 
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Head Office: 

Smart Wire Grid, Inc. 
1300 Clay Street, Suite 840 
Oakland, CA 94612-1428 
United States of America 

smartwiregrid.com 

 

Dr. Detlev Kirsten 
detlev.kirsten@smartwiregrid.com 

Phone +49 170 2309888 and +49 2643 900626 
Office Bonn, Germany 

http://www.smartwiregrid.com/
mailto:detlev.kirsten@smartwiregrid.com

