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The grid cannot keep up with the pace of change

& 2-3 years
¥y * Increased demand (data centers,
) ‘%% o N Q 1-2 years electrification, Al)
o | » Growing access queue for generation
o "' ﬁ s connection
Q £ T 3 i',; %  Pressure for affordability without
LT S 4 compromising on reliability
5-12 years
{ Need faster solutions that help unlock grid capacity to maintain reliability ]
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SmartValve

SmartValve is an innovative, digital power flow control technology that quickly unlocks network capacity by pushing power
off overloaded lines or pulling power onto underutilized lines. SmartValve revolutionizes the power flow control landscape
with a transformerless device that offers flexible installation and control. Utilities use SmartValve to integrate renewables,
resolve congestion, lower costs and improve reliability and resilience.

Key features:

» Transformerless, modular Static Synchronous Series
Compensator (SSSC) that employs VSC technology

* Integrated fast-acting bypass

» High reliability and redundancy

» Voltage agnostic and redeployable

* Modular design enables flexible and scalable installations
e Various control modes available

Award-winning product recognized by the World *  Quick to deliver and deploy
Economic Forum, The Engineer, Power Magazine and e  Multiple network applications including power flow control
the Institute of Engineering & Technology and dynamic services
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Solve critical grid challenges
(TS N

.DEt-rIELEi;n
1. Utilize capacity on the existing grid earlier line e —
High voltage
line I
2. Resolve urgent or uncertain needs Extra-high —
voltage line
' h
3. Support outage management and extend HVDC line
outage windows Phase-chifting ==
transformer
Ri_::ﬂnductur -
4. Extend asset life of existing equipment iIne {20 km)
Reconductor -
line (40 km)
5. Use new infrastructure more efficiently fo [
Reconductor h
line (80 km)
Decrease project timeline to 3 6 9 12 Years
under 2 years
B ndia B European Union United States
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SmartValve Operation
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SmartValve injects a voltage with a 90° phase shift with respect to the line
current resulting in a capacitive (- Qs) or inductive (+ Qs) equivalent reactance.

The curve shows the achievable reactance range with respect to line current
that the device can inject.

Operational limits of each deployment depend on the type and number of
devices installed.
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SmartValve Schematic
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IDiagram Key:

1. Input Terminal ’——_‘
2. Output Terminal
3. Surge Protection -
4. High-Pass Filter

. Low-Pass Filter

. Surge Protection
. Silicon-Controlled Rectifier (SCR)
. Vacuum-Switch Link (VSL)
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The SmartValve harvests all power from the line to operate the
control and communication circuits and senses line current for
control and fault-protection purposes.

Filter Capabilities

* The high-pass filter allows the passage of high frequency
transients.

» The low-pass filters allow the power line frequency to enter the
SmartValve.

Bypass Capabilities
e Thevacuum switch links (VSLs) primarily conduct current
during steady-state conditions.

» The silicon-controlled rectifiers (SCRs) primarily conduct
current during grid faults (e.g. a fault on the line connected to
the SmartValve).

Injection Capabilities
» The core components of each Voltage-Sourced Converter (VSC)

are four semiconductor switches and the DC Link capacitor for
achieving series voltage injection
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Hardware-in-the-loop

50 us ngh SpeEd » PowerLine Gateway
simulation step hCommunlcation 5 Powerline Coordinator
oy
I
oy - L —
~ N » Integrated Bypass Control Boards
E:“: _____________________ *

Integrated SmartValve Converter
Control Boards

Model <- -> Hardware

§ § 13

Computer Model of Power Grid

Abilities
@ Functional Performance Studies
@ Firmware Validation
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Functional Performance Test (FPT)
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1. Demonstrate basic functional behavior

2. Validate firmware and settings

| 3. Validate steady state operation, changesin
] % operating setpoints and transient conditions
£33

T 4. Validate end-to-end connectivity with SCADA/EMS
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Functional Performance Test (FPT)

¥ _Qurrents. G

Analysis and discussion:

| 5 %2, [ — Transient cases in FPT marked the first firmware modifications to ensure
: ' an adequate response of the M-SSSC solution to different disturbances.

The FPT tests also helped to test the performance of the Human
Machine Interface (HMI) while testing different online commands and

exporting records in COMTRADE format directly from M-SSSC.
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Hardware-in-the-loop + Software-in-the-loop

To represent an M-SSSC system with multiple devices connected in series, one M-SSSC is studied with
C-HIL, and the remaining M-SSSCs are represented as RSCAD models in a Software-In-Loop (SIL) array.

Python scripts and the GTNET care enable the same coordinator to:
@ Send setpoints to real and virtual devices
@ Coordinate multiple devices using the same protocols

r ______ \
WL AT Y ATER
HIL ]| Model 1 Model 2
—— )
Virtual deployment
ol
el Vil |
| .|
'*QJL : -
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Hardware-in-the-loop + Software-in-the-loop

Harmonic Performance Tests (HPT)

Configuration: C-HIL + SIL

» Description: The HPT system includes a scaled-down
- e representation of the customer network ring with frequency-
: | - dependent transmission line models and equivalent Foster-Cauer
analog circuits from the surrounding network.

u=

o e Goal: HPT validates the harmonic emissions of the M-SSSC and

: its response to the background harmonics of the system. The tests
use the C-HIL+SIL configuration and monitor the system behavior
for a certain range of harmonics measured in the real system.

* 2
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Hardware-in-the-loop + Software-in-the-loop

Harmonic Performance Tests (HPT) - Results

Analysis and discussion:

 The HPT tests confirmed that the algorithms
Implemented to optimize the converters’ duty cycles
helped keep the incremental harmonics within the
limits allowed for the design.

Comparison of C-HIL vs SIL voltage waveforms

» The results also showed a good performance of the M-
! . SSSC control system facing real background harmonic
TEnS ey we .‘H S Ret B Y conditions. The M-SSSC injects quadrature voltage to
5 ‘i | its fundamental component for all considered cases.

Voltage Distortion Pe-rceht Change After M-SSSC
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Hardware-in-the-loop + Software-in-the-loop +
Protection-in-the-loop

o |

E@‘

]I L e | | ul .
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_L L1 - e | frens | i : Bl

« The RTDS on the right connects to the relays and amplifiers that interact with the RSCAD simulation.
« RTDS on the left connects to the C-HIL configuration and transmits the analog signals from the ongoing simulation
to the M-SSSC control boards, which feed the device's digital outputs back to the simulation in the RSCAD.
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Dynamic Performance Study (DPS)

Dynamic Performance Study (DPS)

& » Configuration: C-HIL + SIL + PIL

= ) o
SEEE == 0 L : : :
5 HEEE- | r ;  Description: The project's area of influence is modeled
5 = -1 - = | within the RTDS. The accuracy of the network model was
o _— N e tested against load flow results and dynamic simulations

using the National Interconnected System database.

| i O

z| = : - = » Goal: DPT tests use the C-HIL+SIL+PIL configuration to
] - ;‘_— validate the M-SSSC and protection scheme response to
| ' : = realistic and critical system failures.
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Dynamic Performance Study (Validation)

Dynamic Performance Study (DPS) - Results

g OO m Analysis and discussion:

 The DPT cases were fundamental to finalizing
the configurable adjustments of the M-SSSC
= ] = e ¥ 1 solutions at the Santa Marta substation.
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* The tests captured ISA best practices in
protection coordination. They focused on

: = | D e ensuring proper coordination between the M-

e e s SSSC bypass actions and components’

protection schemes near the M-SSSC

I
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Python Automation — Scenario Orchestration

HIL=

il

RTDS

Technologies

| D
System
Measurements

< |

‘I step.RunCommand ()
RSCAD
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Gateway and PLC

Communication through

step.RunCommand ()
SmartInterface
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nnnnnn

Smartinterface
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for each scenario in scenarios{
for each step in scenariof{

step.RunCommand ()
// RSCAD/SmartInterface
}
scenario.gatherMeasuremets ()

}
scenarios.makeReport ()

scenarios.makeReport ()

Report/Analytics

TechnuLngies-
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Python Automation — Orhestration and Data Collection

e Faultlocationm
T % 4 6 or each scenario in scenarios{

* Integration with an SQL database is conducted to adjust each HIL run ; \ for each step in scenariof

step.RunCommand ()
// RSCAD/SmartInterface

«  Allows multiple fault locations to be tested to validate M-SSSC bypass as ta = 27 )
well as validating the lack of impact on protection coordination. = R T | Seenario-gathereasuzensts ()
fFauItIocation _*_ scenarios.makeReport () Jﬁ'f i ”'

» Allows the relays to be put into numerous configurations (2-terminal, 3- =l | &= af
terminal) in an automated way to test the effect of different relay 3 i e
configurations for the same fault location. A__ U
» Automated report collection ensures that for each scenario: Fault location n scenarios.makeReport ()
» Datarecordedin RSCAD is collected
» Eventdatarecords and COMTRADE files are collected from each
M-SSSC control board

 COMTRADE files are retrieved from each relay in the protection-in-
the-loop configuration

Automated
COMTRADE Retrieval

4

* Acomplete report can be generated for each scenario to allow post
analysis.

* Allows 50+ scenarios to be generated in a completely automated
fashion.

Report/Analytics
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APFC projects completed with 25+ utilities across the
W

CHIL validations have been a critical component in validating a majority of our deployed devices ]

North America f
. Central Hudson (NY) deploying APFC at 345 Europe Tech Hub & HQ: RTP, North Carolina, USA
5 kv t lock 185 MW fi ity. . .
BIEE i Capamt‘f b+ NGET USiI'Ig APEC across seven 275 kv and ﬁu ManUfaCturlng: St. Peteerurg, Flonda, USA
* Bulk of Gen and data center interconnection .

400 kV circuits, delivering 2 GW transfer

projects approved in GA, NY, VT, CA, ID, WA TR
capacity increase

%a Georgia Power nationalgrid = .
m a g 9 nationalgrid . 2 %ﬂpto Global Presence: Additional offices in Ireland,
) Colombia, and a global workforce

Major Partners: Mitsubishi, Infineon, Jabil

Operational Record: 3,200+ device-years of
operation

Intellectual Property: 100+ patents, know-
how and technology stack

o

b 7 Colombia and Brazil Wi
m = Over 1.1 GW firm capacity unlocked to '
& . .

e support demand increase & generation * e n M TG apaciy anilockid,
interconnection

improving reliability and transfer of electricity
between states.

epn Znlaza . B,

¢ W p ’ s Transgrid’i' AusMet "~ MElectraMet
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http://www.smartwires.com/
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