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SFCL technology SuperQx

Operation principle

Current without SFCL
= = == DC component without SFCL

Current with SFCL
Current: fault (up to 60+ kA) BBy SFCL: 20-50 Ohm - - -~ DC component with SFCL

Current: nominal (~ 1k A) =) SFCL: no resistance

Positioning SFCL in electrical grid

SFCL in line with cable 10

Bus-tie SFCL <
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SFCL technology

City grid

protection

Fault current

reduction
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grid equipment
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SuperOx
SFCL technology enables:
Production C Increased grid capacity
plant - .
protection C Reduced number of sectioning points
p . C Reduced damage from fault currents
Voltage drop i i
eduction C Reduced cost of grid equipment
. J C Extended lifetime of grid equipment
f, h
No downtime of C Improved fll’e Safety
production
equipment C Reduced losses
. J
C Improved quality of power supply
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Electrical gridf megapolices
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Electrical griadbf megapolice#® fault currents grow with grid SuperOx
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Electrical gridbf megapolice® mitigating FCs via sectioningupe
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Consequences of sectioning the grid SuperOx

Bus bar sectioned: Cables lines sectioned:

power flows in opposite directions transmission is impossible
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Growth of fault currents presents a big and costly problem
for large grids.

Fortunately, SFCL can often help.

Pal

| t0s an opportunity for HTS to
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Talk Outline

2. Motivation to use SFCL in Moscow electrical grid
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MoscowelectricaQrid is large and grows rapidly SuperOx

110

2000 2005 2010 2015 2020

Annual electric energy consumption
in Moscow region, bn kWh
~J]
o
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Moscowelectricagrid is large and grows rapidly SuperQOx

Electrical grid parameters Russia Moscow
Installed generation capacity 246 GW 17 GW
Electricity consumption 1059 TWh /year 108 TWh / year
Consumption growth rate +23% /20 years + 59% / 20 years
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Moscowelectrical grid

Rapid growth of consumption
Generation located inside the city
Short distance transmission
Cables instead of overhead lines

—>  Growth of fault currents
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Mitigation of fault currents in the grid SuperOx

Sectioning the grid - Grid redundancy suffers
More complicated to operate

Install air core reactors - Losses
More impedance needed

Install superconducting fault current limiters
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Talk Outline

3. One year operation of first 220 kV SFCL at substation
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I_r&tallation of 40 Ohm SFCL in parallel to existing 3.0 Ohm ACR

- O -
—/

220 kV cable line #1 (in transmission, with ACR)

Ochakovb00/220/20 kV substat
Mnevnik20/20 kV substation

220 kV bus
220 kV bus

220 kV cable line #2 (normally disconnected)
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A pilot projecd 220 kV SFCL fttnevniksubstation (UNEC®Jper0x
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Timeline of the 220 kV SFCL project SuperOXx

Project (first phase)
State expertize

Project (second phase)
Start to build equipment

Start of civil construction
Start to install equipment

Comissioning & tests

Fully operational
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Specifications of 220 kV SFCL SuperQOXx

Nominal voltage 220 kV rms
Maximum operation voltage 252 KV rms

BIL test voltage 950 kV

AC withstand voltage 440 kV rms
Nominal frequency 50 Hz

Nominal current 1200 Arms
Critical current 3400 A peak
Nominal operational resistance < 0,01 Ohm

Fault current limiting resistance > 40 Ohm
Transition time <2ms

Type of placement Open

Climate requirements -45degC €& +deg@
Size of 1 phase (LaW=H) 5500 x 2850 x 6500 mm
Weight of 1 phase (dry / with nitrogen) 16/27 ton
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A Superconductor wire development and production

A High currrent conductor design and production

A Superconductor module and assembly engineering and production
A Corona rings system HV engineering and production

A Solid state bushings engineering and production

A Closed cycle cryogenic system design and production

A Assembly of SFCL phases, logistics to test sites

A High voltage and power tests

A Logistics of equipment to substation

A Civil engineering work at substation

A Electrical, magnetic, thermophysical, mechanical modelling
A State expertise (price and technical inspection)

A Regulatory paperwork (relay protection, technical regulations, etc.)
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Component engineering SuperQOx

Solid state cryogenic bushings (950 kV BIL tested)

Cryostat with two manholes (15 bar tested)

HV coordination (1 min @ 440 kV rms tested)

Superconductor assembly (HV and Power tested)

Composite mechanical support (HV and load tested)
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HTS part of SFCL phase Su

2G HTS wire width: 12,0 mm

2G HTS wire stabilization: Ag/Cu (few micrometers)
Min wire Ic (77K, s.f.): ~500 A

Length of 2G HTS wire per phase: ~10 km

Resistance @ 77K < 0,01 Ohm

Resistance @ RT ~ 50 Ohm
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Component testing SuperQOx

Each component of 220 kV SFCL was rigorously tested in leading world labs
Engineering was refined until all the components passed strict technical requirements

HTS modules Current leads Cryostats Cryocoolers Current leads HTS modules
Russia Russia Korea Japan Korea Russia
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System testing SuperOx

—
KERI RN o

A Three phases of 220 kV SFCL were tested after IEEE C37.302-2015 guide “=—

A Test program developed jointly by SuperOx and UNECO -

A A number of successful tests completed
0 Acceptance tests of each phase of the device in KERI (Korea)
o Operational tests at substation (HV, EMI, cooling system, automation) =~~~ |
o Real time digital simulation (RTDS) tests of relay protection systems =l |
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HV and power tests of 220 kV SFCL SuperOx

Power record of current limiting:

2000 MW - 300 MW

Name of the test Value confirmed
Lightning impulse 950 kV, 1.5/50 us
overvoltage withetand 440 KV, 1 mir

Partial discharge Less than 25 pC
Rated current 12001h¢

Short-term overcurrent 200 040@ms
Short-circuit current 38 KA- 6.8 KA

220 kV SFCL phase at the test KiEER(Korea)
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