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  Federal Grid Company  of United Energy System  

Substation  number       806 
Grid  length, thousands  km    122 
Transformer power, GVA       312 
Staff           23,000 

At the present  time the company  consolidates with a distribution company . 
New company assets will increase  several times. 3 
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Map of the Russian Federation with territory served by JSC marked dark blue.  JSC “The Federal Grid Company of Unified Energy System” is a HV transmission company.   In addition, the company owns HV/MV substations in the big cities and shows interest in MV networks. 



  Actual problems of modern megalopolis 

Characteristics of power systems in metropolitan areas: 
rapid growth of energy consumption that, in general, exceeds

 the increase of consumption throughout the country; 
high density of energy consumption;
areas’ deficiency and branching of  distribution networks of

 large cities; 
partition of the electrical grids to reduce short-circuit

 currents. 

Main problems of power grids in metropolitan areas: 
• high levels of  short-circuit currents that in some

cases exceed the breaking capacity;
• low levels of network controllability and steadiness;
• high level of power losses in distribution networks;

Many of these problems can be solved by combination of  two technologies: 
Superconductivity and DC Transmission. 
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Using of HTS technologies in power engineering provides solution of many problems of megalopolis cities. Both the DC and AC HTS cable lines can be built there. Using them enables enhancement of the transmission capacity, reduced power losses, lowering of allotment areas, improvement of environmental conditions and improvement of fire and explosion safety of these power transmission lines.



  HTS  DC   transmission  advantages  

Loss reduction at electric power transmission 

 Possibility of high power transmission at low voltage 

Limitation of short-circuit current 

Enhancement of electrical grid controllability 

Cable line area reduction 

Mutual  redundancy  of grid sections 
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HTS DC cable lines give new additional advantages including an opportunity of introducing into the power system a new electric link without increasing fault current levels, an opportunity of active and reactive power regulation (in this case – with use of voltage converters) and additional decreasing of power losses as compared with HTS AC lines.



The concept of perspective development of power systems of megalopolises 
 using superconducting DC cable lines 
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 Project development prospects  

MEGACITY 
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Creating an MV ring  in metropolitan areas will significantly increase the reliability of power supply to consumers. This ring can be created by superconducting DC lines, or AC lines with FCLs.



Project cooperation  
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 St. Petersburg HTS  DC  CL project 

Object 
3-phase short-circuit current, kA 1-phase short-circuit current, kA 

AC cable line HTS DC cable 
line AC cable line HTS DC cable 

line 
«Tsentralnaya» 

substation 39 18 43 21 

RP-9 substation 40 26 44 27 

  Short-circuit current in the  installation site 

HTS DC cable line installation in the St. Petersburg’s electrical grid 
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The grid investigations carried out gave about seven possible versions of this project. They included an analysis of the power balance in promising layout of power systems of St. Petersburg and its region and also estimation of the reasonability of  using HTS DC CL taking into account the acceptability of electric operation modes and fault current levels in the power system. 



HTS DC Line Specification 
Transmission power – 50 MW;  
Operating current  2.5 kA;         Operating voltage 20 kV 
Operating temperature 65 – 75К;       Length – about 2500 m 

SS RP-9 SS Tsentralnaya 

SS  Yuzhnaya SS  Chesmenskaya 

HTS  CL 

 
 St. Petersburg HTS  DC  CL project 
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SS “Tsentralnaya” 
110  kV 330  kV 

SS RP - 9 
22 0  kV 110  kV 

SS Chesmenskaya 
220 kV 110  kV 

SS  Yuznaya 
220 kV 33 0  kV 

ТЭЦ - 2 

ЭС - 1 

1 
2 
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The results of grid investigations allowed choosing as a pilot a HTS DC cable line in the electric power system of  St. Petersburg connecting 330 kV substation «Tsentralnaya» and 220 kV substation «RP-9». This connection will be performed from the medium voltage side. HTS cable line impedance is significantly lower than that of other systems. Accordingly, while  in the parallel operation the current is transmitted mainly by HTS cable lines. Increased load capacity of HTS cables can reduce the number of parallel lines, as well as decrease the load on the existing lines.
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Comparison of different variants of execution of the links between 
330 kV SS “Tsentralnaya” and SS 220 kV RP-9 

Current loading of the power lines in areas SS “Tsentralnaya”  and 
SS  RP-9 in the post-emergency mode. 

Iallowable, А I, А I/Ial, % δР, МW 
Enter the cable line 110 kV , 200 MW  SS “Tsentralnaya” and  SS  RP-9 

OL 110 kV SS Chesmenskaya – ЭС-1 600 656 109 70 
CL 110 kV SS “Tsentralnaya”  -  SS  RP-9 1210 1248 103 

Enter HTS DC line capacity of 200 MW 
OL 110 kV SS Chesmenskaya – ЭС-1 600 592 98 0 

Enter  GIL 110 kV, 200 MW 
OL 110 kV SS Chesmenskaya – ЭС-1 600 658 110 70 

Short-circuit currents in different variants of connections 
between  SS “Tsentralnaya”  and  SS  RP-9 

Calculation 
points of short-
circuit current 

Ibreaking,  
кА 

HTS  DC 
Cable line 

AC  Cable line AC Cable line 
+ CLR 

GIL 

I3,kA I1, kA I3, кА I1, kA I3, кА I1, kA I3,кА I1,kA 

Busbar 110 kV 
SS“Tsentralaya” 

40,0 18,4 20,9 39,2 43,1 21,9 24,6 40,0 43,9 

Busbar 110 kV 
SS  RP-9 

31,5 26,4 27,1 40,3 43,9 29,4 30,4 40,7 44,4 

 

 St. Petersburg HTS  DC  CL project 
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Assumed one of three alternative lines entering into service . The investigations performed show that in the central region of St. Petersburg there is an opportunity of a lot of post-fault modes causing malfunctions of the power supply. The subsequent calculations showed that assuring reserve of the electric power supply by building and putting into operation a new XLPE cable or gas-insulated line between the substations 330 kV «Tsentralnaya» and 220 kV «RP-9» worsens these post-fault modes since there appear additional current overloads in adjacent transmission lines and substations bus.



HTS  cable 

220 kV 

Cryogenic 
system 

Current lead Current lead Current lead Current 
 lead DC line include: 

-HTS cable with accessories, 
-Cryogenic system, 
- Two converter stations, 
- Monitoring and control system. 

HTS  cable 

AC/DC AC/DC 

220 kV 

SS-1 SS-2 

330kV 

Two DC lines in prospect  
(2020) with transmission power 

 150-250MW 

Specification 
Transmission power - 50 MW   Pieces – 6 
Length - about 2500 m          Joints – 5 
Operational current - 2.5 kA       Twelve pulsed converters 
Operational voltage - 20 kV      Power reverse 
Operating temperature 65-75 K 

Main purposes of the project:
 Making HTS DC link - 20kV, 50 MW for

St. Petersburg network.
 Creation of scientific – production

cooperation for manufacturing HTS
cables, cable fittings, convertors and
cryogenic equipment.

 Creation and demonstration replicated
HTS DC link.

 During line operation to gain new
experience and define real operating costs.
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The HTS DC CL consists of the cable itself, cryogenic system and two AC-DC and DC-AC converting substations.



Cable pass scheme  

SS RP-9, 220 kV SS  Tsentralnaya, 330kV 
110 kV 110 kV 

HTS Cable 

 Specification 
   Transmission power – 50 MW 
 Power reverse 

  Operational current  - 2.5 kA 
   Operational voltage - 20 kV 
 Length – about 2500 m 

  Pieces – 6 
Joints – 5 
Depth of occurrence – 15 - 18 m. 
Two starting pit diameter of 9.8 m. 
Two receiving pit with diameter of 8.5m. 
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Cable design  

Cable prototype 

Unipolar cable with the reverse conductor 
- former and stabilizing element; 
-superconducting forward conductor  
  (22 tapes SEI with Ic=160A);  
-- high voltage insulation; 
-superconducting return conductor 
  (19 tapes SEI with Ic-180A); 
- external stabilizer; 
- external (screening) insulation; 
- electric (non- superconducting) screen; 
- cryostat Nexans 
- protecting layer. 

15 
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As a basic design was chosen a unipolar cable with forward and return conductors. The external cable diameter is 39 mm. As a basic superconducting material for the cable is used the 1G HTS tape produced by SEI (Japan), type HT-CA. The electromagnetic field of this cable is only between two superconducting poles. The absence of stray fields and using liquid nitrogen as an impregnating agent makes these cables environmentally friendly and fire-safe.



 Technology development and manufacture of cable samples  

Development of the technology was performed on “Irkutskcable” plant 
 Direct conductor manufacturing 

Former 

Di
re

ct
  c

on
du

ct
or
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The cabling technology  was elaborated for serial cable plant “Irkutskkable”. Some special equipment and tools were made for the cable manufacture.



 

 Technology development and manufacture of cable samples  

30 meters samples Application of copper screen 
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Two 30-meters cable samples were made in cable plant “Irkutskkable” and were delivered to the R&D Center of FGC UES. These two cables were then inserted into cryostats. 



  Current Leads and Joints design 
  

Current leads 

Joints 

Developer NRC “Kurchatov Institute” 
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Current leads and coupling box were designed and produced in NRC "Kurchatov Institute". The current leads box consists of pair of brass current leads, stainless steel double-wall cryostat evacuated to 10-3 Torr, high pressure N2  vessel and two cryogen interfaces - for flexible cable cryostat connection and for the sub-cooled nitrogen inlet. Joint box is a cylindrical stainless steel vessel with  a double-wall for high vacuum insulation. The inner wall is covered with several layers of thermal insulation to decrease the radiation. The liquid nitrogen pressure inside the inner N2 tube is 1.4 MPa. The box is equipped with vacuum, pumping and thermometry gauges.



 

 Current Leads and Joints  
 

Temperature distribution along the brass 
current lead and heat leakage into the cold zone 

Material Brass  rod 

Length 0.45 meter 

Diameter 48 mm 

Heat input @ I=0 A 58.5 W 

Heat input @ I=2.5 kA 
(only rod) 

113.0 W 

0

2x10-8

4x10-8

6x10-8

8x10-8

0 5 10 15 20 25

Ëåí òà LIX ñ ëàòóí üþ  (AMSC)
Ëåí òà ÑÒ-Î Ð 22-80, Sumitomo
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òà
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ì Tape LIX (AMSC) 
Tape CT-OP (Sumitomo) 
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t r
es
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Soldered joints resistance 
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It is well known  that the current leads made of alloys can withstand considerably higher current overloads than current leads made of pure metals. So in our case the current leads are made of  brass rods. Effective length is 0.45 m. Lateral surface is thermal insulated. An optimal cross-section was calculated for the working current of  2.5 kA to be 16 cm2, (OD 48 mm).
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 Temperature difference (left) and pressure drop (right) in corrugated direct flow cryostats 2,5 km 
of length. 

5 km cryogenic loop  
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The cooling of the HTS cable is performed by liquid nitrogen pumping through the space between the outer cable surface and internal cryostat surface. For the project were accepted ΔTmax ≤ 12 K over the pipe length of 5.0 km and ΔTmax ≤ 6 К over the cable length (2.5 km). In this case is desirable to limit the pressure drop in the forward and reverse cryostats by 5-6 Bar for each of them.



5 km cryogenic loop  

Temperature difference (left) and pressure drop (right) over the 2.5 km return flow cryostat 

Total temperature difference (left) and pressure drop (right) over the 2.5+2.5 km cryogenic loop 
22 
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The operating parameters given above may be reached when using Nexans cryostats with the internal diameter of the corrugated tube 64 mm and the external tube diameter 110 mm. In this case the operating range of flow rates is 20-30 liters per minute. 



Cryostat scheme. 
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The cryostat sections for the project will be supplied by Nexans (Germany) with unit length 430 meters. The original Nexans drawing  reproduced here shows the connection between sections.
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Low pressure  
Turbo - Brayton system 

Liquid  nitrogen 

Liquid  
nitrogen 
container 

  Helium 

H
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Diagram of the cryogenic system. 

Cooling capacity – 12 kW @ 70K 
Pressure LN – up to 1.4MPa 
Temperature 66– 80 K 
Mass flow  - up to 45 L/min 
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The nitrogen circulating over the cryostat with the cable is supercooled in the heat exchanger. Nitrogen overcooling is provided by secondary helium gas cooling circuit running from low pressure Turbo-Brayton system.
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 Circuit  layout  

Converter circuit Twelve-pulsed 
Matching  transformer 65 MVA; 110/8.27/8.27 kV 
DC voltage 20 kV 
Rated current 2500 А 
Rated power 50 MW 
Transmission reverse mode present 

Specification of the rectifier – inverter circuit 

SS Tsentralnaya SS  RP-9 
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The DC transmission system of the HTS DC cable line has two complex rectifier converter units positioned at the ends of the DC transmission line and connecting the latter with AC grids. These units are two-bridge twelve-pulse network commutated current converters. The DC poles of both units are connected via the HTS cable. The project provides a bilateral power transmission, and each of the converters can operate in both the rectifier and DC-AC inverter mode. 



№ Harmonics 

1 λ=150;γ=200; 
Id=2500 A I12~0,   I24=4 A 

2 λ=150;γ=30; 
Id=200 A 

I12~0,   I24=2 A 

3 λ=800;γ=10; 
Id=250 A 

I12~0,   I24=7 A 

Lp/2=  3,2 mH 

Cф=  10,66 µF 

Lф=  6,6 mH 

Qpl =  120 kW 

 
 DC  filter  and current harmonics  

Operating  mode 
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On the DC side are provided signal filtration circuits tuned in to the  twelfth harmonics.



 
 Thyristor  module  

Module  specification 

Permissible  current 2500 A 

Voltage  on the valve 6 kV 

Frequency range 48.5 -50.5 Hz 

Number of  thyristors 6 

Type of cooling Water  
cooling 

Type of control Fiber optical 
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Converters are assembled from water-cooled thyristor modules, and managed by fiber optical signal.
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 Tape test after removing from the cable 
The tapes with original critical current 180 A 

Thus the developed 
technology ensures the high 
current carrying ability of the 

superconducting tapes 
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 Superconducting tapes were extracted from the fully made 30-meter cable. Measurements of this tapes critical current showed that after cable production critical current of the tapes did not change.



 

 Voltage breakdown verification test 

Russian standard requirement  - 50 kV 
application during 10 minutes  

Sample № 1 

Sample 

number 

Paper 

thickness 

Results 

1 0.7 mm Breakdown at 52.7 kV 

7 0.7 mm Breakdown at 46.6 kV 

2 1.0 mm No breakdown 

Energized 30 min. at 70 kV 

3 1.0 mm No  breakdown 

Energized 30 min. at 70 kV 

4 1.0 mm Breakdown at 70 kV after waiting 

7 min 

5 1.5 mm No breakdown 

Energized 30 min. at 70 kV 

Time, sec 

Vo
lta

ge
, k

V 

31 

voltage 
divider 70 kV source 

recorder 
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Measurement of insulation strength on the witness samples in liquid nitrogen at 78K have shown that the breakdown of isolation occurs when the electric field strength is more than 60 kV/mm.



 

 2x30 meters HTS DC line test 
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Liquid N2 

Liquid N2 
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Preliminary test was carried out in a temporary cryogenic scheme. The main goals of the first test were: check of cabling technology and measurement of electrical resistance and vacuum tightness of current leads and coupling box.  Current source “plus” pole was connected to the direct conductor and “minus” pole to the reverse conductor on one side of the test line. Current leads on another side of the line were shorted. Voltage taps were placed on each conductors and joints in cold area.



Current leads resistance  R=20 μΩ  (I2r=125W) 

I, A 

input “+” (with cable) 
 input “-” 
 output “+” 
 output “-”  

Current leads U 
mV 

U 
mV 

I, A I, A 

Joints 
connection”-” 
connection “+” 

Joints:  R+=0,65 μΩ;  R-=0,26 μΩ 
(+I2r=4.1W;  -I2r=1.6W)   will be reduced. 

 

 2x30 meters HTS DC line test 
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Electrical resistance of the current leads and joints remained stable in the whole range of currents. Resistance of two conductors in the coupling box were less than one micro ohm. Resistance to all four current leads was within 21-23 micro ohm that corresponds to electrical heat generation not more  than 140 watt at the rated current.



Reverse conductors 

Direct  c0nductor 

RESULTS 
Cable critical current

equal to the sum of the
tapes critical current.

Cabling technology
reliability  was confirmed.

Resistance of all joints is
stable up to cable  Ic.

 Design of the cable, joint
and current leads was
confirmed

Main purposes of this testing were: 
-Cable design verification
Cabling technology verification
Current leads and joint design verification
Direct measure of the all joint resistance and V-I curve the line. 

T=79.5 – 80.5 K 

 

 2x30 meters HTS DC line test 

Results of this test allow 
 us to start  manufacturing 
of full-scale cable lengths 
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The critical current of  HTS conductors was within 3420 - 3550 A. The critical current of the cable is practically equal to the sum of critical currents  of used superconducting tapes .  That implies a reliable cabling technology. 



 

 Experimental facility for superconducting device testing at 
the R&D Center @ FGC  UES  

1 - HTS cable 
2, 3, 6, 7, 17, 20 

– Cryogenic system
4 – Current leads 
5, 11, 12, 16, 18, 21, 22  – 

Facility power system 
8, 9 – Facility control center 
10 – DC current source 
13, 14, 15 – Air 

compartment 
19 - Load 
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Cryogenic test facility was created in R & D Center for testing of  AC and DC superconducting cables and other electrical devices under full load (AC mode)



 Transformers up to 120 MVA with step like voltage regulation (6 kV, 10 kV, 16 kV, 20 kV, 
66 kV, 110 kV, 154 kV) and with currents up to 4 000 А. Modern certified  testing 
laboratory. Highly experienced staff.  
The test facility will be able to test of experimental, pilot  and commercial samples of 
superconducting  power  devices UNDER  FULL  LOAD. 

 

 Experimental facility for superconducting device testing at 
the R&D Center @ FGC  UES  
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Tests of  the 3x30 meters and 3x200 meters cable systems in AC and DC mode were carried out in the tect facility. AC tests were made under full loal - 20 kV, 2.0 kA.



 

Conclusions  

Combination of two technologies: superconductivity and DC
transmission bring a new quality to the megalopolis  network. The 
HTS DC cable line installation improves the reliability of energy 
supply to the consumers by mutual redundancy grid sectors and 
enhancement of controllability of  the link. Along with this, it does 
not increase short-circuit currents. 

St. Petersburg Project is carried out in accordance with the
schedule. All units of equipment have been developed. 

Successful tests of 2 x 30 m. cable samples allowed us to start
manufacturing of full-scale cable length. 

The successful introduction of this HTS DC CL into the St.
Petersburg electric power system will allow checking up the basic 
technical solutions for this technology and get an experience for 
the commercial application. It will be first step for the further 
building of circular DC electric power chain in a megalopolis.  
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