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Presentation Notes
The aim of this presentation is to report the results of the HTS cable demonstration Yokohama project, and to introduce the outline of the new cable project.
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1. Backgrounds

2. Demonstration Project (2007-2013)
-Japan’s first live power transmission-

3. New Project (2014-2016)
-safety and reliability-
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Presenter
Presentation Notes
I will divide my presentation into 3 parts.
First the backgrounds. Second, I will talk about the results of the demonstration Yokohama project, especially on the problems which were made clear in this project.
Third, I would like to talk about the outline of the new cable project. 
It’s goal is to verify and improve the safety and reliability of the cable system.
Finally, let me conclude my presentation.
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Background

Japan’s Power grid and HTS cable
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Power transmission grid (Japan)
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: 275~66 kV underground cables

Thermal PS 2000MW
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Thermal PS 2200MW

Thermal PS 1450MW
Nuclear PP 1100MW

Thermal PS 1400MW
Thermal PS 4400MW

Thermal PS 30596MW

RIETI Discussion Paper Series 05-J-033

Ingenious Dynamics


Presenter
Presentation Notes
This shows the power transmission grid in Japan near Tokyo.
The generated power is transmitted to the orbital lines using overhead lines, and sent into the urban area using underground cables.
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Power transmission grid (Japan)
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O For OF cables, 20 years have passed since the installation.

O The replacement of OF cables is planed around 2020.
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Presentation Notes
This graph shows the amount of cables classified by age.
Cold colors indicate CV cables, and warm color indicate OF & POF cables.
For almost all of OF & POF cables, 20 years have passed since the installation.
And the replacement of these cables is planed around 2020.
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Motivation for HTS cables

Replacement of old OF cables with increasing capacity

CV cables HTS cables
Tunnel image Duct installation image
275kV, 700MVA/3cct 66kV, 700MVA/3cct

Conventional R

Cable Duct
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Troughing —— | : K .150
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150
Superconducting cable
. 800 , . 600, :
) 200 [size: mm]

A

Installed within existing conduits

Reduction of initial costs of HTS cable system
“High density” — reduction of civil engineering costs
“Low loss” — reduction of cooling system capacity
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Presentation Notes
The replacement of these cables is the serious problem.
We cannot replace them with CV cables using existing conduits.
Also, it is impractical to construct new additional conduits or tunnels in urban area.
So. “Large-capacity & compact-size” HTS cables will be the key technology for next-generation grid.
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»
Development of HTS cables @SEI
1993 1995 1 1996-1999 2000
3-ph. energization .. Withstand test ’30m prototype test | Long-term test of 100m
(7m, 1kA) (50m, 66kV) (66kV-1KkA, 1-ph.) 3-in-One HTS cable

(66kV-1KA, 114MVA)

KEPCO project ALBANY project Yokohama project
(100m, 22.9kV-1.25kA) “World’s first in-grid” (250m, 66kV-3kA)
(350m, 34.5kV-0.8kA)
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SEI began studying a HTS cable at 1991, and carried out the long-term test of a 100m cable at 2000.
In 2004, a overpressure technique was introduced and the BSCCO performance was dynamically improved.
In 2006, we successfully achieved the world’s first in-grid operation of the HTS cable at Albany.
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Demonstration Project

Japan’s First Live Power Transmission
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®)
Outline

High temperature suE_ercond_ucting
cable demonstration project
July 2007 ~ March 2014 (7 years)

Purpose
O To verify the reliability and stability of HTS cable operation
in a live grid (one year operation)
» System controllability for load fluctuation
* Monitoring and alarming system
« Maintenance method while cable is online

Budget
3.1 B¥ (26 M$) for 7 years

Member
NEDO (Project management)
TEPCO (Utility, Project leader)
Sumitomo Electric (Cable manufacturer)
Mayekawa Co. (Cooling system manufacturer)
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Presentation Notes
This shows the outline of the demonstration project.
The purpose is to verify the reliability and stability of the HTS cable system in a live grid through one year operation.
The project was conducted between 2007 and 2014,
And the budget was about 26 M$ for 7 years.
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®
Cable structure

3-in-One Type HTS Cable Stainless Steel
Three cores are housed in one cryostat Double Corrugated Cryostat

Copper Former __ Electric Insulation __ Copper Shield
(PPLP +LN,)

HTS Conductor
(4 layers)

HTS Shield S R
(2 layers) L o ;
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Presentation Notes
This shows the structure of 3-in-One type HTS cable.
The cable core consists of Cu former, HTS conductor, Electric insulation, HTS shield, and Cu shield. 3 cores are housed in one cryostat.
To reduce the AC loss, low-loss type DI-BSCCO (TypeACT) were used.
The cross-sections of the Cu former and shield were designed based on the short-circuit current simulations.
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System layout
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Presentation Notes
This shows the layout of the HTS cable system.
It consists of a 240-m HTS cable with a joint, two terminations, and a cooling system.
As you can see the cable-B has a sharp bending with a radius of 5 m.
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Cooling system

-Capacity: 1 kW/unitat 77 K m

‘Flow rate: 40 L/min

‘Pressure: 0.2~0.25 MPaG
(Internal pressure of the reservoir tank)
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Presentation Notes
This shows the schematic diagram of the cooling system.
The system consists of six 1 kW Sterling refrigerators, two circulating pumps, a reservoir tank. 
The refrigerators were arranged in three lines with two units, and the circulating pumps were placed in parallel. 
We checked the advantages and disadvantages of arrangement from the viewpoint of maintainability and troubleshooting while the cable in online.
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Presenter
Presentation Notes
The cable system was connected to a live power grid on October 29, 2012, becoming the first of its type in Japan. 
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In grid operation (October 2012 — December 2013)
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Presenter
Presentation Notes
This slide shows the one-year operation status of the cable system.
The blue line shows the coolant temperature, the black line shows the coolant flow rate, and the red line shows the transmission current.
And it shows that the cable stably transmitted electricity for one year without any serious trouble.
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®Heat loss at no load

Heat loss from ambient is measured
and has good agreement with design (2.4 kW)

® Design = Actual Ambient temp.: 23 deg.C

LIN temp.: 69 K

? LIN flow rate: 40 L/min
o
)
©
Qo | S
L

Cable Joint Termination-B Termination-A
Cable
Straight section: 3W/m
Bending section: 10 W/m

—increase by side force

O Heat loss reduction is essential for real product
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Presentation Notes
I’d like to shift to two problems in this project.
First is the heat loss at no load.
This graph shows the designed and measured heat loss of the cable, joint and terminations.
As you can see, the measured data agrees with designed value, but the cable loss is relatively high.
This is because the heat loss in the sharp bending section increased by side force.
There will be such a sharp bending for practical lines. It is clear that the heat loss reduction is essential for real product.
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@Performance of refrigerator

Cooling capacity degraded during in-grid operation
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» Evacuating vacuum vessel: 30~100 W/unit improving

> Factory’s maintenance: 150~400 W/unit improving
O The improvement maintenance interval is essential
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Presentation Notes
This slide describes the performance of the refrigerators.
This figure shows the change of cooling capacity of the refrigerators during in-grid operation.
The performance was gradually degraded, but recovered by the maintenance with about 8000H interval.
The main reason is the degradation of the vacuum, and this effect is shown in the right figure.
The improvement of maintenance interval is essential.
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®
3 Performance of cooling system

System COP = [cooling power] / [power consumption]
= 0.042
2.53 kW
60.32 kW
(Refrigerator) 55.38 kW
(LIN pump) 0.28 kW
(Cooling water) 4.66 kW

O For bringing HTS profit into commercial use, system COP must
reach to 0.1 or more

> Improve refrigerator efficiency
> Reduce number of valves and piping
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Presentation Notes
Furthermore, the COP of this system is about 0.04.
We think the system COP of 0.1 is necessary to get the economical advantage of the HTS cable system.
So the improvement of COP is essential.
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=
Remaining issues

Straight: 3 W/m

Cryostat _
Bending: 10 W/m

Increase of heat loss
. and degradation of
Refrigerator _

cooling power

(vacuum degradation)

Safety

- . No serious accident
verification
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Development of low heat loss cryostat
«1.0 W/m level

Improvement of performance of

refrigerator

(Brayton refrigerator system)

-Higher efficiency
-Larger cooling capacity

-Longer maintenance interval

Verification of safety and reliability

against accidents

-Ground fault
-Short-circuit current
-Cryostat damage

Ingenious Dynamics
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Presenter
Presentation Notes
In summary, the important keys are the development of low heat loss cryostat and improvement of performance of refrigerators.
The keywords are high efficiency, large capacity and long maintenance interval.
In addition, the verification of the safety and reliability against accidents is important. 
Fortunately or unfortunately, there is no serious accidents in one-year in-grid operation. 
So we could not verify the safety of HTS cable system against accidents.
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New Project (2014-2016)
-safety and reliability-
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®)
Outline

Studies on the safety and reliability of the next-

generation power transmission system
July 2014 ~ March 2017 (3 years)

Purpose
O To verify the safety and reliability of HTS cables at accidents by

conducting model tests with actual dimension cable for 22 kV, 66kV and
275 kV class.

O To develop 5 kW class Brayton refrigerator system with higher
performance and to confirm its stable operation in the grid at Asahi SS.

Budget
1.2 B¥ (10 M$) for 3 years
Member
NEDO (Project management)
TEPCO (Utility, Project leader)
Sumitomo Electric, Furukawa Electric, Fujikura (Cable manufacturer)
Mayekawa Co. (Refrigerator manufacturer)
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Presenter
Presentation Notes
Let’s move on to the next point.
The results of the demonstration project inspired the new HTS cable project “Studies on the safety and reliability of the next-generation power transmission system”.
It has started from 2014, and we are verifying the safety and reliability of HTS cables at accidents, and also developing 5 kW class Brayton refrigerator system.
The budget is 10 M$ for 3 years.
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Cable specifications

22 kV/12 kA 66 kV/2 kA 275 kV/3 kA

Cryostat

Cryqstar. Protection
' Cu shield |
HTS shield |

Insulation | \

HTS conductor |

Cu conductor

Protection
HTS shield \

Insulation

HTS conductor \ \

Cu conductor

Protection
Cu tapes - |
Insulation ~__
HTS conducter -
Cu conductor - i

3 .".Li uid nitrogen i il b e g
Liquid nitregen (Go) {qReturn) g Liguid nitrogen Cryostat Liquid nitrogen (Geo)

Single 3-in-One Single
Made by SEI SEI Furukawa, Fujikura
Application Feeder line of generator Urban underground Urban underground
Neutral
. Resistance Resistance Solid
grounding
Ground fault ~ 31.5 kA (underground)
about 100 A ~ 1500 A

current ~ 63 kA (overhead)

Short-circuit

~ 63 kA ~ 31.5 kA ~ 63 kA
current
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Presentation Notes
This shows the structures of the three cables.
The neutral grounding methods are also shown in this table.
The ground fault current of the 66 kV system is as high as 1.5 kA, and that of the 275 kV system is 31.5 kA for underground lines and 63 kA for overhead lines. 
The maximum short-circuit current is 31.5 kA and 63 kA for the 66 kV and 275 kV systems.
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»
Member and research items

 Rescarchitoms | TEPCO | SEL | runtana | rus | MYCOM

@ : Testing for Safety and Reliance

Design and Plan of testing method

22 kV
Short-circuit
current test 66 kv
275 kV
Ground fault 66 kV
test 275 kV

Cryostat Vacuum deterioration

damage test LN, leakage

@ : Development of High Performance Cooling System

Low loss cryostat

High efficiency cooling system

® : Study on recovery method

«© SUMITOMO ELECTRIC

©

O
O

©
©

©

O
©

O

©
O

Ingenious Dynamics

22


Presenter
Presentation Notes
SEI is conducting safety and reliability tests of 22 kV and 66 kV cable systems and evaluating trials of a cryostat damage accident. 
Furukawa and Fujikura are conducting these tests on a 275 kV cable system.
Mayekawa is working on improving the performance of the cooling system.
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®
Research items

Safety & reliability verification | Brayton refrigerator system
> Ground fault | > Large capacity: 5 kW
1 » High COP: 0.1
1 » Maintenance interval: 30,000 H
| s
|
|
|
I
I——___—___—_Com_presi_—_
|
1 Low loss cryostat
; » Heatloss: 1.0 W/m
- I 2ok
. I
=
|
> Cryostat damage :
< SUMITOMO ELECTRIC Ingenious Dynamics

23


Presenter
Presentation Notes
The goal is to verify and improve the safety and reliability of HTS cable systems. 
The main concern is system safety in the event of ground fault, short-circuit current, and cryostat failure. 
We are also developing technologies such as high efficiency cooling system and low heat loss cryostat.
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®
Conclusions

E Demonstration project

> Stability and reliability in normal operation has been verified

by real grid interconnection tests.

» Development of a high efficiency cooling system and a low

loss cryostat is essential for practical use.

E New cable project

» The aim is to verify and improve the safety and reliability of
HTS cable systems in the event of the following accidents:

(1) ground fault, (2) short-circuit current, (3) cryostat failure.

» We are also developing technologies such as (4) a low heat

loss cryostat and (5) a high efficiency cooling system.

«© SUMITOMO ELECTRIC Ingenious Dynamics
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Presenter
Presentation Notes
To conclude, I would like to summarize my talk by making two points.
First, the demonstration project verified the stability and reliability of the HTS cable system in normal operation, but the development of a high efficiency cooling system and a low loss cryostat is essential for practical use.
Second, the new cable project has started. The aim is to verify and improve the safety and reliability of HTS cable systems in the event of the following accidents: ground fault, short-circuit current, cryostat failure.
We are also developing technologies such as a low heat loss cryostat and a high efficiency cooling system.
Thank you.
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