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1. 2013 & K I T * B iF7 31 ¢ (East Asia Electric Technology Research Workshop)**
2013 # 57 27-31 p s W EHE 7 A g g R #&ﬁ&"f rET & 3R
PRT A AEFTRCEPR) N p AT 4 ¢ Ly A(CRIEPI) ~ 11 2 38 BT
3 #7(KERI) -

2. *EF3 g #hd KERI Ly%> 33#% 138 3 1 (1) Smart Grid -~ (2) Renewable
Energy ~ (3) HVDC -~ (4) Maintenance ~ (5) Materials -

3. AIEFG € d AT B ATE AR TR St KT W AT R AR € R E A
7P a R&D w2 o F g Fanagivdfd b A7V R T A BB LAY
> & TS RA T

HE L AF EREA RAUTE 4 R R 3 (Hybrid Energy Storage System for

Renewable Energy Sources (Renewable Energy) J —% = 3

HE 2 SRR ARG ALV % 2 wycfl* (SF6 Recycle for Power
Facilities in TPC (Materlals) ] -3 =

o TR TR

p oy PR il NN # i
5/27(-) peF—H f (AAz)
5/28(=) Sode T A P G

5/29(5_) b,;téc T 4 HopEEr 2 g
5/30(z ) Er L S
5/31(7) H I A7)

F BRENFE
3.1 A3 € Bt

2013 & 4 &y § 4 HivF7 34 ¢ (East Asia Electric Technology Research Workshop ) »
d iR R F g o (KERDZ 7% 302013 # 5 7 27-31 P s M p f 7 & ¢
Bisdse @74 ﬁi?/}'ﬂ FR(CEPRI)» p &3 4 ¢ £ 7% (CRIEPI)> 12 5% %
R (TPRI) 3 4 3 %4 A7 484 > & § X e AR B e d LAFaip o
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TPRI KERI CRIEPI CEPRI
E G S 3 20 8 6
= I3t 2 42 | Maintenance 1 1 2
HVDC 5 1
A etim A 4 | Material 1 6
Renewable Energy 1 1
Smart Grid 3 2

LR g o
o REFEEFE

T A EAT € ¢ d R
N\

% Plenary Session @ $f 4 7 2 ~ 1T 7

FAEEAKRLEFHE VA = =4 % & Material 2 Renewable Energy 4 2 %

vA Y SRR E 0

e e @
B i M IR 5 -

3.2 Plenary Session

RS EA B A

2
hH

Plenary Session o w i 8 i=AfFp A W4 4t E A7 7 H 8 7 4R > A2 P & WA !
1. R&D Activities in KERI, Kyongyop Park (KERI)
2. Briefing on R&D Practice in CEPRI, HU Yi (CEPRI)

3. Overview of Recent Activities, Jun INUMARU(CRIEPI)

4. R&D Activities in TPRI, Kwang-Lu Koai(TPRI)

PN F o A URRAEH SRR A TREFT ST
Lfmag fht @t & 2~4 4.9 o

mEE 3 A

102 PR RS

~ AR &ﬂ%ﬂ%}

TPRI

KERI

CRIEPI

CEPRI

Electric power

v

Advanced Power Grid Research Division

System Engineering Research Lab.

Power System

Power Automation

Power System Stability Control

Information and Communication

NESRYA

Nuclear technology Research Lab.

Load Management

Electric power Engineering Research Lab.

Relay Protection

<

Power Distribution

<

Power Transmission

Energy

Energy Engineering Research Lab.

Electric Propulsion Research Division




102, PR ()

TPRI

KERI

CRIEPI

CEPRI

Renewable Energy

Consumption and Energy Efficiency

Chemistry & Environmental.

Environmental. Engineering Research Lab.

\

Material Science Research Lab.

Electrical Engineering and New Materials

Advanced Medical Device Research Center

(\

Battery Research Center

High Voltage

HVDC Research Division

High power Testing Lab.

Electric Economic & Social

Socio-economic Research center

Technology and Strategy Research

Testing Division (center)

(\

Operation & Service center

Metrology

Quality Inspection and Test Center

Creative and Fundamental Research Division

Civil Engineering Research Lab.

Fo b B

%+ 3. 1 S

LA FiREE

TPRI

KERI

CRIEPI

CEPRI

Staff 284

395

835

2771

Researcher 33%

334 (84.6 %)

736 (88 %)

14

98 (54%)

Technician 50 %

26 (6.6%)

$ 136.6 Million

Budget

$ 152.3 Million

$ 347.4 Million

* 1 US$=1050 KRW=95%¥ =30 NT$

% 4, BATHE EH

R&D activities

TPRI

KERI

CRIEPI

CEPRI

Smart Grid

v

SC & USC

Coal Combustion and Clean Coal Technology

Solid Oxide Fuel Cell Technology

Carbon Dioxide Capture and Storage

NENENEN
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R&D activities TPRI KERI | CRIEPI | CEPRI

Renewable Energy v v

Electricity Storage Technologies v v v v

The Impacts of Climate Change v v

Planning and operation of bulk power grid

Power transmission and transformation

Power grid automation

Power distribution and consumption v

IT and communication Technology

NANENENENEN

<\
<\

EHV/UHV or HVDC power transmission

Electric Propulsion v

\

Electrical measurement

<\

Advanced Materials

Medical Device v

Nuclear Power Plant Safety

Clarification of Radiation Risks

Nuclear Fuel Cycle Back-end Management

Measures against Natural Disasters

O&M of Nuclear Power Plants

Construction and O&M of Generation Facilities

O&M of Electric Power System Facilities v

Advanced Thermal Power Technologies

Next-generation Grid Technologies

NAYV A A A AYAYAYAYA
\

Advanced Electricity Usages

International Cooperation v v v v

K23 4 i Wave BR A AT E G PTFEN S e R b AR
wIE Y Fipg LR bldert T 4 3y @5 CEPRI w4 Power System - Power
Automation » Power System Stability Control - Information and Communication % % »
CRIEPI B] % 7 Nuclear technology Research Lab » KERI +* H v ¥ i+ % 7 Medical =

PR CFEARBEAE LRI AL FE WAL FTREFT LT 2 0
KEPR 2 TPRI #p % 417 » CEPRI &2 CRIEPI P &7 % 1% % o WA TA 8 Ed 4 7 F
e M edp M 0 Blde CRIEPI Afric 2 % 57 @ 90 &) » KERI it 2

FHGHG AP CEPRI GRS 49 56 05 24P 62 §F PREBFT TR
i engo ~ o Smart Grid ~ Electricity Storage Technologies £ International Cooperation 3%
SURNCE Y R R R I
3.3 General Session: Maintenance
AEFIE R FHmaL 4 F Maintenance » = § 4 B BREIRL O MERN AL
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(1) Characteristics of salt contamination and withstand voltage of polymer insulators for
transmission lines, Toshiyuki Kuroyagi (CRIEPI)
R A3 BT 70KV x%i%f’ BB AFEFRRT E AT RFMER RO L
AR EAFEI P PR P LEARTRE S FAFIEI RZVTRBETES
EFFELE AR LR B RERG MRDRE . B EF S T
BAFMER EARIFL P FI40T SEH
1. 3383236y £ 8L 'F % & (Equivalent salt deposit density;

ESDD) &_% 2 1 7% + ¢ 0.4~ 19 2o E MRS 909~29 1 -

‘.3;

2. BAFHIEFRARFRARIAMTBREEI THBT UR B FRBA Y
FTBLTOKV BT g e
Miura peninsula |

=8 Tokyo Gulf

T N
(\/ Sagami Gulf
\’"’LJ

0

—-—t

T CRIEPI coastal exposure test yard

Bl 1. CRIEP| chieié R B iR BB & 3 A 5 ¢

& T ‘
o Q An=23) N
v RERE o ©a ] |
B[ ARG AR A cn=33) [
0 v D(n=20) H
= & gj “ & Ein=22) [
Tt 9 v B i
2 @A
z oV A
g v oW = iR N
= ol -
IS v &
= Fa 7 A
3 v 8&@ A &
£ 2r AT i
£ 2 g o AN o
a
Sy o] .
8 1 1 |
0.01 0.1 1
SDD(mg/cm’)
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3 BAFEI T BFILPRELEE T MY 2 A7 RN AR PP
Feni % o

4 A1 FFEFAFTEFIOWTREZINE ) REFHF A FEF AU E
(lower limit) »

(2) Development of Ultrasonic Receiver for the Detection of Partial Discharges from

Electrical Apparatus, Chae-Hwa SHON (KERI)

AR HFEEF MY RPIT KA HICT ARG AR FELEY > AR

A MR FEAPRE N IR AEFR - TREFORRIES - THINom E

feEB T 5 CCD Biptd > £ 5 5 B Bodpf Bt iy 0 Bl Blendijc s fen

T JLHGE F F Ay ehR o

LR

oW 28

B 3. KERI #7 R 4 ek 3822 T aidg 5 L2 je B

(3) RF-Based Spark Discharge Detection for Air-Insulated Substations, Kazuo Tanabe
(CRIEPI)
LR EFHMOEZF 82 BRET Tl o2 (spark discharge ) & B4
AR o PR DRI TR R B2 PR T UG R R
WH AR ST eh N TR A B T RTEM hi WA T > NP ke
BA BF WG ) TR Ak # hd 4 e X L5 (4-antenaarray ) e
FIH B DA PR L KRBT 4 Ry o I FERT TR TP o

Squared Dipole Antenna Array Osclosane toeh
CF: 500 MHz, Spacing: 1m , P
A, | v
A TonId
................. Z i

Im Im /\Y -

Wooden frame —  WUIE = Rl
= T v
- - |V

DOA Dispay ofma re

Fl4. 3 BED Al e TARPIR A
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(4) Quantitative Analysis and Coordinative Control of Transient Stability Multi-Mode
Interaction in Interconnected Power Grid, XUE Feng(CEPRI)
ARHFEAF M AFTRDT A AL 2P I RIBFFH P FAEY RS
*ﬁ?&é*ﬁ%?&@ﬁf%%‘ﬁ?«ﬁ$w\®%%$ﬁwu£$@gw
GSE T A RE 22 R TR o SRR F—“‘a‘% 1;‘&#;:}7%
B %o ## %7 (Extended Equal Area Criterion; EEAC) Z_ € =7 Iﬁlpﬁ A g A en
FASTEST (Fast Analysis of stability ) & s #c %8 » * %z &< )T ¥ *Tﬁ’ﬁ“' £
— B IRARF AR SR P H T A 2 | Tk D WK o 1% EEAC fE 2
PIZ Y FHNREA 0 T R aT g WL NI & & JRRC > Hap
AR e ‘*@\_Li | > 5 73 F el 33 -FASTEST £ Sl cni & 3-8 o475
RmERRGE CFEE R 'I\'F*/w\%fr : %‘rﬂt«—% 2REES T {rd % }_ﬁ- Eea

N\ A a3 % N A5 4 N <]
Adr o TR AT X i‘?f% i ‘ﬁi‘ ‘#”"?F'Jﬁ\“‘/»#%“ﬁ IR S o
N\ F 221 3 s
FrA¥Io? EW T RE TS E @EU}%T] ol ~ 2 IT - B IR ABMES o
l'lul(i—mm:hinll’ower Srere =
= — —=
== Time domain simulation ——
== —=
Rr" i
Disturbed =
trajectori S
. ) .
M5, =F, —P, 2353 M5 =F.—FR
£E58 .
M,é, =P, —P f‘r s 7 M,5,=F,—F
3:2
, ® &S
L )
: ZE ~ . —
T B E; T I S =
5 (=]
=]
aQ
=] e ganm . n . . )
; _\" 130 100 250 310 370
2 Al fOE (dem)
unantitative Result ©  °
100%  Hd, ) A,
1007 le‘mamg,q;"l
. 10 L -1. 10 I 1 1 1 ]
‘ Minimum Margin Principle ‘ 0 130 180 250 310 370 —0.10 C.64 138 212 2.86 3.60
i B (dem) RWE (rad'z)

BISHE S5 B 28355 I2% 14 B J) i FASTEST % £ #5748

3.4 Parallel Session TS1: HVDC
AL EIFHET 6K BAFL O E P F A LA

(1) A Voltage-Source-Converter Based HVDC System being Capable of Clearing DC Line
Faults by a Solid-State DC Circuit Breaker for Renewable Energy Transmission,
Kenichiro Sano (CRIEPI)
AEMIEEG ML A RE > HYDC € it p AL 24 5 henikit 2
Bl BT A LARY o (FE 1% DC ¥i B enih B 4% 2 R $E B HVDC €
Beirig 2 P Pl > T B Freewheeling Type DC %7t % ¢ * & VSC-
HVDC ¢ % ¢ it 7] DC Mgt g boid 44k T 4 @it iy



Large scale installation

Requirement
* Long distance
transmission

* Stable under output

fluctuation

Without DC Circuit Breakers

Offshore Wind |

Large Scale Solar

Large Scale Solar

Onshore Wind Japanese Electric Power Generation by Installed Capacity

1320
125
l. W April 2012

=  April 2013
45

2

E-] L]

Cumulative installed capacity (GW)

renewable energies are small,
they are steadily increasing.

E ¢
&@{f‘-\e ‘,f? 49‘%? [ Although the share of the ]

Ministrv of Feanomy Trada and Industre
With DC Circuit Breakers

Onshore Wind,
S €& A Converter Zi

.3

N i
Co'werrve‘ Offshore Wind | ‘ . Converter
(DC = AC) i \ (DC = AC)

»

DC Circuit
Breaker

Load
Center

Large Scale Solar

[ A fault affects the whole of the HVDC system ] [ DC circuit breakers can minimize the fault section ]
B) 6. DC %78 B e % 5 {8 HVDC & %7 % B

A Freewheeling Type DC Circuit Breaker

Controller

‘ \[/>L ﬁ J’1"511.1.'1‘
Low Fault

| clampi ng (ov)
voltage

I V Ifau,’f "fauft dt
consumption supply
Reducing energy

absorption (only inductive | [C tibl Reducing surge voltage
prior y Ind ompativle across the switch

energy in the dc line)

)
S

Bl 7. FREEWHEELING DC %7 B3k 3+ R 1L

(2) Circulating Current Suppression for Modular Multilevel Converter-type HVDC,
Jung-Woo Park (KERI)

A R L
MMC type HVDC )i sLef 4 i BhL & 75 che 2t Féﬁg’ BHET RS EY - I o iEX

B+ MMC type HVDC i safri| 53 T itcndtpe i 52 » 470 4 580
A

Pe AT BT TR AT R 4T B % At - RTHIRE 50k o

10



Comprehensive Comparison of Characteristics

Ref Method [11/2011 Ref Method [21 /2012 Proposed Method / 2013
w
s
o
s
0
oc m os m o8 o7 on o3 T ox o7 s o D
(a) Grid Voltage (a) Grid Voltage (@) Grid Voltage
o
05
o0
025
47
oe m o5 T
(b) Grid AC Current
w
i
o
qs}
0
o m m 0 s o5 o
{e) Circulating Current (d-g) (€) Circulating Current (d-g)
om0 10
15 P L e WO
30 o0
ass os
Pty
s x oF o5 2 o = T
(@) Circulating Current (abc) (d)Circulating Current (abe)
30 110
= 80
-] S— ] S
% % b
]
s [X] 038 5] 18 o. LX) 08 03 1
(8)DClink Current (e) DE-link Current
:
3
2
1
“oe [ 05 10 3 07 [ 03 10 g X3 08 03
() Active Power (f) Active Power ) Active Power

Bl 8. Ardrdl ATk & I HHTE TG P R
(3) A Practice of the Development and Application of Dependable Reactor Power Control
System for Nuclear Power Plants, Soonman KWON(KERI)
*7&3 MR M P TR 244 A B 2 B R A8 0 AR
EiERILG 6 A fia R 2430l ¢ KA AR A T Pe .

Installation S

h Completed(7)
Under commissioning(5) |

%:] Planning(2)

B 9. KERI #7 B 8 chs i T Ruae B9800 4 LA S c0d )

(4) Test Bed Implementation of 380V DC Distribution System for Small Scale Residential
Buildings, Ju-Won BAEK(KERI)
A AR A MY R T kSt 380V B kPR gt T ARA > FE D
2 B i & B (AC/DC Rectifier) ~ & Jiig 4t £ (DC/DC Converter ) ~ if * »™ 24t %
HefEs B @ E U2 DCRHRAERT B~ @ EpE 2% 48 DC i
TARBLRET LG VA
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DC distribution for home and building

Renewable | = @ ——— -

GRID energy (3kW) Storage (3kW) i

High efficiency ulJ IZ % i
bidirectional — Bidirectional 7 - |
converter |
(96%) 380V DC BUS converter I

DC power supply
(>92% at 20% load)

* D = =
O

PC, TV DC appliances Heatén DC load Lighting source

ma o A%

@B 10. KERI 380V E ;i % SLiplifzkt & B

(5) KERI's Solid State Modulator Technology for Industrial Application, Hong-Je
RYOO(KERI)
i 3R AT B Y KERI #7773 0 33 @ % (Solid state modulator) 2 H i1
’*@*F”G?’*&ﬂﬂ%ﬁ?i%@wwﬂéaﬁ\m%\%%§@¢u
2% g KERI At - Apengf B3 10 202 ¢ enfpd » B Bjied & o
I RTLREE R "‘\»rirr?}:@ 7 RaE B

KERI's Solid State Pulsed Power Modulators History

KERI 2007 prototype
~60kV. 200A. 10kW

KERI 2011 SSPPM
~A0kV, ISM.ISKW

=10 x
Universal Pulsed Power Tech. ﬁv?cfx:mw ol e

(National Lab Research) 2 01 2aiter

KERI A(2002) "
~BOkV. 100A. 10kW
-50 s, 3kHz
-AL0I=: 354lliter
Commercialized Compact
Pulse Power Tech.

KERI B(2004 )
: e (World Class Lab.)
Pulse Power Research ~AIOI: 450021}

Starting

M 11. KERI 71/ 23 4l BA7 58 2 & ]

12



Application area of KERI’ s SSM

= Existing modulator application area

il -Environmental gas reduction(NOx, SOx)*,(PFC, VOC)*
-Waste water treatment

-Industrial klystron drive & accelerator
-Linear accelerator for medicine

KERI 2011 SSPPM - PEF food application
— SO ISIAISKW  -Coating & surface treatment(PSII, DLC)
e -HVCC, High voltage magnetron
TR e, e
-35alliter m i i
; 7 *-

KeA 2012 ce [e=hr—

,—’ggi:ter
KERI 2009 SSPPM = Future application study(~2030)
Zig:‘“"é%‘u‘.ﬂ"" -TWT radar application(40kW(38kV,18A,6%duty)+8parallel )
-26liter

-High power linear accelerator (130~300kV,30~150A,1~3ms)

Bl 12.KERI FI 34 W B * 435

(6) Progresses in Analysis and Design of High-\Voltage Gas Circuit Breakers, Hong-Kyu
KIM(KERI)
o 3R AT BT KERI &3 T B * § 1 %1k % (Gas Circuit Breaker; GCB) srfic#t
AArE RIEEE AL > GCB At * chg #8 5 SFe o B3 T Moot A 47 ki 2t GCB
SRR T AU B EpE kKN F ¢ ¥rac 4 ehGCB A5t e

.

Electric field calculation Gas flow analysis

FEM CFD code (FVM)

b
& 2 o
V,, =at—
bd a E

Vbd = voltage when breakdown occurs.

P : local gas density , E : local electric field intensity
a, b : coefficient

. V,,(rz.t) =V,
Maximize Obj. func. F, —mm{%(r)”@xmo} () eQ
ap

t:time . Q : analysis domain

W13, 3 TR § WEE BT RHRA 7 R
3.5 Parallel Session TS2: Material
AL EIFHmET 8K BAFL o E PN F A LA

(1) Large Cross-section Conductor Technology and Engineering Application, Liu
Shengchun(CEPRI)

*h ARG MY 2 DCUHV jiieh #6 R 7 P EH S < 1
13



§oab RAE R OKS TR R FERE2000 22 iR L EALH
AR o FlEt o % 5 800 KV i DC UHV 5%k st - B3 KR E % 3
B o hBgpe L AT R e AL 450 DRI R
St AR o

B 14. DCUHV % ,f‘fa.ﬁg?l fie 7 AL

= working procedure of conductor

—_— " Sl Al vires
ti%%ii g Al ingots / \
' - ﬁxbu 1T 7 .

4& core

B 15.DCUHV 7 & @ 4%

Conductor

(2) Destructive & non-destructive defect analysis of SiC single crystals and epilayers,
Wook BAHNG(KERI)
A IR A BT SIC R Wk R R R LRUR R RIBIS A S o AR B4
¢ 7 SIC f M4k rofdsg 2 3 2 5y cnff i (24 45 -SIC & 88 5 ~ 2 (power
device) 4 MOSFET % * eiftl » 2 SiC f B & A2 TA 2 b g 2 ¢ F ~
ER S hg R K > SIC ¥ R ehak Fag Mg (Micropipe; MP) % & 42 Fart 2 3 e
AR B F4e® %R Yk £ 2 (Threading-edge dislocation; TED) » & % A& 4% >
# #(Threading-screw dislocation; TSD) ~ # & # #t(Basal-plane dislocation; BPD)
oI P EFSERFRE T REASITIGE 7 5 SIC MR Y ik e
FiRPIE LT 0 A2 Y T NagO,+KOH 4 %)% 18 3| % 45 e % o
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Na,O, only etchant I , S
510°C 2 min 460°C 8 min
x500 x500

‘ TSD

TSD

a,0,=70:30 . ( 8 a,0,=90:10
460°C 12 min 460°C 16 min 460°C 12 min
x500 x500 x500

TSD

Typical etch pits of
various dislocations

] 17. SIC §5 18 4% Ffd s

' 1200V SiC PiN diodes

T T i T i

0 outasecain 1) Loskage current

g —TED = active area: c?n alm_ng

5 st ——Tsp | sample showed 5 times higher
= ; leakage current than the TED
3 oy ‘ ] only containing sample

o | = edge termination area : TSD
:’ . 3 containing sample showed 26
~ 5.0x107 4 | ] times higher leakage current
) i
Y ]

| 2) breakdown

00 A0 00 M0 800 ByTED) ~ 93 % of nominal BV

Reverse bias(v) « BV(TSD) ~ 83 % of nominal BY




(3) Solution-processable nanaocarbon materials for flexible electrodes and its applications,
Seung Yol JEONG(KERI)
rEBRLF M LA RS AREE B VRS TRDAL o T B
LI RETE CFBRERARADPBEES TR %é?l]“ Pedr EP R FTE R R AR
PR TS TRT T BA RS LS A RATEETESE Y S
FOEA o TEEEN T B O FARZHUR N T R 2 BE RO HEN
T 22012 #HELH v 27 « & - KRR T FBE ¥
PRER SO H R0 REFHRRG 5T -

Exfoliqjioni Reduction Nanocoating‘

Dlspersmn
NET NN A

Paste Printing

=

oo ey eyt |

R

Graphene oxide

: | Graphite oxide

@ Defect control @ Functional groups @ Reduction level @ Nanostructures @ Touch panel

@ size @ Defect level @ Defect level @ Assembly @ Solar cell
@ Oxidation level @ Number of layer @ Number of layer @ Interfacial energy @ OLED

@ Graphene size @ Graphene size @ Wettability @ Energy storage
e @ Dispersion @ Doping @ Flexible TFT
oTransmittance
@ Conductivity
@ Stability

W19, 7 54 WAEE 4T+ F &
(4) Research on Zn/Air batteries in KERI, Seungwook EOM(KERI)
o FEF M KERI dt/z f R4 2w O FERENE KRR A 0 P
PHIAAFZARD - HETHRI AU E B 47 L0 BHRTEERIER D H
W 2013 #2gF e p 5 8_20Ah gh- 8T ¢ 0 2017 0P R 8 S5 KW LR sk B
AR TR 100 iz AR A (T AR ) E2018 0P 4k o

Research Target

* Size : 85mm x 85mm
= Energy : 1.1V x 20Ah
= Energy Density : 350 Wh/kg

[Non-rechargeable system

Pri I :

(Primary cell)] = Energy : 50V x 100Ah
\ Size : 25rmm x 30mm = Energy Density : 300 Wh/kg
= Energy : 1.1V x 2.4Ah

= Energy Density : 308 Wh/kg

* Size : 18mm x 650mm
* Cycle : ~ 100 cyc.
* Energy Density : 300 Wh/kg

B 20. KERI &4:/7 § = = o T8 R3]
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(5) Development of 2G HTS Coated Conductors at KERI for Electrical Power
Applications, Dong-Woo HA(KERI)
G R A7 MY KERI 2% 2 % % 8 42 % (High Temperature Superconductor; HTS)
P AT A Ry o B3R 450 26 HTS M v g * 3t 3 4k uang
FERTATH RRE - &B'UTENZ BEE > A& G F A0 MARGE M
2R R % ek B o 4 ¥ KERI 2G HTS Wire en@l 42153 3p 2 4 & - KERI
€ 2001 & hegi » P - L3 errT 7 0 B 2011 & ¢ % = 3Phase T 7 )0 T2 K
AR AHIARETRBF D Ikm £ A 500 A % £ 2G wire o 4k
DAPAS ( Dream of Applied Power system by Applied Superconductivity technology )
Fyz2.% o #Fulf 27 i+ EDDC(Evaporation-Drum-Dual-Chamber) #l 42 & #] e
SmBCO % B4 EHHHEEREZ 5um - fri 77K pFiE 3 7 o & 1530A/cm
iR e BRHECRF e RABRFELTT 2B ALRIEF R IR A N
HAE BRI UG 2L R el RERDEUE 0 2 RQET R HTR AL o
Vo1 P @R BERQEERDd RPN 7 a3 fsap =4 o B A5
Pl REERUF A E > g D" hrne

) — _
(_)DAPAS Project () Future Works

Sputter Ag : 2im

KERI % RCE -DR

EDDC: Artificial pinning center
For apply high field magnets

IBAD-X
o Sm ® Replace of MgO Ag P 2m

IBAD- Mgo 4 ‘
IBAD
Co- ¢ IBAD-X :4m
worken] SDP . i

Al;03 ® Simplify process
® Low coast

EP Hastelloyj Hastelloyy
M mmmssrrssssssssssnnsees

Bl 21. KERI % 2 i % R4 % 2G HTS $au'p &2 WAz $Lie

(6) Development of HTS Power cable for HVDC and AC Power system, Jeon-Wook
CHO(KERI)
ARG MR A E T 5 HTS Cable i ]_E]mﬁff”’;ﬁ CEBT RS U2
HAHVDC E i@ REs sid chp* 12 c KEF - Repitarm ] Besgd s

BlEEY IR A AR s & > & EPF HTS Cable fegs B @ o= 3 2015

gﬁ?’r\?}%—lb » B HVDC/; *.,L,m)i’% - L‘L ]':rt’ s ¥ ﬂt,i&%*i‘}lgi}%
¥ t";.i!r:% /:‘4 “;}tt‘"fﬁ A :j\mr‘?#& Féﬁs?gﬁ"’l /T wﬂj g\ _{;&%n;&ﬁ“ , _‘E'._T'IJ""‘iEJ{
TRDPRL PR & LA E MR E S ERSE T l«LL’F%{’:X’ﬁ B Rih- % o



HTS power cable pro;ect in KOREA

| R & D |l Grid Operation |
DAPAS 22.9kV, \
SOMVA, 30m |
KERI DAPAS 22.9kV, :
€3 0epco
KERI 50MVA, 100m s .
Ls

GENI 22.9KV, SOMVA, Genrm |
500m ‘ 22.9kV,150MVA

Commercialization

DAPAS 154KV,
1GVA, 100m = .
DAPAS Program fsC,R’ Le kg Jeluproject

1 N HTS AC 154kV/~1km & ‘
| HTS DC cable 80kV/ 500m |

AC HTS Cable

SKERI |
DC HTS Cable >

HVDC HTS cable J

—U DC HTS cable 250kV/ 2.5GW

« DAPAS : Development of Advanced Power System by Applied Superconductivity Technologies
= GENI : Green Superconducting Electric Power Network at Icheon Substation

B 22. BiEAZHE T % HTS CABLE tods B § 3 B

(7) Beyond Lab. to Field, Su Dong PARK(KERI)
Mo B BT AT W /iﬁlﬁ#ﬁa‘iﬁrmf So BT RERENID FXIIMIL
ARRFIENRRERBAE I WG RER R ot s FTRE
y?%%$uiﬁﬁﬁ%¢%$%%31%“ﬂéo%ﬁ{*mo3a;
ﬁﬂ%%ﬂﬁﬁﬁﬂﬁiT’ LT AR B AR R R R TV R
9 PFEL - AR Y TEEY LT UES A RAE 0 Sl ot
Ao e S R A &t {J&’t-ﬂ— R AT J}’q—p BLENT jE o A gt — AF
%mP%@{ﬁéﬁ B~ cFE IR o

ii%:;20% KERI, “Key Player” in KOREAT.E. TECH.
1. Nano-embedded Bulk Material

144 LAST-18(Lead-Antimony-Silver-Telluride)
Sy stem to Atoms /! ZnaShs, Mg,Si, TAGS, AgShTe,, SKD etc.

1KW class TE generator

'“Z'*“\ focused on middle-low( T £500°C) Temperature range

o 2. High Efficiency Complex TE Module
3. T.E. Power Generator for Incinerator,

Power plant & Vehlcle

5kW class TE generator
in power plant

@23¥L%ﬂ fdE R R g R

(8) Gas Reclaiming for Electrical Equipment in Taipower ,Yao-Tsung Tung ( & #Z
%?) ,TPRI
BEFLSTEEAT TR e & KA~ Sk ¥ 1Y & w T jirena & 3R
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oI AR EEEE L H e R LR BIRE LA A Dr. Park # %
BONKRIIEF OS] c 2AFMAL LT 27 ERBAR Y b SFg §
WA AARBESB M Bw e, 2 7 # Sk 3 *’#ﬂ? LR A A s 4 R
B - B EF BT DR B RS PR AR L Y
o SFe # R85 & % 99.9%14 + > -k B 40ppmv 2T 0 F § 22 CF, 7 £ % 0.05%
ToHBeEEAR) > &Fig ik IEC 60480 *h}% #2012 # > SF # ¥ <
327 5000 kg 4p g >0 12 3 COp et & o

The Diagram of SF4 Reclaiming System

SF, pre-filter SF, filter
1 I | |
functions : functions :
1-?2?‘:2‘3;? 1.Air removal
2.Decomposition 2.L|q|_.letfy|ng|_S§ g : :. ‘
products gas into cylinder Y &
removal c; a
3.Particle removal by a
& & & & ﬁl

) 24. TPRI SFg # &8 ¥ i 42 ]

3.6 Parallel Session TS3: Renewable Energy
j\/gﬁip‘};ﬁ—tdﬁ 3%%%E§F—'- ’}"’f-QF\ i h'li\f'w .

(1) Multi-source coordinative optimization for generation scheduling of power system,
DING Qiang(CEPRI)

= - T i S
aevak A, L
™ 1 P 7
_|" ’-"' Tl »
" _{" [
L i
T --._\_\__\_ b
T

] | T, | A

’
Prodiciaon ermor destmbistion of
mbemnuibent ensrEy power

moETEL .
i, R LT S—
ISR g |
liFauthn o
N e

Transmusseon constramis
B 25. b 4 28T
*E 4R Ed CEPRI 3 4 p #5280 A48

BT ROFTEEEFEIFY LA
RS

Reserve consirnimis

TRIRIE P 2

m,uﬁa¢4\w4ﬁﬁiﬁ%§

Ao {IEP FHRA LR S E S S p

R AR SRR ERE VR UEE Y PR TES
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(2)

FEHOFTRATRES - FRRAERBEII R (XEe 22 ELTR)
R LA PRI 28 FTREDEFELREY ),f@ %L H - ziiﬁiig]%f Fill=g)
F 2 234 (constrain) 4 st iE RS AR ME 4 ki H B P R B
FOpF P IR GIEE Y g A F TR D o L BB B I
BwEiEdn g itap o
Design and Operation of Isolated Microgrid for Marado Island, Jong-Bo AHN(KERI)
* % 3% 2_KERI % Marado Island = % #c3] 7 % &9 &) 4 % - Marado Island i+ 3%
EREaH PG 30 PAFEEPIPRELEE - FZL R SMEMF TP
620 kW~150 kW 12 2 1.2MWh 4 5 7 8 BEat kst 5 £ AT RA| 7 51:8 ¢ 32 DPM
(Digital Power Meter) ~ DAS(Data Acquisition System) ~ BMS (Battery Management
System) ~ PMS(Power Management System) 1 % 3i:: % A 2% % 3 & (EDLC)
Briez 15 > & 4 KERI diicd]| € e enigh o AfjdR 7 - A GH KA E L
ﬁf‘t SRR EY PG B AR R E ARG SR T e LY 0 A E
fﬂ&?% X3P f R CEMS # ot ~ 112 DG Device #7324 £ ehE 3 7]
%1 T

O Final design of Marado microgrid

L
LM = e

Zone

! H ! anitaring g e N B e

- SORVA { : o/ o o

; TSKVA 1

H 7 H

| T5kW JE:.- AC/DC | Load Load Load spare spare
' 1 2 12

i .. TEKVA )
| TERW - i 1) DPM : Digital Power Mater
i = . i 2) DEWE : Data Acauisition Board

SOKVA ! 3) Interface
'EGGkWh |;/ [AC/DC] 4 | + DPM-Server : Comm
« DEWE43 — Server - Gomm
: S0kVA ) « Weathsr — server : Direct input
1600KWh / T 1G—Zong 4 ATS-MG Panei:
] i g - ATS, ACB
— D. Power Meter : PV(2). BESS(2).
A-load(1), EDLE(1)

B 26. MARADO ISLAND &3] 7 % H 5§

(3) Hybrid energy storage for renewable energy source, Cheng-Yeou Wu ( £ = 3 ) ,TPRI

AGEBERELST ,f@ﬁﬂz"%“ FEAGCZ TS TRRALE > &2 m#ré B
R GrepEk o e 2 AL A4 v 2 RO R A RSN A 1
51 % % ® NREL(National Renewable Energy Laboratory)#t® % 7 HOMER % % #c
BT e Jorz i ony 4 Moy FREFERTR T A4 2 fé'r%iﬁ‘f g
FEEAACHER R LA R AR FF “mm‘;km # 8 KW = 5k &
BRBEA AT A AT o g4 ﬁ‘bdfﬁ Fue 53 36% =oALk
TR ZEII20KW 4 5 &2 Fo ﬁ‘*ﬁi eI e I ¥ A RECASE: 3 )
) I SR A Sy i ¥-BiE i 4 1.4~6.5/kWh CARBERL R ALK B N A A E e
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AR R ARl T R
FFE%EO

Renewable

City power
power

| Energy
< 'management
Battery& o 4
Fuel Cell B
load

The demonstration site of smart house in TPRI

Bl 27.TPRIATE Az & b7 4 B

3.7 Parallel Session TS4: Smart Grid
AL EIFHmET 6K BAFL o MEP G

(1) The Implementation of Performance Test on Smart Transformer, GAO Fei(CEPRI)

* ,;, B3R 23 Bt W RE o 7 (The State Grid Corporation of China; SGCC)
$_2012 # Lf* 4 Smart transformer #7i& {7 e v Bl iEER 2
&@?ﬁﬁ%EJ%@ﬁﬁﬂﬁﬁﬁ(Bm%’? SR BRFR R R T
B~ PR 2k SueipR R GB/T15153 ~ GB/T13729 1 2 57 £ 4 3 &
%% HAFE R Q/IGDW410 kg7 o i’riz FulFEAF ¥R (Lightning

Impulse test). % e p > & % 3 Iﬁﬂa'"%fi']m SRR o S p- O LRI Y S )
ji o

52 4eis

DRI R O 4

Overvoltage on RS-485 cable during lightning impulse test

|
-
é o |l L I, .
200 w
ek
] s B 10

HH s

HE H
voltage on F5-485 cable waveform in time-domain under full voltage on B5-435 cable waveform in frequency-
wave hzhting

domain
under full wave hghting
|
=

¢ b LU LA
Il ||||||‘|||

IIIIIIlH!!!II”II lid, 1

o B 10 15 w’ u' ' o u®
e ﬁ* HE
voltage om B5-4385 cable waveform m time-domam under voltage on B5-485 cable waveform in frequency-domain
chopped wave Lighting under chopped wave lightng

) 28. RS-485 s 3 H L PR R 5
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(2) Development of Generation Scheduling System For K-EMS, Tae Kyoo OH(KERI)
N RPN F e dEaE WA kg =k st (Korean Energy Management System
K-EMS)3 B /i %2 ~ 2 T4 * #2575 11 2 PR E » K-EMS f EMS ek

13 # 4o SCADA - AGC(Automatic Generation Control) ~ ED(Economic
Dispatch) ~ Network Analysis 12 2 DTS (Dispatcher Training Simulator)z_ #t
K-EMS » E &% & 3-4p B 1412 2 Dispatch Optimal Schedule =% ic -

] 29. K-EMS % 1% ]

(3) Research on Communication Systems for Smart Grid in CRIEPI, Michifumi
Miyashiata (CRIEPI)

Load dispatching center

Wired?

Opical fiber
Wireless?

Optical fiber,

Smart Meter
Power station Transmission line  Substation Distribution line  Customer

(centralized)
Electricity | Electric.

i 30. B?‘\%i&?‘”‘f"’f#ég}q
RE AP F A% CRIEPI AF 23 %9 F M a3 2B 24 o 4
Zp ﬂ\#\j\ FF—IE”]‘#*FLiJ’ L_fﬁ T\i"f q*jﬂ.%ﬂa’»mji,{ﬁmﬁﬂ *3-%1. ﬁimzrﬂé’ﬁ
#ﬁﬂ‘w«gﬂ RA KT RR PR EAN AT ET RS R 2 kT iR
R B PR R p MRS E R o P R e R RS S REF o B

A
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40P PR AR PR R o P ATRAL S £ F R g
B~ P AR R 2 B R IR R KA Ak g
BBE o b¥ Sl F 00 5 R R F L SRR RE R v
24 Feih R AUL R B SRR 0 o
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(4) EV R&D Activities in Korea Electrotechnology Research Institute (KERI),Do Hyun
KANG(KERI)

AEBERESE- AT BB AMAEH T 0 BN %A% KERI p 1993 £ B
b R TR D P 0 PR TR TR IE R 0 @ 35 EV KRB
VG AR FH AT B 2T F S BB BB R kR

A5

,:fr,_ o

V2G capable EV EMS (ISO)
V2G capable EVSE
Aggregator

V2G Platform

i 1

1
Aggregator : /D:ata and Control: I : Control

V2G Information 1 | |

Control
Signal

DC or AC AC 220V AC 229 kv Substation Generation Sta.

B 31. KERIV2G % %2 1‘#7% % B

(5) Reactive Power Control Method of Distributed Generations for Voltage Regulation of
Distribution System, Hiroyuki_Hatta(CRIEPI)
éﬂ%ﬂiﬂ%%i%’%ﬁﬁQJE%Nﬂﬁ%%?*E?§%?$%$@
?i?inMHﬂ%éA*ﬁﬁéﬁ%ﬁ% %a»?#%?
ﬁﬁﬁ-“lj’; fﬁ"mﬁ Sienm P R T RS2 G AL ‘f o
( Information and Communication Technology; ICT) HIrED R v‘ {; A fE R
(Distributed Generations; DGS) /¥ e 5 & 2 T & IRE Bl kIR et
JR o~ Rk aqga{ E OB 4e R Bpnd o AR B PP T ’sarﬁofﬁi*:@x’i'l PV
Wi A TR BF et R 2 m S engr ]S 2 > %% % SDI (Supply
Demand Interface) *t#74 chE = x> L% B R e $ T TRBURFIA
EARRILZ 4] DCS o * # oidlf i TR A& o (FHEH T - F 66KV i
@e4m¢ﬂ§*ﬁu%% B - =r S AL Sl SIS AR T
Pl mﬁ;,l Dws oo
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M\

Distributed Gen.

Intelllgent Interactive and
ted Power Syste

)

and Demand e E
(Electricity, Efficient Use)

Rl32.p A¢ 3~ B 20 RFETRR
(6) Introduction to International Cooperation on Smart Grid through IEA-ISGAN

Activities ,Dong-Joo KANG(KERI)
*E A% KERI 3 MAarE ¥ %58 IEA-ISGAN (International Smart

Grid Action Network ) m[&]*ﬁ’%@ xflé; »ISGAN p mieng R R ¢ B~ p &~
FERE...24 W ¢ R M2 @£ % Case Book : Comparative Case Studies on Key

Topics in Smart Grid- ¥+~ AMI 2% % 55 B~ 37 22020 :£ 7] 100%:7p0 4% 2 Bl -

* Comparison on AMI Deployment Rates

100% mee—————————— === T =T = T =S Swod
wede
Cﬁ'ﬁgéicn (Canada)

2013 2015 2016 2020

B 33. IEA-ISGAN AMI T+ % P 4% 8]

3.8 HIEPP 3

GRS T HT I G b o A RE e TP A RS AR 4 N
Sihwa Lake Tidal Power Station 2 2 Shinansung 765 kV é% 7 =k °Sihwa Lake Tidal Power
Station £ p # & i FEE AW FTR(LEL ) F 10303 T He > £¥ 7
¥ 254 MW(R] 32.) > { § & # hE_ Korea Water company @ 287 4 2 & o jg3 77 3

BR

TREF RGO RIRBIEE > Jj Kwater £ A B A 7 G L0 38331/T
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Tk Al A S 2 WP LA PR L LT A B R ah s R
BT i f e
25 AR ERPIETRTL

Station Capacity Country Location Commercial
Annapolis Royal 20 MW I+l Canada | ‘#44°45'07"N 1984
Generating Station
Jiangxia Tidal 3.2 MW Bl China | +28°2034"N 1980
Power Station
Kislaya Guba Tidal | 1.7 MW H Russia | *69°22'37"N 1968
Power Station
Rance Tidal Power | 240 MW | B BFrance | ‘¢48°37'05"N 1966
Station
Sihwa Lake Tidal | 254 MW ®; South *37°18'47"N 2011
Power Station Korea
Strangford 1.2 MW E1= United w54°22'04"N 2008
Lough SeaGen Kingdom
Uldolmok Tidal 1.5 MW ‘@, South 34°32'07"N 2009
Power Station Korea

B8] 35. SHINANSUNG 765 KV % 7 =t

Shinansung 765 KV % T =+ (L B) > =3t 765 KV 4p#>t 345KV ki sim 7 £ 5 @?J
TEERB AT 20 B0 A4T% > B0 80%MER AR A iR BL > 5§ K 765 KV
h
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http://en.wikipedia.org/wiki/Geographic_coordinate_system
http://en.wikipedia.org/wiki/Annapolis_Royal_Generating_Station
http://en.wikipedia.org/wiki/Annapolis_Royal_Generating_Station
http://en.wikipedia.org/wiki/Megawatt
http://en.wikipedia.org/wiki/Canada
http://tools.wmflabs.org/geohack/geohack.php?pagename=List_of_tidal_power_stations&params=44_45_07_N_65_30_40_W_&title=Annapolis+Royal+Generating+Station
http://en.wikipedia.org/wiki/Jiangxia_Tidal_Power_Station
http://en.wikipedia.org/wiki/Jiangxia_Tidal_Power_Station
http://en.wikipedia.org/wiki/Megawatt
http://en.wikipedia.org/wiki/China
http://tools.wmflabs.org/geohack/geohack.php?pagename=List_of_tidal_power_stations&params=28_20_34_N_121_14_25_E_&title=Jiangxia+Tidal+Power+Station
http://en.wikipedia.org/wiki/Kislaya_Guba_Tidal_Power_Station
http://en.wikipedia.org/wiki/Kislaya_Guba_Tidal_Power_Station
http://en.wikipedia.org/wiki/Megawatt
http://en.wikipedia.org/wiki/Russia
http://tools.wmflabs.org/geohack/geohack.php?pagename=List_of_tidal_power_stations&params=69_22_37_N_33_04_33_E_&title=Kislaya+Guba+Tidal+Power+Station
http://en.wikipedia.org/wiki/Rance_Tidal_Power_Station
http://en.wikipedia.org/wiki/Rance_Tidal_Power_Station
http://en.wikipedia.org/wiki/Megawatt
http://en.wikipedia.org/wiki/France
http://tools.wmflabs.org/geohack/geohack.php?pagename=List_of_tidal_power_stations&params=48_37_05_N_02_01_24_W_&title=Rance+Tidal+Power+Station
http://en.wikipedia.org/wiki/Sihwa_Lake_Tidal_Power_Station
http://en.wikipedia.org/wiki/Sihwa_Lake_Tidal_Power_Station
http://en.wikipedia.org/wiki/Megawatt
http://en.wikipedia.org/wiki/South_Korea
http://en.wikipedia.org/wiki/South_Korea
http://tools.wmflabs.org/geohack/geohack.php?pagename=List_of_tidal_power_stations&params=37_18_47_N_126_36_46_E_&title=Sihwa+Lake+Tidal+Power+Station
http://en.wikipedia.org/wiki/Strangford_Lough
http://en.wikipedia.org/wiki/Strangford_Lough
http://en.wikipedia.org/wiki/SeaGen
http://en.wikipedia.org/wiki/Megawatt
http://en.wikipedia.org/wiki/United_Kingdom
http://en.wikipedia.org/wiki/United_Kingdom
http://tools.wmflabs.org/geohack/geohack.php?pagename=List_of_tidal_power_stations&params=54_22_04_N_05_32_40_W_&title=Strangford+Lough+Seagen
http://en.wikipedia.org/wiki/Uldolmok_Tidal_Power_Station
http://en.wikipedia.org/wiki/Uldolmok_Tidal_Power_Station
http://en.wikipedia.org/wiki/Megawatt
http://en.wikipedia.org/wiki/South_Korea
http://en.wikipedia.org/wiki/South_Korea
http://tools.wmflabs.org/geohack/geohack.php?pagename=List_of_tidal_power_stations&params=34_32_07_N_126_14_06_E_&title=Uldolmok+Tidal+Power+Station

W& et E A % TPRIF 3 & #
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%7+ New Ansung 765KV Substation

B o2

A AR - KERI U AZZ EE A B4 F e LH % s bl TR 7 2 1%
FwApy B R EHLER P FEET I REFEE IR L ER
2R 2ARHE

o T Em Y #r2 CRIEPI/CEPRI/KERI £ 8 =2 ih s { P rFE2 P e
REPIL N L BRI P o TIFEFHEEF T E T T a0 o

CRIEPI & & R 5% 647 ¢ #rig o0 > Ul % _#5_%_pe* 547§ > @ CEPRI
2 KERI R e 1 > se A9 B4R T RPIT 0 250 % F3d o
i’tavﬁvﬁ* £ k2 CRIEPI # ¢ % jRek3> ¥ A REF LXAFEL &L
“$ LE: 9 S }_ﬁ B RIS E A E»\?]ﬁ’g o BR B o BT
LHAME R F R CEEEE L FRE - R AR X FIML
rmﬁrpi”Tﬁl*%ﬁﬁ? EF > FHUEFHT RNk o pmy
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KERI %4 B pel 2 FHE P 8T enE M 308 SR 647 1 “fpig > e
ERER E Yk ROy RN 7T ok hoeﬁﬁ@WﬁKH“mﬂﬁpi

X B iE 84.6% TPRIW33% @ * KERI x £i&% kX f*t+ £4577 4 + {
FPHRREELTREER l&p#ﬁ'grsm»“’udo IS T 1+ TPRI
TR R RAEARE S50% W EZFREL A BT E o X

CEPRI ¢ CRIEPI shie st LA 32 Hog 4 o

KERI & % A B e ¥ F & ;2 ¥ CEPRI £ CRIEPI +* 2> (e e m SR A F g
POE TR F A E &L e BT R AT T AR R A *

VA& T AP R BB BFET FLAR -

Smart Grid ~ Electricity Storage Technologies £ International Cooperation ;K{
LRATRLART T AT > R PEFE Y ¢ A 4Ed .
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