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ARG RESE AT EIRE & E 25  Carbon capture and storage development in
Taiwan Power Company | > ff#ZRIZA0E 1-1-1 Bk » ENHR 2015 AR E L B
JFF S5 2050 SR 2 PERE B 2 2005 F£.72 S0%LAT » fERIT B > AN FEIHE 3 E
TR B AE - EGRI S bR Z R sl - 2RI K TR
ZHRBEBCE > AN EIFTRE VIR AR AR KR 0 A2 HARAE 2028 A1
EERAFEE 100 EMEAR R 2 peid g -

1-1-1 IR

TERRIAER A E] - FRfT 4SS E & H BB A BB [E] [ (Carbon Reduction
Campus) » WTHETHY 2020 F5ERK kt/y FEERBRIFIEBRONES - 72 2024 FE58EK 0.1Mt/y
BRI RO, » TEREI RS L FRME 2013 4E58 RS — I H-98HE > AHT
HE O EETAHBEHIE » TS 2020 FETT5ERK 2 ~ 3 IHAVIEBOHES - 7Y 2024 4F
SERK 10kt/y BB RO o« RAGKF S B At & R a7 Wi TRl - E AR 2028
TERTEERAAT: 100 AR pidiass - 4@ 1-1-2 Fow o

Item 2017 | 2018 | 2019 | 2020
Geological Exploration well | Exploration well
storage drill deep drill

CO, capture

1-1-2 CCS Wt Fe AR HER L [
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FERSIISE T > AT EN B SR = T2 IR > WlE 1-1-3 R - > EEEET
LR CE R 2 2B D234 REC T AR IR~ & (BRG] AR MR R 25 K
REWEE > [FRIRE 2R AR AR ~ S bR LR i R A 75
fii > AR B K I3 R o5 B R ORI SR > 5 (B R T /e A, -

Kl Simulation platform B Sorbent from coal aqm
B Solvent stripping “' amine modification
. CKMC!D . ~
Recipe thin film sorbent

TGA/DTA oo
Regeneration condition

Pressure Swing
Adsorption(PSA)

]
Solvent

Absorption
Novel

B Rotating Packing Bed Technique B Pollutant Control

B CO, Aleoholization S0x/NOx
MEA-N/S compounds
PM, ;

= L Nitrosamine
= -
- . Aerosol
ETEET Nilroamime
Y 4

1-1-3 AR T

JA% [ & (Carbon Reduction Campus) FHEHEE N G H R 9 ~ 10 551455 - T2
& 4 (El&IE > WE 1-1-4 FR o FH—(E R Rhhe i e ismg - T e s G e
fF5 > REW) By Akt/y FifEL > KA 2P IR E IMt/y 55 (Bl Ik Ry NIRRT
FefMBR T FrE R CCS HrRdtsh - TP B aE YN R B A T 2L [E & AE - Tt
BEWEREE - FEEEAAFBERFL - AREBBATHIHELRR - WHK
ERRSE B MORRTERE T g CCS £iffy - SEPU{E IS A HEY) TR > Fef e+ A
HifE co2 TR B EAVEYIRES - DUZFEREOR 2 HHY -

Target
@ Data collection for future scale-up

# Performance/Energy/Cost Optimization
@ Open to public

Configuration

4 Capture Pilot Plant

4 Mini-scale Test Region
4 Education and Exhibition Center
4 Plant Factory

Exhibition center
Control center
Laboratory

& ami— = -

1. Capture Pilot Plant

. Education an

2. Mini-scale Test Region hibition Centdr /4. Plant Factory/

1-1-4 Rl AR
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Earthquake
is the major

public concern

PRI

Micro-seismic

Mode
= ¥ = k4= L[
AN e N
[.it.c‘.-rature Mechanics ] Stratum Basic Design
review on Mode of Deformation Deformation & Pnvironmental
Injection \ _ fm , Simulation & Risk Impact Analysis
site ™, O Assessment

Other effects during injection

1-1-5 bREHFE RS
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(Z)Electricity Regulatory Reform

FI et BRI E SR HI RG> AN F RS ATEE = R

F#T DL Planning of TPC’s Transition into Holding Company /4&H »

SN FIHT ST

BESELCE AT AR S 8125 7 » FESRENER A EIGIE S - AT AERRE
ENAL K HAHEEN) EEk4% + CPREPI J5E HJEH Maruyama Masahiro [l Electricity
Market Reform in Japan Legal Unbundling of Network Business /u&H » 5RHH H AHE#E)E
EURREE > TEEFIRNEAR TENRKNCE T PRAFHRIIAS - BE
Organization for Cross-regional Coordination of Transmission Operators (OCCTO) JAEEZE

DRI T EEA E > DU R S E B R LR - DU RHIR - il s

RINE -

B4 AREANE] RS Planning of TPC’s Transition into Holding Company 0
g1 Hrp—TRRARE B A T 2 RPN EENL - FEERE L Bl A AFHNT

INEIHHERIEE o 55 Ll LU B A A EER I ERREA = 5 B
59575 R - BIIRRs ~ BEE

JNHE > R D5

FUE ~ HIBS TR ~ SRRUEL ~ W SR IR >

WHR P Ry 2 RN RERE TN ]~ T IR R s R R BN F] ~ AR WA Roftf
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R RPN FIEGT CETREA FIRIEER T AT AR H & E > Bk
AGBER AR (3% ~ BERSE) DURCPILtE (B -~ BOEESE) mIREERC RAVRZE © AL
PERC RN R R R TR BV SR RN SR BEA RIS T A FITE I - (1510
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S TIRFEE R X BIE SR A 778 U5 Tl s malELRsE - SR (AR E Y B AR S /2 (E A FHY
ES R

The 30" CRIEPITPC General Meeting

19th Novembar 2018, Japan

Orientation: TPC HD

Types of HD Financial Hands-off
Features Sponsorship  Ownership

Financial 0
Support

Synergy

Creation

Strategic
Planning

Key Functions
Management

Operational
Engagement

15 @Taipuw:r
1-2-1 $EREREAE 7S ASEAY
BRI EEEAIAERE TR RIS EMENET - B AHF TS
R ECRETEIE RS > RIEA N SIME TR T EE © RS TIPS RE A\ E] o BRESAYZE
RN B FA SR AFRE AT E 2 [ HE 2 #EARE B H A
SEITEEAE - REABNCRNET 8 0 DIERATK 2 B HHEZEE | 2N HEA AR
& ~ BRI ~ EIRFEEEE > AR A S & T EE S - REHS) > DU
BURIEH 2 RS\ F SRR - 08 122 FRe
Orientation: TPC HD

19th November 2018, Japan

Types of HD . .

Features ® HD leaves the daily Responsible for the
Financial operation to the major investment,
Support A

subsidiaries. power
Synergy

SLLLEUNN B |t boosts the overall development plan,

Strategic efficiency. internal control,

Planning

B More adaptable to policy task, etc.

Key Functions
MERELUE the changing market.

Operational
Engagement

18 Taipuw"
1-2-2 BB AP RN ]
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The 30" CRIEPITPC General Meeting
18th Novemnber 2018, Japan

Functional Groups & Key Functions -

Group Management

|
Administration

I Group
B Muclear-Free || ® Coordination for | ® Major Investmentin || @ Compliance. B Share Services.
Homeland. Stable Power the TPC HDs. B Supervision. m SOP
Supply. | |nformation B |nternal Control. m Shared Application
I m Policy Task Acquisition, B Performance System.
(Cheap B Joint venture ar Evaluation. B Shared Database.
Electricity Price, cross-industry
Energy alliance.
Transition).

1-2-3 PERG BN FITRE R B R SRR AE

FEEHS U PERC R AN RIH RS FIEE T - BEA SR BRSE (i RS - BV K
1 - B AR E] - SREE GRS o B WERY R R R A EIVURTIRERE ©
RESRIREE - BRNRIZEGURT  TRUE A B SRS RE - A8 1-2-3 AR o mifallE izl
THRERFAVRRGT » P92 Ry T e RETR BLIESE TP B BORF S AL AU MTREEGER 1 LSRR
b AR S L ) B A B ZE R S 1) - AR AR BRI T - BRI AR JAYIR
& mRE T IR E AR R © B ATV S RAE T - ERHINEFEETE EER AL IR
ST AR A E R R RIS A A REAE AR 128 o PERG(E R EE TR -
DRIEEBEA FIZA DA S B AG A 38E ~ FE RIS AHE T T AR BB 77 - LRIV 220
PR BN HIZ — -

B > 5 CRIEPI /Y Maruyama Masahiro Ff1253% Electricity Market Reform in
Japan Legal Unbundling of Network Business o &4 » 75 [ 85 JJ J&& 15§ 28 2= T o A R
(Organization for Cross-regional Coordination of Transmission Operators, OCCTO) » H:%
THRE AR TEI ARSI ) PR FEAVEL HAVTER T H A S @i
BHY > WHEHERE R RIASESENRE (BB R &ERE) - m
BRI AER - E T TR 2B E » WE 1-2-4 Fir - 87
SRR R TEER BB HAE T IS EEEEEE IR S - M
HEETH N B IR A - B AR E E 2 R E ISR IEN E —H AR ZE
PRIEAE H AN EE TR Ay W HAE e B DAL AR R U ARG » 887 — {45 & 38 B By
TLARE -



IR Sk
Organization for Cross-regional Coordination of
Transmission Operators, JAPAN (OCCTO):Role of OCCTO

Image of Instructions In Case of Power Instability
L 4 ?trengthgnir&g hSL:\lppIy—Dlem:;r;zd Control rewson or sone [ @ |
unction in Bot ormal and Emergenc s <
gency ‘ / \

Situations on a Nationwide Basis

€ Securing Mid- and Long-term Stable
Electricity Supply . o

@ Developing Fair Utilization Environment
for Power System

€ Operation of System to Support
Procedures Related to Switching (@ T

OCCTO is NOT (== ]y == |

RTO, ISO, TSO, NERC, ENTSO-E s 3 :

wacllnctarm

Picture Source: OCCTO Web Site

etc.

1-2-4 EEFIREEEE S HE IS Z TIRE

N IR Sk i
Contract between utility and user

after liberalization Case 1

Retailor

Retailor ask T&D to wheel electricity at the supply contract point of the user.
Retailor sells electricity to user on the supply contract point.

[Content of contract]
@ Retailor sells electricity to user at the supply contract point

¥ (Aside from this) T&D wheels (transmits and distributes) retailor’s
electricity to the supply contract point of the user (=there is no
relationship between T&D and user)

In Japan, we use this system

1-2-5 AARZEREHE(E T ZEEZYR K

HA DR T8 ) BRI EESE = H L - FEAERAREIAR
N BNEEREERENEEFT] 24 WicEREARIEZE ERAEORE
TTEIHEEL - EARR(A0ME 1-2-5 Fror o JRED - JR#e 8 Sl e A 54 T 524U B
& o ERIZERFELILNR G - LR T > HEE I o DUEF S A BT
I ERIGIRNT (WRENZERE AR #AMFTRIRSEEREE
(FTRE R HEBERENEICERER) I > TREgR ST M EGYRIRIMTER —
S > SR AR AR AR T Z A ] AT A EATE T -
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. . ) IR ez
Prohibition of Concurrent Officers, Directors, Employees

between T&D Companies and Genco / Retailor

. . Genco / Retailor
ensuring level playing = e
celd at network xecutive Director
3 Executive Officer P

Executive
Director

NG NG

Executive (in principle) (in principle)

Officer

T&D engaged in
important roles in
business
NG engaged in
Employee L businesses
(In prInC|p|e) where ensuring NG
neutrality is T el
s (in principle)
important

Exception: no danger of hindering competition (defined by METI's rule)

@ CRIEPI 2018 for the 30th TPC-CRIEPI General Meeting 21

1-2-6 FEEZL LA

B ARHTERAE RIS K T BT RGICEETT 3 ) BB =PE R - e 2020 SEEEHES)
e S SRR A A - DUR(Eic SR 2 L MR IR T N A~ B BT
AVEREE o A N STBERT FLaTHIIE A = ¢ S5 — » BRI - BIEAF Tk
VHETAE S WiCE TAFEEEE A B WicE T AEER - BEATRKE
R A S DI E ABEA A TR A E - s SIS R AT BT A TSy
HEM S > IR WECEA S BRE A S —EREVEE - NILERGEL T HE ) M
REHE 5 o

FAE NS B T 252 H AR 2R T wicE R0yt o Rt i =t
ENTTEE - W E IS B TR —RE A E A S BSFE E o B
Ryl Al {E— M B TAEFR e I M B REVIE MU R A& 1-2-6 FoRe
NI > EAEDEHIVETS L YA TR EREIREF A S E BB S0
HEFK > s (T K AT R AR 2R L - SIS (ERRE - FER T AE4ERE , TR
BT E DS EERE G E N E (Company with Audit and Supervisory
Committee) ffill » IHABITEEHARIHE T > SN EETREESTEK
R EE SR EREGN T e 2N EESUE L ERETRE T
NEZEE - EHEM T TR AR S SRR TR AR EESE B
TR e TR AEDEHENE BT K » B T3 M -

(=)Thermal Generation

AKERHEGEH M ERE G EE S " The management of SCR de-NOx catalyst
activity and the study of developing new catalyst for thermal power plants | > fERERE540
8



[& 1-1-1 A7 » SCR BEHH Ry RPRPERUE i NOx i FHHY A - RS A NH3 B¢
PREZFEIFH] AR IS R » i 500 NOX SEHARICEFHYT N2 K H20-
PRAHAF A ERE T O PARERERE SRR R B R R RN R - &
SR 2L 2 EEUSTEER - NIt - EREERBEET > EHE
R E RGNS ERY - B T A SR N - IR A T e R
e S IR SE IHT AL -

1-3-1 flEIs

FITaEAY NOx FZJESE NO K NO2 » —fefBMEARE R ImATAEE 2 NOX » &YH
90%~95% ks NO » 5%~10% ks NO2 » Fi LA SCR Hi i 52 € £ 3 By /2 4NO + 4NH3 + 02 —
4N2 + 6H20 > Y& 1-3-2 fi7R © fIA V205-WO3/TiO2 fifg ik il 58t HERS i S e > K2
MR I By 300~400°C » A B - DR AR 22 900°C LA A —ERY R ERY

)_?1_3 o
'i:
A n
=i
: °‘° a‘e : —_/:'; v [ ]
A Q
monomyde Ammonia  oxygen S -
catalyst
4N0 + 4NH3 + 02 4N2 + 6H20
toxic nontoxic
1-3-2 SCR BT K2 T

GEATE 7 BEXEREAREZRSE SR RS » SEBERY
15, 15OMW * Y0192 1-3-1 i T - S AREEIRIR KA TR SN P 2
45 SCR BT 40 + J T BERGH T R S R P TEZE5S SCR BRI S RHIA S - MBI

9



R AR » R R, - T T A A R B T - LR A
KRR - LSRR - AR R -

% 1-3-1 &8 SCR &4t BER &

. . Capacity
Power Plant Unit Unit Type (MW) Catalyst Type
Taichung #1~#10 Coal Fired Boiler 550x10 Plate ~ Corrugated
Hsinta #1~#4 Coal Fired Boiler (500~550)x4 | Plate ~ Honeycomb
. new#1~new#2 . .
Linkou new#3(future) Coal Fired Boiler 800x3 Honeycomb
. new#l . .
Talin new#2(future) Coal Fired Boiler 800x2 Honeycomb
Tatan #6 Nature Gas Combine Cycle 725 Honeycomb
. new#1~new#?2 .
Tunghsiao new#3(future) Nature Gas Combine Cycle 893x3 Honeycomb
Chienshan H1~#12 Oil Fired Boiler 10x12 Honeycomb
Total ~15,150

BRI B > S BEIa S > MBI T e BB S
HEZE ~ BVRES ROT R o AIE 1-3-3 BUR o (EEREERIREARE FYEE THY K~ Na ~ P
Ko As FEYVE > 5 Y8 G BTG58 ST ] NO B2 NH3 BRI - JE PRI A 5
ZIEETPHIRIK ~ NHAHSO4 ~ Cas04 FEWE A= RIA - siHIESLE > A
SRR IRIT T IS A ST ey £ N - FERIIERIREE - VA Al RE b Beess -
SR RN T R DB o DL S SR N S T AR S A BRI S R -

T.herm.al Chemical Poison 0 0 O
Sintering As
O O
O O
| | As,0, I
vV V —_— vV VvV
Primary TiOZ particle S TiO, TiO,
Secondary Ti02 -
particles catalyst
sxrface
Fresh catalyst Exposed catalyst

Deactivation:
NH,; & NOx can’t reach masked active sites

1-3-3 SIS

FRAT O] PR il S e 25 2 MR [ BE Rl A M K {H > = 4538 18000 /N
% > MG TETERGERK/K0)4Y) 0.86~0.91 - & 1-3-4 AR » —fd Ry {EHY 0.65
ke > A R AR - TR H ARSI IR BT o AU E TR S LI A
& HEERUE 1-3-5 Fivr o feE el - BieEeE 24 A K 178 A g —{H
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liAE > {EZREE{E F —Eiiefd] > LB e (E B R > PR FLACIR A K > 55
HIFA > wTae R T NFLIRH B SR Ak BE s B E S ZE A R

1
0.95 ) — ol 0.0012 —+—Fresh, Reference
Fan, & 3591 | ==—U1-B-1,9360 hrs N
0.9 TN '\u__ £ U1-B-1, 12600 hrs ["\
3 \\ S o008 | =+=U1-B-1, 15480 hrs
= <~ : ——U1-B-1, 18000 hrs A
*0.85 | =UL-Al 5 0.0006 '
-B-U1-A-2 % 0.0004 / // “
0.8 Ul-8-1 g 00002 ] Ji
—<U1-B-2 e
0.75 L ;;:.‘ 0
0 5000 10000 15000 20000 10 0o 1000
. . Pore Diameter (A)
operation time(hr)
1-3-4 fEf SRR EUK/Ko) 1-3-5 fEEFLISI AR
BT AT RRAEEU T MEOR(100~250°C )SCR fl#t R it~ W4T » (KO SCR L 478
2B A > A]iEE SCR EE 2 EAE RIS HiE - 285NN ESP K FGD &l o A]FE{ERARIKEE
FEJ SO2 B LEME » TIERMESay - IR A SR 22 4S5 SCR 3%
2 M - BEA G TN = RS RIB SR - HeERAE 1-3-68
i > F{f12535 MnFe/TiO2 Kz MnFeCe/TiO2 E A S HIFRIHREE » £ GHSV= 25000 hr-
LREET - JRFETY 180°C » FREHZRCR T2 95% » H EA —EMHIKREET » KK #E
— RGP AT
100
I a0
% [ | St °
—~_ 85 | ./:.9" 60 |
é gg &, ’0 g 50 | =
= 70 | Lo =
! 14 S ol
.% gg i ’g g 20
g 35 > :>: 30 25
ENT o g?-'o © MnFeCe S L
S LIge * MnFe 2.
Z 30}
25 — 0
100 110 120 130 140 150 160 170 180 190 200 MnFe/AK-1  MnFeCU/AK-1 MnFeCe/AK-1
Temperature (°C)
1-3-6 Jm[S ¥ NO L2 2 2% 1-3-7 JEMEEEE NO LR 2 &
110
100 P8 os ~ EMnFeCe BMnFe

NO Conversion (%)

90
s&

77
80 T
70
60
50

01

2 3 4 5 6 7 8 9 1011 12 13 14 15

H,0 (v/v %)
1-3-8 JKSRYS NO bR 7 5%
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&SR % o CRIEPI A $H EHEOR M ILR iR —(E TR - RA(AIIG &R bR it
HIEFNER ? RN BB RGAEHEH7~10 S - CABIVKETTAH#L~6 98
PRAHARETT NOX HRRUSZAE 20ppm NMEZE 8ppm » ERIGZERIAR - fEAHER
R HINE R - e S ERONE - R SRR BT RS 5 >
e B A AT -

() Artificial Intelligence

A By N T (Artificial Intelligence) /Y8 1S SEAVIER] - 2B 2 NEHE
& 1 1. CRIEPI [y Teruhisa Miura JoA=FrfEsRiy " ER AN T &R E I fiEn (Al
Applications for Diagnosis of Electric Power Facilities in CRIEPI) | ; 2. S4TSR 1=
METRFE SR " ERA LEEREEE SR ERIET E 2P REHE R
Y (Potential Customers Searching and Performance Estimation of Demand Response
Program by Using Artificial Intelligence Technology) | - DL N7 RlEREHE A Z

1IEA AN TSN BT a2

N LB AT AT 2 MO 502 (55 » HY Google Trends RIR[EEHIE
FIEAFTRESS(AE 1-4-1) > T AN TSR E N R B (S E KRR B
HWH - BEANSE AR RO EEE TR AR T - HAE
R AT 90%LL | (HEERIP I T AR KAV EE Tl SRR L - P DUE
IR RGBT FEE I i - IR e E A BB AR ey Ve a5
A - HEHSTER B BB BRI DU R B M &Rt o PRI - (R —ErY
R REZE > SRR E R ARG > IR M R BT e 2R, -

Google Trends: A L%NEE(Al in Japanese)

[4m

NSE DM <> =

Current

1-4-1 By " NHIGE ) % Google Trend 7 ## =) 54 H
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CRIEPI {EIE P /40 T 3 1 A TS0 B s s e el -

Al SRpl
E 2009 9 H » HAGNEA T BB asaol R 4B 2R - R T HlE L2
BE > HARRESIAFIE T #8iE 1000 &2 ERSEVHIIER » &5 ¢

gﬂ”% %@%HQE{/EZ/@% ﬁ*ﬁ‘
B BREHE eGSR (EE/EE) -

feiE _FtEs R}l - CRIEPI FH T 7 & A &% (Support Vector Machine, SVM) 73
RIS A (Decision Rule) » B{EDRAZ A6 1-4-2 AR » HARANE -

7= —0.061 X C,H, —11.214 x C,H, + 5.826

Data of dissolved gas in oil and _IT}?WE‘? _
diagnosis for 1000 transformers ranstormei

Power - il %
Transformer . £ . gt~ ST 0 | e
S L Mew data: analysis of dissolvad gas
' Classification
Quantity result
Extraction of il Hydrogen xc ppm -
{without power cuts) Methane — Derﬂi‘:’éon
Ethane xx ppm . .
Ethylens — Classification x
Acetylene xx ppm
222 e Machine
Analvsis of — e learning
nalysis o 1 : Diagnosis: | |
- | e : inear SVM
dissolved gas 4| oo Nf,,ma|

® Labeling by expertise
1-4-2 FIH] SVM #Ef T8 BR S22
I BT A TS B eea2 By 2B MR H AT L 52 100% -

B. JKJJERIM SRR L (M
HgUK BN ERNEESIREFRERENATTER - 82800
BlEER T EN R EAES ~ R - 558 - BRKRE - JE CRIEPI {E
SRR TET A FERVEGHIES - FLAEAES ARV ES) - [FHHI
R ERA T4 > BRAER LI T3S T&Eﬁﬁﬁﬁﬁ SERTA R ETE Y
1%  EIEIRGEAR - HIRERBUGETEE > APRERE AR -
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Anomaly detection = finding outliers

Define:
Normal data within which the area
Outliers * X covers 99% of data
normal .‘: Qutliers: finding 1% outliers
data \,._ :

hET

*

Labeling by expertise:
normal/abnormal labels for outlier

’...I-l-‘..
Sensor data

Monitor outliers

1-4-3 /KJJ B3 B B R

C. ZRZEEGEFE N
AR ZE R R E NN A ET R oS BEGETS =M > £
BUATER TR E A EIREFIFREERENATEA - 3R
FEARAATEZNTA - BT EEEE R THEEEAVEERARR - Wik
iELE R B e N T TR FIE - FLRT R4 70%HIRFH] -

Save movie to

Check and label hard disc

]
anomaly data by
experts 30% of time

Q@“\’DV camera

(=R

Remove:
normal data

70% of time

Bl 1-4-4 2022 B

2 ER AT ESIEEG S INFEENETT R Z P Rat b sy

GBI NREREA - BF] T — SR - R RIEEA BRI ERE
FA%LUT o B THEMRBLENZ 4 > GEEINEBIF BN ERCR - A7 255 H K
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EEEE - A0 - WA ZFA P2 IIFRERESZARENT - KNIt - 58REM T
NTEZHT AR = a1 S EA R B T R P R Hes -

1-4-5 ByRFTEEE 2 KEUEEEIEREAAE - BRI TGS T 7 v A —F
RIRIAERMEE{F Y Hadoop-based System i &S REHY ~ ##fa K2 BB HV Y 272 (Extract,
Transfer, and Load){7 i ERFHE fifi(Warehouse System) 1 ; B & 7E 2RI I &3 E 5
AV EBERHE AR EN IR e E 25 T -

Raw Data Interior Data Exterior Data
Data
Analysis
Data
Integration
g Data OPEN
Source DATA
Data
Storage

1-4-5 REURFEAMHE

AREERIEH A TR RN - WA SR HAY  (ER T R{E
NEIHY N TR B R - 73 H 1% 28 (Factorization Machine, FM) Jz 4% A2 =0RA 1o 4 4 %
(Recurrent Neural Network, RNN) - FM FH DA B & 235 = K FERY R 7 0 I RNN
R A s 2 E TS H A P e IR S & -

PN (4R R S S A R B T T3 e 0 T B B - FE AR
A EE TR - SRR - FTER - SUOBRS i AR B2 RRE
FEA TR BRI EL S -

Custom.er. DR Programs
characteristics

Rating by
Industry = i Participation times/
Contract Type o > Execute rate
County o B B ',:
Contract capacity ] [= v

1-4-6 33t R R E

RNN HIE—{EH RAVEET77A - IFIINAT Long Short-Term Memory (LSTM)
At - FIFIACSR A SEUE » SRRy e T% n) 1520 —( 5 AE R a3 SRz -
15



i i

1 1

1 1

1 1

i o !

! 1 = Oy i

1 1

1 1

G 1 v W W 1

' 9 1 1
v : 1
1

W | LSTM cell LSTM cell LETM cell 1

: Unirolled 1 P ; ~ : = —_ :
s |—L\/: (O ( ) L -j — OO0, O~
- 1 Q%..,_ B
'y : i Q\‘"‘n__ Qj‘%\__ I -’* W —

1 mwim |.|I'|I|25- ML units l"lIJI'I'I_uI'|I|5 :

1 1

u 1 1
: 1

u 1

X 1 u u !

1 1

: 1

1

l E x|-1 )(l Kirq 1

1-4-7 LSTM /R E[E]

BEREF R A FTE N T B A —/ NV RS » SHSERACE 2 AR AR BN <2
HIRASFT AR R B & T s S -

(FL) Asset Management

KFEBEREEHE  SBEST 2 NS S ¢ 1. CRIEPI HY Shan Lin & Hajime Shohji
S praEEN T e LEE /EZ/EJJ%*Z}E&,\u}”ﬁﬁ—rmﬂ = (Development of Virtual
Ultrasonic Testing System and Its Effectiveness on Training) | : 2. & E4FHFTE 11 =T

PEEL S FTRERAY T B THTE L 1IEC 61968 FyRLEE > %EJF—F”@ijF‘*(IEC 61968 Based
Self-developed Meter Data Management System) ;> DL N3 BlIERBHEL A2 ¢

AL (L A 0 RO 95025

FEHAREBESZ LR  KEREERECRE IR ES - EREEEE ET
EREE G - TR FRL RN S SE R BIRL B B A X SR 27 IRV EE R -
IRIE > CRIEPI 88 T — B LEE NG A4 - bR 17 AR B SR RS Rt >
AL RSN ST IS -
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Trainee

Master
Sensor

Sub-monitor

(Dummy UT Instrument) Control PC for Trainer/Administrator

N

Slave Sensor \
(Dummy Probe) | o

vy f{,«-"‘__—_ e
| T
[ o P— >
Control PC ] Wave data !

3D Position detector ]

Main Unit

1-5-1 R LEE R ARG EE

W 1-5-1 FvR  ARE R0 A IR E R RIS B T AR i ) » 0 Hm
FINYREE SR ERRIPE - S HREHEM N2 BT EER AR (40E 1-

5-1) -

Data 6 (no crack)
Data 6c¢ (no crack)
Data 6 (no crack)

Data 2 (no crack)

ol

Data 14 (no crack)
Data 14c (no crack)
Data 2c (no crack)

Data 11 (no crack)

it

Data 6 (no crack)
Data 6c (crack)

Data 6 (no crack)

o
—F

| Data 2 (no crack)
- ; Data 14 (no crack)
. @ Data 14c (crack)
: Data 2c (crack)

Data 11N (no crack)

A\l

Upstream Downstream

1-5-2 BB E AR R4 P E

RA IR E AL AR R S AT > TR R E BT 2 AR REE SR
SCERHVRICR » T RBURAEINGR ~ W52 RENER ~ Rl Z FIIER B (A Z Sy 2= 22 -
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* 151 AEREEZEREAFEHRRER

High skill (9) Just certified (10) Non-UT (15)
Common Background Same as left Same as left
instruction How to use virtual system Basic points of UT for weld
Key points of detection
Detection / length sizing Detection/ length sizing Detection
Pre-examination | 20 min (maximum 40 min) | 20 min (maximum 40 min) | 20 min (maximum 40 min)|
(Half of pipe) {Quarter of pipe) (Quarter of pipe)
Additional information Additional information Additional information
Hands-on <Virual system= <Virual system> <Virual system>
practice Feedback pre-examination | Feedback pre-examination | Feedback pre-examination
<Actual sample= <Actual sample= <Actual sample=
Experience actual crack Experience actual crack Experience actual crack
After Detection/ length sizing Detection / length sizing Detection
(Half of pipe) {Quarter of pipe) (Quarter of pipe)

2. 51TWHE LA 1EC 61968 fyiLtfE ~ ERRE R EH P& ¢

TR e RECR 0 e B 106 4EJERRT5E K 1000 =2 26 3£ i (Route A) &2 5¢ i i
(Route B)ZHE Z 5e % AMI ATENEA(AE 1-5-3) » [NIL > NIEAGTE - AFTETTHIS
TEEREHNEE S TETRSNE R A RS

Per Minute

Real-time
Info
Application
Service
Server
I - -~
|
| .
I L ((('))) /___\ . : L ._?:..
I - o I Ve ¢
A D ol @iy
: - |:-;;, I ﬁ ! ¥
Meter Data  poadend 'OUte A route BII Meter — In_-home | N
| Management ¢ — d"Gate“ay Display(IHD) HEMS
| System I o I
L — —(MDMS) S | RSN Y

1-5-3 1000 AR EBEF nEE T E AR

SERAV RIS (AM) 2t & TR SRR - BREBE N 2 EsHH
(Route A) ~ BER E R iEln < N 54H (Route B) L EERERVEH L 4H(MDMS) » Hrfi5g
FERETENAINGHEER - fEE R X R E IR MDMS E1TER .2
&7 ~ BRELER] > REE T ERIRE B IE R A G KR AMI EAR ERE TR E B 44
AVHELRE > AT RIS ZTREER P& » (BRI ERIEHE APP iR « R
I ENF FHEE & ~ THAGEES ~ IRt ESE - SO EDR - ISR EERZ
18




AR e s R B R Ty

FREEREH 55264 MDMS(Meter Data Management System) Y%L I AE
LUK B Route A FY HES MEERINAESS - BE{E A 4RAVERAS 28 0E 5 - MDMS £.5 P6 47
HIEYT P EDIRE ~ BRI - VEE RS - fEFERIER - ERMEREER S NEERHE
Fi Maria 77505 » B 2ERMEH HBase MEITHAN R EEIE - TR T &R ] DLEHH
17 > MRIHTERE T AL R IR0 OMS ~ WMS B2 CIS 5 41T/ M2/ - mT DA
F P6 4 HIEE restful 2K M EERE AITTRY T2 > 1T B RTAES/ M MDMS Kz A El Web
Z FERIZERR A restful J7=AAETIFY -

RS RS RS THRERT Y53 By API~ Web 2 MDMS > API Iifi Kz Web &l (5 F Hbase
Y restful P TE R M > ] MDMS S55—(E restful 7 riifeft Web InffEH » 40
gEaR! A FISIEAKIR - - EEVAEREHECR T SHETTARI A AR B 1L DL R FE Ry sE M
W - RIS EEE R 71 B ATE Route A Iifify P6 )T 4% 1T LLEE HES ifs
GBI T AT on-demand SE7% » I HAFEATREIL HES FT{E AR EFRA
ERER > MDMS ZESE LA A Linux BEUE LGS CentOS 7 U F A2k
TTRASEELE

MDMS

Message Bus ]

T
m
w

aJelau| dYOS 9d

|
|
|
|
|
|
i
|
|
|
|
|
|
|
|
|
|
|

[a]
2 |eg
& o
O a-—
g g
= =

1-5-4 MDMS $RAGZ AR &

ARFHEMH T REERHE » HBase K Maria DB  HBase & —{[EFJRAYIRRAHIAL 7
&R (NoSQL) » BE£75 T Google 117 BigTable #7Y - FIHAVFE X EES Fy Java -
/& Apache #RESELEE 1Y Hadoop HZEHT—HL57 » BU{THY HOFS iR A& > Ky
Hadoop #Z{LHH({LIA BigTable FMEHIARTS o Rt > B 0] AATEREF R EMEHVE R -

TEAEE T Hbase [ 2 EE(E load profile (VB FRER » (FEEAVESEF » —
(B R — RO 96 FHTHEER > [TT— LR LG T AR - o4 Kwh
DLR: kVarh 2 » 252 1000 {E{E— K gt &rs 4k 96000 48 » FEE—EHA 3 T 5 5%
5 KWh 2%+ 1T KVarh HBAFATSRIEE 08  SRAZREN - SEDRIETFE
YA B 7 (R 7 S R TR+ R e e PR e o B e o
T Table Y schema KR FISEEAVRRE » &R readingType 2KE&4T » 43 B R [0
EORVIIAE ~ EORHER B8 - WA AR > B row base (77 HEFT 6T »
A LURIER [E]Y readingType ARRIIEARZRIETE, -
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I MariaDB & EEEBE 4072 MysSQL Y —{#l 737 » EFHBHR MRS - 2%
F GPL 25T H] MariaDB HY HHJZ58 2 MHZE MysQL » ELfE APl Flar<31 » i 7 REHE
FERCRy MysQL YA n[5] -

AEtEHVERIEE - HFER - sNERsSEFNERBRA Maria ERIERT
HaERE B T EREGF - BRI RSETESHER - MHEERTIEA ~ &
IR ESEMERS - HRAGTERR AT SRR KEHEAHRE

MDMS £ Route A Ui HES fy—E w1 T > FHRATE S T B &1 MDMS Ui i< 2l HES
I > HES Uit &4 HEE R E R E] MDMS i THEHE - EEFRERIEE Route A Iy
HES {345 MDMS & & T— R AU BR B - {(<HH IEC 61968-9 AR & ¥ A iaH 7 =
Y 2 (# ] Web Service SOAP B2 IMS AYIEEZE = » 1F & EE H Al P6 AR &1
A LUEE RS M EEL = IMS LUK, SOAP [Wife » AnTE5 75 H H rh iy SOAP {E By Web Service
IHE S 72 Web Service 7R [E] A —f&HE AR (5 FH E2E Y HTML Web Ui > Web Service
F=—TE AR A RSV RGNT - A IEAERY Web [iafte tik s - HAVE RGN EFEE
(I E AR AR 5 PT DLE HRME © FRIE W3C HYESR © Web service JEE & —(HEES 4% » A
DU Fr4ga& R B30 D EelE - S4SHREEE S E R (AP) A
R > BMTEEAEEE o FIAIEREAEREAERS (Internet) FYIEFE(EIARMELG - SUTEFFT
PRSI K -

MDMS [ T #Ux Pe HVERE Z /M & A E R % HAVEHE - 40 on-demand % - it
% Web Service g7 HES BAEL » MDMS I#{E F random HY Port B HES {73537 »
HES Iy Web Service [&| 7 Z{d F namespace £y http://itri.tpcami/hes/2017/ H K=\ %4
T# £y SendMessage(xml)iy Web Service ZKEEix MDMS FEAAYER} » F{EARBER AT
At GlassFish {F i FH {al ke 7 Mg 5 & > N EDE A JAVA EE 1.8 #E{THHZE» 1Y CentOS
2785 oracle-java8-installer » ERHEI % 2 PRI B S8 A =050 - 2900 /s -
BRANREREETE - ERERGEHEE -

MDMS Z:&7fR 1 RJ LAUTEE HES Ik ZRAVEER E RN - BHREEE AR ERGEIE
ARSIt > A REEERGE ] FimbY APP UG SIFHBARVEDS - HEYP MDMS R %
iV EE N EVEE A BT ER SR E - FHELR VEE iR o fEAETE
EfHE Rest API LUKz Web FhEIfi R EE A S

| | Rest Request —
It 5
]I Rest Response
MDMS http://devmdmsweb.ami-tech.tw/api/getValue Mobile
APP

1-5-5 AZEFTBHEEZ AP IHIA
RZEFTHHEE 2 MDMS LA HEUNFEE Route A Ui EERAVERINAE ST AT LAGE
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FINBERIEANEETTE R AP AVEGH DR BRIV E R Web {LEUR > IEAMI AT LU
FMEAT—ARAVSE RS R B ACEE - IR B A A R AR Y SR B R A
MR —EE 2] APP Uil o] DUEAH I S8 T (i BRI o] ARG IR HEAY R R R
> WA PSR VE B BB B R ARG HE TR R > AR ARG SRR
STENESZT > BECHEEENI N A BN HZEGETEIRAET > K] D
e P6 HYALHED  KWH BEHRHIIEAZE MDMS DU, HES J5ZE A APP IiFlT a5 RN L
REMETT— (I T B AG T AL SRS BRI AMI Rp A B BRI -

~ 2018 FRETE SRR &

(—)ICT Application and Digital Transformation

FEL R A AR A (Smart Grid Architecture Model, SGAM) & —7#&# SG & B 5 Al »
FAAR M fetfiiZ AL SG Z (EFZEHl(Use Case) » HifE SG IEAIARTEME » A& rA
CEN(Committee European denormalization)/CENELEC(Committee European
denormalization  Electrotechnique)/ETSI(European  Telecommunications Standards
Institute) » £y H AT AR 2 (3 H 2 B E B ARSI DL 3D J7=0 23 SG
[EFZE 0 2 AR RE TR HACHI ~ B A EH AL T ATERK A EEE - 4
2-1-1 FioR > PRy X EHEE JJEiEL Y @& - B S PR RS
(Generation) ~ i E8 (Transmission) ~ it 28 (Distribution) ~ 47 % =X, 8E J& (DER) B F =
(Customer Premises) » [& Ik & PR G0 5 F2 F7 (Process) ~ ZE5(Field) ~ fff(Station) ~ ##EE
(Operation) ~ 1 % (Enterprise) B 17 5 (Market) ; T=E H N1l & Z 4 @
(Interoperability Layer) - 7 i & 11 $5 3% {5 [ @ (Component Layer) ~ 7 =l [&
(Communication Layer) ~ & :[[& & (Information Layer) 17 50% f&(Market Layer) = Fy5y
M — 183 2RI AT > AR E5 PR Enterprise Architecture RHZEEAS » 80 E 2
SGAM toolbox H#EFT o4 » KFHY T #1¥H{H FH ZE PIE TR B A -

E CENELEC ETS{(C—) yG .
SGAM Framework

ssssssss

Interoperability
Dimension

@ CEN-CENELEC-ETSI 2011

2-1-1 BRI



RESTIul AP1
v

Web Service Web Service
v v

‘Web Service/ RESTful AP1/IEC 61850-8-2 XMPP

SCADA/ XMP
-

1 XMPP Client
TEC 61850 Server  TEC 61850 Client

HMEER
R % %

.
I - IECG185082 XMPR YB[HMZ‘ 15

s

EmERETs

-
XMPP
Server

‘ IEC 61850-8-2 XMPP

@
. Modbus/OPC/DNF3...

| seie

i A &
"’\i B8

38 D A

XMPP Client

J
-

& 2-1-2 JrHE AR BT 5 SRS E

System Analysis Phase

D —

Use Case Deu:elop Develop
Analyss Business Function
Layer Layer

System Architecture Phase

i

Develop Develop Develop
Component I“’T_’:‘Z:'o" Communication
Layer ¥ Layer

2-1-3 SGAM Z[EfE 7

DSO

Flexibility Contract

wBusiness Actorn

Business Goals)

Monitors

Utilizes Flexible
Loads

Generation
from DER

{from Litilize Floxible Losds)

Flexibility
Operator
Optimize
_____ Energy
Costs

% Business Actors!
Fecility 0 perator

{from Busingss

&mmr usiness
Actors and

Actors and !
Businass Gasls) Busipess Goals)
i

Provides Flexible
Loads

;:fmﬂ'?m vida Flaxibla Locds) N
!

r
s
winvokesy
4

High Level Use Casen

High Level Use Casen

Control EV Charging

Demand Response

{from Control E-Cor Chorging)

2-1-4 Business Layer {51 FH ZZ {57

{from Damond Responss)
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>+0

1.DMS connects to PV

o
-z
w
°
<

E DMS connects to PV
XN{PP S*rver
| . “ | PV returns information to —_—
! 2. PVreturns information to DMS ! oms | ) cmee O
E E T (from Information
: : Objects)
End
2-1-5 Function Layer {5 F ZE 54
Distribution DER Customér Premise
: Trading
Market @ oystens
1
Entérprise E:JVPP -
Opeération : /—t)
%’ e o] Faied e e iy _:::————- Desktop
DMS % Mobile dlient

et .
- » // / ”,: 1:‘ Devices
Field s_ @ @ @_ _5

PV Gateway ! EV
=
M T

Meter stora ge

2-1-6 Component Layer {& F ZZ 55

PV DMS Smart Meter EV Storage
xb‘c:.\];“:-'"\;lwﬂ (‘SE;EI"%;;:UK cﬁ‘;‘:{:mw ‘ih‘\l\:l:’u' lb‘c}:;?i:\;w')
i ; y i
(= Sl=S Eg % %
ateway DMS Cc/:[\ntrolling App ateway EVIED Storage IED
-I‘nlﬂsl

=J -
2-1-7 Actor Mapping
HSLRIAE 212 SRR ER TG A R S U R E A
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FHZER - e 2-1-1 B ER R A AL R~ B 2R EE 4 3D LAY » (KIIE SGAM #§ /=
27 » 97 By 24 o MTPE B (System Analysis Phase) i 247 2284 E% (System Architecture
Phase) » #lI[& 2-1-3 AR 5 R W T EL 73 K[ ZE B 7347 (Use Case Analysis) ~ 325t
Business Layer /\Dy\DJr Function Layer » Z &G ZEREEES 7y Fse% T Component Layer ~ 3%
=t Function Layer EiZGEt Communication Layer ; {5 FHZE (1] B0 =UEE R Elm 2 & 2 JE
F : DER H[IHEG Bk M & E S T > (7225 Business Layer B Function Layer » %[1[&]
2-1-4 Bl 2-1-5 Ffi71s > Business Layer DAR[HF &G 17 0 B AR A it 58 B AL M 22 i a i
‘E it Use Case » DSO(Distribution System Operator) B[JHF 55 7 pd N A e R S BB I T
S e M EE G S5 K4S Operator » Operator & EV 7p 2 Hi%E & X [ (Demand
Response) » A& DL E K} fE £ (Data Acquisition)f £ Function Layer 2— High Level
Use Case (HLUC) > #[[& 2-1-5 Fi7~ » /E[& Fy DMS %45 XMPP Server Eil PV ZE85 7845 ~
PV 5 [E B &N DMS » A E BieE 5 SER RS ITIEEE » #EHETA

AP ES - B E Component Layer » 4lI[E 2-1-6 AT/ » X iRy B GIIEIE -
EEJ%%_% BRIy BEEe e IR ER Y DER &R - 11 Fo 865 2 £ 4 (Distribution
Management System, DMS)J&E A Distribution &I » 8 im{ TEIAL B BLEERSE & BN
FUESE 5 Y il A& SR - o HECAEIR B Field [&@ER » iy F- 5 - DMS Bzl {6 H
B} Operation &g » EHEEE M (Virtual Power Plant, VPP)E A Enterprise &R @ X

Gy B 5 Market [&@IR 5 BE 0435 By H AT 58 B AL O 48 Ry AT B R AR T
% 2 B3 (Actors) 6 FE Q1 [B] 2-1-7 Fios 5 EEF K FEE Information Layer Ei
Communication Layer » 43 5l 4l[& 2-1-8 Ei[E 2-1-9 Afj7ix » Function Layer H At HLUC(Z
T B B ) AR AR A BRI A HAth b 95 2= B AERA SE B S A oA (F - DA AR R DD RE BARS
R -

Distribution DER J CustomerPremise
= Tradin
Market $ Systems
IEC 62325 ',__
Enterprise g vep
Opération % ___l___ teceiss, 61970 _
DMS // 1 1

ﬁ/ﬁleéo-ht‘: 7-420 Devices
Field 7 ok 1 T
) B Seem

PV Gateway '

G~
=

Meter Storage

i 2-1-8 Information Layer {58 F Z{FIFHH7

24



Distribution DER Customér Premise

1 Tradi
Market $ Sy:tde'"mﬁ
IEC 61968-100 ,
Enterprise VPP
IEC 61968-100] i
Operation %--- | _iceises100 w Webswﬂ_@
DVIS // - \\' Desktop Client

T
/ 519‘50-8-5 obile Devices
1

1
Field ¢ e a2 & =
Bg YL
PV Gateway /!_Modbus/OPC/DNPS
=D

G &

Meter Storage

m

\")

2-1-9 Communication Layer {55 F ZZ 547

2-1-10 APFTEE=E ARUNE [ TS

(—)Renewable Energy and Integration

55— Technical Session HYF K FAERERE » ABRERE T ¥ MHBHRYESE
T~ BRI~ SEETHHIBI BN B ILET 4 T - AN F ST EA =R T
BT L The Effect of Energy Transition on Industrial Sectors at Regional Level: An IRP-10
Model Approach Z5RH > 75738 IRP-10 (Integrated Resource Planning & Input-Output) &
BUEST oM - BRET A EFAEREIRECHT T - AEDERRIRS] ~ IR HE - mEEESR
JE PSR R AR SR R RFET AR ~ O ~ BREE 3 G RIS EE 5222 5 CEPRI Al Miao
Si-wei L1 Cyber Security and Protection of Power Systems with Renewable Energy /FyiH »
ERANH 9 A EREIR OF A J) 240 1% A REAAEIVAERS ~ sxfiZe e s - WEFE %
JERY(REEEEHE T © KERI 1A Son Wanbin L Status and Plans of PV generation
forecastin KERI fyiH » /148 T KERI FiEA U ARPSEER > WEkEH KERI {EARFHE
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BTEH]_ ATy E s\ Bl E]; 5% 1% > CRIEPI HY HideshiKaieda HIJLL Recent geothermal
development in Japan and CRIEPI's research ARH » 71487 CRIEPI HYJI5@R A i 2hEs 25
Z.4%% (Enhanced geothermal systems, EGS) » [[lL27 4 » CRIEPI 3Tt AEH2EE &Y
HEEEE LA AR HBEIE - DU plfEiEsER o Ns -

RONFE|FTEE32 7 The Effect of Energy Transition on Industrial Sectors at Regional
Level: An IRP-I0 Model Approach » F323E 48 IRP-I0 AT SN EEE T - R[E
HIRERECEL AR ~ OB BRI KAV E: - WS R E &I - M P
IS [FIREE 2 @75 o IRP FREAVECA F RIS —(E&R ARSI AY - A e eV H
REUh T By IMEBERSEE ST R4 RA | WK [EIZRER ~ H IRRIERECETIE R » 5
R E A EI RS DA AE & o [REIZCE 2 A2 R ~ & IRdiaiR] -
EARHE IR ~ SRR BURSE ~ T KEEHES) » 1B ERH =S A DI B
[E 5L T ARG Y45 S Ry faT -

2018 East Asia Electric Technology Research Waorkshop
19"-23" November 2018, Japan

The Framework of the IRP Model (1/2) —

® Max & Min Supply for each plant

# Potentials of new Technologies

® Round Trip Efficiency for Pump
& Storage or New Storage

® LNG Import

® Taiwan Grid
® Penghu, Kinmen, Mazu Grids

® Coal Import

® Reserve Margin_Taiwan

Objective Function

Integrated Resource Planning ® Renewable Generation ,

Transmission Capacities and Share
Operation ® Decarbonization

Model (IRP Model)

Demand Response
Resident's Energy Saving
Industrial Energy Saving
® Generation Cost ® Carbon Emission Coefficient Commercial Energy
Saving

® Power Portfolio ® Installed Capacity Portfolio

® Reserve Margin ® Fuel Consumptions

10 @Taipuwer
2-2-1 IRP fERUZRAE

KRR WTHE— S EBAEE S R ETFHHIER T - A& - i - E%E
FTiGEHY GDP fE1%& - FhlE 2-2-2 AJR1 - DUESSAIAE - JLEb R R Z R &S 5
RAMKFF Ry el ~ Rl PUERIRR M RIZE - AR Radtni ~ SiEmEa &
AR Gl D FEERN] GlbmAAlSR KB ERE TP ERE R
MR YRR T4 SR T RE 2 B2 -
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2018 East Asia Electric Technology Research Workshop

GDP Shocks: Regional Level |

Region

City and County L City and Industry
26 @Tlipower
2-2-2 Ik ~ g~ EESERI GDP fEEe

- & Bxen
I Network Security Risks AT TP —

Electric Power Dispatch
Dispatch Center Syetem

Risk 1: Horlzontal | Risk 3: )
Isolation ) Internet Access J

I

I

Security

Zone Il _
Risk 9: Sensitive Info
Leakage

Risk 4:
System Security

Supervisory System
in Wind Power Plant

Risk 8: Personnel p
Management

i I 1 1 _ {
Risk 2: Vertical

Authentication

Local Supervisory Device
in Wind Power Plant

Risk 7:Remote
Maintenance and
lllegal Qutreach

Optical Fiber

Wind Turbine Wind Turbine Wind Turbine

Risk 3: Physical
Security

2-2-3 FAEREIRPFER 2 2 E R

CEPRI HY Miao Si-wei fff#$32~ Cyber Security and Protection of Power Systems
with Renewable Energy » ZrE&EmaiH! S A REIROF4E1% » BB ] 240 540G R REFEAEHY
Tl - B 2-2-3 FEJIERIGIT - BRI EREEN - FEA AN SR
REWEREZER - [ - —EPE R AIZD S48 24077 Y S E s - B T E
Wt E ~ RS FEL ~ B ERSNAE - BE DiEta e R laE A ER e EE

27



Hirp o A BRI A TR ELIANNE - P ERR R VRS E R - MR ERIE
ZEHE  AE T B AREIR ) B % o s R A S T A I R
i > A ARG ARG TR T S R — e AR YR -

KERI #J Son Wanbin [l Status and Plans of PV generation forecast in KERl £RH >
T4H T KERI HYRFS Y BB et B AR RAAFT LR & - 12 K5 845 & E THHIHFT K
Ry FEES T ZHAES  BUE KRB - SEtEA - O - gEX
SRTH R 2 B TR AR AT R R - F Ry RIS BB B FUN 2 (/I © &atiad
FEAIDIER R &R A - E# IR AR EER (Support Vector Regression) #EfT
EEFELOFN - EMGH ARG CEEEETRAE  BEBA AR R4S R
HIAE R - N EA R ENTEHIERI - MR TR R A0E 2-2-4 Fis -

CRIEPI /1y Hideshi Kaieda #F%[J Recent geothermal development in Japan and
CRIEPI'sresearch fyiH » 414H CRIEPI fEMN NG EE J7 HIAYST < CRIEPI H FI#HEA HYINEL
ST BRI THIR Il Rz BV 22478 (Hot Dry Rock) » i385 RE G A E LUEHY
B EZA RSN EMA o S H BN R A ECRRIVET AR [E o B2EE 2 A
A RIS R M H N IRRIE B B e s (BIaEE s/ NHE)
RIEE CRIEPI AN E BRI B2 S E A s A MBI ST R » WE 2-2-5 Fis - g%
CRIEPI T2 TSR & EEE B4 - BRIEBE KGR - AEREEUEAR
B AR EICEITINER - DR RS B 8 2 40 2 S B 0RS -

Ensemble model

» The ensemble model shows the best result during
2018.08-09

12
10
] ]
m Ensemble
= ® WRF-5km
® improved cloud-irradiance
a ]
Persistence
2 |
0 ~
Aug Sep

. » We will keep track the results.

2-2-4 KBt EERM

Error
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Geological investigation

Underground structure exploration
(Geophysical, geochemical)

Artificial reservoir creation
(New multi-fracture creation method)

Fracture extension evaluation
(AE observation, stress measurement)

Reservoir evaluation
(Tracer method)

Numerical simulation for heat extraction
(Tough?2)

Environmental impact
(Induced earthquake observation)

(CRIEPI research review 49 https://criepi.denken or jp/research/review/No49/index_html)
© CRIEPI 2018 16

2-2-5 BZEE R AR T B TN

(=)Maintenance and Asset management

AFEEILE UE SR S 47 B CEPRI AYRIRHIH#E 137 & [High Efficiency
Status Evaluation and Lean Management for Main Equipment in Complicated Distribution
Network | ~ KERI Ay Dr. Oh Yeon-Ho #;#5 [Thermal Interruption Characteristics of 72.5kV
CO2 Self-blast Circuit Breaker | ~ CRIEPI HY Mr. Yuta Makino # 15 [ Partial Discharge
Characteristics of OF Cable Model Insulation System with an Oil Gap | ~ DA ARFTEERE
HAEIRT RS (L1 e R ARG - RBRAEER 2 SREER i Be&e 4
k) FIARPTREE = AR TEE £ 81 KEPRI 1) Oh Yeon-Ho fliHE(F4L[E F#A -

1

2-3-1 iR FH R EL KEPRI(URILEEEARE Z £ A
CIRTHERFREAHATMEAT
B (RBR B E AT 30 FR4% > L-1 R RIE IR R E - iR S 3R e
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fRAE > FRE S Ay - E TR T A AR R > (N R Rce L (RO RIS
PREEMES e - TR RBER L1 @R - M L1 SEFER AIDIERARE
Q0 A HFEEHE 85%EHE - DIERFE TR 2 FE LUCREEE R 224 - it
MPRENTER G¥K 2 IR ZRGEEHE R E » SGERERETRERAY T
IR R L2 WA 85% LU misliE i I~ - RFER 227
TBIE « i RFoRE R ERIRAE 8S%IEHEGEEFIL T » SoREER Z AR H
FEIFS ma S /)N 3~4% o 25 DURGEGESS - RIS oREEE R 2 & g a0 m
HOK 15~16% > FRIMEEIE ST oA i% S SR SEARAE 2 IR EEACIZ TE R B 0 07 - 255RBE
FIRVEBIE RS 2 T B/ FEREDUHE (U7 2 M ] e im e s T A s B
Lk

Torque
320 ¢
r /—\
300 |
250 | 1 —100%
Z 20 | P 85%
- - e
M) Pt Org
F —
220 1
50 1] S R U N
0.0E+00 5.0E-05 1.0E-04 1.5E-04 2.0E-04
Second

[l 2-3-2 PEEGREEERAR A IR RO N EoRREER FrR 2 Z 21t

& 2-3-3 AFTREIRE QIR TH A ETHRE
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(Fd) Smart Distribution Network

REEEIF RS S - 77 hlH CEPRI HY R 1%+ 2R & Multi-status
Modeling and Event Simulation in Smart Distribution Network | ~ KERI FY] Kim Seul-ki {#
435 T An implementation of IEC 61850 distributed energy resources cloud IOT platform
| ~ CRIEPI #Y Kentaro Fukushima {5 [ The Development of the Coordinated Control
Method for the Voltage Regulation at Distribution Line | ~ DLz AP & = 1Y E B &
[ An implementation of IEC 61850 distributed energy resources cloud IOT platform | > [

APRAE IR 2 0 S RN S 8L CEPRI By IR HE(T 2L [E F 4 A -
HRFNE R ERARAEA T

Ao B RERERAY B > sy URe R E MR H iy & - BUEEIRER
A5 ARV RERIR AR A S e Z FEAERE TR AN - DUESH A RETR }Eﬁé%
Bl HHAY

RIE & B A BRI EZ B R - KREFAEREIRTHEE N E T 24 2 fa e Er] 5
s BELSE » [ AERERERNRE O 2 B E I E - FIRE TZE G (IEC)HR
IE4RFEBUERT AR~ EIm AR » A 5{E 1EC 61850-8-2 fEAE(H A A AE{HEH
HHLFELE) € (Extensible Messaging and Presence Protocol, XMPP) 1 {25 IEC 61850

CNN

ZaRE -
=8 R'PIAY

FH BN Z B g BT & B 2 B 5 AR 7% Bf I %247 (Open System for Energy System,
OS4ES) » HAZL B AR it — (R XMPP {738 it Bl 58 2 BE R AR % 5 11 2478 (OSA4ES) »
DLEERR S LU Bt 2 s B ERENE R H BB S » ASEERTE OSAES 2t [HE
fER[ H (Plug & Play)HR 75

FERRHE T E I > 3R 2-4-1 ST HATE .2 6 fEYHdd(Internet of Things,
10T ph E HET TELRE - 5 RBUR XMPP B R E % | ~ Al BV Rl
- HNE BB GERSEEEENE - (£15 XMPP Fy H FififE—#EPRERAE 1EC 61850
Firef 2 10T EHE -

% 2-4-1 10T @A ELbEg

XMPP OPC UA AMQP ZeroMQ YAMI4 MQTT
wEne | FEm | FEm | @ | FEm | T
TmEE | R | RES | B B | FEE |
2R & 2 & 2 & &
R = = & E | EEE | &
WY R P ke |EC
%}fiolﬁfwﬁ 2 = = = % &

31



2-1-2 Ry Re R Bl G R A2 248 E - bR H T2 BRI - &
JEEJ& Gateway DhRE Fy et fh e BLE AR AYEEHA - 1 Modbus B OPC iz ih E 45 FH
B S B EHES (Elipse Power ARG FT £ IEC 61850 7 3UITEAE 7 B 2R AY - 7578 IEC
61850-8-2 FirER 2 XMPP i85 &R EEHE XMPP Client(Gateway Ui) &% FHZE I V- 5
HIHE 7% (Platform as a Service, PaaS)f& > XMPP Server {EiE % XMPP Client » 2% 5 i3 iH
(= EfE A (Common Information Model, CIM) B3 3 & ik BE i #4 (REpresentational
State Transfer, RESTful) APl FF& - {H 2 ZE I e Rl I 75 (Software as a Service, SaaS)
» A FH Web A ATHRALIEH 237 - XMPP & —FE AL XML AR i B A ER fnh e -
FLAE 2005 FRIEFERTY Google Talk B 5 Hi%% 2-4-1 A1 » XMPP HATR S HUfEEM:
B2

2-4-1 5 IEC61850-8-2 Z ZfE[E] » [ FH fy 2t ai=ae R EL &y - HR IEC
61850 Server J[ 5y XMPP Client 5 F~EEBAI Sy BEE P A gEIREL Sk - Q1R $5E 2 i Bl 42
&0 02 > H & IEC 61850 Client 71 2 XMPP Client 5 H[EZESE 4 B XMPP Server < IEC
61850-8-2 XMPP 4% 1] 47 £ HOP to HOP(J1 i 5 HOP to Middle)Ed END to END RFifE »
IEC 61850 Server(XMPP Client)E IEC 61850 Client(XMPP Client) A& RIAHARE » BE e
JEETT XMPP Client EiL XMPP Server(HOP to Middle) 7 7B45 » [ 78 45 2 4 kil FH il
% 4 Tih i (Transport Layer Security, TLS) k fij B 5% 58 81 27 4 J& fih ak (Simple
Authentication and Security Layer, SASL) » FINETT Z-4imiE BLETTEIEE BT
XMPP Client B2 XMPP Client(END to END) 7 7H45 » [F i 48 Z- M- B ASN.1 XER(XML
Encoding Rule) R ¥ XML ERHETTIN%E » DAMECR S0 A2 A S il B L R e »
IEC 61850 8-2 £k XMPP 7 -4 {Hili i Hil 21 E 2-4-2 Fiow e

<= > Hop-to-hop

<€—> End-to-end, unicast g
% End-to-end, multicast WCB1890 & Jceiee

1HC G185 Clent Servar Cent

2-4-1 IEC 61850-8-2 Zuf&[E]
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| End-to-Middle Security

End-to-Middle Security |

| SASL Authentication

SASL Authentication |

XMPP Client to Server XMPP Client to Server
IEC 61850 XMPP TLS channel XMPP |, TLS channel XMPP | IEC 61850
Client Client + Server + Client Server
Encrypted Encrypted |
payload payload

I 1

End-to-End Security

E2ESecProtocol between IEC 61850 Client and Server

IEC 61850 Server

Application

IEC 61850-7-3
CommonDataClass

IEC 61850-7-4
LogicalNode Class

IEC 61850-7-2 ACSI

SCSM-8-2 (XML Messaging)

XMPP

TLS

TCP

iz

Y

IEC 61850 Client

SASL
= 1TILS
Application
E2E
IEC 61850-7-3 IEC 61850-7-4
CommonDataClass | LogicalNode Class
IEC 61850-7-2 ACSI
XMPP Server SCSM-6-2 (XML Messaging)
XMPP XMPP
A A
TLS TLS
Y
TCP TCP
i P

2-4-2 |IEC 61850-8-2 £ XMPP 7 Z- 4= {Higt ]

Loading Balence  Loading BalanceSRe o
lstanffyy) (ﬂtc}wate)
& = e
T L2 Switch Fircwall
— VB f
Server 2-1 W 5
12 Switch "' Site 4
(& |
[SEEE]—— - _
w22 Sy o=
ol L 5““i"_| Firewall
i |
Lo )
Web Server
() ) W
Seever 3-1 N
) 12 Switch
(Bm)
Server 3.2
DB 3

33
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%8R

Server 1-1
Server 1-2

DB1
L2 Switch

|4

L2 Switch
— Firewall 1

Firewall 2
TR1

| | LB 2
Web Server

Gateway

'.'

2-4-3 S ERGE

SRR EL G ARG T 107 FEYEBERGHFTRIMATEERE - 24
JeREAE 2-4-3 o > s E RS AIE 2-4-4 FR > ARG EHIEE Gateway 4§
HH & 3K 1 17 25 (Load Balancer) { £ SE i V- & - E i 1 5 fy = H & 55 22 1 (triple
redundant) > B E L ~ F ~ =& » 5 —1& XMPP Server JTs & redundant » &% [&
EkHE (DB)ER FHEEEE (Cluster) J7 50 » MRS IR ERI—EL - HATFHEET RIGCEERY;
A A IEC 61850 W EAE LG -2/ M TE » T8 A G EEEHATEIFRATIE 2 [ PV ZE558
FHAERRAE PV 28 » BRI G i > T DAETENAE BRI LS Lk PV R 3%

EHA -

FAERERZES L A EERIT AT PR ATIE PV 235 R » B4R A E 2-4-5 FR » PV
IR F AR gk BT 75 2 2 R R 3 (Smaart Inverter) > 33 BB ENALH Smart
Inverter ~ Modbus 2125524 OPC Server » 1B OPC %% Gateway & 5 IEC61850 &&
B DUESY 4G B2y ¥ AE 2-4-6 FR s Al ZEETTEIFEE H Web B A]
fACIEF E3E - 20E 2-4-7 s
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InstaMag

2-4-6 FHERGHRES - OPC T HEEH Gateway
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" A T

Cloud based DER Management Platform

2-4-7 SELGHIFTRIMATE PV ZEGH IR T EER

2-4-8 S RIFIH S L CEPRI (URILERTARE Z EFFA

2-4-9 AprEilE ARFNE BT RS
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(1) Testing & Measurement

A Ry M B 501 (Testing and Measurement) » S EIERE 2 WA ELE ¢ 1. KERI
[ Jung-yoon Kim SeA=Ff Ay " EERET-HE ¥ IEC 61850 FykLhfE > 1ED Y& R [EHiwfH
HY#E eSS 75 = (Complex Evaluation Approach with EMC and Information Exchange
Conformities about IEC 61850 Based IEDs) | ; 2. S EB4FHATE I EMITHEH Eﬁﬁ%ﬁﬁ
By T EEER BN ELAGOHESE S (AMI Communication System Testing Platform) |
CRIEPI Y Kiyotomi Miyajima 542 T/ M 4ARY T BE RS AR BRI SO R %%?i“
HYELRERH 7T (Basic Study on Electromagnetic Field Affecting Unmanned Aerial Vehicles
near AC Transmission Lines) | DL N7 RIEREHE A Z ¢

1R TS 1EC 61850 Sy RERfE > IED AU EBRTIAT# i 7= -

BRI E A T R BT AR a RS R TamA e 2 — R AT

— RS ESHE TR T &R L N B R DUSIERY T ARsT 28

FERVEEN - AFERTEEEIFTHEE]HY > IEC 61850 Ry#EJJH3E HEILIEANAYHE—FZ 0
SRR H AR A R R Rt 7 B A sy B E L -

1F 1EC 61850 FYE A 7 1% » FJHARY#EfE LA Station Bus fy - - RFEEBRELEL 17 T 1%
FIHVE SRR Ry T 2R 498 (8 2-5-1) 5 ML 4EEZE MU & NCIT (Non-
conventional Instrument Transformer) Y25 fE#k B #X > 1] f Process Bus HYEEBREE 7t
OGS E PTG E B AR R SR E 1ED » B RIE M RAE T Hise e Tk A () 2-
5-2) o AR AT BE EL FARFFHRIR A A IEC 61850 HYf7/E > +% |ED 1] B2 CB 1Y
B K PAG > HE— A CEE T H B LAVZERE -

IEC 61850 Station Bus

Replace wiring and legacy
oo protocols between bays by

digital communication

IEC 61850-8-1

[ I Interface to f'eld

| Hardwired point to point

|, connections between ?

I primary and all secondary —

| ?qui__pme"t [ ¥

& 2-5-1 IEC 61850 Station Bus & E& it

37



|EC 61850-8-1 I

% Digital substation

1) All signals digital, station and process
THET 2) Analog, status and commands
= 3) ire once, distribute on a bus

I MCIT | Mon-comventional ingtrument transfonmers

SAMU | Stand-alone merging units

2-5-2 % IfJEE IEC 61850 BEEEFT

WRHENZGH B E SR ER  SRINTNEN S HEES R
AIREIE A RUEAPEE TR - NI - AR EZAERRET EMC ¥ IEC 61850
Ry BRI 2R B ST A (8] 2-5-3) -

* Requirements

+ Test method
— Energy & frequency
— Test level

* Interfaces

Frequency
Typical range of EMC test

Example of g.::.::’;-ral t;;‘;.prt;fii:ew:.
2-5-3 EMC ¥ IEC 61850 Fy bt & T S8 s B AR 5024

IEC $2 {1 1 RISt B EL 2 A S (R A Bl Y R i A MR IS 7 - SR
B AR & (IEEE) AR |EEE 1613 AFA4E Ryl prim (S e St iR e (i EMC HEtaY
R PEREREAE « ZLfY 1EC 61850 FEAER T Gr 34 Hy B SR BR g S (e EA B (I i RERE il
T A E ARG E - R EREEN DR EIE EREE > %
LHAE Sea FENREAE R BRH (S B A Z A MET - AR e P sl 4 288 P A (3 Bt P M FH Y 2
SR B (bit error ratio, BER) Z SHHVEEAE ARG Ec it REHE - (B2 » AOH
{50 P 208 B0 30 (5 S AR Y SE R I R B BRI At e Y ] SR

TEASCH » KERI B T —(EERSOEAE » F T i A [ RV BB L5 (Generic
Object Oriented Substation Event, GOOSE) 845 1 S il R R i (S BE A A 2 B A 1
1Y EMC TERE > sZBUEEEETY 1EC 61850 MYEUETIAIRTS - FiAIlE > e T —1#
% 1ED P REHRETR(Logical Node, LN))HYBEA (41E 2-5-4) » &R H~ EM T
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any data value

A m e - _’___—"‘
5 T Insmareous
GOOSE > |#=—— Grouped by -
formattingf~.. Data
DatSet  =—=="F""___ Set stotus
| il
Py as Darvcw -,

y ) g NdsCam
T‘ﬂ o s GOOSE service model
ject model in IEC 61850

2-5-4 |[EC 61850 EiiE 5 &
2AEERIMEH AT S ¢

Y25 B AMI HEBSREE A — > AARFRED S ~ (EEE AMI & K SEER B AMI FEEE)
ok > e A eSS0 DIEAN S - SRR EE S ERGE T =UE T
e - SR RGBT - BAesR I S ERAY =IHIRE (iGN - 5T E RETEE
F) o [ - HARR 311 K% - BIRERRRNIEIES - Bflie®) AMI ~ IR M - /&
BNEFREEHEUR - SUHRCTE Z HIEE TR EH A AU (HEMS) B EREEHEEW
ARFGEEZ & -

K - AMI TR % - T DLMS/COSEM 3 BTN AZERoass - HASH
B S5 AMI S IGREE + Hma B BB S G e A~ RIS
PRTSEmA 2 2 T« B IiRE 2  BO Saiastls ~ WIFE A AR - A
SRR 255 Fi BN 23k s B TSR 2 8 BB 2013
FE{K1S 2006 EFTEHT 2 5 MR 1EC 62056 454 » 520 S CNS 15593 478
RIS - Rtk - AR HOEA A E 2 AMI BBEEEE © TR 2% B ONS
15593 HIFEHELE + 3 (KT BRSIRF AR I3 T R A S BT SR R S R T ~ 1)
FEHRARA  ERPILE OBIS 55 -

39



IEC62056-61 #{Fa Al %45 (OBIS )

COSEM — L
IEC62056-62 77 HEIZERI (Interface Classes)

DLMS IEC62056-51 IEC62056-53 IEC62056-52
ERERE COSEMERE DLMS
- IEC62056-46 HDLC & il fig iz
EEEA i E

IEC62056-4_.2_ IEC62056-21 IEC62056-31
ERLERIZ BHiEA SR ERREIHE
2 SREfE R =i i1
BZERER

2-5-5 IEC 62056 FEAE N HEARNE

HEER R Y B P ARG - PR R R RAER M E A EE S
Rty > AN EFREERNER DA EWEERE] > gt AR E R
(ETHIEREE - S50 - INIEARIAVESPRS  HBh - ERIREV TS - BR(ERY S —
{1 R ARy P 238 FH A 2 = Y AR BRSO A ZE B A YU SOORE /(B EE  (HARH R Rk R
Z ALY B HRE M (interoperability) o PRI - A ER SO0 ER T H 12 A4 DURREE 1 R
FERRE R B A T A Pl E 2 A ET AR R/ I (B P1 > P2 B2 P6) RSURESS

-

MDMS Simulator ~  [rmmmmom S ss S s s S Ss s ss s s s e

|
L T Bl ety S Local Meter
Configurator

“\ P6

=

Bluetooth

Ethernet

Meter Simulator Web o

2-5-6 AMI #HER AT & BL e 20 i

AN FEFrBEEEHY AMI R R SUHET- & 0] o7 Ry EE R R e ) MDMS 5t es i
KT« B T 2% DABPR TR 1EC 62056 Fy ALt P1 /hiH 5 [fl MDMS Ui
{41 IEC 61968-9 Ryt P6 /1 HIEF T E(LIE 2-5-7) -
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Meter Simulator

Upgrade Value
Agent Generator
DLMS HES
restful Control Server/Clint
Server n-
restful Display n_-
Agent N—'

Web

P6
handler
Meter
Bluetooth
0 e
| Data Version
validator Agent

Pad MDMS Simulator

2-5-7 TEAIEII MDMS f5ER4HS

WER RGP (E TR R Maea T 2 FAN PHAH R AR S b IS RN A4
B3 MDMS 15 g (ORI AP S8 BT T A RIEUHE H #ERES - e IRE
PR ~ BERACE - R - (FEEES > A% MDMS fEHEES r{RIF R
REHEhEL R -

3. RS i AP E PR SR I ER A B AR BRI

fae A% H R BB HRE TN B D SR 5E T (B H AT R SR AR 22 B R AR ER Y
i N\ FABEAE R ZE IR OIS AV REAS T - BBHS A RAR B B2 -

Tower member:
Rust
Bend

Drone Bolt loose

operation Wireless % Insulator:

communication

Cracking
Operator Camera% Damage
( . 5 - Images Contact failure
Screen j 5
a Conductor:
—

Strand breakage
Controller J

Melting/Breaking
2-5-8 JEMIfE AR AR 22 BB AR I A R AR

Fo TR ERNLS R S DR NSRRIV 2E > CRIEPI ££ Shiobara HYMIESEE
TSR ARG © ISR G KOK I EE DR % A -
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[k |

) x >§\< () Power frequency

-. //\ \‘-. Faulty insulator—* electric field
=N

' =

(2) Power frequency

Transmission magnetic field
voltage
200N\ éj Electromagnetic field

Current 7./ || caused by

/ spark discharge
% Transmission

tower

M)

)

2-5-8 HIEE IR A P A A BE 1A 85 S e AP 52 2
R 2-5-1 AR/ R EERERT B E AL

Egrﬁer?flffa c?e 1im 2m 5m 10m
1KA 200uT 100uT 40uT 20uT
2kA 400uT 200uT 80uT a0uT
SkA 1mT 500uT 200uT 100uT
10kA 2mT ImT 400pT 200puT

#2523, BRISHE TR E G

Type of immunity test Fault conditions

* Magnetic compass error
Unstable flight
* Uncontrollable

(1) Power frequency electric
field immunity test

Poorly-
reproducible

(2} Power frequency * Magnetic compass error Highly-
magnetic field immunity test 5 P reproducible

*  Wireless communication
error Poorly-
Memory card error reproducible
* Uncontrollable

3) Electromagnetic field
caused by spark discharge
immunity test
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FH_E A (A T TS AR BRI DTHB R MI - 588 1 SRR 5 [ A
B -

(75) Materials, Storage Battery, New technologies and Others

A RENATE RG> 47 B KEPI Y Kim Seog-Whan -3¢ [Research
on high temperature superconducting magnets in KERI | » E AR F B EEHE AEE
T ey e FAT (S BB 4 B e 755 BE AT BT T 14 5 CRIEPI Y Dr. Yuichi Mita 5@ H Fy
Performance evaluation method for the stationary use lithium-ion battery operated for
long term | » H A T S BRaT B o & MAE H AR ZERE I IE LU B RN 8
AR B e MR YR iT 3 2 - AR FIRAGR s RIS E S AT A R A 35 2 5 A
Frae IR = AT RIS e T AR (BRI LP-2 iR NS REN  Sanath  E H -

OIRTHEHRMARABTHEL T « B2 0 102 5 10 A KERE3E - LP-
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2-6-2 * DIFIRITRE TR il e

5, Max. Principal

(average-compute)
+1.588e+03
+7.830e+02
+7.178e+02
+6.525e+02
+5.873e+02
+5.220e+02
+4.568e+02
+3.915e+02
+3.263e+02
+2.610e+02

+6.525e+01
+0.000e+00
-2.902e+02
Max: +1.588e+03
Mode: DISK-1.1687

2-6-3 * AT RLRIGREHIIE S AR B AU R R
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ERE BRI 240N 2015 4F 2 HBAAGRIUN - F 2R 2 R R B R IG R LR 185 BB i AR
REROtAE R FTiSE R HIARE R Bl - PaAll & S E T AT B RE B A SV A & K 20MWh

J& $HEE AR (Lithium-ion battery energy storage system) » Bg[Ejiig H o 2 40MW > 353
S S O FERE RO B H B SR R/ IR RE T 0 DA E 8RR - H A4
EAE 3-1 For o 5t 80 {IE & fiE(Storage battery container) » fS—{EEEA 18 i
B (Storage battery board) » 5—{FE & 22 (& 15 4H (Storage battery module)

F—(EEMELHA 24 {EHEE(Lithium-ion battery) - [&—(EFEEEHYERE L 2.3V

K& E 20Ah > [E 3-2 Fir o 2570115 %85 (Nishisendai Substation) > Nishisendai
Substation E'EHH 20MW
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...................... 8KV Cub control ‘{-* i | 1
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Monitoring/control board
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Storage,battery. torage battery.
container container |
. PCS  [urren, .
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= room

|

na

L z

Sl ESs

Main transformer

|

) g [ I

. - g 17 [
g T o = E 3 s i
e i = . i Py
o o = Storagé battery. Storage,battery.
‘;“h‘ﬂll}’l l’ 1 i §{container [—container |
; ! =L Transtormer —
- o I room P

= =1t :

= T

T g Power conditioning system (PCS)

B 3-1 I 22 BT A

Storage battery container

Lithium-ion battery Storage battery module Storage battery board Storage battery container
@Nominal voltage: 2.3V @Nominal voltage: 27.6V i @Storage battery board X 18
@Nominal capacity: 20Ah @Nominal capacity: 40Ah (R W i

&

* @Nominal voltage: 607.2V
@Nominal capacity: 40Ah

3-2 R EEIhAH AL
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SHEE T A M BB - DUS A EAYIE WA B 80 (Es T £ A EHE - BINHEE R
AR R (A - HLEE R b 0 B ASR ©

FeRTfR R A SR T RERE A - H RS E A 2 H B A R B 1 280
PRRAETEE > BERERTHY TIE A B 5 T RS R SRR LR EEY A T - A0E
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