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1. BREEEIERNE

ST 1949 R EE 1% B (CEB) » 1965 £ H A BEIZE IR AY
(NEB) » 1990 4E TNB IEZARIT 5[ IPP - 1998 4F TNB 3 /h [ 88 J7/) 5](SESB) -
REJRZ B (EQ)HY 2001 FERIT > 2008 F-H 1 TREAYSE & A - JfY 2009 FHE
Bk ERHBUR > 2011 RG] AR A SUK GRS AR -

Bk = KREHAH
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- EARTHE.EE
® =7:27,995
® SAIDI: 18.05 (475#)

® g% 939 H (KPS,
® s - ACEEEEEE AT 439 +78,981

® i eE ~ ilEE 4%:22,840km+632,929km

® TNB ZEE A (2017 4F)

YOI 5)

AL NE=N
HH *ﬁﬁﬁ %
KH) 2,651.75 18.97
R 198.3 1.42
R 5,422.47 38.8
AR 5,466.21 39.11
AR 237.36 1.7
ARGt 13,976 100.0
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1. BRSFEL © FEHESGESENE - Bl -~ B - KJT - BAER K EE A FE
HI(E RiLEDZAYE 120 km > £300 kv HVDC BAZRE A ik 5 B &7 4B W A2l 230 kv
BB LTI T ) -

2. AL FFERH RIS ERERE - SRR RSB e A
HEEHEPPEHERS ) -

3. JEkhRAL
(1) 2030 FAVLRHER EF# % 2005 Y 35% -

(2) 2020 FARMRBEE I E 2285 5E - WY 2030 FEZE R AR AR R ZE 30% (= 7K )3
&) -

(3) 2025 4 20% FAEREIR (27K I3 EE) ~ [ EURREAHRE R IR R -

RSB ET - HEEIRRmEEE R R - T2 S elaF R
FEE RGNS - I - ERPEET) A EER B DIEZ B ()
SNEIFIH ) AR AL > SRR S ERE A H M ERE T
5% Wb B E R R AR KBTS - H A E(ELINERHERTZE
b BEBOEER RS B A4S S - 405 1 AR E2AKPEEE TNB 24 H]
T EHEG A LERE AR > W HARE 2 ¥ R BB bEA -

Utility Model 1.0
Traditional Utility

SUPPLY

Generation
arket Oper

a Residential and Small & Medium Businesses
Commercial and Industrial

Utility Model 2.0
Digital Utility

1 Ea LB R 2 R



Digitalisation

s — 1 - B = A=

Generation Transmission/ Retailer Prosumer
Distribution networks

' Decentralised Generation & Bi-
N irecti ws v

& 2 o) m s U = E

BIEFRAEBARF AT - SO BRI RMTARE R & TR R s ey 2= (&
SREIRT TR S e IR TS 5 - BIRREIR (SR E BE e (U3 EK > 4
ZIEAAH ERERER - DIERSEE R > BAGIE L& DI T (Artificial
Intelligence, Al) ~ K¥#% (Big Data) &z & i {ZFfii(Information and Communication
Technology , ICT)% T &, - B E TN S Ae A -

BIu N T2 (Artificial Intelligence; Al)E— (&5 A FTEs TURESE N JHIIRE 24
flr - ERZEE - ZARNEN - BE A TESRESRTRAIR a1 - AL TR
AR M NS - LB HE BRI T - e AR ERA - AR AR
SRR -

ANTESEENEN > BARSESS > NI E L= m 5y © A BRHYYEES
e BRES AT AN LRSS R SE pi - Ml H AT ey BR B ORAARRE EORE > RIRIE SRS+ H
FEAVERRIZERIRER © B.ATEE N B AR EL 7 2850 > B3R AR R - C
EEEDIRERNYY - AT DURIRRER(E N BRY AR - 27106 - DAl RIEIE T8 ] %48

BRIy

HAaZ A LEE TR - EfAERARG - A LdaEes - B R
FE > EEN RGPS EFAEA JTH > 40
1L AT T i\ A R T3S SR B R TRl -

HR R RE TR SR BB RS E R ~ B s B ek tiae s - i
ST R Y - (EE RS A R TR R B ) BHE B 3R SRAH HH 4
FCEEAEIRIEE - INICAHRBETEMDT A0 2 N R E S - i © Sk
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(Neural Network) ~ @42 (Linear Regression)E (A% % (Kernel )25 » H iR IERE >
W B RE R AGAENS » FTEPERTRHRE - E2E0RE -
R R~ ERBEREERNTEE o AP AET A ERER ZAER
BlmEESF 3 He HE 10 H~12 H @ BEEb2ERK - 216 3 Fr » Fll 1
4% (Neural Network) i A8 2 8 SE R L TN SRS B & - MR TEDHE R
GEETENRERERGNT - W1 4 B - BUTE AR A @R AT o [ iaS
SREHET R A EEIRAE

Irradiance prediction
® Goal : 3 historical points to predict next one future point
® Training data : 2018/4 to 2018/8
WimZ ® Test data: 2018/9

10004

01
0t
[ n L] filo 1]
Predicted result of September
Taiwan Power Company Integrity Caring Service Growth 9

3 KR IR T

Impact analysis of large amounts of DERs in
Mid-area of Taiwan

i} g‘g E nEh e
Insolation T e :.'"" o, = E
Temperature E @ i il ' H
[‘ I W e RE '
% m  Total (statisticsto 2018.Q4)
B Gen Capability:40.751 GW
Peak Load: 37.057 GW

B Mid-areaof Taiwan power system
Gen Capability: 13.440 GW (33.0%)

g . . . Peak Load : 11.480GW (31.0%)
S Real-time data import to simulator J\_®  NewPV generation field (LOOMW) add in mid-area /

Taiwan Power Company Integrity Caring Service Growth 6
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PR=WAESHpE s ek

BHRSGTAREBESERINFIHEREE - B - Bt - REERR
%o TR E ) AR R BIRFZER - PREERNRHZERIA RS2 - BIBEACRD
PR - (RE R EAVEEIAZER] > M RS EIRET T - AR
IRRE (5 S ) HE - BRRESHE 2 E IR IR E B ERIRASE - (R AT EA
AR DRI ] - ECHURESHIRRG S EE TR - AR0ME
TERIE BV ER AL - BT IR R SR RO ELE - B A
(T BB T RS B B BRI RIFE -

BB THAGEE IR

HAH AN T B AU B B B RO o S R B S R s vy B A B A TR
Mt DAEB R B A BRSO 7% - SR B E RN RIS - B8
FE—DHIRE - WIHLAEE Bh A 5] HIFE A4 (Time Based Maintenance) 7&#E!
HERETS - HE ATHAIAY4ERE (Predictive Based Maintenance) - jRHEi [ S5 (4 s
B A B BB 2R B2 I T RS 1l (P21 438 (Condiition Based
Maintenance) » ZEFEEAEEE(L - GIUBERRESSZETRIT 2 ER » 2 5B 5 556
B J(AEP) A FI B ER SR o A I E 1 - B4 SCADA B4R S EUE B E)
TEHAE T B s g -



AEP /) 3] AHC#) 4 & % DTMP

& Online Sensors
o

c
@
w
o

™
I

New Data

Repositories
(3 & o 3 R )

Performance Model Analytics

SCADA '

Text. fingerprint @ [N ) © Equations ]

.. A O O wrehins

Y ! et

oracLetoad @I
Top il @ Y

Tam> QNN

N
Ppos. @ e o o o o
i 4 P Dashboards

< EM 2 W ZM S Recommended Actions

SN 2l B vl il 3 [J Udated Risk of Failure
@ Static data or information o 2 . 2 . & . pa . S
@ Dynamic data/information % g 3 S % 3

On going development ® ® <o 3 ® 3 ® g.
) wal w £ =
e K s E
Offline Databases A i i
& 5 SEEIEE SI(AEP) A~ E] B R RS S o R I =5 1A

(B RIACE: AEP’s Asset Health Center Report)
A HEFHVETAIREIER -

FEFR BT 28 T AV i S SCADA H45 EMS » FEHI(E9EH EMS (HEa 5%
ol - B(EEREEHEEDHET - 5% EMS ZoREA R EERAIR i HEE
73> A HREAEIEFE AIEHIEIC TR ~ IEHER (I PZERIAR - BB E 2
EMS FYEESRIIRE - A LB IR RN B ol sHis S S AR > 40
H AT E B3 B (AGCHE B I A S T YA AL RIBFZERITIRE - PREF &R
PAEENSN =A% E N

5.5 ITZIEH

R Z e TP ] RE HER AV SR FERI SR > ISR ~ 5
PREHIFB(EE RMEE) - ARERRE - HPRER RS ATAREZER]
Y > FREFI N T Bt e s TH - RASHAFRERIENRRIRE
PRSI -

TN BRFERIRERIARS - IEEREF TRl E E - R
FFRINR D BRH RS E T ECEWIE ML E - A ERKERRR IR g RIS



i 5 IERERT AR BN ERISEAE A IRAE R Py EEEE - BRI A\ L& B B o] LA R0
RERER

6. HHTHM Z e

ST E R EHVE R SNERE - KEARRELENNSHERNR
B R A S IR R IR MR (5 - BETEIEATRARAVEERE © fE(H
ST IMTITEZSN > B AT N L SR TR -

7 BB AT T RN A

MERARERAEGE T G R SRS PGSBS - LT =] AR
R R G - EGEETISIRE —ERRERE S - DAITHNIPASR BT © 1£
DU E PR A R HE A S (Time-Based) - BFEZIgEIR BUF L - (EiEFEMEEHE
A EmIER AR PR ARG IRE T VS IRAR R > A S ECETR RS - AL - 4E 6 F
o BRI A TS SR MRS Z RIS & REdE - AN
IR BRI ERAURF 22 FIPASS - (EPIR Z BRI 505 eizi5 - LU R Z((Condition-
Based) Z #EEEH

The predicted result of The Leakage Current

MSE(Mean Square Error) = 0,.000221016

0 i

~
— real
— predict
@ Taiwan Power Company Integrity Caring Service Growth 51

6 FIF A TEEE LSTM JATE IR TR ER

DI RN ERE P R B - B Z B EER &) > S5k
HHEMEEL > BEIRCHERBEER > LFEEHEXR - 2K
Fett H BEENE - IR ARSI 2 e - RERalak e D BIRE - Rl
9



B AR (7 > A S MEBRALZ R (R - HATRBERR Z AH R R (4
IR AR AR - T A G2 R - R ARSI EE L
WERTT o (eESE B E AU - SRR Z TR -

BE 0 BSHIEF2E A SR & mE (ST (Information and Communication
Technology , ICT)F-F% » i eE ) B R BB AR - ARG HRAKHEE TNB A H]
INEIREAE HARE T E - 4068 7 Fos > JESREM BT
(Substation) ~ E% 5 HE (Asset Performance) ~ &8 /7 H #f{L(Utility Automation) ~ &5

B2 M (Lighting & Earthing) ~ Z8 7 249717 (Power System) &z 4 ELEE 44 (Smart

Grid) °
. Asset Utility Lightning & Power .
Substation Performance || Automation Earthing System Smart Grid

Online
Diagnostic
Technology

Cable SCADA

Technology/ Technology
Diagnostic

System
Simulation Real-Time
Power System

Modelling
Advances Grid

Component

Advanced
Metering
Infrastructure

Hardware Reliability &
Notwork Lightning Efficiency

Performance & Power Line Detection Verification

Efficiency Communication System

Microgrid
Technology

il

7 FEZEPERE TNB ARt e T 2%

BB A4 (Smart Grid) KT A H S BIEE TR S R R - R s Ryl
1753 57={AEE (Distributed Energy Resource, DER){YEESEFE i 2 — » AR TR AR 32
WEsERa Ry — © FB— ~ HNKEIVHAERIRO A BARIERE T A E R
G ERLEREYE > FEEEEREER AR - ARt s | AFAERIR
ALY - RS TEEESE A AR TR 2 (E AR B BEEEEAMEEA - Q0%
FEE e (Peak Shaving){EF » AR (RIS T FICE A B E SR, -

el

il

S B i e B A B B A A AR T IR BN IR B 28 4 M o A S e
a8 0 i A E R A Y B R B2 B4 % (Data Acquisition — M&D Network)E A E
EHIE > AT FE0B R - SRRl « 28R > DR e o3 i

SZETRON > AOEIE B AU TR R AR AT SR - BE R EENEN - AlE
10



8 i Duke Energy FEJJ/\HIHY SmartGen it &5 ST AR (- H s & RHE
A 22 i = A (D40 - ) AR T (R AD A > HLEE AV R REfe Btaa = RN ARG
RSV IRIFBLEE SR - DT RE B E BT A AAERRTRE - EtEthaims
FMEA(Failure Mode and Effect Analysis » J&AGEENIBER 734T) - 4018 9 Firow » 2K
HHERE TEAE R A S HL RN o3 A 70 - BRI b aZase e & 1 o3 #r(Critical Effect) »
FHIEE AT R E S S L EHIES ~ Bit ~ T2 Sy BB SRR - AE
i e o B8 5 7 [ AU B (B T RE T B

Smart, Connected Plant Assets

Data Acquisition- Monitoring & Diagnostics Integration &
M&D Network Visualization
Visvalzation

10,000+ 33,000+ 2,400+ Nodes
Turbine Critical Equipment Phase | = Base Installation NI CompactRIO Data
Steam Turbine Temperature (reconfigurable embedded control and APR Models
Combustion Turbine Accelerometers / Vibration acquisition system) o —— e ——
Generator Turbine Vibration Monitoring (VDMS — J—
Boiler Vibration Diagnostics Monitoring System) b
Proximity
Balance of Plant Qil Analysis I
Motors, Pumps, Gearboxes, Fans = M ‘.ilﬂ
Transformers Phase Il = Advanced Sensors 5 P | "m‘l fif il
Iso-Phase Bus Ducts Cameras == i m o om .
Electrical Buses Thermal Cameras i — = = - u\
Infrared Sensors (IR)
Electro Magnetic Signature Analysis Efficiency Monitoring

(EMSA)
Moator Current Signature Analysis
Sensors (MCSA)
CT (foreign object & leak detecfion)

& Thermal Modeling

Phase lll=
Advanced Sensors Il
New Sensors for Major Component
Zero Event Operations NI InsightCM™ Enterprise
Focuses on reducing operational risk; NI InsightCM™ Data Explorer
event free index NI InsightCM™ Serve
v
HiE)
i |
ol [
3 4 | ‘

Business Intelligence

Industrial Internet of Things — Interconnectivity Direction

8 Duke Energy 2 JJ/\ 5] SmartGen 512

(BRI Duke Energy 28 JJ/2F] SmartGen 5125 &)
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Applying FMEA to Equipment Health Visualization

Lezand: [INSPECTION Legend: Seeam Turbine and Generator Dashboard
Within Target Inspection Complete Combuston Turbine and Generator Dashboard
D |Saghtly Of Target 2 |inspection Compiete {Repairs Required) Dashboard Paramater Definitons
|9 OffTarget inspection Planned Lube O Fiush Legend:
No Dsta No Inspection Planned / Complete LD Flush Compiete
N e s not apply to this Working on inspection Plan 1D Fiush Scheduled
wnit/te chnziogy N/A| Does not apply to this unit/technology ) Not Curre ntly Scheduded/S coped
Region e Me=zured Param eter -
- ~ =
| Carolinas East | . 2 2 =
{ o u -
LR Failure Modes Measured i |: i
| Carolinas west ] J
| Parameter i
—_— 4
I Midwest I P Steam Tem peratire Over Design Limit Qo @
L {haurs
Type 1Pturbine Thermal Fatigue RHSeemTempmmmaDsipm. % @ an
P —— _odel i LRI
-Besring dam Bearing Vibrations MEDAerts
| Generator | | oeaaG e % @0 @0 ®o0 @0
| Steam Turbi | [f P —
am ne -Lowm of bearing babbit material Searing Temperatures MEDAlerts
i Mo ®o0o @0 90 @0
10 cracking HghCondense: Backpremsure {Single
Program Fleet 7,,. 3 ‘u . ) NA N/A | | N/A
i H2 Cooled | |L-0 Stresscraciing HighCondenser Backpre ssure {LP ® Y NA NA
-Wetsteam LD eroson )
! H2/Water Cooled I -L-0 Stresscracking HighCondensar Backpre ssure (HP @ @ NA NA
[ -Wet steam LOeroson ¢ ¥ =
| ST | Phosphate deposts onturbine Wate - Che mistry Time At Alert Leve! 2 or
| Water Cooled | |Emance tumty 2 @ @®oo ®oo @ oo
I eracking
Fleet Category ‘&uw-iﬁwm&m Grenta SotRDTempets M0 o 5 @ 0 @ 0 @ 0
e Aerts
| Combined Cycle | |/irmdequate generator coning GrntrfotGuTenpMBDATE o o @ o ® o @ o
f or heat damage
= [Eenes e —-
| Stea | r Coid Gas Temp MAD Alerts .o o0 o o
Gﬂu-hrhntd-n! f ' Iz
Mode! i |lra dequate generator ¢ uuin‘ © Generator Water Bar Outiet Temp MSD
/:I‘ec nology 5 tor heat damage e 7. ] O 0 . 0 0 0
S radeguate generator oot Gereratar Wiate: Bar OutetTemp = = = =
i | Differentisl M&D Ners bt ° , bt
| GESteam Turbine | | \uaity of Generator Cosing Gax Gererator Dewpoint Hirto Alarm/Alert ®
br———— = ||Gererator Heat Damage

& 9 FMEA (Failure Mode and Effect Analysis » 28 = RIRER74) (BRI JE: Duke
Energy 28 /7/\ 5] SmartGen STE )

- BERFHNE AN R
RIFE B SR B, 2025 SERARETR 20% 5 LB - AL ST A#BISEE
REFAERERS B BERMTIAISAERE - AR REE RS
Ve - GHBRIFEEAR A TR X BRIERRANEE - D aiR (L - BEE

B« BRI EREREE -

AT TR AR B R 8RR - AR AR R > HAlS
2P EE TNB 53 2 B Raa 2 5 EE4nEl 10 - FHETAE 2025 FHEAREIREEGIZEE
20% (= 7K JJ34 ) - 2030 F4EE 2 30%(27/K 154 5E) - HEARFEERE 1L
2011 £ 2019 FEFEME 1 ik
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= Coal

2018 2030

1% 2%

32%

40%

% u Coal
uGas u Gas
# Hydro # Hydro
Interconnection
uRE uRE

=
¢

1 FE2KPH5E TNB 2] 2011 % 2019 2 F/AE e BRI =

RE Initiatives Technology

Feed-in Tariff (FiT) - 2011 = Solar, biomass, biogas, small hydro,
v Direct i geothermal
seds irect connection .
¥ Quota allocated based on = Capacity up to 30MW
RE Fund = REPPA duration 16 - 21 years

¥ 1GW has been approved

Large Scale Solar (LSS) - 2016 = Solar TMW — 50MW
v Competitive bidding = 30MW and above to be connected at
v Direct Connection transmission system (132kV)
v LSS1 (projects in progress): = LSS )
450MW (2017-18) v 9sites (11 & 33kV);
v LSS2 (project in progress): 460MW ¥ 6 sites (132kV)
(2019-20) = LSS2 _ _
¥ LSS3 - bidding stage (Mar 2019 - v 19 sites (11 & 33kV);
Aug 2019) - 500MW (2021) ¥ 11 sites (132kV)

= LSS3:1-100MW (bidding stage)

e8| Net Energy Metering (NEM) - = Excess energy to be exported and sold to
2016 TNB at the prevailing Displaced Cost
v Indirect connection (starting 2019 export energy based on 1:1)
v Quota : 500MW (2016 - 2020) = Applicable to all domestic, commercial and
e E-2048-FNB iﬁp‘dustrial sectors o
I

ek PR R EE L fe S P e B 2 A RE TR
W ARIERE ~ SRRIRE - EERE M RS o MIE R L B b 80
% o EHERGH VR o 0 H R RS I - (AR R R
B » BIRGRENS > AR S - R RERRER - BAERE MUk
REBHH SR N - AR AR BRI S AE T WS RTRERYENS T i 4% (Duck
Curve) » f1% > FAEREIREM ] - WHNRRBEH ZARIAEN - IR SRR

ToE » IERCE a e Z (BSREE - BBERRR e A R F 2 BT B Eha R R BRI T
13

Interconnection



fE - (BEEREFRERIEOHENEI T - BB AN EE - HATSHEARERA
MIASTERAN TR IEAERETTATT

1. SEARIALIE(Grid code) : FIFHABABHETANAG » 5t HL b S BB S o S L AT
S : VRT - HVRT J PQ Control %) » DIHEIRE ) 2% 4 K 7T S RAE A I
WA -

2. [P B 4 (Interconnection) * BEJFACEZ 7T HAEEIZE - AIARURTHRETRRER K
B SRR RIF A BPES P  ERFCKIE - rIRE K IRE 38 K 4R
ST B EC LR AR E -

3. 75 E (Operation Improvement) © £/ FH S HERY TR Z80 » 7] DLZAERE T F A AE TR
A A TR

4. Z e b4 peR4H & (Diversified renewable portfolio) * S A5 AE HAER H KAV
EERYIRE > BN BE AV REIR A N KT B HRE TR

5. BN (Smart Grid) * FIHEFHEMT(Al ~ 10T ~ ICT K Big Data %) » H ABEHE %
FLUETTENEEN > nANEEREM T o iR CERE RN - RS
I T AR RETR S EE

REKEFAERRIEIN » KEE A S EAER IR ARHIE S - A SR S R R
BRI EAT (Real Time Digital Simulator, RTDS) £:47¢ » K2 20%F A= RE VR B[R A B )
F i AR RS IR 04T - DU TR a8 A S 28 2 AHRAE A ~ AR
BB MsE IR

RN EhREE fi(Real-Time Simulation) (% Ry #EFE RIS fE I AT RN > FREERGERRE
THHE A > HOREEE ) 2oy R BUE T Z &t (Subsystem )1 ST FHE [ CPU ~P-{TE
B BRI EEEEOR - Fral TR, BEVEEEIUE TP o BB EA
ERERHEGER - AEPEG IR BT R 2 2 8 - IRIERT 1T
RIS/ EEFRERET#E BN REE R HEER - A LRI T A
ATELEE R I A AT - TR AR E AN B BT SR -

HIEASEEEZ - HAit RS E RS TH & @442 (Cyber Security) ~ {Ri& Z47
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