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Singapore Electricity Market Structure

Energy Market Authority (Regulator & system operator)

E Energy Market Company (Wholesale market operator)

Transmission & Retailing
Distribution (T&D)

== TS

Generation

Competitive Gencos

Regulated Grid Competitive Retailers
(wholesale market) Company

(contestable market)
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SINGAPORE OPERATIONS

AUSTRALIA OPERATIONS
Aushet Services (31.1%)

SGE5P (Australia) Assets
SP Training and (4096)
Consultancy Company
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Main Businesses Other Businesses

SP PowerGrid (SPPG)

PowerGas
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Our Focus
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Singapore 1 SPPG SPPG sPs B
Australia ! ASE AST I
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GAS
Singapore
Australia
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Electricity Network System

400kV Network

4

230kV Network

Low Tensron CDI’! sumers

Serving 1.4 million Consumers

6 i BB R AR

TA& 2 WrREREA A F ML E T EGETR

i 2R

2,330 7,940
Transmission
. E%, 10,980 46,560 16,310 19,240
Distribution
TOTAL 11,100 48,890 16,700 27,180

ik * FrAEEATE RENF(House Type) » ATA LRSS Ryt MHBCERE ST -

BEiHE — B/ SPPC FEIFEE X 5| DUAsZn—TEFEEE 2014 4 SAIDI(System Average
Interruption Duration Index):0.74 » & EREFER] 5 42 4.59 min/customer » (ZFERIK

JE:KEMA Grid Price Performance Benchmark Report 2014)



Electricity Network Performance Benchmarking

System Average Interruption Duration Index

Average SAIDI of Top 5 Cities
24.59 mins/customer Source: KEMA Grid Price and Performance Benchma
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Shorten Response Time through Remote Switching
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L
Our Power Rehab:hty Roadmap

Con ta nment

I
N —————

——— T v .

Comprehensive & v T Automatic L~
Condition o = s h.  isolation of faulty

Monitoring N - e ¥ components

Asset —
Replacement Eoh s

Pmy f {~

Two-Pronged Approach to dehver Reliable Power

Remote control
and restoration

11 B RE IR B /. =] 85 7 R 5 o e A B ]

HTRE I ERAE 2 S HE R (A IR RR B B2 e R e BT > N BRI PR U A R 22
IR el RV ER LA 5838 B P AR BN 28RV BT REAGIRRER A [H
RERVER > NI A RE 2 B s B (U R EUBR T = T AV R 22 - 40
AT DR PR BV INEELN] > BRI HE A S8 O~ DRI R S [REZ 4B 2% - RN
SO A e b L R A R ] LSS (AR AR TR YRR

Sy =sises o
Online Partial Discharge Monitoring for Gas
Insulated Switchgears

[ 12 SRR EE A L S o R s A IR AR e A B 2 e il

HrEE IR A A SRR A AR REESHI(Condition Monitoring) H6 88 7 £ %% 1 27T > 41 400kV
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Ko 230KV $ 2 B (FUm(E) ~ SRR RS S B Sy IR B - AR RETT AR
THIRRREDN > EEREIEIHEAT © BrigasaBE MBS EN - BERE A s FE5H
(OLTORREEA ~ B as it Mme Bl - BNITEA:
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SIMNGAPORE

Condition Monitoring of Underground Cables
Very Low Frequency (“VLF”) Technology

= Started trial in 2014

« Suitable for cables with poor
insulation resistance reading
but showing no PD with OWTS

« Detects:
v Moisture ingress in cable joints
+ PD in cable joints
v  water tree in cable insulation

& 13 SEEE A R AR b B A B (A M
S =uisssons

Condition Monitoring of Underground Cables
Oscillating Waveform Testing System (“OWTS") Technology

= Introduced OWTS in
2006 for distribution
cables

« Effective in detecting
defective joints with
partial discharge
(liPD!l)

111

JAETETRNIE

i L

B 14 B IR E R NG AR
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Dissolved Gas Analysis For Transformers

il Oj/ testing in B :
test lab

15 BB IRIT & LA RS T

Infrared Scanning for Transmission Equipment

f Q. 2 = _ -. o

16 FARBHR F PRI T SR ED T FE SR BRI A4

BESN - B EE(E 2 Y DALY MR B BRI TR T (R A R e R 2
FEHFE ST BRI (= B A5 n A U ER FGIR) » oA SR AR A ml A S Al A I
FHVPIE TR - SRS B B (R] LA 8ok s ( S 2R H 22 A
R BH) o B3 e AT DA ER W N TR R B B AU > R TR R ] DA R A IE
RHUBRED(E -

(Z) BBATHE R TSRHEEE TR
SPPG Z & FER R HRT NI B B B A F| (SPPAEET TEE - FTk{T 2 BEE T Z

Tehin SRS S 28 F & (R FE 2R A8 (AHTL Asset Health Index Framework) A 20 A & &
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JRBLIE - SPPG (A LIS =S8 BRI EHE S ] = TR PR BLER R B -

- h
A - Service Teams deployed at 4 depots
. - Mobile Generators deployed at 6 depots

- Engineers attend to faults in their own regions affer office hours

17 I EE R IR TR R - BB UA N IELINR{E &

Deployment of Mobile Generators
to Restore Supply

le Bneﬁamm-— 6.5KVA

" Portable Generators — 12.5kVA

18 BLETEI BN E S HUF E LI A E B E R

H s AR 75 8 B R 7Y SPPG A eI {52 B i B T ARy Y SR AR By gy > HLEORBUAE
{EER AR B - %K 2Hr W2 90%{E 2 » 3Hr WHEZT] 100%8%E » HfE2H
REFEANBEREIAEAEN(ER)E - ICELRREBFIESZEOOENINE > |
PEN BRI A 2 0 RO B R BB - (SPPG BT A RIERH#E A TAFE
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19 EEEdarBEHE T Asset Life-Cycle Management

SPPG &SR TSN TR E e i E MRS (BSDHIE 2 & e BHAZEAE PASSS » i f{ciE SPPA
EEEHATEER 1SO55000 FEAE 5 L5 #2HY & E T AE (Adopt an Integrated asset
management system) > JE AR 7 B S BEREZLU N EFTR ¢

SPPA Business Plan
Mizszior

Management Asset M:n:gem:m Policy
Review -Functional As Assetinfarmation
Managem Palicies Aceot Profile

Asset Management Strategies

Asset Management Plan

-Capial expendiure plan

mantenance [

Execution and Implementation

Mnmtu-nng and Review
arc :-_'.-|Hr|I:rr|I

20 & T HRIE Asset Renewal Policy-SP Power Grid

FEAFERIGZ BEDPUR Mg H BN EEEHTIRARE - N EREREEE T
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BUR ERIEDE

e|dentify assets with
history of failures
eEliminate assets with low

e|dentify assets in poor
condition

eAssets in poor condition
are associated with

eldentify aged assets

eDeterioration of
equipment insulation
increases with age

reliability
higher likelihood of

failure

21 Asset Renewal Policy & B TR (B Fa ) T Za P fa i

B YN

== kA

R ~ File ) — B LRy (A e

W RIBFEEE T MR TTakfl - HER

&iHY s ] 5EfE (Maintaining High Reliability) ©
EaiE AR RSO ALI LT
PERE (Performance) * ferinfat & e G DA XA B
ZEE (e ()BT 2 A BORRE > GIRREA B Z i mT e

SUEk o IRR AT SR Z B A i)

AARRE(Condition) © Z{EE Y e ] HE 2

PR -
Fiiv(Age) * SIS LZ BRI & FERER S -

Health index assessment for a single component

Statistical -y ; RL
Statistical funct .
ELLEC G N Degradation functio RL, health
data Utilisation index
Condition e : RL, =
@Q
E

Value, number
Classification (G, F, P)
Observation

Expert opinion

colour

colour

Figure 3 - Health Index concept

& 22 BT AL L E b 2 2R
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Power -

26 7£ POWER AUTOMATION &5

#35E POWER AUTOMATION 1540 - A& _FZBH SPPG Kl 51% S AN A EIR
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Obsolete Hardware New Hardware
1 - Hardware cannot be - Hardware can be bought in open
bought 1n open market market
5 No Cyber Security Mechanism | Enforce Cyber Security rules (NERC
in place CIP, 1ISO27001)
RISC Architecture (e.g. CISC Architecture (e.g. x86)
3 SPARC) - Flexibility in buying workstation

- Becomes a problem
when buying workstation

32 bit system 64 bit system
4 - Limited data - Unlimited data computation, able
computation to support graphs mntensive
interfaces

Proprietary  Protocol  from | Open Protocol (e.g. IEC101) from

Control Center to RTU Control Center to RTU
6 Poorer performance Better performance
Hardware dependent (Solaris Hardware Independent (LINUX and
UNIX and SPARC) x86, SPARC etc)
7 - Can only buy SPARC - Able to buy any hardware without
hardware if you are restriction
using Solaris (SPARC)
UNIX
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Asset Management:
From Tactical to Strategic

More Information to gather + Integrate What is needed

-
L

Financial Optimized Fleet Asset Management
. w e System
Reliability Centered ’

Predictive / Forecast Based

BULIOYIUDY UDIIPUD]

Condition Monitoring

Preventive / Condition Based Condition Assessment
Asset Health Index
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Preventive / Usage Based

Preventive / Time Based Long Term )
A Strategic
Service Spare Part
Run to Failure Agreement

tenance Model

Sovrce: The Gartner Mair
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Asset Health, Completeness & Maintenance Indexes
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‘Grid Health Dashboard

> >

ALSTOM

GRID

31 SHE R B A ERETEIR » JEbs R 4EsE B iR AR 23R
RNEAREAFTRERE ST A A AHI(KEMA)EH T B 22— EXCEL s E#ASTEE

TE > ALSTOM EH THEM EFHBEREERR > FIARERESERE A HEE
FTE SIS T T E ST - &Ry BB LR 1 DL S & R A I TESE
MM - ALSTOM 1E& A EF Y E A/ E % & RIS A A -

afam P R Mt FEEIR - EEEEH TR TE H Al e — L oERyz=H - R
AR

26



HEEHSEP NGESBIRE R E#E - EEAFE) -
+ T ERECRREGHAHEAR) - FERR KEEE TS E -
+  (RTERIRHERYIFRAE 2 SFAIIEH - A TR IE n e s EAR A
R\ KRB LAFITAR S & -

B LieEER

SEATr 2 EEEGEENCA > BEa AR - R ORITER RS R EEE
HIFAZ N - BOMESRE R LAGEIR S SR LSRR Em R T EEH L
BERHIECEA S LSRR (BT SRR — E R e E R AR E SN E RS2
AT SCHUEEAEER et oGE A B A R A R A e A Ry s et g
—(EERAEEH] > AR IR B A SRR 0 - TR SE R B R AT R
H B L RS R B PR s i e S gt 2 e (PR P A A =N
FIRER ViR > SETHESERCRIL 1] A R S R R[] © YD BN EZHIER

WAEEAMSELHEE ~ BRI SN B BN R ERTITE R
BHEUE » A R2E A RUE T R B A A& = -

HREREEE A FEE B RIS S AR LR > BITER M R AR
e B b B v R i S e B E B T4 - R DI A R e e S PR Bk
WA DUk 5 T H s R Ee R B R TH H ST RE 1B L 4B st e R P R i - B — 0 &
FETIOE - i BB DRI RERT S (38 Z IR B G REA -

BEANARPEFT T A FR G MR 1A F H — S IR E R PRI & F - R ENE
B TSI AR RSN AR BRI PR (AR HIRESE » 25 e — TR Ay 4
FERREN AT EAEINGERET > ERETSES IR MAE ZEE T
O EIHREIEIIET 2 58N > B EET A DU E AL SR A SR MY T B S 4

WO 5 ~ REIRIRIFIRIEGRZ - (B2 B35 ) SRR VU ARTE SRR -

27



AR ANEIEHHE » ZeaVE B RS = & B O K S BrbE Ry 22 Ay — R o -

AT UEIE S - FieeREMEA TN EC e SR REREMEE - HitE

AN EI B BEALEIEA BAE A TS A FEE_E— SR B R e = PR R A

ZoTHIER ~ sEE AT TGRS o I B S R R e B S R 1S

P2 5 R HRH B RERY & a2 D — T R R EIR AR % - &8

I T B i A i B D e B i B A S BITH AR R ESA L EIE RIS -

-

— ~ HEEIBSMEETRAE EERE RS (Asset Health Index (AHI)) fE RafABIRSR
&% —THSH
B E A B A K BT RIS o JE R VB ME AR LU E (R R R R
(AHDIE Ry iR &8 2 Hph—IRS 8 » BB TR FHAERIEE - DIASERR
1 B A P 5 4 B KBS R SRA g - Irae i A =137 H AilE FHHY
AHI T H % KEMA fiBhBisgs - IAmEEZD RRCEMTR 28 @R %
s bt 9% PR RS R IR 5 T P 2 o B R U Ry R SR BR R B A TR 3 2 275 -

= SNEERE R T SRR R A
(LEE BN R DA A S (R i B R 4 DU O Rl B8 Ry BRI - DARRE e ~ %
R~ FOMTER R SR > BRUEE o MEae mPE IR A SRR FRER - B
Wb = 8032 e 5o B2 BN FHER 5SS - B IR R ek A R A B 5 Bl RE T et
HIEEE - R T 2IIMEE » s InAZE N AR — el @EE 2/3 it
MFIREA B3 Z st Er THERGEEIESE - (BEEE v IR Mo R AR S B
TR ESEME T AETHEAS - HIREHETINA R e fE H E AR T
AEERLITRH 2 5 - AT DA — SR E IR 2 MR /K AE o EDAPE At A HGhERRD
B ARt B g S o B RE N AER G B E TIFBENRIP AR E
MBI B E NEE LGS T2 B R0 - Ry LB i nlSear 2l » R EIGE
sER MR FEET IR R AR MEEEE S LEEH SR EN B
BEZEET] -

>

28



B -

AR SHINH B R E MG LR RO S eRlE R 22 - R E 5 E
BE - Re R E T I RE IR A B e R S Z s R L SR ]
HE i ELIE RS ALSTOM-GE > fE HEEE s B 2% - A3 e o o RUa [ TR -5 5 A
FR SNBSS N E RS ~ fRE TS By S ERSEE - S Sah8ER
TTREARE] ~ FERTERRER - BUrEIRAE ~ (EEMH AR - R ISR 2 E i it
B B EHII L TERR M O E SEENTINE LR o e IR A =]
[ERARSIHTIRENE ZEHE S E SHRHRER - LR AL FBE
Ism E RN E SR 250 S BRI R b2 S0 B ERRHAVE H & REA A -
FEREAGEENRE 2 B > (S LRI E IS - AR B E R R th 52 a3
HRTEEER - SRS EEARMANECMIEE > RSN ERCE

29



th ~ 53T

SP PowerGrid 2t 2 &#} Taipower Visit Introduction, DEC.2015

SP PowerGrid 2t > &} Taiwan Power Visit Renewal Strategy_1, DEC.2015
Power Automation 23 &) Fg it 7 5EEE0FR, DEC.2015

ALSTOM GE A H|##fit Z sz &k, DEC 2015

DNV-GL 74 H] KEMA-Asset Management System and Tools DEC 2015

30



	行政院及所屬各機關出國報告提要
	壹、  出國目的與過程
	貳、  出國行程說明：
	參、  參訪過程紀要
	一、 參訪新加坡新能源有限公司
	二、 參訪POWER AUTOMATION公司
	三、 參訪ALSTOM-GE公司

	肆、 心得與建議
	伍、  參考文獻

