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3. Smart Grid Implementation Plan in Taiwan
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Domain Technical fields Department

®wind and solar power

forecasting

®wind turbine testing

and inspection Renewable Energy
®operation and Depart.

supervision of large scale
large capacity renewable | ind & PV generation
energy / energy storage
system integration

O®R&D and testing of EE & New Material

energy storage S}stem Depart

®optimal dispatching
with renewable energy

Power Automation
Depart.
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Domain

Technical fields

Department

advanced transmission

technology

OFACTS
OVSC-HVDC

Power Electronics
Depart.

®superconducting T & D

EE & New Material
Depart.

®status & operation monitoring
and condition-based maintenance
of transmission lines

High Voltage Depart.

advanced distribution

@ distribution automation

Power Distribution
Depart.

@distributed generation

Power Distribution

technology integration
®distributed storage integrati Depart.
.1str1 u‘e s orage integration Renewable Energy
(micro-grid operation & control) Depart
£ 33ET AT AEBENM (3)
Domain Technical fields Department
®interactive service
®power consumption information Metrology Depart.
collecting system (AMI)
smart
consumption ®LEYV charging and discharging
Power
®smart energy utilization service Consumption &
: EE Depart
®Energy efficiency and demand response
@®technical support system for smart grid
smart dispatching ( including centralized Power Automation
dispatching monitoring and control of power system Depart.
operation )
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1. National Energy Research (Experiment)
Center for Solar Power (Nanjing)

2. National Energy Research (Experiment)
Center for Grid Connection of Bulk Wind Power
(Beijing)

3. National Energy Smart Grid R&D
(Experiment) Center (Beijing & Nanjing)

B 3-12CEPRI ¢ 3 &%

CEPRI p s> B 2 i (AHR v @SB ) P AF >

%

PR A4 BEn > Ltk (RN B Rime g g e

2 A hoB] 3-13-F) 3-15 17 -

]7{ 4] 4 | ard ]
.= Powe Eférformance 5] Power qudjity

. 1 i
:; lII|.|.‘-|-L"|||I_I TTIP R .--..IIII

of-fa : A T T

q

ey A ‘ i 2

The largest wind power test site in the world, with the capability of LVRT test, and grid
compatibility combining wind power, PV and storage energy for test.
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B LocalProtecion

Power transmission line
= — Communication Line
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R N L "
*  Roof PV: 250kW ey e} v 18 owing transission line

' Gas CCHP: 150kW e ety e ) B et e S

. Wind turbine: 2kW

2 Batterry: 100kW*4 h
5 i fon Lightingand  Electric Vehick
Photoveltaic  Wind generatio: Storage ;Eht:'i o tric |

Vehicle charging station

PV inverter Lithium ion batteryr23
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Renewable energy technological High-performance power
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Recent Activity of Lightning Observations in CRIEPI -

Observations at Wind Turbines and Tall Structures
NP RTHFEL DT HFEETHREREFTY o A
BE S gﬁ Pazo® 50 Ry **{U‘ PR EA R R
TR E R A TR TRE 4 AE R )'éf*"%""ﬁ Bp 3 ol 4o 0 3o

i’@}ﬁ’]éﬁ‘ﬁsﬁ e d @ s ,a’g#ﬁfﬁﬁﬁ;'],fﬁ.?fn‘J\ﬁ?

bo

Weri

He FRrAHZ I @R HFp 237 583 Db 4 P

PERE R A FFEFFLTR LT WA TR IR P
E QRIS IR TR HE LR FR A PR ERE D kA A

NikahoKougen & 32 3 % ;% o 2 i @ * 4 Rogowski 42 & % £
RIF R 2 TRk 2) 002 1% CCTV BAp bt 5 fF TH ¥ £ ¥ 2 4%

o

20



Features of flashes striking the wind blades

Upward lightning

. @S5S S@1::5=. 2958 T

Though, upward branches of the channel 1in 86 photos out of 248 photos
were found. downward branches of the channels in only 2 photos were
found.
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A Risk Evaluation Method for Power System’s High Dimensional

Uncertainties Considering Renewable Energy Penetration
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IS SAMPLING CRITERIA
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Probabality
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Cost 1
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Fig. Comparison among Different Sampling Density

» Ewaluate Uncertain Events Based on Their Potential Risk
»~ Construct IS Density Based on Potential Risk
»~ Extract Knowledge from Previous Samples

] 3-18 CEPRI jit & 85 3

The R & D Status of PV Systems in TPRI

crRsEaerp 2002 & B AR B - R A SR TR
WOhE o o RAHRTE A R LS 2 &L 20kWp * sk
FRAN AHRBF IR 3 HXFTYT EF AP % F El P RAT
BPP e E 4 10kWp = B R T k5 2 P = B 50 kWp
- 48 (BIPV)X B £T ksod P L 3T Akh 10 kW =

BT s s IRERACREBELAF D BAREL R A

-

AR P SHDIEBRT FRZF TN ST EFA Y
BRI ABTAE B IAB TR AN KLY TER
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Irradiance on-line Monitoring System

3 an e =
EMEHL S R 6= RN CRCE 2 P PR

== =

caies AESTE - wam MR (TR

\

2SI T LD TRRT 5 55F 5%
Bl 3-19 p &8 WpFE Rk st

23



Research and Construction of Superior Distribution System

including Micro- grid in Smart Grid

787%3']% ﬁ“mﬁl' FEEAEY 0 57 ﬁ*ﬁxilf‘y\'}’ At R

~

PR GEREEE Y CAREFFEAER SEME S FEEob
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% 4p 17 bk i 2L DG mﬁ{:ﬁ:lﬁ'ﬂ ° i )]}—q—\?n,-% BT R B
Wil moek g §iE > HeRERREEH]* > a2 8D
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PEEAIRE 2 R4 RV AR EAR AT A
PRREARESRZT LR o & iz BF ) F FEF IR
FTAAY s BEaag R B RTAZ A AFHEE R

Henan Finance College Demonstration Project

* 0.4kV System
e S520kKkW PV, 100kW X 2h Lithium Storage

* Master-slave control mode: ES as main
power source

380%

%’

s

e~

BHR
B[

* Stable operation when connected or isolated:
Non-seamless transition between connected
and isolated status:

*

L)
S0

:;j
H
3
<
) e
D
&
e

@—@»«\e

= Key technology: coordinated control of PV
and ES

W 3-20 p & TR T Rk

24



The Establishment of Wind Power Forecasting Models for TPC
BAFRAIGENLANR TREFE RPE R BIEMZ
FOEERRA 2aE 5 R BT RE A o b 4 T b kg A
AR RETRFELAAPEARA LG < DFE -
BAX Mol i BEEFOh TIER 0 T ET REE S L
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weather prediction ) & $e3- 3R 2 2 @ (7 > F AT AR T IR
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332 EHEB3R/LZR @ﬁiﬁ:zﬁ(EHVIUHV Transmission

Technology)
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d Dr. Kenichi YAMAZAKI, Dr. Mun NoJU £ 2 #F > 1T
B 4R EEE AL

1. Flexible Security and Stability Control Applicable to the Future

Development of Large Power Systems in China.

B4R 2 d < CEPRI, Dr. Sun Huadong #7134 » p % ¢ 3% a.
3 # % - b. Flexible Security and Stability Control #£4 > c. Flexible
Security and Stability Control # 7 &£ & > &2 d. 8% - R IFESFE NI
- BFE T 2o AT HIFTORE S 0 Aol 3-22~F) 3-24 AT o &
;‘g'}#g@ 24 & HVDC 4v FACTS Z B e 8> #rde D erndi ] > S #

PG E MDA R ] o R PEE L R 4] Wk 1R T R

Bob o AR ERIE S L SAHAER Y o 4o 2Tk R/

BRI 5 B FACTS R & 2 Fenfink o v i Sl H &

N

G AR REP O P ARERE T RS 2RI oE (T

FogAh® 2 e U ERA > FEfrd F ity L
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Traditional  Problems
control : _
: Predetermined
Load : control causes
shedding strategy
mismatch
Generator Rigid control
tripping causes

large loss of load

Users requires
high power
supply reliability

System
sectionalizing :

\'\“\\?[ Widg are.a
?\\\>/ 7 coordination
| Y
é{ \ ll/\\ Real-time
\T I\ adaptability
Eh AR
4 )7\\\
ﬂ’:/ Smoothness and
é@,—:”’ continuity

Flexible Security
and Stability
Control (FSC)

] 3-22 Flexible Security and Stability Control 7

Aim b Basic Idea

Control
Strategies

"~

e
L

#Cope with the
uncertainties existing
in power systems

®Transform the

based control to
response-based

#Enhance the security
level and operational
efficiency of power

make strategies
according to the

traditional scenario-

control which can

time system response

& Global AC/DC
coordinated control

# Coordinated control
among FACTS

real-

# Take response-based
control(load shedding
& generator tipping)

.,

systems
as a backup
B8] 3-23 Flexible Security and Stability Control #£ 4
Fr———_——_—_—_—————— Information Pool )
| WaMSDaa || EMSDaa | [ SCADA Data
1 = T -——_ _
[ —<ll T ——
I " Regional | 4Ctse 7" Regional ™S, | ic Tietine
ot Grid A Tesc Grid B ¥ Grid C
1
1
1
1
1
1
1

HVDC

B 3-24 Flexible Security and Stability Control % %#f 3t

PR TS BT

Lo ALY @



i‘tlj E:ﬁ%g‘%‘ NS °

N S | SR E I A —-]grzg ‘s‘,_g:’:’«;rsg % ¢ > 12400 MHz,
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2. Electrical Environment Assessment Project for +500kV HVDC
Transmission Line using Gochang Full-scale Test yard
M E 3R 4 5 B KERI, Dr.Mun No Ju #7382 s A % & 45 af™ %
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VAR A ehAp T MR 1 RRIE .

BERE S TR 2T 5 4500 F k&

*

EREEE AN T
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I T T T T f T 1
Euogy  MUZIBT Atr  apopg NRgT. Hyazsg
CEUR Indxtence (6 Bel

Reguiating
Tramsformer

)

Dynemic
TrRnarormer —a.

To. Corona Cage |
v Rated voltage : DCx600kV - B
The maximum output voltage : DCE600kV

Operating voltage range: DCx60kV ~+600kV

e
anc HVv connection
Rated current : 200mA(600kV case) Acrapsformer

The maximum output Power : 2X120kW
v Ripple : = 3%

v Purposes

— HVDC Corona Cage Simulation test

- HARE S AR ATEAIIRIAS AAL

— £500kV overhead DC electric environmental field test

B 3-25 #& B Gochang 2 R HCE i RIE M ESRH(1)

Variable range

Pole spacing(W) 14~28m
Height(H) 13~21m

SRR TE T

T AKREE BT R L RS -
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z v~ R KRB E+250 kV & 500 kV%Jmﬁ"

Aos o ME BB ini 2 85 E M (AC 154 kV > DC 80

‘_.l

kKV) o

3. Engineering Aspects of EMF Issue Related to EHV/UHV

Transmission Lines in Japan

M B 44 d p & CRIEPI, Dr. Kenichi Yamazaki #4F %

,
¥

HaFrmE¥F b B TEI R ¢ TEFER d TESH
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MAE (AR ERBIT) T4 KA PTRETL Pl

FEV g T 1960 F o BAEE Y REFA RO T O RFFRCHTE
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ZE D pehd PR RIAHY o 5O PR T A RETAL
3> CRIEPI & 5% B 375 fop © ok T EFHiTic Bl 3-27~F]
3-28 7o o AAEE P ARE-E Y AR 4 AR FORSERIE 0 R
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Example near buses in a model substation

Tower

30

Display of contour of magnetic field

v
[m]
Bus
-
-10
-20
© CRIEPI

bR AR T

P AR A RN EERE AL £

¥ #5o Ti k3 wE

L
5

\

conductor

Bl 3-27 TEFTE Z%()

Safety
clearance

B 3-28 7 EHE 2% (2)

?‘;é\n '&F—T b

5 % B chE R B
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4.  Study on the Live Working for Ningdong-Shandong £660 kv DC

Transmission Line

LB 4R 4 d =+ £ CEPRI, Mr. Peng Yong #734F 2 o p % @ 35 a2
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7 34 BT ITEE )X 2EYR

Minimum safety distance /m

Operating position
Elevation | Elevation Elevation Elevation Elevation

Om 500m 1000m 1500m 2000m

From the equipotential operating
personnel to the above crossarm

From the operating personnel to

the lateral tower structure

From the polar conductor to the

3 ground-potential operating 3.6 3.8 4.0 43 4.5

personnel at literal tower body

PREETREEHET

PRI RNBALAHIRRFTEEFLHL

pu °

HopEs B 660KV B T A AT T E A LA G T

Brsh B o bt 2B < Weni B BRF T £ D aEgeni)

3.3.3 &a g (Energy Saving and Emission Reducing)

Wire Explosion - a Greener Route for Nanomaterials Synthesis and its

Application to Electrical Energy Storage

- fASE D I R eI A FIATAR T SUCRALPLIT S AT R F

s & o FeA Tl o AT BT AR SIC 2 4
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EHHILPRTEL S o @ e fBAE & MR FIH L Rk a4 @ R Lk
% TS Li-ion T3¢ 2 Al o AT BT R 4 RELEEHP
BAASTEER SI/CEATEPRT BN R 1Y iR

WA > FREL: S PR LREFF Ehd o I F T o 1A
4 o frenge 38 g1 (v 8 4k XRD, FE-SEM, HR-TEM #7445 - o p&

LA F BN o JFEMFE SIIC AR & RS Liion 76 B fRas sk o

Wire Explosion in Gas Medium (Conventional)

» Well-established process for nanoparticle production
« Metal / oxide / nitride / carbide synthesis =
« Final product : agglomerated powders -

3
4
e
i
%%
4]
d 8

T
8

,,
g 8 8 %8 8

Veorage (KV), Cumrent (kA)

] 3-29 wire explosion in gas medium(conventional)

Reduction Effect of Greenhouse Gas in Electric Power Industry through

RPS Policy
m PP EARz B G0 AR R F W S RIS A

SH AR A SRR Y o d e gEdnd PR LR S G S

35
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> o

LA iheiTE KA

FIT (feed in Tariff)#& % %

RPS (Renewable Energy Portfolio) - &4 3 2 7 #-& 47 %] RPS 73|

-

I'Tl

Background of
introducting RPS

51 i 4 R ITES B

L
s

Step for establishing RPS system in Korea

To need new RE policy for
expanding renewable
energy and developing RE

related industries

To require an effective
means for achieving

national energy policy

objectives

vy

\
v 28 basic plan for renewable

Poor performance against energy

renewable energy targets » Dec. 2003 : RPS Introduction proposeﬂ

v

‘Green Energy’ development

strategy
- SBB. 2008 : RPS Introduction annou.m:“

v'Third basic plan for renewable

energy

»Dec. 2008 : Introduction of RPS system Fef]

e

Expected benefit

espnnding £o
limate change

through reduction
of Greenhouse gas

s by implementing RPS system

reen industry
growth through

renewable energy

Ensuring cneregy

use of endowed
Energy

generation

%] 3-30 background of RPS introduction

Development of a Support Tool for Ranking Energy-Saving Activities

Considering People's Preferences
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ﬁ’\""z‘krﬁgf‘:ﬁg,‘fj"%{;d s AT KR T R 3SR o PR

TR A RN A G R | O HE R AT o

Calculate Evaluation Criteria

Model Building FSEL?XQCED:;%”;F)“DH CO2 Reduction

mp (== : %

Cost of Installing Facilities,
Maintenance cost

Questionnaire
Workers benefit

Satisfaction Satisfaction
= 100% =?7%

-Turning Lights Off @

-Changing the air-conditioning Temp. Etc.

B] 3-31 calculate evaluation criteria

Integration and SCADA Technologies for Large-scale BESS and Its
Application to National Wind/PV/Storage/Transmission Demonstration

Project
FERE Aok T2 F B e sl4e 22 PP o d 3T B REAH
HEp-preg B B B et R 4 Bk T T i A
A REFR AP TR AT R Y MR T/ R/
/BB E T ket ¢ AT RSP A (SGCO)011 # 2 A o2
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& o =~ A2 % A i 7 0 &5 =k (battery energy storage station ; BESS)
MEEL D TR TR S A A2 SCADA ik us B koo

SCADA i sti & * &kip4|&r & p| BESS ¥ 412 2 5% & 73 I fA5F

s BESS & o AT Eiim ) Bip i B o

oﬂ“',»

{ )% Large-scale integration and unified
Eiﬁlﬁl’\_j SCADA Platform

STATE GRID

[T E T

] 3-32 large-scale integration and unified SCADA platform

CO2 Geological Storage Technologies in CRIEPI

CRIEPI = {77 CO2 # H it Habrenn 3¢ o + 4] 7 CO2 £
R I AP AL A @Jq\ * DR T > CO2 g
B ip g T RHIT Y g P AR FeniE T 5 CRIEPI @
B30 CO2 b Hik g ek Ao G4 a2 E 8 - CO2 # #3f
B~ ZORE A CO2ehh i ~ X CO2 BB P ETER NI NMNER
&= V48 2y CO2- % 3 ZeroGen Pty. Ltd.«73+ 4 & i CRIPEI
¢ Rp  NIRNW R FrakchidiiE 1 1F - ZeroGen P E P H F &
A AQE | A CO2 AT K -
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CO> transportation by ship

(Collaboration with the University of Tokyo)

capture CO, injection pump
iquefaction loading shipping
e =~

buffer stor

CO, reservoir ol .

CO, transportation by ship with CO, injection pump, no platform.

Using this system we can select CO, capture and storage sites separately

] 3-33 CO; transportation by ship

The Case Study of Measurement and \erification of Energy Savings in

Power Industry
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% 4% % :4c IPMVP (The International Performance Measurement and
Verification Protocol) 3 = 3267 2 K & Bl & 38 s oS o 14 [PMVP
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[ Transformer |

Energized Loaded
| MNo-Load Losses | | Load Losses |
[ Hysteresis Loss [*— TRIF
| Eddy-Current Loss | Eddy-Current Loss +
S e Strathddyl_oss
kFrequency
FFlux density Material and shielding quality
FSheet thickness [Winding geometry
FInsulation between sheets Leakage flux density

=Strand size axial and radial

-Leakage flux density

Flux density -Insulation between strands

Quality of the core material }

Frequency

tWinding material
Current density

] 3-34 principle of M&V for high-efficiency distribution transformer

grograms

3.4 E#F%3* (Technical Visit)

3 % ¥ i+ CEPRI & £ 3o jir 4 3

—\\
L

SNE: RS I
T A W ALAE R BRE R AF (UHVDC Test Base) % B 7
e AR 7oA e kg (#5%) ¢ (National Wind Power

Integration Research and Test Center ™ = # # NWIC) & {7 %3% o

-~

d 3B s R R AL R~ &

“E_ﬁi%"f B3 R AR

¥

ch AT 0 B ek A B ondkon R (Thyristor converter valve)

L

=

Bod 4 EA L - B
ABB - B F P fief y7dkiv e a MR #2 P T2 BT
$45 ) AR R E IR LA o A0800 + K 5KA T

ARAFRE IR ¢ BB SR
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