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1. Risk Evaluation of Power Transformer

-Development of Asset Management Decision Support Tools
(Dr. Okamoto)
-Risk Evaluation of Power Transformer: Risk evaluation

technologies for electric power substation equipment



focusing on the earthquake risk (Dr. Shumuta)
-Risk Evaluation of Power Transformer (Mr. Peng)
2. CCS
-A computational estimation of CO2 migration injected into
a reservoir (Mr. Suenaga)
-The ongoing researches of Carbon Capture Tech at
Chemistry & Environment Lab (Dr. Shih)
3. Smart Grid
-The Smart Grid: Infrastructure Strategy for Energy Saving
and Low Carbon Emission in Taiwan (Dr. Yang)
-The current status of the CRIEPI’s TIPS project (Dr.

Serizawa)
(=) #3515 19 5 # § 1 & BHFLE)

1. From the presentation and discussion, there are at least three
topics could be further discussed and cooperated for both
parties, they are Smart Grid, Asset Management and CO,

Storage.
(1) & # % Smart Grid & Asset Mgt :

B > Smart Grid 8 2 Lid4ris g ¥ 4 HEF 8 AR
P> ¥ H P Asset Management 38 f » CRIEPI 2. & K {2
1 AE R ML 9749 k S TR TR R B

(2) CO, Storage -

7B T - F Ry B3 Sn & :E ) (Joint Research
Agreement on Site Selection for Carbon Dioxide
Geological Storage)s& % % 37 » CRIEPI >t 97/12/12 %



2.

Email > 2 B ~*7& £> 5% 205 F €9 §X 7 i
CRIEPI #-ff &2 H AT pA IR AL > & F & 3T 7 (2009)
B3 RER -

For the technology transfer, TPC would appreciate it if
CRIEPI can offer the computer models for evaluating the

suitability candidate sites for CO, Storage.

2B Rk Pk E A TOUGH2 3 "6t » A1 #
W o kot e R L E WY GETR T R AR
TOUGH2 7 % # k83" 3

Asset Management is very important for TPC in the future,
especially in power transformer diagnosis, it could be the

major cooperative item for both parties.

o

BRECEFADPWPRBFLMAF T BT P
B#EA YT A E g F LE P EFHH

The development of Micro Grid is also TPC’s major work,
TPC hopes to have more information and technology

exchange in the future.

¢ 3t 97424 wv ji CRIEPI # 35 ip38 ¢ & BLEF 34 Micro
Grid » CRIEPI ¢ & &+ X (Dr. Kurihara) % -] $%1& 2 (Dr.
Kobayashi)#& F i 37 &2 E 50 » & BAF & 7 T 8 v

TPC will continue working on the research of microalgae,
and TPC appreciates the recommendation of CRIEPI not to

use 1t for fuels due to the cost consideration.

P TPC W F MR FRA ] » & %1 W B3 g
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6. Regarding the two-day lecture on CFD in December 2005,
TPC hopes to have further cooperation or transfer the
computer codes, such as the models for predicting the flow

field of the candidate wind power sites, if possible.

% 22 CRIEPI Mr. Hayashida % % ¥ £ # w % (01/24/08) i
FRBAR s o TRV i3 g 0 ¥ d A de st a
3 E IR RIEFER R o

|

4

7. CRIEPI is conducting a study on residual life assessment of
used GT blades and is interested in TPC’s experiences in
refurbishment of used GT blades, TPC is willing to share its

experiences in this area with CRIEPI.

A¥re 397 & 74 1 p#k% CRIEPI ¥ % E I )

24
BARA2EHRASTHIE REFL£T
8. An international symposium on Smart Grid will be held and

hosted by TPC in Taipei on January 30, 2008, TPC sincerely
would like to invite CRIEPI’s experts as the topic speaker.

CRIEPI & & 2 (Dr. Kurihara) @ < & > ¥ 2008 & 1
" 30 p 2= Smart Grid F"2#7 3 § i

(1) FR2$
CRIEPI % &% 2 & 44 FAL & 45 ¢
1. 2007 # p ~F 5 3R4 288 2 Ex Ay RE 4P o
2.2008 # p 2 A AFEL 2000 2 B TARE 2L o
3. 2007 #F=3y E3F 1P o
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EF A ¢ 72 (Asset Management) B2 inevdkAi > o > B &4
d pAgA P LT (CRIEPD)T 4 1 487 7 #7583 2 b A iE
# 1 L (Dr. Tatsushi Okamoto) > @ #F:%*TR#F e ' FT A F ALK L
# 1 £ | (Development of Asset management Support Tools ) » I d 2
AILARR T AT AR ;{ A4 2w L;24# L (Dr. Yoshiharu Shumuta )
BaE T EHRT XA ZWFR %% o (Risk evaluation
technologies for electric power substation equipment focusing on
Earthquake risk) e Afsd AP F & T H, L E LB HGHE T34

%R Bh % | (Risk Evaluation of Power Transformer ) °
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B g life time for Larger p—
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Annual maintenance cost

Recovered Maintenance cost
reduction by overhaul

Recovery Ratio

"‘-q.“ }
0 B I ] Service Year
Orverhaul Orverhaul
Overhaul period Overhaul period
2
Orverhaul Orverhaul
" Overnaulperiod  Overhaul period
Cumulative annual
maintenance cost o
'S P
> 7
X0 e
S Reduced cumulative
0& '," annual maintenance cost
\‘;\{&"‘,-’ | y
With overhaul

Service Year

1
Effective
0.8 L overhaul
z
g
2 06] -4
e _
q n=2 n=1 fd=05
2 04 n=0.25
< 0.2
) Ineffective
overhaul
0 . . \
0 0.2 0.4 0.6 0.8 1

Overhaul cost
Recovery characteristics is defined by recovery index ‘n’
Recovery ratio= (Overhaul cost) »
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Decision support program for overhaul planning

To support
+ Overhual time
+ Overhaul level

Basic Model
+ Simplified
maintenance cost
= Overhaul effect
- Failure loss

(4) #Hpz2

2R AR L (A ATRRE ) d R H s (1) & B3k p*
FREAAT T (FERBE Y ) RB T BN Bl (B 2R
) 2 HH AT (2) R FER F RS EENE Y (F
P?L#Ei*'f’** )5 (3) T RBPFRET 2 (4) 2TRAFHE T

#2 4]:? K&f’ﬁ’? #lﬂ—l i’/]‘/ﬁ;%ajv # & l:cc lf\%."!r? °
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€7 Renemal strateey support program for GGB (=1

File (E}  Action (A)  Setting {0} Help (i

Anuual repar cost Failre Periodic cxpense Single expense
Interval(yese)  cost Age (yesr) cost
P Rate (rumber/yesr) (0,001
Base cost x = |2 0.05 @ s 0.05
Start age of increase 20 - ol oz
Increasing rate |0 o0 Penialty cost | (] =
O O

Aversge and snusl mantensncs cost and

Economic ife: 57year
(Awve. coct:0.048)

2, S
3 gy [
Run(E) o
§ 10 15 20 25 30 35 40 45 50 S5 60 65 W0
CRIEF Age Cyear)

Annual maintenance cost
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J— -
Framework of Risk management
(Business Continuity Management)
Risk Assessmente
Analysis.
r Risk Control T f Risk Finance T

Prevention Mitigation
(Retrofitting, (Damage alert, Imputation Retention
Strengthen, Hardening detection system Insurance, Saving

Countermeasure) Optimum restoration hond, ete
strategy)
| Risk

Communieation [
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Diagram of Natural Disaster Risk management
based on Information Uncertainty

Risk Control Approach Life Cycle Cost Analysis

Selsmic Claslgr\ ar:l

) I1ssue Rmroﬁl or Renewal
% Jar‘wge Planning Issue
M C‘)t:le o
5 unaer —‘_ﬂf‘\ i
w Certainty Under A Maintenance Issues|
o -Reliability-Centered |/
=3 - Maintenance- | ¢
=] —
p=3 Supply VS. Demand (exp: endl ure, income)
% 2 Business Inter ruptlon loss d.Je to sne.-
o A Secia Econtimic Loss due o power glilag
n Asset
= Management
Based on
J‘ Natural
disaster risk

Cash Flow Analysis

p j\g;/,f@a;fgﬂr,! ,»"_s,pw}\at 6JMA 11 Haqﬁ 13& AT BlAeT
Map of probability of ground

«g& <
lower within 30 years U

motions equal to of larger JMA 6

Refer from http:/fwww j-shis bosai.go.jp/j-shis/ 73|
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P A 2007 & FTiG° AR Boad S pss VI P A TR R

House transformer fire at Unit 3 Copyright{c}CRIER] 200814

Connecting bus bar of the
| y side shifts
T

Firewall

No.3 T/B

Connecting
bus bar

.

Connecting bus bar of secondary side subsides
deeply compared io the base of the

The fire continues 2 hours before extinction
(The fire protection wall prevented the fire from spreading to other areas)

Main transformer damages at Unit 2

Main Transformer Displacement of pnmary
— side connection
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JEAG-5003-1998 Guide for Seisimic
Design of Substation Equipment < JEAG-5003-1998 ¥¢ IEEE693

Main Differences of JEAG,IEEE 693 and IEC

JEAG 5003 IEEE 693 IEC
Frequency range 0.5~10Hz 0.3~33Hz 0.5~35Hz
Vertical/Horizontal 0.5 0.8 0.5
Dynamic | method | Time-history Response spectrum | Response spectrum
analysis
» Design | 0.3G resonant RRS RRS
H seismic | three cycles (1)High:0.5G (1)High:0.5G
= force sine wave (2)Middle:0.25G (2)Middle:0.3G
@ (3)small:0.2G
Static & Static Corresponding Static:N. F >34Hz Static:N.F >36Hz
Coeff. analysis equipment is Static Coeff. analysis Static Coeff.
specified analysis
Input waveform Resonant three | Artificial earthquake | Artificial earthquake
cycles sine wave, 10 cycles/beat | wave,5 cycles/beat
wave
g‘ Input acceleration 0.3G (High) 0.5G (High)0.5G
i (Middle)0.25G (Middle)0.3G
(small)0.2G
Exciting direction Not specified 2or3 directions, 2or3 directions,
simultaneously simultaneously

N.F: Natural fl'eq“e“m&mﬂlﬂgearch Institute of Electric Power Industry

JEAGS5003 2

"

Seismic Design Procedure (JEAG 5003)

(Individual)

Modeling of
ground and
foundation

Characteristics of
installation floor

(Individual)

|

bR AT

Definition of “Standard”
VsZ150m/s or N value=5
Vs:Secondary wave velocity
N:Index of soil hardness

[ERSIgE

‘Z

17
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Taiwan Power Research Institute

Deregulation & privation
Difficulty in acquisition of land
Deferred on T&D investment
Demand continue growing

18

2 + Risk Evaluation Model
3 » Result of evaluation
4 ~ Conclusion

AT En

-
000 2602| 17819 5144/ 1570 27,134 2,500 | 29,634
01| 2602| 17868| sias] 1570 24| 27086  2950] 30.36
002| 2602| 17661| 5144 1650] 24| 270%9|  4s56] 31915
2003 2602| 17885) 5,144 1649 24| 21284 6006
.n“ 2602) 17.722) 5144 48| 2.2 7476

equipment and facilities.
+ At the beginning, we have selected
power transformer as our target




nlure

CP NSCquel )
PF = Possibility of Fail

nce O

1. CF : Consequence of Failure
CF=CxS8IxCI
o, &

L

pf; = Index for insulation test

pf, = Index for service age
pf; = Index for operation records

1208 OL> 110%, 0.075 should be ndkded 1o §1
| Repair 44,461 ol sl | 110%> OL> 100%, 0.05 shoukd be added 1o SI
| timesory 7,407 o] 7w _ Foe N-1 MTe. & other MTr. Without OL.

Subiotal 51,71 o] 57 B0%> OL> 100%. 0.08 should be wdded 1o §1
Cogial U o| e 0% OL> 0%, 001 should be sdded i 5
Suttceal 76,546 0| 756 ]
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=125 — ' R e
* ape. bt sun be um

For Tr. Supply to air port, harbor, railroad, MRT, tunnel of e, W11 A s
ynesd with ape, Wi=11 wn ;quu.uu;uﬁ,-u :[-l.-l}lﬂl;-;’;l“—h
. Wi=12

Huve serions invslating dufect,

Aging failure period (31~40yrs) According to [EEE C57.91(1995) Guide for Loading Mineral-Oil-Immeorsed Transformers,
pla=0.0057517 * £- 0.3611 * t + 6.7209 percentage life loss (FLL) is defined as: if nccumulnted lifie loss is 95%, then the wansformer will

have 5% remaining design life left
1+ hottest spot omp. (9,1 g, -g, amess 1) 3cCammpag,,) o hotiest spot temp. (ag, )
S o.q.ps...{l—.-,'-].u..mw. lﬁ-.ﬁ.-lﬁ,{hﬁ",}lﬁ.——ﬂ

Lot g L] X

a3 e [alfs

e o —ala el ies il e P e e e
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e e | a younger age, and every factor should be

E......._ readjusted accordingly
yy | Nood pay aensen, H2 10-18, 0 News) pry smesmion, comne, mndsan  medium wsspemes oveshet of
CH 5 - |ppas et averhest of haed metal  ares) metal, imnalation paper

TRI(C=1)

* Consequence of Failure CF (with cost)
financial Impact
« Possibility of Failure PF

+ Transmission — 927 units
+ Power plant — 284 units
* Nuclear power plant - 37 units

T T e T LT TN

1 201 401 601 801 100112011401160118012001

21



consequence of failure.

+ Results can be used as input for investment
evaluation and conditional base maintenance.

22



(=) CCS3rA-1

o bpz A2 1‘:’5 7 (Carbon Capture and Sequestration,
CCS)Fpir < it et BAhd pAT AP LY Ar(CRIEPD#
R @ =il B2 J’Hiﬁéﬁ g3 Ay B kX 55 & 4 (Mr. Hiroshi
Suenaga) ° f§ FF:Z AT * T PR i Tough Il g -7 » KT
H1000F 2H B2 ~CO, 6 EFRFEHF 2 BB (A
computational estimation of CO, migration injected into a reservoir )
(Bl2-) - ¥ F o FixE = E I aF L Y - /f@f]a’.;
New Haven ¥ = (B]2-2) - 7 "ol it k p £ Wi k<
(USA-DOE) #% 527 5o % B 73 % % (LBNL)#7% & 2. Tough I1-
SRR F AN Bl kY BN RRE 7N o

Background

Environmental Impact to
groundwater use ?

flow upward with its buoyancy

0

Seal Rock (Cap Rock) = Impermeable

Reservoir Rock (CO, Injection Target)

S

f21 ~ enz § 1 B & ¥ & 13 (sequestration)

E % (buoyancy) % #HEHT (T 5 5t o
2. & *Tough2 3% 2 B 17X » 43800F = KT Kfges - 5 b gt
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FARIAEZ 3 EH 2 2 g2 RS IRIR %oiE i+ Sd(Case 1)-
Fm - F P ARES R MR FF LR HE TR
2 BB R o

bt ded J iy kv '%;% i2 i+ Tough 2 #i#5t(simulation) 4~ #ic ik
25 L R* T 5B R % 6| (Case 2) :

a. » Tl A &% # 1 Rose Run sandstone > /L= A & 4
20m/km(§]2-3) D BEEERTEM 4mdy FiVHT % TE

v

KR TR ER % (unsteady dissolution phenomenon)
b. &+ FTiFAERF T 12400m T_ELiE
c. A >4 :35Mpa, HFEF 25 &

d. : f@ £10km x Skm x 2.4 km (F2-4)

(Cross Section)
thtly (~20m/km) to southeast

5 2.4km (Rose Run SS — Ordovician peiod)

=G0, Injection

m Area and depth of analysis are 10km * Skm and 2.4km, respectively

N o = — 3D numerical
XMl 0, injection 1'01111 S Depth of CO, injection is 2.4km (Rose Run SS)

(R2-3) (R12-4)

e. ¥ * 3D#E 3%
f. BBt @ * 2 fo4~ 2 F *2iE 2 (Initial & boundary Conditions)
B R (C)=12.78+18.23*;% & (km) ; i§*2i% i =non-permeable ;

B =71 » {51000
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W™ %1 - (4oFI2-5)

Case Studies

m CASEI: Using representative
permeability data derived

from core measurement or

10 to 10000 times
larger permeability used at
the depth of 800 to 2400m
than that of CASE]

tially assuming that

s almost no caprock)
Assumed unsteady
dissolution phenomenon

f®2-5

Case 1(0- 800m) : & * & &rit £ 42 F i Ffcdy - KE PP

44

(core measurement) g ;z4% 3k (logging data) -

Case 2 (800-2400 m) : B 3K 800m 14 T L3 F £ % f#(no
caprock) > 7 % F X Fcase 1 2 10-10000 & -

esult Snapshot — Compare CO, Saturation Distribution

Compare CO, Saturation Distribution =

" 'CO, injection point

fg] 2-6 (Case 1) fg] 2-7 (Case 2)
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2. e Casel (F %#cdyp)> 1000 &7 A& CO2 ¥#iTE £ °

3. % Case 2 () ﬁwg), 4 1000 £ 14 CO2 + it # # $]-2000m fu-
T Al L2 IE TRV g BT T iE L K T 2 (freshwater

zone) °

4, w2 Wiag 4 2 o7 d 0-1000 & 2 3D Fd AL B E T 2o

(=) CCS3e-2
* X 7 L 4 (Mr. Hiroshi Suenaga) > f§ 3F:% %7 * T "oHs ot
ToughIl & CCS 2 g% & » 297 B EZHEFT T 3+ &7 71 Mk
%\mﬁﬁ?o,’}_ ”T]ﬁ]]‘}“"@a‘]7 Bl"bj{g-ﬁg?f‘ﬁ;]?\ ,57‘12_,19'-1§B"5 "/lg
HoOEFFHR B EET IR HG FLABP L

l.p o ic %Ay F “,/Tfi*'v B atr b 2 BAT AR M 7 3 & (The
on-Going researches of Carbon Capture Tech. at C&E Lab [CO2
geological storage excluded])

2. " RAFFTFE I DFE R BT 21 BT 4% (Major
research results in the recent 2 Years at C&E Lab)

3. B tHmy M2 CCS A i &¥ F 473 Tough 2 /
ToughReact %% #ic %8 2. 2 4 (Discussion Topics on TOUGH2 /
TOUGHREACT Simulation in CCS )

4. 7 B CCS piaf i & T it 2 B> ¥ i & (¥% 38 333 (Proposed
Items on Geological CO2 Storage to be Collaborated between TPRI
and CRIEPT)

(=) CCSs-3

BB REBEF T F 3R Power Point B 8 TRl 4o T
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1. The on Going Researches of Carbon
Capture Tech. at C&E Lab

(CO2 geological storage excluded)

* Chemical looping technology for coal gasification
* Biofixation of CO, abatement with microalgae

Chemical Looping Technology
for
Coal Gasification

C hemical looping is such a promising technology that
converts coal or biomass through the looping of a
highly reactive chemical intermediate.

E xtensive experimental studies have been carried out
around the world, with a focus on its cyclic chemical
intermediate and its application in clean coal

combustion technology for power generation from
gaseous fuel.

Traditional gasification technology

VS.
Gasification of chemical looping

Energy
Item conversion CCS
efficiency

Traditional
Gasification | 60-70% g:"dwt:
Technology P
Gasification Can be
of Chemical 80% sequestrated

Looping directly

The objective of the proposed project

To help TPRI better understand the Chemical looping
technology.

The OSU team will perform technical and economic
analysis based on coal information from Taiwan.
Moreover, economic analysis for the CDCL process

will be performed and adjusted based on the Taiwan
Market.

The economic attractiveness of the competing
processes will also be evaluated.

27

TPRI cooperate with OSU to develop
chemical looping technology.

The initial project - Implementation of Coal-Direct-Chemical
Looping (CDCL) Technology for High Efficiency
Electricity/H,: Techno-Economical Feasibility Evaluations,
has been proposed.

(Of particular noteworthy is the Coal-direct Chemical Looping
(CDCL) process which encompasses the efficient
conversion of coal into hydrogen and electricity with zero

 Syngas Iron Chemical-Looping

Maksup .{ 2000 pai CO, fwith:

State-of-the-art
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Pollution
reduction

High value

co-products

Plants vs. Microalgae vs.
Microorganism

Photosynthesis  Photosynthesis Autotroph
| High co, High fixation rate High fixation rate

capacity Low Shortiifecycle  Short life cycle
growth rate

High concentrate
Land requirement .

| ;
| M Isochrysis sp.,  Methanobacteriu

spirulina sp. sp.

Microalgae species

| Microalgae Description/ growth parameter

| Spirulina is a multicellular, filamentous blue-
= green algae. Various commercial Spirulina
|

production plants currently in operation.
Growth rate:2.523 g-CO,/ L / day dry weight
Temperature: Optimum between 35-37'C

PH : 8.3~11.3, Very tolerable to pH change
Isochrysis sp. is a marine microalgae that can
be grown in closed photobioreactor .

Growth rate : 0.730 g-CO, / L / day dry weight
Temperature : Optimum between 24~33°C
pH :6.0~7.0 Relative pH sensitive

Open pond system

Location and climate cond

in Tai- Chung power plant (2001-2002)
500 L Photobioreactor , Isochrysis sp.
in Tong- Hsiao power plant (2003~2004)

|
|
|
‘ 200 L Photobioreactor, Isochrysis sp.
|
|
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20 L/unit x100 units = 2 ton Spirulina sp.
Photobioreactor in Ta- Lin power plant (20 L/unit) (2005 ~ 2008)

Conclusion  The on Going
. Researches of Carbon Capture Tech. at
Microalgae biofixation program | C&E Lab

* In order to achieve the screen of potential sites and
pilot sites selection in Taiwan, the integration of
| researching works related to geological CO, storage
conducted by TPRI and others in Taiwan will be of
importance in next stage.

* A bench scale chemical looping laboratory will be set up
in Taipower by the project collaborated between TPRI
and OSU with meticulous evaluation.

| * Land is limited in Taiwan, TPRI is continuing Microalgae
Biofixation projects for CO, abatement. we will make
efforts in photobioreactors development to mitigate CO,

emission.

2. Major Research Results

Determination of Mercury Concentration

in recent 2 years at C&E lab : Distribution in Taichung Coal-fired Power Plant
Determination of Mercury Concentration Distribution in c’:al I A ﬁiﬁ,ﬁ 'tln:sf
Taichung Coal-fired Power Plant 95.1% |®M% B (SCR) 4.9%
C_ormgion Evaluation of Hot Dip Galvanized Insulator J’M = *‘l‘ ‘l;»nui e
Pins with Image Processing Techniques (boila) R BESP) TamEGDY | (stack)
Develop the Desalination Technology with the
Membrane Osmosis Cleaning Technology 1 1 1 l l
A Conceptual Hydrogen Power Generation System oty s gfp:m oo
Based on Renewable Energy and Using a Novel h?or:sm ﬁ.ﬁ 8.9% t:: 10.3%
Hydrogen Storage Alloy

Hg distribution in flue gas, liquid phase and solid phase plant.
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Corrosion Evaluation of Hot Dip Galvanized
Insulator Pins with Image Processing
Techniques

Use image processing

and computer vision

rCArngues 1o
pin

. | MEFR | BRKTAANE
V| e =

s | R

b 1

A Conceptual Hydrogen Power Generation
System Based on Renewable Energy and
Using a Novel Hydrogen Storage Alloy

4. Proposed ltems on Geological CO, Storage
to be Collaborated between TPRI and CRIEPI

* Capability established

— TPRI's staffs have attended TOUGH2 and
TOUGHREACT training courses at LBNL. (#E¥ - v -
pEE)

— TOUGH2 and TOUGHREACT software will be
purchased from US DOE by TPRI. (RE¥ - {L3H)

— One set of high pressure (100atm) CO, penetration
testing apparatus has been installed at TPRI. ({£31)

30

Develop the Desalination Technology with the
Membrane Osmosis Cleaning Technology

ol imiim  iadew  henwe | ‘

o
l "k-_'-';:: iy :
[ .

3: Discussion Topic
TOUGH2 /| TOUGHREACT Simulation in CCS

* A The numerical simulation of CCS trapping mechanism in CRIEPI

= —Dynamic trapping analysis
+ —Solubility trapping analysis

* —Mineral trapping analysis
* —Verification of the above numerical results

* .. The numerical simulation of CCS leakage in CRIEPI
The leakage criteria
+ —The leakage simulation in CCS
—The monitoring technology
+ —The remediation of CCS leakage
* (. The numerical simulation of the equilibrium of CO,= species on
site
— under ~ 1500 psi
= — in anaerobic bacteria condition22

Items to be Collaborated on

* Numerical Simulation (§£5 - {t32)
— Case studies (Japan or Taiwan)

— Information exchange and discussion

— Peer review by CRIEPI

* Set A Pilot Site Road Map (BA33&)
—Working items
—Required parameters used for numerical simulation
—Budget Needed



(2) FEIT pil

=3

KH3Ed p AT 4 P LA o0 (CRIEPI) % 57 3 9 %4
4 (Yoshizumi Serizawa) 22+ 2 7 4 2L A 2o RAaFrEq 3
PO ITIEE % 34 o

FEE LA AR P ARARDTRSIFERTE » LA
ARTEFIRABELTELSINTRE VB AL 22 74
‘%ﬁiﬁhaﬁ TR EERE AT TR DATR A SRR
TR FME RRT LA (ADAPS » Autonomous Demand Area
Power System ) » £ Jd22010# (& B & FT8 TR B B AR o

1. p 2R kehg

FERTe (KBTI 23) §»%HCO,» Ftp if\inﬁ‘-i
SRk A > H Y Xk (PV) 2010 # H 4 7] 4.8GW
2030 # £ 53GW 4§ i 30%:r4 ; F o

Hor 2B g T EH e blde YRR PARRBE
(IGCC)» 11 2 Wi/ F K7 kT sl 40 J 4e 1 fR 7 o

PEUEL PR R b A e p ARy
AR R A ENCT (F € ) gl b AL & o
TR 1 ADAPS 384 2 Jr 43t % RIEB2 FEL o

T T {HenE T RBEH A TR E R ET ST
é%ﬂ? RN 4R e KE

CRIEPI »* & ¢ & #% 11 A % (2008 - 2010 &) & AF £ 7| T 47 %
# (W31):

B3 Ee RAeT kst (ADAPS)

B A3c:8 Tk (DER) fhvt & pFz k B > 2
B ICT A ZEX

B ZEF Rk (DR) 2=

(ﬂd\
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X VEy

pagEF s (DR) 232743 ¢35 DR H 2R 2%
DR Fz2v it W2 DRZGHFE LM A ?4$%1P
T F A 66KV Tt HE (i AR EAPE ) - FREE e B
FEE - Z RGN F MGG RN o LR WP T

Bb/))—i‘l—»}i ESTPE -3

& i &
N
EirlET KA G

?’éﬁ:ﬁv“‘"‘i/’:\} Als ko T

o

Bl pRaB T G
SES SE AL B R

ETJ,,‘ S
BokBEOHFTEFEIENL
R4 hREER EX

B 3.1 & kehd @smg o p

2. ADAPS:E & 37 | 45

PEZFHETFI A EF T 3 FaErHRT CRFEL

|JI.I=L’T'I—?—4’$]ﬁo’ ,‘fu_L?J“;r‘{ﬂ"’?)ﬁj? o/};ﬁ;i*;rﬁpéj;},.
u :;wgpvw@] RCEN S ARy R PRl I

- T,#Qﬁ~*¢41$§gﬁﬂﬁﬁ:

W % o4 8 T 2 ADAPS % B HiF

F132 5 ADAPS f k2 15+ & 354 S5 B ~ i 3B ~ B HE4T
ks B4R (LPC) S % 46 (SDNE » = Rlit 1t p 3
EA A A SR

LPC ( Loop Power Controller) B] & - # 27 4] fe T % B &

=
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Good e P HATHRIRE RIS FgRLT 4P LPC
% £ 4 B 5 1 100kVA ~ 500kVA % 1000kVA -

<1> if'—??f}i‘z’;d%zrﬁé.f]?,} e e :ir{]:ﬁ':/v\‘g{ ];F: fz’ﬁ-ﬁa?,,f‘
B2 BE e AT R EF IR TRAES

2 AR R R R

|
ADAPS: A k74 2 LB BELEF B o 4030 ha—- &
VL2 RPN PR H R
o TP RRF R
ﬁaaz;@@wﬂai i@?**' PVEE % T ihm s
y&%@ﬁﬂﬁﬁs%w1W%itéﬁﬁé4%ﬁﬁwme
power flow) » F]yt CRIEPI % £ &2 &7 2 K & (Demand/SuppIy
Integration) > ;2 % '8 MR hEF B 33 5 F BB R T UL

2 7 e

R E o K

yd

i "HL "PE- ﬁ.’/‘_ﬁ.
Communication Network
(L2, mobile agents, etc.)

@ <—) s o
F o FE A i

1 3.2 ADAPS & # % #

g7 1
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ﬁ%] B ﬁ J“g'q‘i _r.?’_.{‘;r___!._' _____ V ADAPS
K 0
= P EHEEREE
7 W /////4 A
i mwy /7777 W T\
iy Ny N TVR
tﬂ,{ - >l Time
....................................... l- aimimshnfagiy -l
o I :
FREPVEE T | S S
E e | \
B j\«ﬁi‘*] ﬁ i\‘ e Hot Water HVAC Cthers
L
.............................................. o t_L 3 ’;’- ):,'
L £ /

B 3.3 § & & &7 2 & & (Demand/Supply Integration)

3. 3 \F%J}iﬁﬁ’ﬁ_\ﬁi

= E DA E 23N = & & (Intelligent, Interactive and Integrated )
2274 R (TIPS) & 2FenFiaa (ICT) A#EX > ¢35
AR R K 2R S PR R ERRY ONEAR S Ry
0 R RGP B P N B F R 0 B34 LICTRAAZ % %
1‘#0 B35 7 F R 2P ER ¢ HFBERAF (FUgER)
L
B OERE R s T 5 BRI (IP-based communication
protocols and data management )
R W B-K K 2% 245 (Security measures for
embedded and easily accessible equipment )
m * =R ® (Customer gateway )
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rese | L
RCEE DI

—

BRIE RR @Yo aE RN R jsszms;;;‘/;utagﬁﬂw _
B IZH-FE EE FEAR fﬁ-;}l Pk 1| Z PR DEN R
F 34 ICT gpa#Ex
Fed b4~ TIRV .rgi’ e PV & ..? h_ﬁ(}ustomer
" Substation 7 7 ik
fie T AR 40 oo R R —H = EMS
Customer HoH Tl

Feeders

L e DER

w D B L

DR program \/\\ ;—J\ x e
Distribution SCADA™, | /;\ Demand Area @ 5 W’#@Fz/ﬁ: o TN
A Secure Network PP 3

»% '}—}“ .

B13.6 R &8

3 (Wide Area and High Speed
Control Network) » &

B RR O TR 4 2

r'

Bl dh2 o % e ME R AUT s A g i 2 FE
AR FEE - PR R T R F R R AR
Erilet > R RSTA RER L o

RI3.7 &% Wk F ke EH RRRR S TREIT S
fa 7R 7 # (Plug-and-Play and Ad Hoc schemes) » i st %5 R iR
KE -
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/(‘rﬁ’:g W,)/] ;ﬁ%ﬁli ;%}i,\'

7 =, F R MeR

| GRS B

s Er s D)

X E |
| (SCADAEMS)

E e

ESERE é

B 3.7 * PR A ERE 2 R R

4, ARFEAN T P K2 & 5 B s (The Smart Grid:
Infrastructure Strateqy For Energy Saving and Low Carbon
Emission in Taiwan)

VAR m“ﬂﬁ&iﬁbﬁﬁmﬁg,égﬁﬁgmy?
2 LR P RLELABRARPLER  AAEAURT L
Moz FR AP E BBk S g ’uﬁzﬂﬂ %%ﬁ%?%ﬁ#

BEARFES ALY PELLHRTH
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» CO; Emission: rerurn to 2008 level in 2016 ~ 2020, and
be reduced to 2000 level in 2025,

# Share of Low Carbon Energy In Electricity System:
to §5% In 2028, s

iaw.quﬁwnuh i
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PLC in Distribution Sub-Feeder
Automation

HEMAN 1w

Develop Carbon-Free Renewable Energy

1 Wind pawer 2816 0.7 950 16 3000 53
3 Salar

e 24 0.0 31 0.1 1000 L&
4 Geothermsl — - - - 150 03
5 Blomus 637 7 741 1.9 1400 5
& Fuel Cell - - - 200 04
7. Matine B 3

Current 200 04

REMAM

The Strategy

* Reduce dependency on foreign energy sources

* Reduce dependency on low asset use

* Increase reliance on systems and programs that
reduce peak demand

* Increase reliance on active control to operate
closer to design capacities for large capital assets

* Increase reliance on scalable, interoperable
solutions leading to a plug ‘n’ play environment

* Increase use of portfolio strategies in generation,
delivery, and end use to hedge against surprises

REMELM

40

Benefit :

* Fault Detection
+ Condition Monitoring .
+ User Comm. Network Service

+ PLC added value

BEeMmAN 2

PHEV / BEV Link to AMI
G2V (Grid to Vehicle) & V2G (Vehicle to Grid)
* AMI enables more penetration of PHEV (BEV) on
the grid; sensing to enable monitoring the node for
charging / discharging
* AMI enables dispatch of PHEV / BEV as a resource

for the grid

* AMI enables transactional management as the
PHEV / BEV asset moves around the system

W Yghighe

Lol s

Demonstration Site for DER Integration

ot -
|
MWW o \1 | Hydoga —_—
] ooma| ! ?gg"‘"
by PT Lallle
______ —_— | /mﬁ -
e Bl Vel
— .E 1
= =]
T (Puel Cell
Dife | KW D
et [ s ;s C Eﬁ"—"
=] T B Monitor/Control, SCADA  3aiim binm

1 Micro- Tusbara)

BEHARM 2



Apply PM1000 Power Module in g -Grid

* PM1000: By American
Superconductor

« AMSC PMIOU{J can
programming as:
1. Active rectifier
2. AC voltage source
3. DC/DC Converter

> ACTIVE RECTIFER T
4. meAC MD[D[ Drw AR DC.BC [ GEA feRir
® Back‘IO'BaCk 2 Mo =8°C] A VOLTAGE SOURCE s A e
application inloop 3§ ——ee_ . t
power control - LoD te-be W we e
Mas =0 AC VOLTAGE SOURCE PR
WOTOR DRINVE M A el

WEMEM 25

(1) 34z ERT 4

X~ 1% 500m & m’s ;ﬂiﬁ%@ S

TTKVI1KA ~ H 5 ~
Bk E

IJE‘

2k AL (RREFRAFT ) #

fiwAn g L4 oo

(2) =

““a b

f@is?$wﬁ1%
@M%%*iiﬁ
s SF6 & % 4

Summary

It is important to the nation’s energy, economic, and
environmental needs to promote a Smart Grid

Taipower Smart Grid roadmap has provided four
Targets with a view of transforming the power system
in Taiwan towards higher reliability and efficiency.

In order to reach the vision of Smart Grid, it needs to
cooperate the efforts of Departments from Taipower.

PLC technology is an option for last mile Smart Grid
communication media.
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s %% T/ (IGCC) 7 4

B ARFRRTROACR 4 ABXTE HE PR "*’%’\f?
=h
;5

NARREFREE > ERE R 2R o HN TR L
PR AP A BN RE 2R R GAR 0 o TRt L
FooFEd R ATNBR LA BT kR &

G Y3 T'Q SR é—r‘s* '—1""’“‘%“ R S W o
SRR AT E R (1GCC) LAE R <G S e

IGCCH P 7 WH R ki FET éfﬁéwf*’iﬁﬁ
SR L RE 2 REE TR ICOME T2 Bl ¥ 7R g AT o

Bird's-eye view of IGCC Demonstration Plant
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:‘ﬁ=’¥ : &Dé FE?/T

(*)Ty{ p# :2001# 6" 15 P
2 @ E L IGCC 2 BlRE A Y
(Fid T RRLE S 2 ER)

(z) % wo
Hokkaido & #4 = #(3.25%)  Kansai 7 # = # (16.75%)
Tohoku 7 # = #(8.35%) Chugoku & # = (6.25%)
Tokyo & # = #(32.30%) Shikoku & # = 7 (2.95%)
Chubu & 4 = @ (14.25%) Kyushu & # = 2 (8.70%)
Hokuriku 7 4 = # (2.90%) TAFE D (4.30%)

() IGCC # B g :
Hokkaido & # = & ~Tohoku & # = & ~Tokyo & # = & ~
Chubu & # ==& ~ Hokuriku & # =& ~ Kansal & # =& »~
Chugoku & # = & ~Shikoku & 4 = @ ~Kyushu 7 4 = & ~
TAEE Y (EPDC)\ p A7 A4 ¢ L7 # (CRIEPI)

\\

= TP RERT AR

78 2 %
hBLE e ft)év: W R EARY AR E 2 AR T

4 B |2,000 ) P EE

smplsEl IGCC A X P £k P7F % 5 48% -

L% mAp s (REEUSCHES )

B
o B EEEERE e

%d%%%M%ﬁ FHE AR %R
IGCC 7 %t 2_ (gt o
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AT E o R T AEM I R E o A 200t/d (Ap %
l’f_—]-_.“'

25 MWe) - p 1986-1996 # ##7iw /a2 NEDO £ =7 £ 4 IGCRA

©»2001 & 6 7 15 p 3 ;c:'; WE A R&D 2 P78 a3
BRRERL TRV DGRV RS TS F R TR L
3 B4 =l
ZE0

JE PR

1986 87 - - - - 96 97 98 99 2000 01 02 03 04 05 06 07 08 09 10
Pilot Plant Project
(by IGCRA)
Feasibility
Study For
Plant

Demonstration Plant

<Key Dates>
May 30, 2007 Initial Firing of Gas Turbine
June 7, 2007  Initial Synchronization
Sept. 20, 2007 Initial Firing of Gasifier
[Complotien of Construction ]
Start of Demonstration Testing

44



I ~IGCC s sugFd

IGCC {"f%@;?ﬁﬁ.@i’,ﬁg J#F’L;"th’?f'fa}iiﬁfﬁ;}i
o BB RN IR Sk LR o

e IQ lfu j}'\‘
) Boiler \

Exhaust
Gas

g+ 7T R R

Gk EA L TR A ’fg%%%ﬁ“
FAIES BB E T o

.

/— AF TR | \

. Boiler (HRS@G)
%J[é_'_‘i\ T /E%ﬁ\g‘ T Exhaust
R R g -

SR RART F A R RE T R
BB IR E T R B ER P F
FH s I~ HRSG A2 %70 ¥ 1@ % 7% i W
B F R E TR AL T

% .

—  ERET .
Gasifier Boiler (HRSG)

o+ AR

oF B

A i*f{,l’ q;;f,; f-;%ﬁbeg LJ& ,J#-g‘\% L
RARF A AL E R RERERT RS
PR ERT FRY R FER
WHEARAL FT > NERET RGBS -
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~

)

+ IGCC &4

FOOVE R R A <Trend of Coal Fired Power Plants>
BRET 0 AT R
IGCC x sti 3] 489%-5096 2

EATE > BB AR T R

IGCC (48%~50%) by 15

50

2. 4296 o AT I R A 45
IGCC % %ui¢ % 2 7 %.CO,
- %y PN o
By AR };9\ Af > Ap 0 “IGCC Demo Plant(42%)by 1200°CGT

B o

USC PC Units

Net Plant Efficiency(% LHV?)

Conventional PC Units

LHV : i &

N . Note:Plant net efficiency is described on LHV basis.

USC : 2R Teft 8 = /

Merid
,—" BBL2 L i H g
IGCC i * A MM > 46700 d T MAR R R A £ik &)

B % PCF 45 J{w%_ﬁ .
PCF : #: %% %'

< Potential Coal Supplies for Japanese Utilities >

Billion tons

150
-
100

North China India South Australia Indonesia

\ America Africa /
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BEE3 M AP

’ ) < Emission levels (Target)> |
B e e .

Menth BEL A % s fl

f < Comparison of Ash Volume > \

IGCC # %2 % % fk i %
g ’Eﬁfél:alg PCF%)—){{B#\7"
Lo T, Sk /?'J}F/_EL}F g «#E%i
LA

FHRRLE EL R T
PSR HR  LREE L S S
B IR g

Fly Ash o Glassy Slag
\ (from PCF) (from IGCC) | /
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Outline of IGCC
/
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Records of Construction
—Some Typical Photographs—

At Manufacturers' Facilities

{Inspection of Gas Turbine during Manufacturing

{Pressure Vessel for Gas Clean-up}

At Construction Site

Pressure Vessel Components
\ for Gasifier and Syngas Cooler/

{Steam Drum Lifting for HRSG>
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