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(- ) R&D and Clean Energy Strategy

* 3% L {4 d CRIEPI Socio-Economic Research Center 7 Dr. Kenta HORIO
3¢ 2 " How does the public perceive innovative nuclear technologies? ;| 3 # #t#2 %
FE 3 F T % B 3F2 T Power Innovation R&D Strategy under Net-Zero
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1. How does the public perceive innovative nuclear technologies?
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Policy Developments

Nuclear Energy

* In 2014, Japanese government introduced a policy to "minimize
depkndency on nuclear energy” (4" Strategic Energy Plan), following the
Fukushima Daiichi nuclear accident

* In February 2025, the Cabinet adopted the 7" Strategic Energy Plan,
shifting policy to “maximize use of renewable energy, nuclear energy, and
other power sources that contribute to energy security and have high
decarbonization effects”

Advanced Reactors

*+ On 24 August 2022, then Prime Minister Kishida announced the
consideration of “developing and constructing next-generation advanced
reactors with new safety mechanisms” at GX Implementation Council

+ This direction was incorporated in the GX Basic Policy, adopted by the
Cabinet in February 2023

© CRIEPI ' 4
74 k& © Kenta HORIO, “How does the public perceive
innovative nuclear technologies?,” 2025
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Acceptance of Advanced Reactors

Before Information Provision

CRIEP

* Male respondents were generally more supportive than female respondents

* Acceptance of advanced reactors was higher than existing reactors, even with
low term recognition.

* Level of support: R&D of advanced reactors > Introduction of advanced reactors
> Restart of existing reactors > Lifetime extension of existing reactors

Q. How do you feel about the following statements on the use of nuclear energy in Japan?
100% gy —

==} == | S 2 BN
80% B
60%
40% e —— )
20% ———
0% [} — = — - —) - |
Male Female Male Female Male Female Male Female
Lifetime extension Restart of Deployment of R&D of
of existing reactors existing reactors advanced reactors advanced reactors
™ In favor Relatively in favor Neutral
® Don't know / Can't decide Relatively against m Against
© CRIEPI 14
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R&EE
Acceptance of Advanced Reactors

After information provision
* “In favor” and “neutral” responses decreased, “Don't know / Can‘'t decide”
increased (“Upon reflection, it is difficult to judge”)

+ The questionnaire (quantitative survey) and interviews (qualitative survey)
showed different tendencies

* During in-depth interview, positive responses increased due to better
understanding of the technology, particularly its safety features

Male ___________ [Female |
Before  After Change Before  After Change

161%  109%  -52% 75%  40%  -35%
280%  293%  13%  241%  204%  -38%
358%  298%  -61%  460%  362%  -9.9%
97%  99%  03%  91%  114%  23%
54%  56%  02%  41%  54%  13%

Don‘t know/ Can't decide 5.0% 14.5% 9.5% 9.2% 22.8 13.6%

© CRIEPI 15
74 k& © Kenta HORIO, “How does the public perceive
innovative nuclear technologies?,” 2025
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CRIEPI

Concerns and Key Issues

» During in-depth interviews, people raised questions such as differences from
existing technologies, specific disadvantages, and safety challenges.

» Through the questionnaire, a certain level of agreement was confirmed for the
concerns and key issues raised during the interviews.

- High agreement: safety concerns and the necessity of continued R&D

« Similarities/differences vs. existing reactors (esp. scale): unclear criteria for ‘large’ or 'small’;
lack of knowledge of existing reactor scale/mechanisms.
« Is it truly ‘innovative’ technology?
If technological development is progressing worldwide, Japan should also take the lead as a
R&D technology-oriented nation.
Has any technology actually been commercialized?
* Are domestic technologies or manufacturers involved?

Technical
Feature

How long would it take to recover the costs?

Under population decline, can new construction be economically viable?
How will benefits be returned not only to operators but also to consumers?
Won't waste disposal incur high costs?

» Even with smaller evacuation areas, accidents could still cause damage.
Concerns: legal framework, scale of damage (health, land, compensation), risk dispersion if
numbers increase, management challenges.

.

Safety

2 CRIEPI 14

74 k& © Kenta HORIO, “How does the public perceive
innovative nuclear technologies?,” 2025
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2. Innovation-powered R&D : Taipower’s Strategies and Initiatives
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Taipower’s R&D Strategy: Three Transformation Pillars —
Net-Zero, Digitalization & Resilience

Trends & Challenges R&D Strategic Vision R&D Pillars
1
1 1 1
== i E 5
Multi-energy Generation ! !
R ble energy doubling i i
(60-70% by 2050) 3 i

Decarbonizing power generation
(9-12% Hydrogen by 2050)

Expanding low- & zero-carbon sources
(CCUS-equipped fossil fuels, nuclear energy)

|
Intensifying Extreme Weather
Events

Infrastructure Readiness
Integrating renewables & new energy
Meeting electrification growth needs

.y
Shifting Demand Patterns

Develop low- and zero-
carbon energy

Improve energy efficiency
and equipment reliability
Strengthen climate
adaptation and system
resilience

Enhance system flexibility

_Resilience

Adaption

Emerging technologies have stable electricity
consumption

Supply-
side
challenge

7 @ PRl

Re-industrialization
ing growth & Al d

W25 & TFs R AR 2 < A

founf A KRR B SRR T8 ) 2 B isa o g

Rk P TR R R A R I

ALY T

FORATEOPR > S QL IATRE o TS AP E o A
2ARY  FRRE LR

Fl 0 L7 o B R B # # (Environmental Scanning 0 48] 2-6) 0 3% 5 i

AP TR T FE R RPN LR S FEFELRGERE o e T

PHEJE LR ATRIEEFE R RZRAR N E RELRT A AR RBF

fo R RN A AL { Bt A R A f T pER o A 2 P

Gpo B E TR B ¢ ) I N TR B gk

12



Environmental Scanning: Identifying Areas of focus

* Environmental scanning helps us see early signals of change .

* The goal is to find risks and opportunities before they become mainstream.
+ This process guides early investment and rational decisions .

+ It also helps staff build a forward-looking mindset step by step.

Data Sources & Environmental Data Classification & Rating Data Linking
Scanning

Trend
tea o
[

Vindar . Scenario
0 .

" Confirm Strategic
Risk [a] Define .

L Project Radar Data Establishing Radar

Display i

Pml

mncn

: Rating g4 Ider Collaborative
= Themes <L Criteria akgholder %, o ssment
Internal & |

L
environmen '._
tal scanning
(PESTLIED) /

Technology

11  Sources: Taiwan Power Company, Ray Cheese, Strategic Planning for Key Issues (2023)
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Strategic Radar: A Proactive, Systematic Approach for
Innovation and Investment Opportunities (Example)

» The strategic radar is a tool to visualize opportunities .
» The radar makes complex information easier to understand.
* Itis used as a platform for dialogue inside the company.
» Decisions are based on both data and shared agreement .
T & D - Storage

Technolo
Scope Generation . T&D- Grid Rea dcinegs Lge¥le|
. il Maintenance - = . i .
Complexity Robots L} ) @ vep - power sales & | Potential Impact
Fuel S RS Value -added
N Sacid
Technolo 7 o S E]Grrd Tied Inverter L Business Potential
A e n-o 9y Green Hydrogen. B & . @ £ - © Limted O Hgh
ttractiveness Production @ - - O Moderate () Very high
Waste H (=] i
Decarbonmhon?(s;fovee?;@'_- )' -%yber?ecumy g;gietaltigm& Technological complexity
Wireless Pohe( ¥ Market Ready § . i @ Lmiec @ High

Internal T""”S'[' Product Concept @ rosmine @ vernin
Know-how Applied Research

Basic Research

13 Sources: Taiwan Power Company, Ray Cheese, Strategic Planning for Key Issues (2023)
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Case Example: Business Opportunities in Gas Turbine
Blade Regeneration Technology

@ *Aging gas turbines — Rising demand for MRO services )
\UTG L E LB sRenewables rise — Gas turbines must provide High
Scanning Reliability & Flexibility — Higher MRO requirements )

MRO = Maintenance, Repair, and Overhau (equipment life -cycle services)

*TRL: Predictive maintenance & AloT monitoring still at )
@ early stage (pilot cases)

Evaluation *Potential Impact: Blade regeneration reduces cost &
waste — Supports circular economy )

“.Market Status: East Asia—Few ISP (Independent Service
Provider) companies ; Taiwan— Almost no ISP presence
*Taipower Advantage: Solid experience in blade repair and

monitorin

Blade MRO and condition

troubleshooting, with commercialization potential 420 40 83
*Local advantage: Taiwan leads in semiconductors / Al / S. M A R. T Kn
loT — 5 years ahead globally; Industrial 4.0 team Smart Machine Analysis Rapid Test Kit
<Next step: Seek partners St Tog o
16 Sources: Taiwan Power Company. Ray Cheese, Gas Turbine Blade Regeneration Technology: Market Positioning and Busii Validatio{2024) 5 TR
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(= ) Accelerating Solar Adoption

AP Ahisd CRIEPL f % 2 i ML T30 (1 % ~ i L EF L IRM)
A & ¥ 2 (Dr.Atushi Hashimoto)#F £ " Development of the Solar Radiation
Forecasting and Analysis System (SoRaFAS) | ( = F& §g &g B 22 & 47 5 sL2 B3¢ )
PP EEAT TR T %M & 32 4F 2 T Impact Analysis of Solar
Interconnection and GIS Application on Hosting Capacity ;| ( = 5 & & & Sofr s & 47

BERRF AR EEAN AT ERETEZ R Yo XITE fj}‘uﬁf% ELA B4R
1. Development of the Solar Radiation Forecasting and Analysis System
(SoRaFAS)

CRIEPI %6 f#Fh 2 B B4 thaE = 7 = B ig 5787 &4 47 % 4t (Solar Radiation
Forecasting and Analysis System » SORaFAS ) » ¥ #* W 3EP| 6 -] FF 13 0~ 15 iF &4 4
TR Tt S AH D HRPFFRIN DR T RS EE T IRR o ARA
CRIEPI A A 7 3 A3 (R T F TN Y AT LT *30) %2 25
FyritapEy eS8 (FyfiEer—Y +—)4@j\,§1§i3’£‘-f?§ﬁ% » 4o [§] 2-

9o
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29 4§ L

SoRaFAS i * chigrk 2 B Ak p p 2ehf ke p & 8 5Lir 9 5
(Himawari8/9)» & 7 "' ¥ 8 k8. ik | (Visible Image ) ~ " %= *} 52 8% th | (Infrared
Image) v " % R & £ | (Brightness Temperature Difference * BTD ) - SoRaFAS

SRS KRS A B

S=S5,XaXpB X x(l_A)
=SoXaxpxy 1—4,

He > S H & SHBigSE (solar radiation at ground ) ; Sy #.3 Ik *F ~ M 5
#+ (extraterrestrial solar radiation ) ; « WA T i ik ( correction coefficient
for fine condition ) ; B ¥_I& X T iz & x #k ( correction coefficient for cloud

condition ) ; y #_~ § B & i & % # (correction coefficient for air-mass ) ; A £ ¥ %
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& B2k 8% (reflection ratio of visible image ) ; A, 3 % F B % (land surface

albedo ) °

] = I i &R R » SoORaFAS % g 7 Z e #5#5-7% (cloud motion ) » I vt & B

- v £ (Single Vector) £ £ 4~ # i (Vector Distribution ) % % 2 fF eh{ B -
H- 28" RIFRP2Z BN B R 2 > 587 /8% (cross-

m

correlation ) #1> ;N5 12 B H i B v £ (cloud motion velocity vectors ) »
EH e Fleng 2 10 4w R P X B ARl £ uvy fo? PRI 2

uv, o f#G EFE R RIHF L E

uvy, (1) = (1 — a(®))uv, + a(®uv, + — 5 (uv, — uv,)

18
He saq(t)=(t—60)/120> 2 t =60~ 180 i%E B t j£.60 3| 180 >
FhEN Ay w60 ~43] 180 A 42 B > FEHAZ HEHEGY > 4oRB 2-10 -
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FAL %k Atsushi Hashimoto, “Development of the Solar
Radiation Forecasting and Analysis System”, 2025
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Tl e BAE LS oWl 2-110 BB 2T L ATERIZ OB H G

“.‘T_’\\ “

»e% g T 2 e g (rotation) ~ ¥ & (convergence ) % §§47 (divergence) o
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0.0 - !_ [r— — r— .ah'kQKU —! 0.0

- e
124’ 126° 128’ 130 132 134" 124" 126" 128" 130 132 134"

F# kiR - Atsushi Hashimoto, “Development of the Solar
Radiation Forecasting and Analysis System”, 2025

Bl 2-11 58 o & A F 2 S| 2 e0fp 5 1050

CRIEPIZHHE - » £2 2w EAF 2 HE, Vet e v uguk g (%
% % > Ikilsland) 3 ﬂm’%@(ufﬁ%%%%ﬁ)@r%%ﬁ%ﬁw’iu
322 13324 (Root Mean Square Error » RMSE ) #£31 7 #8722 chif g 4

* 2 L3 ] chRMSE > 4§ 2-12 0 4 %{ﬁi'f—. IR FE R
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Lead time (Hour)

—Single vector —Vector distribution

F L kR o Atsushi Hashimoto, “Development of the Solar
Radiation Forecasting and Analysis System”, 2025

B 2-12 8- 5 B2 2o 84 %2 g ok § 4 Fehs B 1554578 RMSE

INE R TRU PR T R #:,arf]wf?' Flenx 15§ 5438 » CRIEPI :& - # -4 3
R TERFEEFRIR gy 3 BB RTRSE 4oF] 2-13 -
SoRAFAS f 4 #f3 st § & 7L RARRIPF > (o0 E B RSB0 SR L4 &
Bl T R d k) Bk TS o L E B RS 7% T IFRIPF - SoRaFAS
§HERTHF AL £ ¢ 7 PCS & & ény £ 7440 2 & PCS fad ¥R

414 (curtailment) Ho;N e ™ £ 7 %J”"m‘ o F s — B A ek %]

r=5
A
o
cN
RS
N|
T‘ﬁ
w}

#10 €3 3 Ry d S o] 214 ¢
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PV output (kW)

33°54'

129°36'

F# kiR - Atsushi Hashimoto, “Development of the Solar
Radiation Forecasting and Analysis System”, 2025

Bl 2-13 49k f b cnk T %5

2,500

2,000

SR /—\

500

——No control ——Controlled at 1000 kW
Operating with 1 PCS(1000kW) ——Operating with 2 PCS(1000kW)

FAL %k Atsushi Hashimoto, “Development of the Solar
Radiation Forecasting and Analysis System”, 2025

Bl 2-14 L L g Spe & 2 H PCS % £ 144
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SoRaFAS &H¥+: T k3 TR > MW 4 2 280 4 5 JE R0 ok
LB AR 2-15 7B Y & 34 B REREN RS 4 ($53s 5 controlled )
2 20 A4 ({32 5 uncontrolled ) $i55¢8 k7 3B RMSE » A dAXE i) e7f
B o W4 HN e RMSE 28] A4 {5V enz 22— o Ak B ek b
" > CRIEPI £ie & % § ek 3 2351 2T RSB TEF € Pl 0 TG &

kT EFIFRIERR
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—— Controlled 05:30 ——Controlled 09:30

F L kR - Atsushi Hashimoto, “Development of the Solar
Radiation Forecasting and Analysis System”, 2025

Bl 2-15 4 & § % % 778 RMSE
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2. Impact Analysis of Solar Interconnection and GIS Application on Hosting

Capacity

POREFAEREARK IR AT FLEFT T 2 EATRT AT
# & 52 (New Distribution Planning System » NDPIS » 2 i # DPIS) % 44 s
4R ARY HEEE 53 % % (Feeder Hosting Capacity GIS » FGIS ) » # | e
dihEREFAEAAM ARG R B EFRI RO REART

B
2 AR AHP L AL LN RL B AR AT FEFLTELE R

FrimiamgeEEd o

c AR T FEARFELTE LA RN BILIG R E LR

-
(7

FEHRERE O URRE S NRE RS FADT AR TR o BB K ALF

o

fN
&

17 (Impact Analysis ) #7133 B 26 5 (Voltage Variation) T §_#H % 4 pF
TR AP > S BRI GE I AFGU R RE » TR L E AR

FE A G ARNE RS BER B8 % ME 4 A IA(EPRI) 2 # ¢ OpenDSS #,

e

BRI A AR E BT U TR E

Y

Vor =V
AV:L|

|4

Be AV ZRREF T Vpe 5 § AR AR T HERTRE OV 27
FAAGURRERT S RTR 0 A W R s (perunit > pu) 3 R PEE

Fl4o®] 2-16 ° aAat o) & BOTREH F T TAQE 3% LT RERS
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TAIWAN POWER COMPANY

tage Variations Under 3%

99The 35" CRIEPI/TPC General Meeting
0 4 /0 0t September 2025, Japan
0.995
a Wl a
I 150kW
0.999 0.999 1.021
0, 0 0,
0 Yo 0.999 0'2 % 0.997 2'6 Yo 0.995
el o e Mo 'Y
0.999 no
0.999 0 Yo
ala

Bl 2-16 & $75% a0 Rk S 2 47
FEAMFAARAEFL AN RERF AP 4087
A5 > ¥ % i NDPIS ERE 3= B
E R RS E Sl B3
¥

/
S/

Pre-Installation
Feeder
Model

Feeder Model
Building

Power

EF3EREA 3T 0

I
o

"=

Pre-Installation

'
Node Voltages -
Calculate Worst Voltage
Flow Voltage Variation
Analysis Variation
Post-Installation Post-Installation .
Feeder Model Node Voltages
1 ) If > 3%
Parameter
Adjusted
Weak
* Transformer Capacity Point
» Transformer Type
* Line Spec
B 2-17 %

A

2
wl

iz VAR L

= P2
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g4tk ik 3> DPIS 4 £ 7 % T 5 (Light Load Scenario) £ f %3

(Heavy Load Scenario) » k=i it t St 2 g o RT™ » HAERT R

HEL R o

NS

FGIS 2 s st 247 5 A7 > ki@ * OpenDSS T3 T 4 i s 172 %
SO KR SRTAMEE LRGSR R TR BB A S
FAMLL SR RRH T AZE 3% OTRT o FBEBL A uT
5 F RS RGUR R > TR G BT B e 3 £ (Hosting Capacity ) © #
BEZT XAV HREFEFMEFALAE NES ATLA T HERT L REFR
o REACHIBRFT A BB IWEREFE  CFEERVRELT

FHE2ARAAEEZ A FLEEE L A RRATHE > oB 2-18
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(=) Climate Forest on Risk Reduction

~ 3=t £ 15 d CRIEPI 1 Dr. Yoshikazu Kitano 3F 2. " Development of basic

wind speed maps for wind-resistant design of transmission towers in Japan assessment
of global warming impacts ; % * 2 X EF T TR BT 20l R L3EE

" Investigation of Environmental Monitoring and Management Method of
Transmission Towers under Extreme Weather Conditions ;¢ 14+ fﬁlﬁf S A PARLE

it

-~

1. Development of basic wind speed maps for wind-resistant design of

transmission towers in Japan assessment of global warming impacts

p > d A% % fof L (Dr. Yoshikazu Kitano):& (7 f§ 48 » 42 p £ T * *v?ﬁis?l T 48
ERLh K3k 4 BIR S ke it B 5= (Development of basic wind
speed maps for wind-resistant design of transmission towers in Japan and assessment

of global warming impacts) ; f % » & Zhif & 4o
PR BIETLR RO BT R bR H R LER frt F
Fhoerildecnim b 453 o d 20 ABAF T0% L o RE4B
B SRR LR RELFL G b @R AR LR
Fho T s Lk o BTG § 0 < A ) o
CRIEPI B % 7 CRIEPI-RCM-Era2 #c® # % B TR E - 2 H# 2
£F S wRoRTRTR > T RO BERI TR B Ok #  FO L

FELRKRRT LR R EA T TAERE T 1957 £ 3
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2019 & & #p F % Bedy o

fI* ez T B ke AR AR e Bl B A

M EHEFIRE 2 LE L RR AR R S A

I [ R i
New basic wind speed maps
_ for transmission towers

v Wind speeds are high along the Pacific coast "
of southern Japan, which is being hit by . ﬁ"é}'
strong typhoons. t,? N

Y

v Due to the influence of downslope winds, h
wind speeds are high at the tops and leeward J
slopes of high mountains. 2 2V

%
An example of basic wind speed maps (warm season,
maximum speed of all directional sectors)

© CRIEPI
F L kR o Atsushi Hashimoto, “Development of the Solar
Radiation Forecasting and Analysis System”, 2025
B 2-19 CRIEPI F¥ % ﬁﬂﬁ%?iﬁi@"’iﬁgj\ b i B BlF
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A E g VP, R ¥ d4PDF S 3§ B & FTAHE T F F R

FOFT2K 2 MK A R R TR R o BRI RR b AR K
FARILS R EH B S 1.2 B Lk P AR R G OREARE
HPESFARRE 2 IR0 6 B B g M-

e T o e £ 4 RS o F R REFS (dogk
1.05) M FER ALK R iE 0 P AL FRAoie 0 870 B Gl U
DHEEFHTE o

AT ET AR TBED 'GP RS XD RE SR P R
RABES F RS F FRATHDL L R T f ST
B F R R T i

2. Investigation of Environmental Monitoring and Management Method of

Transmission Towers under Extreme Weather Conditions
AOPELEFETRRFETRLMB L ERFEGIR > P L TR X F 0
# ﬁig?l T DRE T RE 23 2 7 (Investigation of Environmental
Monitoring and Management Method of Transmission Towers under Extreme Weather
Conditions) ;> & & & 2 @ 4rie 3 2 ﬁ%l TABIE A H oD PSR A TS
FLEa s G T AR D R H R A AR O T

W7 THA AT IR ) o] 2-20 517 o
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SPHEERER 19 17 2 0 0 0
EMHEERER 4 4 0 0 0 0
BRUEEREE 1 10 1 0 0 0
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att 61 58 3 0 0 0

W22 427 T @e a8 e X EMpTRGERPTHETRFRL

(2) B R 3K - 1R B

A AFHE TN A THEE I B RBEAR R R AE T EHE
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WAL E 8 1) s R (Reh ~ BA B AR B BB R Rk

PRk EP o i PEIEED) B R AR (ARE A A B R % & ) o

(=) Grid Resilience

A= g RT ®wp Lt A > 4~ wld CRIEPI Dr. Yoshiharu Shumuta 3 4

" Introduction of Risk Assessment and Management System for Power Lifeline
against Typhoon (RAMPT)-Cutting Edge for Electric Power Resilience | 2 #* = & 57
LT AT A Y 51~ B L2 [ Estimation of System Real-Time Frequency
Regulation Ancillary Service Demand Using Wide Area Measurement System ;o 14 F

JedR 2 L B B

1. Estimation of System Real-Time Frequency Regulation Ancillary Service

Demand Using Wide Area Measurement System

CRIEPI4F & i & /i 3244 7B 4 chh &35 & F 12 & %(Risk Assessment
& Management System for Power Lifeline, RAMP) » 4[] 2-22 #751 - g 1960 & i*
UKOCREET A AR B e e 0 P AT 4 BT Sk

friz R BEFR - -Bn LT AK TR AR R T P AR

=1
"3

2

ity

a4 o B 223 K70 BE i £ T 0 fe 2010 £ L p A+ R4 2018
EMAEL RORR FEATENEERBIHE R > B TRG AR
i E R Ko AR5 p oA F k foslicdy o DAp i p Ap ik anis ok oG
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Introduction of Risk Assessment
and Management system for
Power Lifeline against Typhoon
(RAMPT) - Cutting edge for
electric power resilience -

Topic 4: Grid Resilience

The 35" CRIEPI/ TPC General
Meeting

Yoshiharu Shumutat

1, Central Research Institute of Electric
Power Industry, Chiba, Japan

© CRIEPI 2025 1

74+ %% © Yoshiharu Shumuta,“Introduction of Risk Assessment and Management system for

Power Lifeline against Typhoon (RAMPT) — Cutting edge for electric power resilience,” 2025
Bl2-22 h'G: & g0 K AR E
IR S 2T

~ Changes in Power Outage Duration and Natural Disasters ~

- » Advances in power distribution system automation, redundancy, maintenance, and inspection
technologies have significantly reduced the number and duration of power outages compared to
the 1960s.

» when major natural disasters occur, the number and duration of power outages tend to increase.

Response Procedures for Natural Disasters

Conventional Methods (Information Gathering via
— Scale 700 Manpower)
4 Subjective Judgment Based on Past Empirical Rules
o0 # Requires On-Site Visits to Assess Damage
# Time-Consuming Information Sharing

R

Innovative Approach (DX-Enabled Damage Prediction)

4 Objective Judgment Based on Equipment Damage
forecast

4 Utilizing prediction information eliminates the need
for on-site visits

Annual Power QOutage Frequency and Duration per Customer

mm  Number of power outages {

—  Power outage du (minute

Times)

Number of Power Outages (

i 100 4 Real-time information sharing
1966 '70 '75 'S0 '86 '90 '95 '00 ‘05 '10 '15 '20'23 5 = . e
{Source) Federation of Eiecric Power Companies of Japan (il Reducing power outage duration (enhancing resilience)

© CRIEPI 2025 3

7o %R © Yoshiharu Shumuta,“Introduction of Risk Assessment and Management system for
Power Lifeline against Typhoon (RAMPT) — Cutting edge for electric power resilience,” 2025
B 2-23 BRHpAEp AT g
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Characteristics of Typhoon Damage to Power Distribution Equipment IR %‘,j]q:l*ﬁﬂ%}_’ﬁ

Changes in sea surface temperature over Japan

° Q)

1.0 } [#1
Offshore Japan (Annual) Bx ‘
05 +1.14

40N +1.70
0.0 +0.74

+1.29 +0.74*
0.5 +1. 275

+0.97

1.0 +1.23 +1.22

30'N
1.5 | 148 _J +0.78

1900 1920 1940 1960 1980 2000 2020
+0.82
£

oIl - i
Changes in average sea surface temperature (annual mean) in 20N
the coastal waters of Japan 120°E 130°E 140°E 150°E

Sea Surface Temperature
Deviation from Normal (

BFH S

The increase rate of the area of sea surface
temperature n Japan's coastal waters

JMA : https://www.data.jma.go.jp/gmd/kaiyou/data/shindan/a_1/japan_warm/japan_warm.html
© CRIEPI 2025 5

74+ %% © Yoshiharu Shumuta,“Introduction of Risk Assessment and Management system for
Power Lifeline against Typhoon (RAMPT) — Cutting edge for electric power resilience,” 2025
B 224 pAjaTggRrizs A
"EEFTAE D ARUTAARAE R - R PERIEE R Rk HR
Bk X2 Bk p R4 A A Bd DM BTATER e bldoo 3R R

THEA S RE R A FRRIF Y PR B2 LT HARETRE T A

M= A EHT SO IERFBRE e L BIERDL LM bR 2-25
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Characteristics of Typhoon Damage to Power Distribution Equipment IR B HhRmmZerr

~ Recent natural disasters ~

. 4 Increase in the number of extreme rainfall events
Number of occurrences per year with hourly

precipitation exceeding 80 mm 4 Increase in typhoons deviating from typical paths

Japan Meteoriogical Agency Cimate Change Monitoring Repert (2024)

0 [0 Hmoecrsaty # Past rules of thumb no longer apply.
4 Typhoons strike regions where vulnerable trees and

structures remain untouched

-

R0 A3 A0 350, 2000, 2000 201 00 20RO Secondary damage to power distribution
equipment occurs frequently

Irregular Typhoon Path

© CRIEPI 2025
74+ %% © Yoshiharu Shumuta, “Introductlon of Risk Assessment and Management system for

Power Lifeline against Typhoon (RAMPT) — Cutting edge for electric power resilience,” 2025

B 2-25 p A8 4 chp R
Overview of RAMPT IR %ﬂjEFEEﬁH%T’E

Basic concept of resilience

Resilience Triangle (Bruneau, 2003)

\

High resilience system

Function

Low resilience system

Elapsed time

© CRIEPI 2025 7
74+ %% © Yoshiharu Shumuta,“Introduction of Risk Assessment and Management system for

Power Lifeline against Typhoon (RAMPT) — Cutting edge for electric power resilience,” 2025
B 2-26 7 firEoPEs

POOREPEPRT AP LT B F 1 RAMP( R %3ER &2 F IR k)
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Overview of RAMPT ]R %j]qlﬂﬁﬂﬁﬁﬁ

What's RAMP ?

Risk Assessment & Management system for Power lifeline
[(RAMPT: Typhoon. RAMPEr: Earthquake real time) ]

—

Hazard Information

——
@ Server (Typhoon/Earthquake |
Information system) II — I
[ Damage prediction |

UMD

2 Client (Damage

@ estlmatlon system )
Real time hazard information ’

from the IMA

o Appropriate Human and material
W resources,
Speedup of pre and initial responses

Typhoon/Earthquake

Pat
COTCUTS

© CRIEPI 2025 2019

74+ %% © Yoshiharu Shumuta,“Introduction of Risk Assessment and Management system for

Power Lifeline against Typhoon (RAMPT) — Cutting edge for electric power resilience,” 2025

B 227 b GERE Lk A

RAMPT 68 (75427 4 5 8 1 B4 3 » 4o R] 2-28 #7or

1. ?‘;}Jﬁlx DORME L E S MR F- AT 2

Pank g By ¢ HEE - RR AR S R Ard

Hoeh g fofs i o

3
Fop kg P AF fh (JMA) nT e SEplgeh T30 0 ¢ 28R ¢ o

2. FFEIER D RAMPT eoprw £ HIERIECA] - v 1% 156G % Rk

BnF RO BB TR R R AT R R

R oo BHAE I Y RT3 OB o gt AAH > g

Z&”#‘Fm&%& » 15| ]%Et:}fi& FHrmieh ) F T AE RN 1 E H

¥ 7

BB 8 A G A IR o B s B R ¥ RAMPT s Sg

BRI AR B/EY 0 FBA RS ET AR OT AT AT -

3. FREMAARAE D JARIERLS R R T s B el
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Overview of RAMPT ]R '%jjq:'*m%’_’ﬁ

Wind-induced damage estimation system (RAMPT)

¢ rower D\
\._Company / Output
Input 1.Typhoon forecast information
1. Equipment data for 120 hours

(1) pole,(2) wire,(3) others (course, wind speed, etc.)
(location and dynamic characters) 2. Typhoon arrival time for
4m Confidential every sub-branch office
2. Typhoon current and forecast 3. Wind speed, wind direction
information by JMA 4. Total number of damaged
& Sequential updated Typhoon equipment for every sub-

i
i
1
1
|
basic information (Real time) ! ‘ branch office
1
1
i
i
1
1
1

(1) center location, (2) size, (3)
atmospheric pressure

Actual emergency restoration action
1. Determination of the preparation

CRIEPI
time for emergency work

Specific meteorological evaluation 5. Allocation of human and material

[(1) Forecasting specific wind speed } resources before, during ,and after

(2) Accumulated Rainfall in local area the typhoon landing
(3) Sea level pressure

© CRIEPI 2025 10

74+ %% © Yoshiharu Shumuta,“Introduction of Risk Assessment and Management system for
Power Lifeline against Typhoon (RAMPT) — Cutting edge for electric power resilience,” 2025
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B 2-29 #77 o =HER P AMF T 4 27 (Kansai Electric Power Co., In.,
KEPCO) PRF*Fe kit = 7 & X pidlh > HRAg:E 168 § » RIeiz T » T =1 &
B 0T R oD ST o RAMPT i A¥E3Reh iRl % > 2 f % L

T BB F AR o [ 4R35 0 RAMPT & A T e Rl AE
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Applications and Accuracy of RAMPT ]R %jjtll%liﬂ%ﬁﬁ
Application Example of RAMPT (Typhoon No.21, 2018)

Up to 1.68 million households may experience power outages

[SBHARBRARONR]
(9/4 ZIBﬁUﬂI)

9 7 5%

#0AT : 1 SHH

1 6 5%

Maximum wind speed prediction
(September 3 at 9: OO AM ,2018)

[9/8 085 2 £195%
(9/9 014 2#199%

EBHPR - BPAFIC(E,
BERBHRBOEHLAE

9/a 9/5 9/6 9/7 9/8 9/10 9/11~

Damage Status of Power Distribution Equipment KEPCO service area
Utility pole (breakage, tilt) 1400 poles
Power lines( broken, crossed lines) 5000 lines
Transformer(damage) 300 unitis
© CRIEPI 2025 15

74+ %% © Yoshiharu Shumuta,“Introduction of Risk Assessment and Management system for

Power Lifeline against Typhoon (RAMPT) — Cutting edge for electric power resilience,” 2025
B] 2-29 RAMPT s * 4§ 5](2018 & % 21 58 b )

R AR dp A0 ka7 B2 e B R MR B F 0 RAMPT i

ORI FE SIS 0 ho ] 2-30 H o 5 A LT GRS T o 3 oA R
FTARAERNLBE RF] oA T Sk MR R { AR

ﬁ/ﬁqs}ggi,ﬁ_‘ it@ﬁﬁi‘)ﬁi*% 7 BE o T F;\j\mﬁ_—ml,ﬁ,uiﬂpg T3 G o
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Applications and Accuracy of RAMPT

BIIthAZe
Characteristics of Typhoon Damage

from Typhoon No. 21 in 2018

The primary cause of damage to power distribution equipment is
secondary damage caused by surrounding facilities.

-

Areas in mountainous regions where

trees are densely clustered

Regions with
poor forecast accuracy

© CRIEPI 2025 2019 18

7 4L kiR © Yoshiharu Shumuta,“Introduction of Risk Assessment and Management system for

Power Lifeline against Typhoon (RAMPT) — Cutting edge for electric power resilience,” 2025
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« 5B RT 0 BHEE  RAMPT sngkjies = 57 04 R 3

e % 3% % (RAMPEr ) I % 2011 # L p & < 3 Z4c 2016 & jx A 2 ¢

BRI IE® o AP T FL A K A E 4D R 10 BT

2PEF > hoB] 232 4 o

Overview of RAMPT IR %j]EPEEﬁH%'J_’ﬁ
Effectiveness of RAMPT

Information available from RAMPT

» Typhoon hazard : Maximum wind speed, wind direction, and time of occurrence

» Distribution equipment damage prediction: Damage to utility poles and power
lines

» Display units: Entire power system, prefecture, business office, 1km

[Typhoon No. 7 in August 2023]
Wind Speed

Before RAMPT : Handled by each sales office
» Other branches are
struggling too!

» Let's handle it ourselves.

' Visualize damage projections for
other sales offices

After RAMPT : Dispatch support personnel
from other branches
» Support other branches!

s ey |

> Let's handle it together! [RTFANER WETFRER
25| an mARE REEEA/ER i | 4 |eRR
5

m/s A it &) | @) | zn)

HEEED 221 - - of of 2

5 g 2 [EzmB 328 [87148 228504 [8E15E 0805 0| 2| 8

T e mm—” BEEES 338 [8A147 238005 [8F 158 @205 1| 2| 8

. - A EESD) 323 [85147 238005 [8E15B 05| o o 5

— teams to achieve rapid recovery efforts. — 5 |E=FE 267 |8F150 076404 [8E 156 098405 0| 0 1
© CRIEPI 2025 1

7o %R © Yoshiharu Shumuta,“Introduction of Risk Assessment and Management system for

Power Lifeline against Typhoon (RAMPT) — Cutting edge for electric power resilience,” 2025
Bl 2-31 b G3Tim 8 p Ik e F
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Applications and Accuracy of RAMPT BRI Pr

The practical use situation of RAMP

RAMP are installed in 10 Power Companies as a Practical Decision
Support Tool for emergency response

(- [Usage example]

s

Usage in 2011 Great East Japan

Support dispatch work before
the typhoon attack (RAMPT) earthquake, 2016 Kumamoto
Earthquake (RAMPE) i/

© CRIEPI 2025
74+ %% © Yoshiharu Shumuta,“Introduction of Risk Assessment and Management system for

Power Lifeline against Typhoon (RAMPT) — Cutting edge for electric power resilience,” 2025
B 2-32 RAMP e % & * %

2. Introduction of Risk Assessment and Management System for Power Lifeline

against Typhoon (RAMPT)-Cutting Edge for Electric Power Resilience

7 AL

Ay

EAE TR domiE W R R Rk 5 (WAMS) Re=fp 5 oo ps
HE A E H e RTE (AFC) eh3g R X B 77 2 AR s £ 40 RiBS F P
B G R B ke AR WE - ERE S {E- PEMBRLE

b HitREAPRE > oPiEr mpREE R T RO TR -

MBEET A T F R E (Inverter) B 4> 2 ERPER M ERAKE 4 Wk
$OPL R B A s 0k SR B2 ML Ao B 2-33 1m0 T 0§ R T 4
ho % A4 e e pE > A 3T % enig & (ROCOF) € BE ¥ 4o b B MUIE 7 ax 313
MOl Rk > WRBT o & B BRI RoCoF (i F) chT s {riklm

T ATA o el BB R A B R SR M2 R o AR Y
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The 35" CRIEPI/TPC General Meeting
10t September 2025, Japan

Introduction

® Due to the increase of distributed generations (DGs), such as PV sources, battery energy storage

systems, and wind turbines, the power-electronics inverters are required to transfer the energy

of DGs to the loads or electrical grids.

oy 2UTed)

T
High Inertia System | | | | Low Inertia System

_Pe

@E ) synchronous generator N =

B12-33 £ A wcihd v mbrdn 2 o kAU B RBT R

LR PR KSR 7 BB ER A% (WAMS) e 3B E ks 5 1
g aB e TR R SRR TR T AR & R MALHY - 58
WAMS » 5 27 B F B 347 & oo 5 B d S0 i a Hr s 47 kAR B B
PEEEFE A A > AT R I A SRR ( Neural Network )
3R] T AT 5 305 6 AT 4RI (AFC) % K o 518 L Bl 0T 0 @
B alypg #eg s~ f fUERAef 2 RB S 5 E Sl T EEIERl
k2 AFC 28 > o FIRAAEAR o 2% > AT 2 | E2 T RY 4o
Powerflow & Short circuit Assessment Tool (PSAT)~ Voltage Security Assessment Tool
(VSAT) v Transient Security Assessment Tool (TSAT) & & i % >3 1 L& 7
Bt A A7 0 RO e B T R o
57“ *@7;}15?;\ -&rﬁr<‘§\'fr€‘$\)113~%Pavig»ﬂd#ﬁzaﬁbﬂk? T

oD AFC i kSR TS ¢ P4 ITr > doB] 2-34 977 o
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- Meeting

—— System Light Load Scenario Analy5|s

® The following figure shows the frequency response analysis of a 6 GW net system load
scenario with 1.6 GW of generator capacity disconnected.
Bus frequency (Hz)

A PO NS P N O

R - G (U S SO VUSRS SHURSUUNN: AUSSSUSSPS SRS SUPRSSPPRNS (PSPPI (R

r'lll
[

s.ez2

\ 6 Case:
.88 gaseCas -Trip-1:6-GW-
\ /FRR OMW +dReg0.25(1400 MW)

\ - FRR OMW +dReg0.5(1740 MW)
o \ / - FRR'300MW+dReg0.25(1T10 MW)

EDR. ANDNNAA

\_/ FRR-SUUIVIYY -+ P\EBG 5(13 “MW’)

6.40

o 12 29 36 a5 80
Time (sec)

(a)
Meeting
—— System Heavy Load Scenario Analysis ==

@ The following figure shows the frequency response analysis of 1.6 GW of generators
disconnected under a 40 GW system net load scenario.

Bus frequency (Hz)
6010

L. AM AR TRA A

=

5994

-

| o=
il
. %\‘ j'f/}rf 40 GW Case:

) / -BaseCase Trip 1.6 GW
\V% / <~ FRROMW+dReg0.25(360 MW)

FRR OMW:+dRpg0-8(470 MW)
| %4 - FRR.300MW-+dRegp.25(70 MW)
- FRR 300MW-+dReg0.5(30 MW)

o 12 24 - 48 &0

Time (sec)
(b)
B 2-34 gt 2 € 47 g LOGW el 5 g

5078

5946

5930

Bl 2-35 5 0% 2024 & B ATE E B R 1000MW P cnlicdy > - B
Ak A e pR BT (4o 1000MW 8 % it ) > E 4k 2 B 530 AFC» %

M MAT T € MFRE L AR o Ra > - L3 &350 AFC TR (4 EF
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B MM RAF & 59.5Hz 14 b o A LA M o 4o 2-36 4T 0 B

Tha 260N MRIEDITDT Manara I Maatin,

Simulation Analysis of Minimum Net Load During
the 2024 Lunar New Year

13/02{11 12:20% RRTRLS SBRHEH DIBLBH(Trip 1000MW) e During the 2024 lunar new year, the
system's lowest net load reached 11,243
MW at 12:20 PM on February 11th. With
1,000 MW tripped, the lowest
frequency, without any ancillary
services, was 58.69 Hz.

® A dReg0.25 of 655 MW was required to
maintain the frequency above 59.5 Hz.

FAUT 1o e®Based on the AFC purchase volume

-0.285 Ha/s from the power trading platform at the

time (500 MW of and 300 MW
of EdReg), the lowest system frequency

R g | would have been

o

B 2-35 542024 & B g rTE R pes J000MW Proein s SUdp 5 5 it

60.1
50
509
59.8
587
59.6
505
59.4
593
59.2
"1
59
589
58.8
587
5856 Without AFC

585
gugegeng

59.50
dReg0.25

R (7

s - The 35" CRIEPI/TPC General Meeting
- Factors Affecting the System’ s Minimum Frequency -

= /” | H =Zl_
L [ System ' %2 Zz=1 :
¥ \Inertia
- ///
= /" Renewable s /
[ Ei I [ G @)% = T 3
Qengte:agtyion \ :1‘::::[0' S X “
ate ad e o a
5 // b - (=
[ Minimum df [ i
- \Frequency 2H E = AP —_B* o
Trip o ' System
i D L Capacity LT \ Load
e BB SHZe S <
J/ Load
P Model
AP = —AV + —
f

Bl 2-36 8258 % Kb MO 5 eh %) 3

AR s A Ao TR m T A 5@ SR S ERF - 3

o

AT AR A A AR AR A TEEE AFC hf RIgR> T gt 5 kdy

EEHEHEE R A2 RAFLOHFT I ARTIHEESL NGRS AK
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(7 ) Geological Analysis for Earthquake

A=k €RT $edrtenia o 2 wld CRIEPI Dr. Keitaro Komura 3£ % " Remote
sensing and geological to recent coseismic surface ruptures: The case of the 2024 Noto

Penunsula earthquakes | 2 & 2> 2 £ 4 &t A/t £ % % A & 2 T Taipower's

Geothermal Development Strategy ;o 14 )"]&éﬁ 2 B WA

1. Remote sensing and geological approach to recent coseismic surface ruptures:

The case of the 2024 Noto Peninsula earthquakes

* =X CREPI 1 Dr. Keitaro Komura 4+4f 2024 &t 2 L §# &2 (Mw 7.5 2

ARHBE A GRREL G ORTIE LR FAS -

Foofl oo 20 RPEE T A RETE AL R F § NIRTF D AR o &
Moo AR ] AR D R D EAR o W F 1T E SR HE S (4 InSAR~ £ 4
LiDAR - DEM 12 % 53kl % ) AP i {3 mE T P s 8l o

2024 & 1% 1P pARHmaL g Asd RETS e 2o 4oB 2-37
BRBLANE L L F A 5 BEER > RE 9 160 22 > 4o@) 2-38 P B & A
hHER PFRP RS R B R R A T § SR R Pk R AR

A (L) sk 128 R Lo
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Noto Pemnsula earthquake (M, 7.5)

Seismic intensity p = v { Focal mechanism and aftershocks

—Emwa}
\onon o 354 ‘—1 A /

A Mainshock

WMAEDDIE, KRILNOREMMAERT .

Maximum seismic intensity 7
Maximum observed/inundation  0.8m/5.8m
tsunami height 2024 HEBH B \
Death 645 (As of August 7, 2025) (M, 7.5) 4 O 2022 B F
Injuries 1398 (As of August 7, 2025) A M, 6.9
ic loss 1.1 - 2.5 trillion yen ($7.468 - $16.968) 2((;)67’%)* etk
o
Earthquake damage Earthquake energy comparison
© CRIEPI 4

T kR - Keitaro Komura, “Remote sensing and geological approach to recent coseismic surface
ruptures: The case of the 2024 Noto Peninsula earthquakes,” 2025
B 2-37 2024 & &L RH TS5 *

IR &hhRifgem

Fault model
T —— - .hll Do g e 0 x ’ Mu't'ple fault Segments have
ety slipped, with a total length of

up to 160 km

@ All are located off the
northwest coast of the
peninsula

136.5" 137 137.5° 138° F L=
Linear fault model based on GNSS and InSAR (Suito et al., 2024)

© CRIEPI 5

T kR - Keitaro Komura, “Remote sensing and geological approach to recent coseismic surface
ruptures: The case of the 2024 Noto Peninsula earthquakes,” 2025
Bl 2-38 2024 i & & RUTR B FF
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IR &bk
Review of published papers 3 Komura et al. (2025)

oto erpre 0 ad
evedied 1daifge e id U e O DO Dd
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f A
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2 SR ¥ X - (),
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¥ _v“— e
i ¥
{ 2
= 3 Elevaion (m) AL L * oplace
$ ‘ P |
¥ Vlm-hndslldv’b % /\\,n — Py OE : ‘ S e
- f#” 4 =y 2 ; ,r|/ e 1‘, — 0 A&“" :ﬁ( '?‘ . m#’iﬁ%’.‘mw ” : £k .
o SR YE ¢ BRS hios o &5 o | B M T ,6 3 . — |
Geomorphic map around Naka area along Wakayama river and result of the differential analysis (Komura et al., 2025)

» Differential analysis of pre- and post-earthquake LIiDAR DEMs
» Observation of unique geomorphic features based on pre-DEM data
~ Field survey focusing on the slopes

© CRIEPI

11

#L &k Keitaro Komura, “Remote sensing and geological approach to recent coseismic surface

ruptures: The case of the 2024 Noto Peninsula earthquakes,” 2025
B 2-39 s & L

L § % 4 #% Wakayama River =t 2 ¥7% B 55358 & #

Compressional faults along the river

IR Ehrhetgzri
Review of published papers; @ Komura et al. (2025)

Extensional scarps on the ridge top

Field Photographs
| (Komura et al., 2025)

© CRIEPI

12
#L %k Keitaro Komura, “Remote sensing and geological approach to recent
coseismic surface ruptures: The case of the 2024 Noto Peninsula earthquakes, “2025
] 2-40 Wakayama River 2 A ¥7 ¢t 32 &
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Review of published papers; @) Komura et al. (2025)

(h) = et
ol * Double ridge m prrahoild 2
3 g acup: Deformation
. - RS UpmH lacmg — Soum-laung scarp 40 | wector
inear  Gouble ridges + Nt
5 i X - o astfacing scarp 3
depresson, downhil-facing scarp \ =+ Deep-sealed siide surface

< . uphilkfacing scamps
£,

Altitude (m)

Schematic illustration about DSGSD 'y A 0
(Kaneda and Kono, 2017) Distance ("‘) Kumantani synclrne Okata anticline
Schematic sub-surface structure of DSGSD of the Naka area (Komura et al., 2025)

» The en-echelon patterns and uphill-facing scarps on the slopes suggest that the estimated slip surface
reaches a depth of at least several tens to hundreds of meters

» In the study area, the presence of steep reverse faults in the valley, along with short-wavelength fold
structures, indicates that rotational deep-seated gravitational slope deformation (DSGSD) involving
bedding planes may have played a role in compressing the valley to some extent

© CRIEPI 13

T kR - Keitaro Komura, “Remote sensing and geological approach to recent
coseismic surface ruptures: The case of the 2024 Noto Peninsula earthquakes,” 2025
B 2-41 FA £ 4 ;8B4 %3, (DSGSD)

RE LB AR R AR REAMAEABETEE R 2E K
Bimx s RAE4L T #H4l 4ok 2024 E o=t 4 U9k BiEd

Bl o IR A oy BN L ahp e B H O Ao 2-42 0 Hb

&

2020 & 2 L E A FE S HT R I R TR BT FE Y 1S B
AN Cl4 %E > TR Mw S X AR EF 4 S K 700 ~ 1700 -

3400 ~ 4800 ~ 6300 2 8500 # > $a % T ~ UTR EF 2 L LR DT R

R Wbz m
Contribution to off-fault paIeoselsmoIogy

The timing of previous large earthquakes and their recurrence
intervals are still unknown. Consequently, we entered 2024
without a clear understanding of the potential for future seismic
activity

Distribution of low-terraces (3 terraces) on the northern coast of the Noto Peninsula and
estimated ages of each terrace based on the Holocene sea |evel rise (Shishikura et al., 2020)
© CRIEPI 15

7R kR - Keitaro Komura, “Remote sensing and geological approach to recent
coseismic surface ruptures: The case of the 2024 Noto Peninsula earthquakes,” 2025
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2. Taipower's Geothermal Development Strategy

(D73

AN FRANE AN RPFEEE P B RGBS RE B e F R

o SR ks TER B > MR FERE R FARFAIR »FixER

SRR BIRB B A TRA R A F AT B FIRE A4S L L LA
:'fl“é‘:\t‘id.%%@%‘&~ﬁfiﬁf‘?ﬁﬁ%iﬁﬁ%%ﬁﬁﬁ_ﬁ%oﬁﬂ)@ i

% ZA

A p i SRR T e A H R FET R SLEREHEM

P EFERA 26 ARUR A RB T E B TR A2 HE
FImP wi - Hdnd 10 Al K < RHER BN DR 4oB] 243 - WA B H A
Fomk (123 22) ¥ #8409 IGW > FE (3-6 22 ) Bl % i 40GW » 4p ik

B 22024 F 0 SAEE FEWTAMW ¥ 12.68MW i o iz- 4

WA SR MEE G E X > DRP Fiak ko

Geothermal Resource Potential (2/2)

* 1994 nationwide survey: Identified 26 hot spring
areas across Taiwan.

* Recent GSMMA investigations: Mapped 10 high
potential geothermal zones for power generation. i H prefeia

e-Tuchang,
Yilan mR-IMW)
(5.4MW)

* Shallow resources (1-3 km): ~1 GW potential —
suitable for smaller-scale or pilot plants.

* Deep. resources (3—6 km): ~40 GW potential —
significant capacity for large-scale development

* 2024 total installed capacity - 7.49MW
* Under constructlon Additional 12.68MW

o, I 0 20 0 0 4
Chinsue- | Wl [Chiben 5
e Hotspring oz Totun | 7chang o Baolai (Guanzili opu|
Nolume | ' | 9| 2774 10%| 1237 190 20u] 1e12 1254 an| 7m0
Weaget | ¢ | 25| 27| 26| 20| 28] as| 2 as] | aof
Totalty 26 sites: =986 MWe e 10% | 2052  79s0| 3320 3347 sa0s| sana| 02| 3243 n3s 209
(ITRI, 1994) fosiant 2M et
A EREEEE R R G =T

Bl 2-43 2@E £ FTRE 10 ~ i
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B BAEEN SR P EEC ST YES

(b) R4 i

PoARAEGAT Y MR RN 2024100 1 > ST
PRIREE A FEEER A L AR L ITHE L4 2 B ¢ 45 Baker Hughes
GreenFire Energy ~ Baseload Power ~ Taiteck o % — F& BLH#-3 ~ R % 35 ¥ Pjiera s
TRAEA > T3P AV L 2% E ~ AGS (Advanced Geothermal System)zt

PP g i S o 1LE TR BB TR A B S o

Sl kBRI A F AR S § Y B T 4 Tomography A7 3 > i /L
FEA A S L LET S 800 22 A AP A MEF > TR S E L 10 2
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y
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Bl 2-45 -

Arrow 2 — International Drilling Capablllty (2/3)

* Review existing data — Analyze ==
historical surveys, maps, and
previous exploration results.

‘| * 3G surveys —
Geology: Field mapping of rock types,
structures, and thermal features.
Geochemistry: Sampling of gases, isotopes,
and steam condensates.
Geophysics: MT and gravity surveys to £
detect subsurface structures(MT survey  RE
commissioned to GERD). -

* Update geothermal conceptual ) )
model — Integrate new and old v I?esAtrchted by‘ natlpnal palrkl deyelopment
data for resource assessment. Iflmltatllons, d:recft»ohnal drilling is adopted

z . . ti the t t

-« Define target exploration area — e L s

Identify priority zones for drilling ipAIRRRT AL
and further study. GERD

( Perdana et al., 2021 )

B 2-44 < & L AGS W% & itiF# 3%
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Arrow 2 - Internatlonal Drilling Capability (3/3)

¥ Project: HuangTsuiShan Volcano —Jinshan Plain
* Collaboration with National Central University.
* Conducted AMT / ERT surveys and small-diameter

geological drilling to verify hydrothermal fractures and
unconformity.

* Next stage: Plan to commission international directional
drilling teams.
* Drill three wells (>3,000 m) in Jinshan Hot spring area.

* Verify geothermal resource potential, develop drilling
manpower and experience.

A
¢34
Lefl_’
I |
J
|
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Drilling Slim hole (800m)
Coring & P-T logging
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5= CRIEPIUTPC Generat Meeotir

Arrow 3 Efﬁclency & Stability (1/3)

CPC Tuchang . Two wells(JT3 ~ JT4) about 1,500 meters deep were
\ {54MW underronsrlucnon) . 2 drilled in collaboration with CPC in 2019.

* Heat fluids come from the high angle open fracture
zone in Slate and metasandstone.
* Geothermal brine circulation through a production-
injection well pair for power generation.
* TPC’s 0.84 MW Renze binary cycle pilot plant began
commercially operation in October 2024.
N l o)

f:,"h..

. TP Renze /iz:

- —

et
{ Bing-Cheng Chen et al, 2023

R i “
£aa’ A . &% P

246 =3 #F H R

5 CRIEPIUTPC Generat Meeotir

Arrow 3 Efﬁclency & Stability (2/3)

* The hydrothermal fluid is rich in saturated
minerals.

* After commissioning, the production well
pressure exceeded expectation, creating a
large deviation from the system design

Organic Rankine cycle(ORC) pressure, which can lead to significant

ﬂ‘f‘é calcite scaling.
- * |TRI tested patented coating to reduce
Generator scaling.

* Taiwanese manufacturer HANPOWER
revised the aeration tank and added a
pressure vessel (to raise system pressure
by ~3-4 bar), mitigating scaling and
reducing reinjection power consumption.
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Air cooling
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(- ) Low Dose-Rate Radiation Biological Effects Research Facility
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Radiation Biological Effects Research Facility ) » d # %54 ? 1% 1 ( Dr.Toshiyasu
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High dose rate Low dose rate

\b L)
\j \) Replacement of damaged

cells due to stem cell

competition
-All stem cells are exposed to -Low abundance of exposed stem cells
radiation at the same time. per unit time.
-Radiation damage can accumulate -Radiation damage does not accumulate
in all cells derived from stem cells. in the tissue if stem cell competition
-Turnover may accelerate mutation occurs between irradiated and non-
by cell division. irradiated cells.

->Same status as non-irradiation.
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(= ) Geotechnical Centrifuge System
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(=) Hydraulic Model Experiments
% = 38 FF R 5 oKk 4 7] 3 5% (Hydraulic Model Experiments) » & Daisuke
Kobayashi 4 # & 7 4 &2 o — B4 T » -k 4 5 F fechi R v ik 7y » AL H -

£ 3 TR > 4o 3-7 #7770 5P R < B RORPE 0 R gREDR IR iR

@ TEFEmMBH L R EREEREA I H G i

ﬂ_.\\
o

O pAfsRE L ERERRGRES BREREL T

R ER RV R g HEE PSRN B

=
o
=H

27
7

Eil S =
I IR T hR AR

B= : BukOLW R AR RE

W - AY RH>D
> BREEREODIR @ mmonE |
> RS pREDRRK

» BUKOADLTFRA
> HokO (FREEHY) iz

e [ IR

RO
BEUKOTERAZIER TSN, KOESE ’

THU DL THRBORRICENS | )1l
SHIFLRELSS

© CRIEPI 2

CR— YL Bk ER Bk O
FICE S5 2024

Bl 3-7 -k vk e~ R AL



Fresd A FEE e ke magR g Hode RS RN~ A ST
ARG E PR AR HE P AL DL R F R AN BT R
PiR B ko @ G gt 0 R FUnE FOE RGOSR VI~ 0 Ao @] 3-8
T oo P FUR A HATRT S 3T 0.15mm R V) AF R st e 2 R K 2 e

B - BRI 0 DA R ER P

R EHhRATE PR

5= 1 BN OB ERIMN

(FEX)
/7 /
Mk o,/ o
] { :I\ OU_ l\*&
AR/ S
; "\ . Hﬁﬁm
M.meub(zooe)rmﬁ LI e
//ﬁ‘jjll L _— L Flow
(A-A’ W ) “,‘f'—ﬁ u’ Tﬁ?{#
¥ ‘ [\ sKmminG waLl
Bk ~—@EH - i_m*nj:-WQQkJ
& OFEERRK &
— J > KEONS - EFHMR GEINSD
4| ®o HKEEK) TEREAR—TICLD
- TR ABRD AN TS,
© CRIEPI 3

(a)

60



Ses O ORI

m /(;)7 4 —TPUF HEeo B KE(CHITSKIEEET A

g : (EPRI Rep. 1998)
- s
A i
= : :
loE 0.8 - H
=
| B
B oel, o
o ?ﬁ]i;ﬁb% =(0.2~04) h,
1 ﬁ LRl FH~KIRRER H,03
= [ 1 m (15~30) H,
X § KIRICER Wy = 150y
mlw 02 : ; oy, =3 H,
% T j A, o =20 deg
= ; — h,: 8REHKR
i H -
1) SR S S
0.01 0.1 1 10 100

TEHHFE (mm)

» BAESHICIANE, FHE0.15mmE EO TR U TIHEN TH D) .
> K - BT AOER GRlIEUK) &ABE Lo AdIBssst F A ORI SN TULS.

© CRIEPI () AH - AEE(EHRERE, 5522006, 2022) 4
(b)
FARRR D S0 - &, PRt BHERT,N—Y1 0Lk £ Bkr
RN IR B 2024

B 3-8 B “HIRF e

R P Edp o BERSL S BT RGE R T AP o ok B T Rk
vohokiFEgek e FR2Z (Wb) P BFAR ook g DAk TRA

FHCL B RAFRF SRR T AR BT LS L B PR ok
SRR T R R Y e B A R SRR R R

FESF AR FR B R P s T R EREAR DT doB 3-9

61



I R kAR
=Ly

& BUKCOADOTWHRA NS Z SN SIA
HIK D DOBEUKO(FTHRE DN - [FFH
FEUKC BT, ACGRICH I SEUKE Bl 51
BRSNS UDMERA SN, N—>T od
OB AIRN AN R D T D& B
EZBND.

& CHNFECKOFEEORUKOCCHA T E
FH T DN SHREEARNELS, KHE
BADAN— 2 OIEA M, )J]%E’]ZL/\‘—_\/ :
R E Bt LT (B 7= 50, A INBES OB FREEEDF (ota et al. 2017)

HROER -

IKIBRER(CKDAR—2TOKAOBEUKONDEREZ
BEIET DL LEB(C, N=HARDEE(C DV THIRET
© CRIEPI 5
FTH &R D 20 -7, ] R4, ’i%r T,N—=Y 2k Bkt ERH Bk 0
2Ry FIEICE 5 #2024

F13-9 7 b $ifEAkaw g B

B FHiEE

B OBECRA FRBR T R Y FE 2T - BRSO oB 3-10
DL o

® FHAE I FE&Ld - B 122K 08 2% Fend e fo-

B2 E 02208 Fensmite (ko) B o @Y 5 Ry

Bk PE BRIR IR T GRS E o
® kT iritiEmy RekiF(h)Eieko F A (b)dnt K 25 h/b=1-
THERTEG AT Y Wb=025 hiEE PG o T A okd FRE KT

KEEERAPE -

62



P %/ifﬁéﬁ@ AR S iﬁ_l R £ Sl a fzf_vzlj%-,ﬁnkﬁ'fr'y
T A1 £ 44 Ouyang fr Lai (2013) #& 1075
® PokHH YA & RELE CFRPREEF R 2 (qig)e

IR B g AR R RIEET o EIRAR R I R

CRIEPI

[t

XA

B 37K B R UAHRIKD ENR— > T oEA S
= (BN - BEFN)DAE - BUKOIE

=1
EZE2m / 10
m% 0.2m 1 J 7 3 : CHe&? Conesx'ille.StP)
yYy .
\\\ . ~ L e A hb=1
Lyl E o [asY | dHmRoRt)
z i F&12m X | LewC st
.‘.‘a\;’\/f : t Lmﬁ{) il ﬁ ! Bi@ﬁﬁ g Byron St.2
o e = 2t C S }z}b=0 25 =
K& ERimC T EELT -~ L - (Barkdo.lI;c D5ty
KL, BUKOSHRA U 0 - —
ME0 &% 0 10 20 30
THEDEIEZETA Bk b (o)

-%Ef@f[ﬁbntN—>I@¥ﬂ¥ﬁﬁummuﬁ®mmﬁﬁﬁﬁﬁént
L3 (Barkdoll, 1999) .
o AR TIETRIVAHFRKDOBUKOAREBE L, KE - BUKOEOEEEEE.

é
VRN =YL B kA ERHBRT O
RN E T B 2024
£

F‘I%Eﬁ’jﬁl%;% ;i':\

© CRIEPI

® Einifrrnik it el o U R REF qi/q ot B TR M

MERS o & qi/qe0.5 ik T o RN T LE PR R R S Ao

63



3-11 #75% o
® N K R
1. B2 8 v R 80% Tk Vs A o
2. FAH 2%k {4 > VR0 3 iE 90-94% ik v~ o
3. nipfad R FIE - B EIE AR g A 2 RN

%E;(%KA} /ﬁ‘ /I} “%ﬁ %/Iﬁ’k&—@ » @7K oo -Er _:t] %/H’**ﬁ— m/)l _:tl) ‘L'Pj

|

R ST EOURERIE 2l ST R R

® MR FIFEE I RAF TRk IR AR - BF
AEORFERRLREERE R TR ceAAF O AFLIRAGE
iR BTG R AAR KA R TRT AR R AR R i L TR

Fruk o oA KA TE BT A Afodf fed o do @) 3-12 AT o

64



CRIEPI

T

B q/qDEE

W K NEBORUKREIC DT B BUKOLEA BORER

——AN=EL R/ N—-r B-EREa—

- e Em S em B Em G Em Em am e Em o wy

(:FE.) HETT0.3~1 v s)’)‘jﬁiﬁ(x)

i— 4 Bk L
i |:>>EJJII [>

TORUKO LR A

BEN) IR RDE(g/)

3
N
==t

AFEDAOBEELERS

0 05 1 15
BiE C OBUKE S [REDH (0/9)

>

HIKEE B

> KNHEOBUKTHEZ0.3 ~ 1 m/sICT BREERENTHD®, ¢/q <
0.5(FHKBS (CHRBEICRAEL, N— > TIEEKEECEMICHEET 2 EBONS.

© CRIEPI (%) FDE—, RBANER, p.247 "
FTHKR: xw - @&, R4, TFERZ,“N—V10k2 k4 ZT*Bkr 0
l P/ un- » ﬁ; lﬂ‘:r, ‘j‘ 5 il%,” 2024

B 3-11 qi/q 782 58

. || cheert
Z  BUKOgD=E

B PEFEER S DEER

_. 10
é.% 0.8 - EHE
XA BFHOE n—g%’[ ‘ (BRI~ —1{H, Wb=125)
KOMEEBELT | Hep 06 B A

Barkdoll SD%E | £5

TEIMEED~— | Ug (B~ — 18, Wb=125)
- 3,
TTqlg=02d | &7 02 —w—Barkdoll et al.
HIEETLEER 4 (JEFZ~— > 14{H, h1=025)
Hik B < 0.0 (}'2} 04 06 08 10 12 14 > RS

EAREUKRE & BARA/IIREDE g,

s BEOSESHAT IR - ORES LIRS EZE
TaadM, KODBEUKOTIEESEAGE S BUREH
Eﬁ%ﬁ@ézt#% — DDA — > DFFEEEN
HY?’J(I:IJ:'IE!C;F 7T ¢:£_','Zf~jﬂ§ L H,03

ST, ANRBOBA FBE5/ < — AT |
DEAZERC AR — A TED SR E=NS. = 307,

(0.2-0.4)hy

© CRIEPI
= YIS L Bk R Bk O
%, 2024

Bl 3-12 &k v TR P

4=
3‘
)/
=
%\\
o
)
< -
0“ 7



BHBEAIAREY

SRR A AN ST YR S SR Sl S A AL

= 0 Ao ) 3-13 1o

A

° ,lli’./" J\ﬁp CIl/q<05 i rl J\TEJ— /"I‘ %/n ’f};nb {/}\g\. > 80- 94%m,ﬁ //
TN o
o BA R gk BT EAE L o

kARG R R AP TR R0

FHEMNT R G FRA- BPR S FREAT OB R EETE-
e RN = S g SR Sl T

&=

FEH
(BSNERS)

> HKRFCBEZE(CRE T DEEX SN DKEEFq/q<05(CBNT,
BUK /;|Ll_9'—5iﬁ”‘félﬁﬁﬂif\'—)_Ci6t80°/0$§:m, HBAN— /T(J
90~94%EERF L, ENEN—DDA— D TEONRIES .

> BfigE CORUKE SAllREDI(g/q ) AT W EE, BkOL
MADEFNRESET L, ¢/g=13TDOFFTEREN->TH
13%DEHNRICEFD.

» FAUAHTIKDFEBICH T SKR - BUKOELZBT T &, HmE
ETRDNR— 2 OMERIIRE DN - RFIREPROBIEHI THE
SIS KIECAIR S TROD ERBREND.

(Ha=E(ICATESHOZRR) \ ’ ‘3
;V fgfﬁ.ﬂﬁi {I—-FTTJ))J_]ﬁ;ﬁEmU \ —
> BUBERRIT(C & B FHE R OB w
Ly
© CRIEPI ' 13

FHR&R  An - 7 P HRAde, EERT,RN—y1 kb ER ¥ Bokr 0
Ry~ FIEICE S 5 X%, 2024
Bl 3-13 %@ 4 w" 2

66



(= ) Eiffel-Type Model Tunnel
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(= ) Grid Resilience
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