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08:30-09:05
Opening Address: IERE Chair & Welcome Speech: ENGIE

09:05-10:40 - HOW in APAC

11:10-12:10 - Session A — Theme: Making Business Out of It
Chair Person:Caroline GUYOT

(Managing Director, ENGIE Factory Asia-Pacific, Singapore)

11:10-11:30 The role of low carbon power generation in support of a just
Energy Transition

Andrew Minchener, OBE

(General Manager, The International Centre for Sustainable Carbon, UK)
11:30-11:50 EnBW - a utility on the path to sustainability

Wolfram Miinch

(Director Research&Delevopment, EnBW Energie Baden-Wiirttemberg AG
Karlsruhe, Germany)

11:50-12:10 Introduction to the Market-online Hardware-in-the-loop
Simulation Experimental Environment Established by Sino-Europe
Cooperation

YUAN Hao
(Senior Engineer, China Electric Power Research Institute, China)
12:10-13:30 Lunch

13:30-15:10 - Session B- Theme: Regulatory & Public Acceptance &
How to Accelerate Learning by Doing?

Chair Person:Gregory TOSEN
(IERE Advising Chair Emeritus, South Africa)

13:30-13:50 The Current State of the Balancing Services Market in Japan
and Our Pilot Projects to Integrate DSR into the Grid

YAMADA Tomoyuki
(Research Scientist, Grid Innovation Research Laboratory, CRIEPI, Japan)

13:50-14:10Collaborative Research as an effective tool to speed up
industrial transitions - ENGIE Laborelec’s return on experience

Jean-Pierre KEUSTERMANS
(Research Partnership Manager, ENGIE Laborelec, Belgium)

14:10-14:30 How to accelerate learning by real scale system testing in harsh
environments? The role of climatic validation testing of energy transition
technologies operating in demanding worldwide markets

Pieter Jan JORDAENS

2




(Program Manager On & Offshore Wind | Manager Energy Transition,
Department Energy Transition, Sirris, Belgium)

14:30-14:50 REIDS-SPORE: Forging the Path to Sustainable Energy and
Innovation

Arifeen Md WAHED
(Program Manager, ENGIE Lab Singapore, Singapore)
Abhiruchi GADGIL

(Program Manager, Integration and Energy Management, ENGIE Lab
Singapore, Singapore)

14:50—15:10 PV technology overview, its position in the energy mix and the
role of R&D

Angelo RODRIGUEZ GARCIA

(Project Manager, Renewables and Urban Department, ENGIE Laborelec,
Belgium)

15:10-15:40 Coftee Break

13:40-18:00 - Session C - Theme: Green Molecules
Chair Person:Jan MERTENS

(Chief Science Officer, ENGIE Research, France)

15:40-16:00 Challenges of explosion protection in hydrogen electrolysis
plants

Svenja KOWALZICK

(Project Engineer, Process Engineering, RWE TI, Germany)
16:00—-16:20 Online gas analysis in carbon neutral energy production
Antti HEIKKILA

(Product Manager, Industrial Instruments, Vaisala Oyj, Finland)
16:20-16:40 Electrolyzer Performance Modeling and Simulation
Oscar FRAPPEREAU

(R&D Process Engineer at Hydrogen Lab, Vulcain Engineering, consultant
at ENGIE Lab CRIGEN, France)

16:40-17:00 Hydrogen Heavy Duty Applications and Testing
Ben SKILLINGS

(Division Manager, Hydrogen Industry Technology & Testing, Powertech
Labs, Canada)

17:00-17:20 Investigation of green hydrogen production with using
geothermal energy and potential hydrogen demand in Kumamoto prefecture

KOJO Gen




(Hydrogen Business Strategy Division, Kansai EPCO, Japan)

17:20-17:40 C2FUEL: Demonstrating E-Chemical Production in an
Industrial Environment

Bérenger WEGMAN

(Doctoral Candidate, Lab Hydrogen, ENGIE Lab CRIGEN, France—
Sustainable Process Engineering, TU/e, Netherlands)

17:40-18:00 Impacts of CCS and Electro-hydrogen on Decarbonization
Path of Power System

QIN Xiaohui

(Director of Division of New Type Power System Strategic Planning, Power
System Carbon Neutrality Research Center, China Electric Power Research
Institute, China)

19:30-23:30 - Official Dinner

11/23

08:30-10:00 — IERE General Meeting

The report of IERE activities by IERE Chair and IERE Central Office
MINO Yoshiaki

(IERE Chair)

TAKEI Katsuhito

(IERE Secretary General)

The report of IERE R&D Projects

Katharina DILCHERT

(International Research Coordinator, E.ON Group Innovation GmhB,
Germany)

OIRASE Masaya

(Researcher, Advanced Research & Innovation Center, Chubu EPCO,
Japan)

The report of IERE Technology Foresight 2023
Subbu BETTADAPURA

(Senior Director, Growth Advisory, Frost & Sullivan)
10:30-11:10 — Technologies of the Future

Emerging trends around carbon capture technologies
Jan MERTENS

(Chief Science Officer, ENGIE Research, France)
Alvin LEE

(Regional Head, APAC, Puro.earth)

Sylvia LOW




(Director Business Development, 1PointFive)

Development of innovative and environment-friendly solutions for the
treatment and recycling of components in the transition to net-zero

Niels DE BOER
(COO, ERI@N, Nanyang Technological University)
11:10-11:40 - Special Lecture

Geo-political changes over the last decades resulting in systemic
consequences for electricity utilities

Gregory TOSEN
(IERE Advising Chair Emeritus, South Africa)
11:40-13:00 — Lunch

13:00-16:50 - Session D - Theme:Transversal Enablers & Circularity &
Energy Efficiency

13:00-13:20 Modeling and simulation of the valorization of waste heat from
hydrogen production in industrial applications

Sanae BOUAICHI
(R&D Project Manager, ENGIE Lab CRIGEN, France)

13:20-13:40 Economically Rational CO. Reduction Potential in the
Japanese Hot Water Sector considering Lock-in Issues: Future Analysis
using Micro Data of Survey on Carbon Dioxide Emissions from Residential
Sector

YAMADA Manaka

(Researcher, Socio-Economic Research Center, CRIEPI, Japan)
13:40-14:00 FUREC: from waste to feedstock

Ingo BIRNKRAUT

(CEO & Managing Director, RWE Technology International GmbH,
Germany)

14:00-14:20 Development of Energy Management System for Microgrid in
Chubu EPCO

YAMAGUCHI Ryo
(Electric Power Research & Development Center, Chubu EPCO, Japan)
14:20-14:50 Coffee Break

14:50-16:50 - Session E -Theme: Renewable Energy & Electrification
& Flexibility of the Energy System

Chair Person:Jean-Pierre KEUSTERMANS
(Research Partnership Manager, ENGIE Laborelec, Belgium)
14:50-15:10 Control, Flexibility and Inertia Technologies for Achieving

5




NDC 2030 and Net Zero 2050 in Korea
Jeonghoon SHIN

(Director General, Head of Future Grid Research Center, KEPCO Research
Institute, South Korea)

15:10-15:30 TPRI Shulin Microgrid integration and application
Heng-An LIN

(Electrical Engineer, Measuring Instrument Section, Taiwan Power
Research Institute, Taiwan)

15:30-15:50 Mixing data and knowledge for modeling and control of
building energy systems

Benoit DELINCHANT

(Full Professor at Grenoble INP & Researcher at Grenoble Electrical
Engineering Lab, Univ. Grenoble Alpes, CNRS, Grenoble INP, G2Elab,
Grenoble, France)

15:50-16:10 Impact of Household Electrification on the Investment Drivers
of PV-Battery Systems

Jolien DESPEGHEL

(PhD researcher, Department of FElectrical Engineering, KU Leuven,
Belgium)

16:10-16:30 Multi-purpose ESS operation technologies for NTAs(Non-
Transmission Alternatives)

Woongjae JEON

(Senior Researcher, Future Grid Research Center, KEPCO Research
Institute, South Korea)

16:30-16:50 Oftfshore Energy-Islands
Fiona BUCKLEY

(Senior Expert and Senior Project Manager, Renewables and Urban
Department, ENGIE Laborelec, Belgium)

16:50-17:00 - Closing Remarks
17:30-23:00 - Social Event

Visiting Cloud Forest and Flower Dome with Dinner at Jumbo Shrimp
Restaurant

11/24
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AEB - IBRERBLEARE BE

Serving as the Taiwan Microgrid

Standard and Demonstration Test Site

TPRI Shulin Microgrid
- The first microgrid designed in
Taiwan according to IEEE 2030.7

+ Ancillary services market
Participating

TPRI
Shulin
Microgrid

« 24-hours planning for islandil
operation

- Low-carbon operation through
integration of multiple energy
sources

« DERs with I[EC61850 and IEEE1547
Communication protocol
requirements

Microgrid Verification Site
- Microgrid controller system testing
according to IEEE2030.8

» 2MW capability multi-scenario test

- Performance verification of ESS, PCS,
and PV inverter

« Diverse resources includes grid and
load simulator, PCS, flywheel, and
synchronous condenser

TPRI: Taiwan Power Research Institute
DER : Distributed Energy Resource
ESS : Energy Storage System

PCS : Power Conditioning System

B 2 5 &5 SRR
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7z 848kW PV {r 210kW %%

fo i Wi b B Ao R 4 i g

TR FEB KN Y K

[EEE2030 % %

The details of the Shulin microgrid.

Sub-microgrid

TPRI Microgrid pilot site

e ¥- %A VCBT T &

FA o R RS RES B HE R & VCBS £
FATH BREETA ARk

Utility Electric Grid

PO

Low-carbon resources
848kW PV + 210kW Fuel cell

11.4kV Bus

[[CENELF]

135U3pUOD UAS
19aymAjy

480-277V

IMW/BMWh

NaSbattery 1w,

250KW  78kVA
(Tobeadded) 1 5pwh  400kurh

B 4 &

% ¥ IEEE2030.7  fc® i

"I

>

Tﬂl ~

=

)5'“ ',‘, l‘l*"f‘-"f,’iﬂh* 3§

Wi

NEL V=8 o

Common dispatch function
(Steady state connected and Islanded)
» DERs P/Q control
# Generation and load forecasting
» Load management
> PV curtailment

IEEE2030.7-2017
|EEE Standard for the Specification of Microgrid Controllers

TEEE Standard or the Specification
copid Controler

Bl 5 A K

= e
BT

Designed According to IEEE2030.7

67kVA

©

BOkW 120w

(To be added)

100kVA 126kVA
a0kw  12kW
B0kWh

SEE- B =4 i

# 2MW

LA S

T TR R AT R
MR it BE TR F Ll L AL T A
FETAFFE R AAGN R RT S S R T
c V& (Curtailment) & - $# g % 4 5 323§ ~ 24

70 e 5 (B 5) o

Steady state connected
» AS market Participating
» POI power flow control
» Optimal scheduling Planned/Unplanned islanding

Seamless » Change PCS mode

reconnect — Grid Following or Grid Forming
» Change protection settings
» Load shedding
| | l Black start

Islanded
hrs planned islanding operation

4-
requency/Voltage control

2
Fr

MGCS: Micro Grid Controller System

+-423% IEEE2030.7
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Comm. Architecture

Genasny

SERGRLEREERG,

pnp3.o* A Mms
== T 7T |EC61850 data model
V A4
Various and standardized [
communication interfaces! MGCS
|
L Data bus
o i R R i § e ) e § Wy i i i § =
! PMU - IEEEC37.118 ' MMS ! ! MMs !
! GOOSE ! |EC61850-7-420 i Modbus ! |EC61850-7-420 1 Madbus
v v v v v
Relay ESS Fuel Cell

Diesel Generator
% £

BHRAT R AMI2021 & 9 % 3 2022 & 9 " e B o A & 7 '_é‘_i‘ﬁ‘—;‘ﬁl’f €158

B fos i BT e AL BT p A f A LAMW T3f 4 IMW-
GEp X f 5 0.9MW - TI5E 45 03MW(E 7) -

Load Analysis Daily load type

Results Summer - light load \-taon

> Two peaks in the heavy load
situation

> Abundant solar energy

> Summer-Weekday
»Max. load: 1.8MW
= Avg. load : IMW

Summer — heavy load

>Weekend x71 days x30 days
*Max. load: 0.9MW s ; Tias )
« Avg. load: 0.3MW
Weekend Winter - light load Winter — heavy load
x112 days

1000 100 W
AN - BYY
i J N

x77 days ‘ x75 days

From 2021/9 ~ 2022/9 AMI DATA

B 7 BHRSR E A4

MR ReBiE e -7 & TIEEE2030 #7248 k4w » SFIFH M B9 B

e
el - T RV - RRET RERREFLET B
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Microgrid Verification Site Architecture

Grid MGCS :

Simulator
—T under test

| synchronous

5 Condenser Flywheel
H
'

Testing_ﬁeld for new
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% VCB7 57 3

N

2 Bk

| =% MP38 2 MP48 o 3 =t chfi-5 i85k A %) & 23t
FHRG -2 2 P RERG R R Rk S(BESS-1) {8 3 & s
b e ot e BE A k SL(BESS-1)18 Az

fil§ 7 VCB7 enfin ™ i (7385% 1 &
FB B RN kST e E 5N (Grid-Following) # 3% 7| 7 % 25 & i3\ (Grid-
Forming) 1 % *» 3w § e if SEHC;C hT L% 1 (B 10)

b2l F MINE > R ELH R

SMB '&?ﬁ)‘ ,L% r/} ﬁ_l,,;;R , 2k &=

IFE] Rt /J‘(

B g FAV=S 7
E SR BT g

4 BESS-1 ~ BESS-2
PP 0 TR

o

@it i % BESS-1 A% #if S0 T BESS2 4@ ¢ T i WEH
% “fu‘ff' E{ i\*};ﬁtﬁ? ¢ o

o i Bu(BESS-1)2*- % 78§ -f 5 §

[ER I LR SRl L PR

2B 2 FSRALT - L R AE
TPRI Microgrid Pilot Site

Scenarios

Init Conditions
(Test Date)

e T
Initiating Events
VCB7| BEss-1 | BEss-2 |BKVASOKW
PV | Load
1 Discharge [ Discharge
(02/27/2022) Close| Gr mode

GFL mode ON | ON |SMB unplanned trip - Black start
2 Discharge
©221/202 | C105¢| GFL mode| Gy e ON | ON

Seamless transition — Planned islanding

3 Discharge
(06/13/2023) o3

3.1. BESS-1 output step change
Discharge
GFL mode

3.2. Trip 78kVA PV
GFLmode| ON | ON

Microgrid
Assets
3.3. BESS-2 250kW Discharge — Charge| [81%<{
3.4. Cease Max. DER (BESS-1)
3.5. BESS-1 GFL mode < GFM mode
Locations of

Bt collecion. Measurements Note

MPp38 (380-220v) | VD Vbe, Vea
la, Ib, Ic
Vab, Vbc, Vca  |Assume 3ph balance|
MP48 (480-277V) la, Ib o= 567”)
POl Vab, Vbc, Vca | NOT for Scenario 1
la, Ib, Ic and 2

B 10 VCB7 #£™ & jic 7 #35%
13
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SMB B %t {5 % i% TEC-61850 GOOSE 4 g% #r3 VCB » S T ikic & 5
BESS-1 gx#* § 252 #58 » BESS-2 fr it s A€ f7d 42 2 15 VCBT B
£ VCB4» ¥ P L BB EFEa;t -

7 A

R RIAAT L F A EA k5L BESS-1 & BESS-2 v+ Btk St E ATid

B oy i R R VCBT B g o ¥ d L5 8 VCBA B e

Y 7 AL TR % () 11)

Scenario 1: SMB unplanned trip — Black start

BESS-1 Islanding
STMB Startup BESee o B o operation
rip GEM mode reconne reconne (End)

MP38 (380-220V)

BESS-2 reconnect PV reconnect MP38 (380-220V): VCB4 Close FEmE -'-'---i
KW L . N
! 1 I !
2| . 8| ; g
= ' i [\<\ X Sub-
3 1 =] ATATAATAY A RATARTA VY Microgrid POl
g EEs Tl | S| RUCNAMAAAR
N <=/ E
1
|
o | u
o 1 S
| o
= i MP48 (480-277V)

MP38 (380-220V)

| 2506w,
1.5MWh 400kWh. - 7BRVA

Close

P.Q

5. FR 2R MBINE-mE W FRBIEL:

SMB st B & o BEit s 5L BESS-1 o % e SEH N3 D T RS R
U0 RFs VCBT SR (733G 8 B d ML ER T €44 > VCBY
B & > ik S BESS-1 0 § 22 i8> v § i it o

g 58T 0 GEAL A ML BESS-1d T RGN T T RN R
O FE RN kAL BESS-1 e T REAEF A A BRHF G L g
=T o HE(8 VCBT %7 » it s 52 BESS-1 22 § R Iispm - T.w CECEE

(Bl 12) -
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Scenario 2: Seamless transition - Planned islanding

BESS-1 VCB7 \| Islanding BESS-1 End
GFL—GFM Open operation GFM—GFL

MP38 (380-220V): BESS-1 GFL —~ GFM and VCB? Open

L

Sub-
Microgrid POI

Vab, Vb, Vea

Vab, Vbc, Vca

Ia, b, ic

GFL—~GFM

# In GFM mode, the output voltage
of BESS-1 is not synchronous with
the grid frequency, which causes
the phase angle and the real power
oscillation.

P, Q

%] 12 'r%’_ﬁ: 2—%"’%'}?’_}'7{\% _%’E‘ :‘V,i_k),;h%
¥ VCBT & AT J2 5 > 6240 % 5 BESS-1 303 475 % {058 T & w 3 e pF
4 -:%’ [ ’Eﬁé_i %ff ’ Kii%g lFa—k?%ﬁ’__L p ﬁsi K{ﬁ_—\ 14 ? 5 /:% * BESS-1 ﬁ;;] "

PRI RRTEL(R 13) -

Scenario 2: Seamless transition — Planned islanding

SMB BESS-1 VCB7 Islanding
Close GFL—=GFM Open operation

MP38 (380-220V): VCB7 Re-connecting and BESS-1 GFM — GFL

I
2 e i
2 ! | / 1 = B ul‘w””‘l‘ AR
23 \ ) W i S AU
z R =B Tl Gommand ™ v v e Mode shfich
u A A "\ o '“DUESW‘CHN successf\w
e g&m{;@gv / O K : :H
F Yvv A VCR7 Rt e i i s
Re-connecting GFM—GFL

WWW" i ey \ﬁ

N“Wunn'/\lu ..hm;nm.mw‘ww "

P Q

P.Q

» In GFM mode will oscillate when

gl
! connected to the grid.

B 13 B8 23 Bt b -m s ()
6. B 3-2 ki 5 S(BESS-1)3t & 4N g - M 3k
BIFERE A & BESS-1 #r M2 Bfs AR i RN o T ) N 4p
Trde s RETURLIFB 2P FRTRG o

SR SENCRE R S RIS S IEE S TE = ¥

AL FRFHA) 4 AR L ABESS-TR G B ERF % # T H(VSG)e
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FE"E‘:Z?‘ ’—‘;"‘(—% 'J”/. éﬁ__q é.%g_;\‘_k),#j% J: kinﬁiﬁ“\"" el é_i} ::;}»E

TR G (B 14) -
Scenario 3.5: BESS-1 GFL mode & GFM mode
VCB7: BESS-1 GFL — GFM VCB7: BESS-1 GFM — GFL

T

" o Vot W) ; b r -y vt W) i
S T —. —
1 \: e / -
! |} BESS-L:GFMmode ! |1 i8Ess-1: GFL mode
| : i : L‘
= ‘ _ =i Hf
BESS-1 GFL—GFM BESS-1 GFM—GFL

» After the firmware upgrade of the BESS-1,
it can successfully work as a VVSG and
parallelly operate to the grid.

B 14 F5 3-2 kil b S(BESS-1)3* & 1435 § - 57 3

ik
SF

BT R A BRE] $- WP 5o m A 8 R T BT
FRHRACE R BT e H IR T L S

3] %1 5§7@‘ Bt F TP ‘frf}iﬂ }’f\% @,ﬁg\

=H

R LT

=

,é o
PR BRI T R - KA 2 TR ESN S AR T
AL TR R ATHT R A R & R .
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(=) The role of low carbon power generation in support of a just Energy

Transition [3]

IREP MRS T ALE TR REAY TR E S fEEE G
INTERNATIONAL CENTRE FOR SUSTAINABLE CARBON(ICSC) P 3, (512 o

ICSC % W% it /& ¥ (International Energy Agency,IEA)fr & ¥ ‘5 & | Feschle &

GERAR A ABHATR SRS PFR R RAREE DR AL

2050 # FIE TR ANT R o
@ SUSTAINABLE ENERGY AND THE ENERGY

TRILEMMA

Pathways to sustainable energy

“Secure the energy needed for economic development™

+ Energy efficiency (energy intensity of + Fuel mix
economy, rate of improvement of energy

* Net energy trade
intensity, conversion efficiency)

* lnvestment requirements

Energy for
“Minimise adverse sustainable “Provide affordable
energy system impacts development ; energy that is available
on climate and human for all at all times”

health”

+ GHG emissions from the
energy system

« Energy-related air poliution,
water use and water stress

« AcCCess to energy services
« Energy affordability
« Food security (biomass use)

(UNECE, 2022)
B 15 A0 BE R RTE

FPHEELRTAZ BRAS A NN AL > T EEEEfof #oodehin
o AEEFNRFMEI CF AL G2 BREY BEL . P e § 140 B R RS
FHEAL AL A fro A A A 2050 E2 BRI kP R AP RS
2060 & § A ¢ foo B R RIAEHR-5 2070 E F R foo 470U 2TR B E A 2050 £

Pl fris EAnF Flite T3 @A BERA U s 28 o AR FAH %
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Ben35% b 0 AR SRR TF RS VA 1R bA A G RERY
e im (R 15) -

AP OREBEAR D A B 24 T - B 10GW 7% T B 0 B 2023
EPEE > ¢ 7 8GW g d 2L 2 & R (Variable renewable energy, VRE)fr 2GW
SRR R AR RF TP R A £ 1 ¥ 2 45 £ 7(Carbon Capture
Utilisation and Storage, CCUS) » iz & — B {343 chie b » ¥ d AHHFE & - 42
o g o * o

HYDROGEN CONSUMPTION IN 2020, Mt/y (IRENA, 2022)

EU27+United Kingdom @ Russian Federation
Canada
. Republic
Iran (Islamic B toa
@ United Republic of)

States of @ Japan
America Egypt @

@ Saudi
Trinidad & Tobago Arabia  |ndia
@ Indonesia
Rest of the world TOTAL 90 Mt in 2020

94 Mt in 2021 (IEA, 2022)
Bl 162020 # & ;4= &

LR A2020E R G Fend o} R EA A ORREY B AL E R
Erf o~ WBedro @ WA ET 2020 4L EAME A DT F TR & A 2020
E 2 R4 9000 H 0 FI 2021 # © GH{ e P 9400 H 0 A 0 v AfE T AL
A B RGR 0 £ RO AREF AR g L0 R LR L6)

D AFRERRAY L BEREE i d > B iphp R R E ARG

S RAR S o F12030 # o p oA RIFEF B0 FEROVALT B T B o A2 500 F B
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Foo g h BRRLD  B] 2050 & o p AR A Ed TR AR (50-60% )~ 17 R fodt

TR (30-40%) 112 & g (10%) s ¥ F IR 2050 &Y oo
@ SIGNIFICANT COAL GASIFICATION PRODUCTS CONVYERTED

TO CARBON BASED NON-ENERGY MATERIALS wicircomn

Activated carbon Carbon fibre Graphene

»
.......

| S

-
— T
i
. . —18
[=]~] (] J-)~]-] ‘
o gooan =
ERERTEREEREREERTEER ("
pEEERERERIRERLERER
ERREREREREETREEEREER
prppRERDREDEREERRRR
CT -~
1P -1 -] 11 4
EpRpRooERERRER
EEn
Rare earths Gasification and
Li-ion battery Synthetic graphite and others tar chemicals

B 17 iRt
2o v L 2P ORGEE T R FHEHEDEEFT R 0 L AHERRY

FAFE =

-

-

Pavs FRCRBEAFE LR B AF 0 WS RFHER S &
FIRTA e o g Beinfird A0 LB A 0 D B Y P F R R A SR
kg4t e (R 17)

ENVIROMNMENT
& CLIMATE
PROTECTION

THE ENERGY
TRILEMMA
SECURITY
OF ENERGY
SUPPLY

—

ENERGY
COSTS

B 18 Maa T 24500 i RiE %%
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REAAR P EERDFT N2 - 0 BER DT L AR R e
SR A EAMAE cCEFARPROFE > A R4 F R ET 5 E
R A2 Bl EASFEES TP AR ERMAN AT REFEER
b7 S BR @awnbdﬁrmr] (] 18) °
,J~

XS

-

cEEALART RRETRFTL > NRET RIFASB AT 20 RPR o

m

Boan o 5 AR R “L’f#'/ P2 ihe i ERAETEZ HERBEE A ﬁg;‘é‘ﬁi_gﬁo

v

12022 E SR ARFT E 5 42.07% 0 LR 4 o

\_

AR R PR

AR KB oFRFTEF A AR FIRFFHREH LIRS F AP REF - 3
AL F B ARFARE T > SRR ERREL RS 2 VT EEY

BArf #EEAz e Ra > SHORRFE R R o S REI A K P

AT E R R R S VB R ORI T OUERPLT 0

1. HFEBEFLANR: D8P Bi RS2 RTRYS  EEFIHRS
£ 45w Eb/})%y"l"f#tlm"l’bo

2. FHFETETRE  FETRT UG REETE AN BF T e U
G XA

3. FEAE N RO RS A ST B ARR T g SRR
5% BT o

4, S REEIT I BERAFE T L A3 ERRE PN ZIRY o
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(Z ) Introduction to the Market-online Hardware-in-the-loop Simulation

Experimental Environment Established by Sino-Europe Cooperation

[4]

Pt el et LT T .
e femg
-

#"Carbon emissions peak and ™+
carbon neutrality ...

-,.--.
-
R LT T —— TRl

Carbon - -~
Foolprin [als - -
Carbon Market
if L [
E -y Carbon
o e e Ec n‘n my
{
Storage < Digital Grid ‘&J Electricity- =
’.lll.l.r Electric - Carbon L]
¥ase -”E: g O ':‘P‘" Ecenamy
g Power Electric Power
E

o
I~ “Efecic®y™ |
Elsctiie L Market |
Energy Dats e -

Industrial Digltallz atlon Digital Ind ustrial ization

Bl 19 FH@AT0T 4 L A%kB
Preparing for a flexibility marketplace e
popropeanclectricitymarkets - There are growing trends toward = oy
OO N —wan —wens dynamic retail tariffs, local electricity e % -
markets, exposing retail customersto  * i
; + wholesale markets, and even ‘peer-to- —
£ peer” or other types of transactive '
energy markets that clear from the
bottom up. B
With this context, there is a

S S clear and urgent need to

/ ik transition customers—and
Utility customers around the o | NN | SO ¢ TN | their assets—from being a
world spend roughly ~$1408B i DER Aggregator i passive “end point”in a
(USD) on rooftop sofar, L — " " complex supply chain to
storage, building controls, — Lm m.' — becoming active
smart appliances, and ; 7 . participants in a dynamic
electric vehicles. . J + l ' J » energy system.

Bl 20 53EED Fipds R F

AR R REFEF T LR EITEE TR R P & (Hardware-In-Loop, HIL) #5
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B ERRESMN T HEE S BT P EFLIRCEPRDS A Ay B o ¢ W
AKRFIRA? frd BIFFBFTNT 4 L ARE > L 4 N Raul B s e
TS RS TR TR > FL 7 B I A AU R R B LT iy

F AR T ERIE TR 19)c 2T A A B T AFARL O BET Y
FEAUTAFSFEFLA S AT BEESS N TA P h AR S
SARED F A o 2T 2 AETEA B i FE R E fon iR

S HEELDK 1400 RE A o ABBE T > i EREY 22 HF E KA

i

CEPRI seeks to become a leading
R&D, consulting, testing and
certification agency with recognition
from home and abroad, as well as the

i main formulator of standards of power
China Electric Power 5
50% Research Institute (CERRI) grid technology.

R&D
NESTER Ce Investigacio em Energia
. T E te Grid, SA. (RED Nester)

* __The R&D Center shall embody an international platform for
knowledge, delivering innovative solutions, approaches and
methods to be applied into power systems, with the purpose of
providing new tools, strategies and processes, well-funed fo the
new energy paradigm, and serving as a dniving force fowards a
more efficient power system operation and management. "

State Grid Corporation
of China (SGCE)

oy Aggregation

Research on Key Technologies
of Distributed Flexible Resource
Aggregation and Optimization
for EU Market Operation

AR PR T s e BaE e - BT R B % e
F e RS fidh o T 2 eE Efesc KA o T ME Y REF T Ry
FOTeo7FLF, 227 RDNESTER ¢ w > B¢ R5 B T 1o

ERR AR B ESR  FEe RN B 2R B ert LT 0 A FF LG T AT O R b
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A

©3 % 7 R&DNESTER R % 2 B 3%F o ks B s F@4{cig haFrd o

Bl TR RESLEFTEE(R 2D) -

Remote Acess GPS Antenna

REN Corporative —(( J) ﬁ:@
MNetwork

OUTSIDE

(T ‘

=
ol =
‘l—‘ = = = =
i ¥ ] | ]
= % l— —: ® = I—___J;u@ r____/?l__l
= &= (
= ATPSS Dla orms =I=T=x| =
Proprietary Optic and Ethernet
Connections interfaces

1ED s Network
Denvice under test)

TING

o

22 =:HT_F;'SSE-:;0E::. :bT 8 [ Al
I H = ¥ 1 =5 =3
Interfaces 1:@ e —_F h_F

s
L_ue) = (a) 5]
(1) Traffic generation (@) Time synch analyser (3) Time servers
and impairment
(@) Workstations &) 1EC 61850 test set

and power ampiifiers

Bl 22 &£1FP %

4o 220 S B E T2 T Bad = 3 B iEA
LAFG e MEE AL R ERERE: ARAL 2w hEEFY ~WE S HF
By FBRCR 2 B Y~ A H N B RE A e At

iR KB o

2.ANHE T FFEERY 2B G FERY Y~ FERERRN L EEFEAE
B CHNA RSl T E H A RE TR G
3. A R A i T R SR M A AN R AT T~ S By
FlFae > BEFREREREESAY KM L 4 A G RN

1R S RA R R 2
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Analogue Output
[=10V) vaitaze

}’ow.cr'unf

Bus  o— 10VE

roftage cusrent

Analogte >
o

GTAI Card
1-p Line =—— :

AC Bus. 1-g (L-N)

MODBUS
(TcPip)

Serial
®sy < T

Remstive Load

P:_eummbl_e Luad

‘Hardware-in-loop (HIL) Setup

B 23 Baw BRRIGATRE

4B 23 5 B A 0 AC-BUS(R in ®inft) + 4 RTDS( p i 8 ik
PR E)T LR 4 TR - PV inverter( = F5 it i3 9 B)E T8 REa G AR R R
T3 Y 538 Matlab S ie 4 7 B B0 M Gl o B 2 s R B iR Y PR R

RAR

LA )
R&D MNester Market-on-line Hardware- _‘I:.
in-the-loop Simulation Environment

Typical aggregation
applications i

'fi MIBEL (Iberian Electricity Market)

Price Taker
Typical aggregation
applications in China

Optimal aggregation

scheduling/dispatch simulation
Forecasting Datw
generation and load Optimization Strateg comunication protoc

R&D
A teser

PEENHFFAR

P LTI VRN NESTARCH VUTFTVTE

ign Terminal

Digital Simulation

Typical network
scenarios in China

Energy communitie
portfolio in Europe

Distributed Flexibility
Simulator of the reso

B 24 CEPRI ¥ R&D NESTER £ 738 p
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B R&D NESTER % 2T S %5 0 A~

ETIS

BRI NESLFFIET
ﬁﬁ“ﬂﬁ?J#gQMED&%ﬁ%@ﬁﬁa\ﬁW%éﬁa§§§
davihie s cEEARG R R R FR R PEZ DREEE S K By KR
Foeddd ad P MRS PFEFTIRL T F BIp Il R RS
BERAFE ML LR RERE s REAE S e 0 W2 TRE S
(Bl 24) -

Economy

ISCTE & 1L Aggregation

Institutn Universitirio de Lishos
Ity —

A“ S'EP’;"EENS sencte NI e
SURG 0 | o

R R

PONOVO TECH

B 25 A kEd
EHP P RASAGNRIREE AR AR 2 AR HEE
et R OBEY 5 FEEY 2024 ER RN BECHIREIRE > TP L L S EEH 2
PRRP A a bR R A PR Y RE AT 2 EARY fodiA K (B 25)-

)

i

HAETLY RS FE T AL ¢ RARAME TR S R S% o §

B ARG HER AR R RN S 2R 4 g &

LIS LN REEFETEFE (VU Ran @ LI\ R E LAY 0 Y
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(+) The Current State of the Balancing Services Market in Japan and Our

(ENIC Division’s) Pilot Projects to Integrate DSR into the Grid [5]

® Phase 4 - VRE makes up almost all
generation in some periods

60% Phase 3 - VRE determines the operation
pattern of the system

® Phase 2 - Minor to moderate impact
on system operation

Phase 1 - No relevant impact

on system
Japan Kyushu island —
O%  2030: target VRE 21% 2022: VRE 17.1%
(PV 16%, Wind 5%) /(PV 16.2%, Wind 1.0%)
2% 2022: VRE 10.8% | | / 2018:VRE 9.0%
(PV 9.9%)
9% 2018: VRE 6.6% [} HH
o eb?}‘ I@’a’ S . !cg‘ R S S S T g
£ A o © B G
W ‘5 . ec:_ai cﬁ,}\o @a,fbro‘e\o@ dei&p’b’s G‘CQ G;‘?QD\‘)O e}é\@ﬂ@t} \)‘OQ \‘_(r.\\?::p o
< S C}‘\o Sl (’fl\\(‘ &5 rgo‘;'

[1] chart: IEA, Annual variable renewable energy share and corresponding system integration phase in selected countries/regions, 2018, IEA, Paris, IEA, Licence: CC BY 4.0

[2] VRE share in 2022: Institute for Sustainable Energy Policies, 2022 Share of Electricity from Renewable Energy Sources in Japan (Preliminary), April 14, 2023
£ _EEICLoLT] , April 7, 2022

[3] VRE share in 2030: Ministry of Economy, Trade and Industry, [2#&0H £ 5

Bl 26 BB Tl B34 S VRE a5 T8¢ #r ik o)

ARAREP P AT TR SRR EALEAZTEF B E o HFF AP
~ 7 4 ¢ &£ 7 e(Central Research Institute of Electric Power Industry, CRIEPI) 7. 4
RIFTFA T 20T Rep A% ¥ > X EF KT £ 4 it Jh(Variable Renewable Energy,

% 2

VRE) § T 4 Wipe frofe 51 B34 hhfa s 34 famgiald

4o B 26 0 BE i k8 % (International Energy Agency, IEA)[13] » & 2018 & 2 % 73
20 BR 7 VRE F ¢ > p A~ & VRE 7 $48 2018 £ £ 6.6%%F 3+ & 2030 & 3 &
I 21% HY SH AR RARE S R4 N E 2018 £ 9%3% 2022 #H L 1 17.1%
T b BB 03 162% IEA B VRE ehd vv 420 4 BFFE > A W E % 11

BB B B 2PFEC $ ST MY R PR B 3 PR D VRE ik
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i TR
§ 322030 & 3% 5§ 3

System planning

o B

P-FJ»°

VRE & % %

P 3P

244

Flexible resource planning and

57T

1

o

FRP AR

W

System-friendly

4

and market rules investment VRE deployment
Flexible lanning and i t
Synthetic )
fuels for Latraev:kca:e Long-term
Phase 8 networks fo slorage
e‘:m?rva?inn smooth seasonal | New loads — e
ot i vaabity | via electri- |- Mid-term
[= eform of electricity " storage
g Phase 5 taxation —— fication ———
© Advanced | Digitalisation Commereir| Battery storage ey
- ] lant design [— ji .
g Reform of system P 9 & smart gl_'ld & residential | ez of existn services capabilities for
8 Phase 4 | services markets Flexibiity technologies i gg large renewable
w _! from VRE | Large pumped hydro energy plants
x Effective short-term —_— Grid industrial Dwersify location and
= [ Phases wholesale markets, Plant retrofits reirforcement technology, shift to
"5 trade with neighbours intercannections * premiums, CfDs
= L e Focus on investment
o N Phase2 VRE forecasting, certainty (FITs,
- economic dispatch risk-free PPAsi '
Phase 1

Source: IEA "Renewable Electricity Markets & Policies An IEA Perspective” on METI Sub-Committee, Tokyo, 10 June 2019,

4o 270 &

) B )

Bl 27 VRE 3% 3

R R R BN G

wRE RARR e e H 3 3R
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FRppg D B TR

B el pir el K0 @ A
HEE G o bl4ci s
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*Official name: “E#4 8% ™15§: supply and demand adjustment market”

load curve of one day Market launch schedule by product
(INustrative) . 2021 | 2022 | 2023 | 2024 | 2025

Renewable energy

forecasting error due to ’
FIT imbalance exception

Tertiary 1
‘ Respond < 15 min ¥ Launch
| disass = Period: 3 hours
I amblé Sustained
H fluctuation
'. Secondary 2

Respond £ 5 min w Launch
Period 2 30 min

Tertiary 2
Respond < 45 min ¥ Launch
Period: 3 hours

-
3
@

=
o
=

a

Weekly

Secondary 1
Respond £ 5 min ¥ Launch
Period = 30 min

Fringe

+
I - fluctuation

Primary

Cyclic
Load -—-ﬂm fluctuation » Respond £ 10 sec w Launch

Period = § min

SEaTE T - A AEFEE

gf’ﬁ A A %k

E= FEEITEST= £93° July 31, 2023

aHu

iz
JoB) 28 P p AR|EF A T I R TR AMA S AT ]
BB 2EBERIBEIEE o - HR D o Mk HEF R DTS TR
o SHERER R E K TR A RAFE o M F AR 104 HERER
A5 4B FEIT 2024 EHEE o W D BF A L 2P 0 F A RS g
FREEBRO PR R SAMP PF B FEER <30 440
TR B 2024 EHF o ¥ 3 s HA 2 2 ] SR DS | ol
A RIERIAEFLHE G FIRITS > % 1 B3 %FET LhapN o %2 BE
BAAS AN FHERFFE 3P ¢ A u A 2022 2 2021 EFF o
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Simple delivery operator’s office model

Co-optimization of
- delivery demand

= - EV charging under promoting

EV charger

=5 Condition:
7Y - promote PV self-consumption
Be - do not interfere with current
=1 delivery operations when

replacing ICV trucks with EVs.

Source: NEDO, "7 =¥ A / "= 3 v ELEZ /27—t EEY T 1 HEDEE" (2022~)
B2 Br b f+aaiimin

Experimental Facility in Miyakojima
Island

PV panels

(TATR!] (TRTRY]
(THTRT] [THTHT]
LURTRT] (TATRT]

/ Eattery P—r
storage g

factory
= a3
PCS

B o

40 5 kWh

* project team: CRIEPI, NEXTEMS, Okinawa Electric Power Company, Saga University
Source: NEDO:"EEFRZ A FS A/T3 0% — - RENEMASFR7 0/ T LMENIERAVDR - S8R Y 2T LOERRMEE" (2023)
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FoBWP ALY hERFES BOFRPRAL R L YR
Bh R Fp AP R AR BRI AR B RET I
B e s il BRI LR T R R R RS ERA B R A - bl
R ez~ FRKSENTS P L 2 BPEFLEHIRT > v BT #EY

B R R 0 SR G T 48 RUE 7 T R(R 30) -
Program Period: FY2022 ~ Sep. 2023

H ET\HOtEIS -------- Restaurant
Hydrogen cooker : | ﬁ
H.. Boiler, Mobility ,,| E Stores, etc.

Hydrogen-cooker,

Renewable ' H‘
energy | Electrolyser

- €' hot water supply
T
F 02: ., PSRRI | | SO ——.’ A ”-ports& ............................... 5} —————
Electricity | i Spaceport —.______ : Em .
(P2P) . ‘)’ﬁHydrogen T ez ﬁ ydrogen station
Unsderround recycle — & mobility fuel, SAF 3 vdrogen engines,
G Hlecuol o T \ St
f"#-'.'”- ] 3 — = . _—
| Oz e I e e - ‘
Water (a3 Salt/Sugar P %‘Agncultural
supply _ . A factory 77777 @ ’| He
[ 8 Hydrogen boiler Hydrogen engines,
le 4 |
seawater Electrolyser™ e -+ fuel cells

— A&
ﬂ_@ Salt factory only

On-site use of H2 NGRSO 2 use

Water recycling usage

DW: Drainage water, RW: Rain water
Source: NEDO: "EEET U Tic &l 57 Y —»okFE - AEEFFids (EERXFERE - AIERTT ) BRCRU-ERARERE" (2023)

@31? 5L1wg4ﬂb,@fr&"'f
FZBEP AT HE P EZNRP A SRR KN R AL Rk o
3 PR RFRE S R h e TR AR R R SRR ERPET
EREY R T 0 P AL ARF-BVEARET AT BEE TR L AN

AL B E PRLEE LR B R R
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EopET AR o S E SEERS SR G R F oL E D 2 kR
&% (B 31)
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AricRof AL T4 0 2R PR o
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S A N RFES 50 VRE BB FH e hR A VL AF P A5
TR
I FETA THEMRAEFIHF SR PR 4 s T AP g Rirs ¥ 4 &5
= ¢ WA & # (Regulation Reserve, dReg and sReg) ~ it £ # £ & it A A & &

(Energy-shifting with Dynamic Regulating Function Reserve, E-dReg) ~ = p= i &

(Spinning Reserve) % 4 . # & (Supplemental Reserve) » ¥ %4c 2 Tl & 45 1 % T
Woe BN AR FEFREIATRIBRE - FEFRET ST ST

Eo T AP MU Rk BREAUGES R FERGE - R

BHARSBALAN RS NT S fh o R TR

E
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(= ) PV technology overview its position in the energy mix and the role of

R&D (6]

A RIP XM PRt o 3&—‘,!—,2 % ENGIE p Laborelc § 5% 3 S5% % § oh
P2 nhEREmE, #’?E‘.’ﬁ ZEFL MW EEROIB A REF -0 HehE 2 BRI & R
B F A B AT DAL AR G Glde IEE X B Rhd B

K f bR LT BB TR SR RS A K Y i

g 2 E R SRR FHEEFEFF PR OFM AL T F I RLF I T Ao

Within crystalline silicon, different technologies exist.
In 2023, PERC is the current mainstream technology, allowing
the lowest average cost per cell in mass production, with
efficiencies around 23%.

L3 Y

- Hi energy photors wasied

By 2030, A major technology shift is underway to achieve
higher cell efficiency. From p-type PERC to n-type TOPCON,
Heterojunction and IBC.

Low arergy protons wastsd)

S e ST
- 8§ 8 8 § 8

g

1000 1500
Wiavelength (nm}

Today, > 95% of all newly
produced solar cells are
made from crystalline
silicon with efficiency
reaching 23%. The only
relevant current alternative
being Cadmium-Telluride.

According to the solar PV
industry’s technology
roadmap, introducing

tandems will be required

to go beyond 30%
efficiency - introducing
technologies such as
Perovskyte

World Market Share [%]

Bl 32 fie

%
BB ML ER S B R T AR B i 0 F AR E & 1 0.5%:
SR R R A T A RN R e g o R P W AR R A 1

b4 22 2 1 (passivated emitter and rear contact, PERC) >

ETIS
—J
&
l}\.
"
15
oy
!
v

2k K 23% > HRa AL A %Y > £ PERC #4% % 5 %) 4 1

w
,mu

4 f§ ~ # (Tunnel Oxide Passivated Contact, TOPCON) ~ # & F iz m = B i ~

T

Rl

( Heterojunction Solar Cells with Intrinsic Thin Layer, HIT ) % % g 3% 3 4% f§ ~ 5 it
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i# (interdigitated back contact solar cells, IBC) » e T ig Hjis b 5 #72ci » APy &

BITH o b e AR IL(F] 32) o

(1) Bigger Cell Size + Half-Cuts (2) Smaller or No Cell Gap (3) Multi-Busbars + Round Wires

156,75 (M2) . _— i
2+ 5mm spacing i
i (G1} . ol Wi | B
Small Gaps S S
163,75 . 2-0.5mm spacing :
166 (M6) .
Space between each calls: 312 mi  Space batween sach cells: 18 mm

Busbar thickness: 014 mm Busbar thickness: 0.1 mm

182 (M10) .

Shorter distance between busbars reduces
the effect of resistance on the electrons
210 (G12) .
Light source
Full Call ---w".:mt. 5 ¥ 8 j! i 4?“

L O Ty
Shingled cells nm e l:
Overlap; 0.5-10mm "" .

Source: IMEC

B 33 fe e e

o

SR B FAEFE RE W S N R A F > AN F e 3T Ba 2R B4

P F(tandem))? F TAZE 30% T F foid ¥ ATLATF S B v iE o BB A2 I ES B

-

R P Bk eha o s T R b el KA - AT AT

N

S~

LT g EEF AR kS ;'ﬁr"/ivxm*—*°9’éf‘§iiﬁ
KRS B g B B b BB S BB S E o £
(B 33) -
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Worldwide Electricity . "
Generation (TWh) by Source 3000 Worldwide Cumulative installed PV ’
capacity (GW) -Forecast to 2026 2k The global weighted-average LCOE

0450
Data source; IRENA
400

1991

Annual reduction

% -
® " | : ton B 3
g | 1500 1122 o, 0.250
g | > \ 0
: T { 4% o 0200 A 18 /0
; ! | Sk 040 _ s
B B o .
10 | 3 Y
3 | 500 B 00 - .
2 | = *a_ 2§ cantkWh
B8 | 0,050 @

0.000
2017 2018 2018 2020 2021 2022 2023 2024 2026 2028 HN W BU ME NE DN NG 0

Levelized Cost of Eleciricity [S&Wh]

Source: Breyer et al, 2021 Solar PV in 100% RE Source: Sofar Poier Europe

systems The global weighted average
Worldwide Cumulative Solar G LCOE of utility-scale PV plants
Photovoltaics Capacity has Global solar capacity additions may have been declined by 88% between 2010

) well over 200 GW in 2022, says BNEF. ~70% is 42021 andi below 50

exceeded 1 TW and is gt . : an and is now below

today’s strongest grower of utllity-scale, accordmg to IEA and its fotal €/MWh. Together with wind power,
all energy generation capacity cou!d be as high as 2,7 TW by 2026 they have become the cheapest

technologies. according to Solar Power Europe. sources of power generation.

Bl 34 B & dopPochrs- < B i
B 1 A7a R P4 S (BNEF) £ 7 & 2022 & 2 TR ATH hx Hal £ 7 7 £42:F 200
GW:> 27 70%E > 22 T £ E s @ g 2Bt & £ ¢ 717 22026 & >3 &
Bt 3 ZE#ED 27TWe 2B 0L F EE X BB a8 T Ra3ait L h= 4
(Levelized Cost Of Energy, LCOE) % 2021 & #2010 # 5 147 88% » * Ky it £ # ek
SET e AR T ET AL o ABRET - 3 It AR TR A
WS L o S AT RN 52 2 BB B R R R

SR E TR R ESE (R 34)
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1. Be competitive when bidding 2. Improve Operational Performance
for new PV plants of existing PV fleet

3. Tackle Land scarcity

= o
L2 [Go [br TN lemfeo

‘ ; EIEE@EWEF
e ol U [iefou| AR

| Pariodic Tabln of Elsments |

B 35 Tk & kBt
ENGIE #-7% %735 523 3 4§ in3F %5 %’—?‘ VTR IR LT 478 R R apt (B 35):

ErBRETHREE ®RY Y D EFFAERS BN

[ty
o
A
-L-aL
w
R
=
3
NG
3\
*
S

Pldr D B RFEEAPBApBGESR C ETRACBRFLAT RIS AR
(IV curve) p #+3f Bizs e ~ & & BB RA F g a5y < F &£

2 € Rimihi B oo

Ei%iﬁ,”ﬁ ~ H ik ;Lf)(m&’% %ﬁb\f} 2 B =< ,:’i,f‘f-;ﬁ?@'f%%;‘% s
MNBER R CRFFHEOTRFIERLZ AETN L B ROTAFE

y 7

B TREFLEAE LS > RS AR kT RemE Y § o

PR

R AR AR FE AT B S B - BALAT
PR 22023 #F 0 fipz s CENGIE &7 f § 25858 ki %
I R TIPN -l [ B
R EHFFEEIE IR f 0 2B 0o 22 7 S F AP B AR T PR
Placd $t A R MR fFE L R 'G  THEY R E S B ol dred > &g )

PSR BRER F
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(~) Electrolyzer Performance Modeling and Simulation [7]

Favor the integration of

renewable energy sources info E_ﬁ
the energy mix 3

o]

o
.. . Decarbonization of the current
uses of hydrogen in hard to r
abate sectors(industry, mobility, HH‘IH X
etc)
How to favor the integration of renewable : : Limited availability of the scientific
h Understanding the behavior of
energy sources in current electrolyzer ele clrolyger systems literature, especially for large-scale
systems ? applications
Assessing the system key performance Developing innovative piloting strategies
indicators under different load scenarios based on modeling
¥ L 1
Experiments Modeling Simulations

W 36 ¥ F&pi

A RER A e S  d 2 Wik ENGIE = @ 0 Lab CRIGEN # 3

FAORAZE I RFEFER AN ANREATRF I - BAT A PES T
TR EREOFERNRTA >R oa TREAI P - BPR oPBER

MY B s R R I TR o B d NBHEE AR
Moo BT R R > 2 JRIFE AT o F|pt > JI* Dymola(® fi i HF
FHM)RZEABT] T HTEN R 0 B R R & SLenR 4 5 pdn iR
(KPD)» :#= G BEBME A R B EFFWPER Py B0 0203 é)l?%? %

AT A Al R AT 0k SRRl > A H R B < Rt (B 36)
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1) INTERMITTENT ELECTRICAL SUPPLY 2} ELECTROLYSIS PROCESS

Industrial-scale electrolyzer

J{.---—"_'d_h Salgrid sanatics
IJ Prping,
o CONERIRErS.
smps,
v:hu::
% | Procwsssalety
iy » cantrol

L e Efficiency, H2
SCH-ryne areie senarios Purification lomses, W
Test o unit curve,
J— rIIJ L conditions degradation
ﬂ [ | rate, gay
i it sawiTiorss vt Fart quality,
Qi P R 0P | reactlvty to
fransinnty...
A4} DETERMINATION
OF KPls
e
STRATEGIES
Samwilation
ety
m Dymela s mooe vauanon
AT aspentech
Modelice
W 37 FRE xSk W
TV
n ir-il Ec!
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Intermittent load profile used for the model validation
(close-up view of a day }

o
wwhigt, 536
on 7802
Mw

Key performance indicaftors over the one-year period
Bl 39 e R 2%
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(4 ) Investigation of green hydrogen production with using geothermal

energy and potential hydrogen demand in Kumamoto prefecture [8]

Introduce —
hydrogen Hydrogen
generator generakr

;\: 3 "o
'R
m m\ Electric Power Co., Inc.

B 40 Fti 7 kaadF
AL AERA ST ALELI R RBE 4 P AMF T4 (KEPCO)

SERNE ALV AR
*
2. wRFHEFEASLINRES o ns TG OAAOTREE RER FR
B
3. FRATREFES- A FALAIMPTRER G LEE I AL Y F o
4. V- R4S FERE 2 R RER S E A e jﬁiﬂ%—%w% ZER I 8 A

BE L B HRE RE R E Y R TR

5. Fle kR FEY AR R R AL 4 LR ERP -
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<Characteristics of Oguni Town>
+Abundant geothermal resources.
Geothermal power plant is in operation.

Untapped geothermal steam because
of the congestion of the power gild.

+Geothermal resources are used in several
industries, i.e., forestry.

-Proactive about the reduction of CO2.

Fig. Exterior uf the Waita 15t Geothermal Power plant

Fig. Location of Ogum Town  Reference : Googie map

Bl 41 ] BT &g s B TR

The Kansai Electric Power Co., Inc.

E R R PE AR ] BT o R e W B TR g -

BEFEFEEo Waita P RF TR Bd TR FEE RS 5 A B £

\MW}%&‘

AT S AR E R R AR E F L AN A ks Al

FoORTOUERIIE G E S B Ry WAL I P ARTIORA E RIS B
{5 4£(NEDO) 1 3% (] 41) -

(DUntapped geothermal potential survey (2Study on electrical power supply system for

SOEC ( )
Binary generators (300kW
Untapped geothermal Forr:tgam : 100 kWx1 set

potential (137°C) .
Steam : 2.2 th For hot water : 100 kWX 2 sets

; New power
Hot water : 64 t/h generator Electrical

___________ Py Fod

90°Cc 150°C @ @
Extractinga |~ ~"| Heatpump |~ "~ "~~~ ° (2
porfionof 32kW Solid Oxide Electrolysis Cells)
. waste heat I [
Existing power : | L)
SREE . 85cl  20C | SOEC (420 kW = 125 Nm3-H2/h)
| [ ¥ carainng (efficiency™ : 3.4 KWh/Nm3)
Existing waste %4.0 KWh/Nm3 without no
heat line ‘ : geothermal supply.

Heat utilization in surrounding areas

B 42 AFRFT= LT ERE
HABRF RV ER2FAL > BT ABRF R0 8RS 137 B
A

FEEAAER 22 A FHEKAE S Ao RFRTL F 2
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AR F AR~ 1 SEFEDWHE 2 SEAFTH £33 T £ 300kW #
EEF R E 7 f2% (Solid Oxide Electrolyzer Cell, SOEC) o &% >t T 18 » A
MAECR GNP KL R R ORR e BRI IR 2 AR R ERIEF A

IHEN 150 BHELSOEC ¥ A4 5 pF23 > 7eng 5 & 27 &4 X 20.148
wE o 2R@m > SOEC e (7 F & 555kW eh 4 o @ JE A B3 chds e BB~ ahR 4 L'

1% 300kW o F]pt R 2 & ER R R 255kW(E] 42) -

Candidate site for
installation of
hydrogen
transportation facilities

Issue: Narrow road width §

Candidate site for
installation of binary power
generation facilities

Issue: Possibility f construction vehicles
being unable to approach

FEARERUMKEEL— I (F5)

Bl 43 KA T kA
BEARABR B AL # FEETSOECHTZo# 2 3L R e
AR R B RS el AN Rl BHRA T hEF

PR ooREe ?&ﬁ%‘%%ﬁﬁﬁﬁﬁ%%oﬁia%Q%%%ﬁﬁ%ﬁﬁ@é
600 L o e LHNFTEF L GEBERF T EAL NS ET Fa Y -
BRAES MR o RFOPRT L IERERIBE SRR B 20 AR

WMo F LR Y R Ad TACTIFL R Frend 2 Fi2EE B (R 43) -
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Honda Kumamoto Manufacturer (Otsu town)

Ref. hitps://www honda.co

Bl 44 [ B h BELG § 3484

BT OREHL R R RE F R RN AR 0 BB ] BT g g
B BFAE R WBE- D RE WY T ST 5 L R

a2

FEF P REZATI R Fs FH A ER A ERY Wi § OF (R 44)-

@Hydrogen conversion of heat demand in the manufacturing industry

Estimated amount of hydrogen Hydrogen boiler Apply to heat demand
-
b L =
: Amount of hydrogen § 3 i
Location tH2/year @ ii L
Kikuchi area 3,600

Ref. : MIURA HP

Ref. : Hisaka Manufacturer
hitps://www.hisaka.co_jp/food/product/

@Hydrogen for semiconductor manufacturing.
Estimated amount of hydrogen

Kikuchi area Amount of hydrogen

t-H2
Monthly 7.2 e ﬂ 0

Annually 86.7

W45 RhEEMUL DL F 7R
W FHa i §F 7z i®® 3600 o> 7 L EMPFHE §F7RHE

86.7 # (] 45) -
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() Disruptive Technologies in the 2030s (TF2023) [9]

N~

UAKE 2030 EenghpEnigE o B p et s 2030 E R 4 A E T ERY hd
¥ & Frost& Sullivan FiFAEKF RE - 227 L &= L5 R

4
d 4T AL XSV FagTe Lk 0 193 1 HF
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i
v
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Btsd IERE £ AR DA LEFENFLE ETT 25 3B 54
W20 LEAT 2 SN FEmaEL > 2R D4 IERE g B Bk o

Shortlist of 100 Technologies Across the Six Categories

»
Innovative technologies that could )
alter status quo and be part of the Cutting Ed.ge Powef Technologies related to generation of
industry 4.0 revolution Technologies Generation electric power through renewable
(12% of technologies)* and non-renewable energy sources
ies)*
A e Commorli Transmission
eh a |°P.9 seommercialze Technologies & Science and techniques related to
_te; nu.og\esdseen in most I Distribution transporting power from one point to
industries today U another, including its management.

(11% of technologies)*

(17% of technologies)* %

Strategic Retail
Management Customers

Science that help organizations meet their % T
strategic objectives such as competitive . O L : :
s Technologies impacting retail
advantage, sustainability goals, etc. S
customers’ activities and engagement

with the power and utility industry

(27% of technologies)*

1 2% of technologies)*
of 100 technologie shortlisted (1 chnolog

B 466 B 1 & 55 %1100 38 ~ FlH g

2 100 37 » Flengejime 7 6 B 2 & 55| (H] 46):

—

FRRA AL R A2 T LA RRA S el 21% o

2. BE TR W AN s B 1%
3.RGESHFRRESFEEA T AAT o n FET Soanghped 12%
4. FRAGF e e B R R B o BE  REEE RS 27%

5. - S BEEY o o SR EE fop £ et 17% o

6. X ERHHET T RRK T S 51 K 40E - 30 R RTHEE 12% -
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The Selected Top 20 Technologies

»
) Floating Renewables
Quantum Computing Cutting Edge Power «  Hydrogen Fueled Turbine
Technologies Generation = Perovskite Solar Cells
+ SMR & Safety Reactor
IR +  Bio-Synthetic Natural Gas (Bio-SNG)

o ) Common ranamision +  Grid Analytics
Prescriptive Analytics Technologies & * Grid-Forming Inverters
+ Solid State Batteries Intelligent Universal
Transformers
Low-to-Medium Voltage DC
Grid (DC Microgrid)
Virtual Power Plant

Distribution

+  Carbon Capture Technologies Strategic Retail
(BECCS & DACS Management Customers

* CCU Derived E-Fuel

* Green Hydrogen
Repurposing Existing Pipelines for
CO2 and Hydrogen

Emerging Heat Pump
Integrating EV and Battery
Energy Storage (V2X)

* Sensor Fusion

*A total of 20 technologies were selected based on the survey and additional input
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SR BB P 20 L 4L(R 47)
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10.

11.

12.

13.

14.

15. 4

16.

17.
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(- - ) Development of innovative and environment-friendly solutions for

the treatment and recycling of components in the transition to net-

Zero [10]
4
y =
g 80
L il
|
ENERGY SYSTEMS GRID SYSTEMS URBAN SOLUTIONS

Renewables, Storage Grid 2.0 - Internet of Energy Smart Energy, Mobility, Energy Efficiency
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ERIAN expertise : From materials to systems

&3 O~ e % e
B - - BB (&)
Materials Cell BMS Module Pack Recycling

Cell . . .
pm cm m
— W ~ L —~—————————

Modute

Pack

T@—_\ﬁ i
Electric Vehicle Energy System; Assembly Hierarchy * Spec ific Ene rgy
© Ganesh Venugapal

* Specific Power
* Cost, Safety
* Cycle life

ERI@N | 12

Bl 49 JdHR Tk s
FOAAITR B 4e > 6] AR 2RI P X2 A% 8 PP Dura
Power — A2 ¢ { =~ ehT 3¢ > & {7 T ¥ ¢ I & si(Battery Management System > BMS)
SARBTE Y > TRIFAM Y o 2 DuraPower & ¥ BF % F P BB R R 0 d
Dura Power 2 » £ # ¢+ fojt & 1 ie (FiRlEARAL » RIGEF dechik g 0 B

L 43 FPRHEFEFATHTRELE HT pafleo

TATRPp RS P EREFAEF LY APTESNRE L AT T - AT E
He Bf AR S AT VA RNHOTE o R KT R A%
FREAEI AREIES RARY BAOFIRBEOR T LG & 27 5 SRR
RS S & %gﬁ&iﬁﬁ%an BF TR B R R AT 8 e L iR
GRK B ot P RR LaE At R P dosk gl <o) R A K H B TR (B 49)°

% 2018 # fxh> 1 SCARES 3+ & » &g~ * 3t % BB i 4 w ook jis » -2 o b
TEAE B F o BAER AT TR v i CHAESY o UE ERIF
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Fruit waste from NTU
canteen used to leach out
1o u elements from spent LIB

‘Co(OH),

collected at NTU

% Battery
7 assembly
g
Fw aci = LCO
: SO batteries

@ Pear
ELamon
mAppe
mBanana

LIBs waste

’ published in EnwrnnmenmlSmenre & Terhnology 2020 54 (15) 9681 9692 Madhaw Dalton et al
» DOL: 10.1021/acs.es5t.0c02873
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(- = ) Development of Energy Management System for Microgrid in

Chubu EPCO [11]

[Needs)

f ;:;/;

Thunderstorm

{0

BESS

Effective use of renewable energy Resilience - enhancing methods
sources

One of the solutions to meet these needs simultaneously is to employ microgrids

B 51 MR hERARFF R

Subcommitiee on Building Sustainable Electricity Systems (2019.11)

< Normal modes > < Emergency modes> -

Y Ayt
. w o
Mam grid . Main grid /

/ X’m Work independently

Connected to the main
grid (different from
remote off-grid system)

disconnected from main grid

Bl 52 AT ged R Rk AR

AR AT ERRERARE > faFY L p A7 8T 4 (Chubu EPCO) 4 37
1 4EfF o 4 ?;Rgﬁgﬁpﬁxg EAMLE P 2B EFLIY ABAFT R HFT
EOR AR ARELAG R Rt b AR kA~ F Fior BildeanB T HE
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ARG U RF YRR T o Rl § R 57 2 AL ik
(W 51)- 2L > Chubu EPCO #AcR # 2k 5 - BR 4 - i * 4
BRI T AL FES T e L R RED o ALY ol R SR
T HAFAERT BT 4 R RS KTRT R DREfEY 0 il
N BRI AR BT ENRBE TR YR E RSB IoR LE
Lt @ FF LRSI EA o FER MW Eaa T R B iR
FoRoepteb s 1 A BT A R E T2k $t(Microgrid Energy Management System,
MGEMS)* ™ Z R ~FERIF R &2 * T F K 2 B4 » BESS(T # #Fic & 5 &
BT RR L LB E 4 (B 52) -
% MGEMS f§ 4 3 #7 BESS it % 117 5 % p (Bl 52):
. BEETErAL g X Vb ] td e PHET 2 E7
2. WHETHEH HFE o A ICRE A R Jﬁé?’ﬁ']‘)ﬁf °

3. ;“%'gi FEHE P B YR R f%—‘%]z e e

N~
F_L
=%

PEPIETRFZFT EERET S P00 &) T RX%

4
&
Riga

S. 417 BESSfrf 2 i i 0 b5 &R (R RHCE R4

@%B'I | | ] @-BB-E

Maingrid Vo Main grid | | ] V oy
Metering /\ LEG\ Meteri A AQ ' BV
etering
= o)
Market J& -~ Mega solar F Mega solar -
ing Power plant fant et :
| |!et_er|£g Egt f Residence Evacuation : ;.wwerpan '5|3”d‘.ﬂﬂ Residence Evacuation *
| 1 it Jace Monitoring & operation e
|, Monitoring | P ‘ instrucion | + P l
I | | ‘ : Noritoring Instruction I I
s 1 | e |
Supply b = = - - JUEIY = = =4 === === mmmmmmems M- - e mm - ' J
Cannection Moritarin e R i e e
totheGrid  Forecast & i Forecast & Monitoring, instructian and cantrol
& Control g
Conirol Plan monitaring

Bl 53 MGEMS 74 3¢
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MGEMS § fc f e s P i 430 A fo i S onficdi 4p B ol i B L TR
BESS ~ #4238k~ % # 2 B AP X7 R4 A RRIE L8 RHE T Ao

T & o 817 BESS ok (T {rH & K SLehF iRITA o

3
<
=
~

EE A HRT o TR HANRBERT R DR R T H
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&
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Discharge

"""""""""""""" - JEPX* wholesale

Half hourly energy L;
~ Do it price (yen/kWh)

(kWh)

se

T
J
| Charge ;'
|

t s
=2-101 1 345678 910111213141516171819202122 2324252627 282930303233 34303637 36 394041 424344454647 4849 //’/

0 I 7
400 - |~ Sell power | * JEPX(Japan Electric Power eXchange) is wholesale electricity market in
E h an | | Sunrise at 7:00 AM Illﬂ_lln Japan. The electricity to be delivered the next day is traded in spot market.
nergy purchase or * A 4 i

sale (kWh)

200
=400
600

Purchased power
I Seling power

210 14345678 01011121314151617 16192021 2223742526 77 282030 31 1233 3435 36 37 38 39 40 41 42 344454647 48 4

State of Charge
of BESS (kWh) *™®

1000

0-=—-"T" | e e e L . 0 LA T 0 .l
2-10 123 45678 G 101002713 1405 1617 16 1920 21 22 23 24 25 26 27 20 20 30 30 32 33 34 35 36 37 35 39 40 41 42 4344 4546 47 48 40
Time t (Half hourly section)

B 54 MGEMS % 1 f&#5¢

Copyright ® Chubu Electric Power Co.

¥ 1 AURTRAP AL )TETEF ) ERIE TP NFERP Do
BESS erzux g o L AET R PN H PV iiaal TR KT EDF o AT
AP HERR R ES AR BESS (e o 1+ Energy purchase or sale(kWh) ]
oo U BT R e B R EEEY Ao 8 ehT £ o % State of Charge of BESS(kWh)
v B BESS e ki o 59 X A B FTARET RpF ) BESS2(F L F o -
EATAFEEI O MR RERAET o BT (e > BESS %R s AT P
S EESE IR S ERF SRS S R RS R SN

% % #7(Japan Electric Power Exchange, JEPX) » & -] i* BT = & (B8] 54) -
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600
o 10
0
, JEPX* wholesale
'El\thhou”y w1 [ ‘ price (yen/kWh)
( ) 00 I || Charge | s e e Tt | b0
|~ JPEXspotpre
i | (o
210 123 45678 8 10111203115161718 1920212223242 221 20 2020 31 52 33 34 35 3 97 98 20 40 4 42 43 44 45 46 47 4849
i |
© | B
o I =
Energy purchase or  o—=
sale (kWh o0 L
( ) . Sunrise at 7:00AM P"n_mm pe
v I Selling power
-2+ t 12346867 8010N12124151617181920212223 242620627 28202021 3233 43626373830 4041 424344 454647 48 40
|
o |
|
000 |
State of Charge :
2000
of BESS (kWh) |
1000 |
|
|

2-10 123 45678 9100112130415 161718192021 22 23 2425 26 27 28 29 30 31 32 33 34 35 35 37 38 39 40 41 42 43 44 45 26 47 48 29

Time t (Half hourly section)

Bl 55 MGEMS % 2 f& #i5¢

Copyright ® Chubu Eleetric Pawer Co.
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BESS energy

it BESS &L 2%
RO o

DR PN BT 4 (W 55)

e

PR o e R

MGEMS
%

Regulation
market

N Income
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T
P Y B 4p ot MGEMS i 7 2 0 P iy X 1 e 18

tafe £ (W 56) -

P g Afe PV B R KRR R be % 29 S § %> BESS ) L4345 T

E00
wol L Bischarge | ||V ULV L L L L L
Half hourly energy * {ILil I et L L L LT LT T T T T
[
(kWh} — Demand  — PV output
200 [ Charge
400 1 Discharge
0 - JPEX spot price:
21 1234567891011 1213141516171819202122203M252607282030313233M35I6I7MN044L24044546474840
)
400 | 1 1 Purchased power
200 I Seling power
Energy purchase or |
sale (kWh) 201 | Sunrise at 7:00 AM "“ 10
01 SF ’ =~ Purchase
800 |
-I2-I1 P 12345678 9002131415617 1800N20BMEB2TB093033230M3EIEITB0044243444546474840
=i
|
|
State of Charge :
of BESS (kWh) =TT
1000 |
|
’ S-S0 2 A4S E T A SN IZEISETIENNN R BMBBT BN R MBI N0 L444546474840
Time t (Half hourly section)
B 57 MGEMS % 4 ﬁﬁﬁ—’i“
A AA 133 K 2. 727, - ]'. 2, I F_F?
d 4 B(LTFEF)TEIERE S WoEIFH EF L BT

e o2kt

TAHRLTALAAT AT LT
PR AT T ALY SR PV R A AL T

Mega solar

power plant islanding Residence
Manitoring & operation
instruction | . f
: Monitoring Instruction
G et e AR S
Forecast&
monitoring

B 58 MGEMS % 5 #& #i5¢
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Evacuation
place

A

2l

oG

Ty B AT AR

10

JEPX* wholesale

¢ price (yen/kWh)

Copyright ® Chubu Electric Power Co.
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Monitoring, instruction and control
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(- =) Multi-purpose ESS operation technologies for NTAs (Non-

Transmission Alternatives) [12]

S i
, SN ¢ V4 - L
E o {03 A

Power generation Grid Peak load

(%

Supply-side ESS Demand-side ESS
Bl SO 2dmst &

*BH A *:;?L@%J UL R R-5 g RS RE Y PO AR S ER

T? 27 (KEPCO)A KT g ¥ winfFiFFAy B o NTAs &- fé_#ét‘@ﬁi%]ij HpEaE
WenfiFo d WAL ERIBRZZE L ADRT] g ST 2 7 EEATOLRHE
R AR R RS AR (R] 59) o AR T B e it
SL(ESS) ~ 2 ﬁig‘] % %t (Flexible Alternating Current Transmission Systems,
FACTS) ~ & B & /v @ @1] (High Voltage Direct Current, HVDC) - # k5 kb 2 Z & F &

$ o R ARRF L L RSESS) T S -

\ Hanlim S/S Geumak S/S_Andeok S/S
il [

EO™D
. C | zwn Data for Power System Analysis
Hanlim CC EE i i ! ’
in real-time
5| |y scail
50MW ESS e

g

Renewable Energy Management Center
in Jeju island

B 60 & "5 'FEIHE; £
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— 100%

S
Chargeable
Energy d

—— Fixed at 65%

i

(F/RESS in KEPCO) |

Y S
Dischargeahle 0 i 9 ................. 0
Energy e TR R
—4 0y 2% Minimum ESS requirement capacity (SOC_min)
Battery ESS SOC = (A+B) =+ Total Capacity of ESS
(State of Charge)

B 61 & i1 ivEEtE

KEPCO % 1 NATs &2 ESS o # # p chhfr & foh B T enivlt > £ 2 6 %
% 50MW 7 ESS A4 & e Geumak % 7 #1% 1F7 i o KPR T Y 2

Svenld g 0 AT H B Z s E (B 60) - RAEFRIAT > AT e E
BB g F R B B E R A L (FER(SOC) M ik L § 2 T it 45
P AT X% ESS FER T 65%B i VR LEFDF e T iR
g £ 2 3 (W 61) -
Input data for power system
analysis in real-time
1 REMS(Renewable Energy Management System)
In Jeju island
‘ Input the contingency list ‘
| Apply #n contingency |<_

Analysis of frequency stability
(Nadir frequency > 59.2Hz)

Next contingency

Calculate ESS requirement capacity
(soc_#n)

v

Max[SOC min_ #1~n]

Minimum ESS requirement capacity

—_—

considering frequency stability
(SOC_min)

Bl 62 45 41 ESS & & SOC
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A ATARR Ao Bl 62 fror o A & E Ryperal ke kAR E R > g MR S

59.2Hz ™ > &~ 47 & 48k u,T ETrE B Mg SOC B 45 I 975 k5L Bf T E T
B M ehkk it SOC e+ & o
ESS minimum required capacity (SOC_min)
cases | FutScenare® | Faultsenaio@ | FaultSceraro®
in Seojeju-hanlim (3-phase fault = trip of PV,
ESS(Seojeju), etc.)
e B i 0.07 0.07 3.45
Spr'i::gseNion 0.12 1.72 99.95
Sorio oo 0.07 0.08 3.0
S Al 0.07 0.06 3.76
Sumcniseer geak 0.17 0.11 11.31
ool s 0.12 0.39 16.13
A st 0.17 0.09 11.7
B 63 %02 5
e . : Percent loading of
List of high percent loading : Percent loading of
& of T/L after fault Sk T/L after fault [%] L afte_r MY
charging[%]
Shinjeju(140)-Seojejucs(311) |  311-140(1), 311-400(1) 63.80 60.12(4)
SeojejuCs(311)-Jeju(400) 140-311(1), (2) 51.58 46.35(V/)
' Andeok(160)-Shinseogi(180) 140-311(1), (2) 48.54 Same s lft
Spring - [ Andeok(160)-Hanla(190) 140311(1),(2) 4789
EVENINg | Andeok(160)-Jeju(400) 311-150(1), 311-310(1) 45.29 45.38())
JejuT/P(120)-Hanla(190) 160-180(1), 160-190(1) 3731 Same as left
Andeok(160)-Geumak(360) 140-311(1), (2) 24.0 5.0(V)
B 64 5= ZaLs 47
Yo 630> ZAREHE IR A7 T BEHZE 3FEFE AF TR

et B ApLicladrZ o ESS 7 M e §_§ = Apecfgsldzen d € ¥ #&#1rZ ¢ ESS
FRBEH G AR LG FoMFHY SHFOBSS FRRT O RFEAIL
REFRPeBER] TR A FRFEMR S RT A LSRRI -

TS 3 RS A e ek () 64):

1. iﬁ’*ﬁs?] L OSLE el

AL ATT A B PR TR P BT PR AL B plRipg 2 S 4
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fs "ESS e 7 xR {8 M T

ML 2_EFEFA5 0 LBl 64 5 &) Shinjeju-Seojeiucs
2SR e ie f oV 4 63.8% 0 % SOMW-ESS {8 #2728 f 3£ 7
T ' 3.68% ©
UL p VR R
TPt B oA Lﬁ;ﬁ%]/; e ]+ (PTDF)#-* & * »%3+ & ESS B A T
M ]t 5

- ESS charge(9-14h) and discharge(17-20h) considering “Re Index” in Jeju islan

BE Indon= Power Gernationyenewable source
Demand!olal = GenerationMust—run = HVDCmin + HVDC:'evers transfer

v Re Index & SOC_min (2022.5.12(Thu.)/Spring)

0-3h 3-9h 9-14h 14-1%h 19-24h
SoC_min [%) 0.05% 0.06% 16.27% 0.07% 0.05%
RE Index 0.11 0.39 0.48 0.25 0.09
d.LSthaLée Standby = ch;ge = St:nﬂby ~——discharge—4
RE Index

W 65 &8 A G L A G RiEE U
BB AYE LA N RRE F (B 65):
ESS 1335 REIndex # f §##F K k& F 2 &% T o bl4c § REIndex #ig
B ATREANRFETE S 0 F) ESS 2% 5 RE Index Mpr» 271 4
R TR RS T % RE CESSE o A58 % »ESS A9 pF

4P AT o ESS & 17 B-20 pEoc g o
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v~ 426MW ESS for Frequency Regulation (2014-2017)

v 978MW ESS for Grid Stabilization (Until 2024)

Sites Capacity of ESS Youngju
(Substation) (MW)
Shinamwon 336
Yesan+
Yesan 82 Youngcheon
Enbut o Shinamwon
Hamyang 56
Yeongcheon 112 ”
Youngiju 56 % “# Bubuk
Total 978 @ P¥ . Hamyang

Bl 66 % %ii B+ § NTAsESS § & {v

AKGERA L 55 i NTASESS & * 4 5(F] 66):

A ::g‘g o

2. B NTAsEH# v 2 S 47 * AT A &2 T RRETR Iy o
3. AEZgWT A NTAs s G % ch g {cF £ o
4. B 5 i NTASESS i AfERE a3 chf s 2 52§ A 450 B4 1 426MW ESS

MAAEF A G > 2 2024 &£ 97TSMW ESS v 5 T fE 2 o

| i
e o= o FIALGRX A TR ERATO AR S mT AR S
fe S fad g iR G B F R Rt Tk

1. JEE ESS =8 ¢ S #o fi AEA ek 3 T e bag £ ESS 4. & & 538 >
A ESS i MR BRI e My R FA L REMMERT LA
2. ESSer R 4 iR es @ pan/gidgne adid ks " ESSE A LT L

fP,L gbgﬁ%y‘d%ﬁé’lliﬁrgu E\'%ﬁl\ﬁ};‘i??o
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SAESS R Al 4 i R ESSTY 3 L ESSERZ R Ao 2
288 AT AFPTEAHEF A E AT 0E L T REAT Y

FY oo

P fod & g ® FTHML T 0 ML~ HATEEG SRR R A
BB AEAR S o Tt ATy 2 Y w2 - W HHRECT 0 T2 Y - B HRKRR

B3 M R REHE) -

67



2. R
MR REE PR ERPAPhz - 0 A AP IRT A P P AMET TS P

PAYARTAPTIREGRT A 2P O LSt 2 4R o
FRBRT A 27 A AT R RS 24E > Fpt 3 112 £ 127 22 p
B R RATRIHRT RIBT AT EAAAZ G RT4 2P A4 3 448 0 KEPCO

ESS&WAMS EXPERIENCE » # ¥ ESS» § A#rp & 1 AR(72 425 » @ AL

¥ /#| H = (Phasor Measurement Unit,PMU)z_ § % & B % ¥(Wide Area Measurement
System, WANS)#*7 . B (AR RIFEGFERT 4 2 Fd B AP F R s 155K k%
ARAREABAR RS AR FL 3 IATEE PMU FRE- HieE T

GREE S B ES T HEF (B 67 B 68)-
53 R ESST G L ESSHZAMN AR Fy 3P o444
PHRA4ERAF2Z Al EFREEAENUTHE A 2P -
B R hY LR T RAE R I An s A LT TS RS
E(113 £)9 1 % % A ST 3 JLR I R > R0 o
*or7r 8 2 ® 7 4 7 7 Be(Electric Power Research Institute, EPRI):E 7 & # & i® >
TELFIRAIGNE A LR % 29744 2 W T 4 % & P174 DER integration 3+
Fl12& 127 4p2 5P E2RTAFTRDPRAAMNEFPITA S ELRAZ €
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PHHFTRIRANGE Ser e .
8. Tfi%a:
RGN R B R AR e T AR R F Y B B U

Ehdd AL AN AP HRAETEROLEER > td NHAETZ2 A ERESR
PO ARSTRBFEPERAR R PRERIALLI AT REARNST 0 RIA
EERDfE> c R AR RTPBHTBREDRL S THEPTEL L0 RE TR

Aoz A A S d AMICRIF] 32 BRFETEFAT Y o

btk

9. *aFE:

P IERE #9A 3 ehA 1 FFE L TA e # T2 FRP L AEZ B T
ﬁ%ﬁﬂﬁifﬂﬁi VA AT R AR PR AN RFLEE AP E AL D
AT AALAP I o IERE ST 7 & BPRR R EATR § 0 g A LML R R 2 AT 3 A
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