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Capacity Credit Evaluation of
Energy Storage in Planning Model :

Xcelerate 2025, Ba

Chia-Yan Tseng
Huai-Zong Huang
Chang-Tse Lin

AR LBy FAEM B N R G AR AV E EEE - LG
EENEHE R 2050 FHFEREAL B - WA r4EAMAFI A PLEXOS SUiG Mk 7 22k

HEITEHL R RV A B EE -
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In Taiwan, the semiconductor and
electronics industries are among the
most globally competitive, accounting
for over 20% of the country's electricity
consumption. Taipower's primary
responsibility is to ensure stable and
zero-carbon electricity supply to these
critical industries

BB ERS R EENE R R A AN

ey

As demand grows and reaches net

zero by 2050, Taipower is trying to

discover possibility of energy

storage in the future

® Overcome RES curtailment

® Replace conventional power
plant development

® Others...

F1 - B HEREEE 2=

TLLERERRK 1M & fE A 5 2 E O S R i A SR 1518 L AERRAYEE T

I - 5 2050 JFE RIS BE

AR K FHRE R SUHER K RS Y ST

At EElE R ERER - BOKC IR %5 -
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‘ Uncertainty

@ | {_ ’ ’*.\\' ' - Ty ’;

Ié L—c L\ ANA 423K .
For simplicity we S v e mewcewsy  Uncertainty helps
temporarily assume MR Wogh oy "Sirategy Undec Uocenaisy 1987 make choices that
—

that we can make adapt to a variety
a definite of future situations
decision about
the future

AHETE ST HY AR BT A PR AEME - KM ] LB Bh R IR MF s A E
EREMTARAAIARI - R EARAA e B B A H B — IR R E
PlraniE R BE—1E5 MRBRIERS T - IFTE SR e SRR
& BRI S EBUINAE S A S T AR SE > B BIEFIIE L o] U REE
(RS TEA T PR T2

(S S E S o

‘ Reliability Evaluation

With the decarbonization of energy, the reliability of system faces more complex challenges
® Intermittency of renewable energy

® Adequacy of dispatchable power resource

® Power demand (EVs...) and others

To meet the challenges, Reliability Evaluation should be improved from “Analytic” to “Monte Carlo”

Comparison of Reliability Evaluation Methods
- I ™ S
Method c;nmv:ug:lu or  Monte Carlo
= ﬁ s
Scenario Single Multiple
Uncertainty No D Yes 2
EGEAS or PLEXOS

Matiab
Brut -Sequential Software
= B2 - e i

IR BFE 2050 JFEESAE L - FeFIRF A SR pkEL - L3R L OVAE B A RER
Rl ~ REIURRICE (R AL) R SR ER e 1S+ NI A4 Al SR
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NSBEWAEREE - (HREOVAFREESEH MAtEE L RER - WHE
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Deep Learning Model Building

Dataset
Annual hourty data divided into 13 equal section, with 4-week data
Resource DL Training
== = b=,
N S
- - ] - T T
Historical Annual .
Hourly Profil
veors [ENEY DD - EDNED |

Histogram of Oftwind Capacity Factor
Sample

Profite Prediction
Closed Loop Prediction
About 1,000 Samples
L
I v » 1.3
| o

A p -

" L £

Capacity Factor(%)

_ Number

nnual Hourly Profile

BB AR NS EERER =21 F - K TRESHRE
o3t FREE R EFAERERNGFREER - IFTE R —EREEE RN
AGETHME &R > DR ERE LB A0 iR EER eI
FEAFEREREREAR - S HrR BRI AR E - AR E
TR —REREERH R 4 B Rh— &R > SR 13 [EEE - A EF
FERYSE— (B ] Ry —(EFISREE SR - (F R BRIk, - FIIRE S —(E
i ] Y FEUHIRATRY - (RTEHERE VL. 13 (& PR THIA R - 2D HUIIR AR E
AIREREF R FE A/ NS B R RPN 1000 (&5 R NEFE AR > o7
THAEERNEBEERETTER - SERREITE R - M 2 E R
{EiE e B (EIRE N AT DUHE R R R ) A e Al NRE - ISt e A e
MEREE -
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Capacity Credit Evaluation

B ELCC(Effective Load Carrying
Capability)
The method based on probability
is used to evaluate capacity credit

of resources. _ Monte Carlo Simulation

B What changes have we . . .
made Capacity Allocation, Storage charge/discharge

mean(Ti UnservedHour;)

J LOLP = s

® Uncertainty of wind power

® Uncertainty of PV NO |LOLP
[ — Standard|
® Load Shedding < Tolerance Yes

FROKHGE EE IR N AaHE I AR E B N BRI R EEESR R
B BEFRURKECE ZEN BT AR AR T17E) - BFTE s L5
ERBREL - MRS REESEREDTE  TIABER ] ot B EAA EE M
AR ESCE A FR0KEGE DR FRENEREE - RAURER
BN REE B AR FRUKEA R - B AR S K E
FAERIRRAMEEN: -

(RN)EELF R ZHR
‘Taipower Profile

Taipower is a vertically integrated,
state-owned enterprise engaged in
the generation, transmission, Founded May 1, 1946

distribution and sale of electricity Capital NTS$ 480 billion

96.92% government-owned
Stock

3.08% private-owned
Total Assets NT$ 2,518 billion
Employees 27,804

Customers 14.96 million
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Electricity System in Taiwan Overview

Thermal 338

‘ -
< o Nuclear 19
— b Hydro 21
Pumped hydro 26
Wind 16
P Solar 10.2
- | Geothermal 0.005
. -— v g e -
. o /¥ o ~ . 345 kV 4,132
Ot It gy J S 161 kV 7,574
D o Se—— o‘ :- - s . -
O N o
[ Y P — ——r— ﬂ"‘ﬂ.h EHV station 33
g: T . Primary substation 49
o~ e— &

()58 2050 JFERR

Taiwan’s Net-Zero Goals

2024 2050 iz

Renewables 11.6% 5 1ewable Renewables 60-~70+
— PV 40~80GW
L Offshore wind 40~-55GwW
_ Forward-looking Energy 8~14GW
@ Natural Gas 42.4% ele Progr Natural Gas +CCUS
B \ nov chno 20~27
Coal 39.3% @ Hydrogen 9124
Others 8.7%

REBERIRA > A amE LI - BBEUTEEEREERBR > 5B AFRE
B ERHLERE MR MR EECR - SIEBUTEHE 2050 FERR{E T 2E N
2050 SEFAERER 5 R (S EE HARE Ry 60-70% » JHZK IR ffras (5 30-40% -
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2050 Power Supply Simulation

From 2023 to 2024, Taipower tried to explore how to operate power system while
achieving the net-zero goal. The following are summarized:

= More conventional power plants but no lands to build them (= 60GW)
B Curtailment of RES increase with the share (existing energy storage = 10GW)

Can energy storage solve the above problems....?

2050 Winter i —
80,000 = Storage Discharge = GTCC

70,000 #zza Curtailment oo Storage Charge

—Loaﬁ — - —Net Load
00
40,000
30,000
20,000 _‘1 |'| l\
10,000 A
" 1
10,000

le | i
1 13 25 7 49 &1 73 85 97 109
hour

60,000

50,

(Mm)uonesauag

i ‘.

it IJg,lyh Iluuum

FEHBZ 2023-2024 £ - GEEHEEE 2050 FHEOUFHL > MineftEiz
EVEEER - Br T BUFREIRVRERERR 2SN » BN ERIAT 60GW {HK
THAERE - W HHEELGE 106W ZEAHE RERERLS BB

RERAANEBEFEY - NIEASA RS HEBAR RFEEREKTIIHE - M
SRR TAR Y TS 2 (RE 2 (S RE [l i L al R

(L Z it R AR R (AR )

Monte Carlo Simulation - PLEXOS Setting

Energy Storage
3 GTCC Renewable r
f/ID:]D] (Per Unit) ’ (Per Unit) (Per Unit)
Capacity: 2GW PV Capacity: 60GW Capacity: 12GWh
Outage Rate: 3% Wind Capacity: 47.5GW Max Power : 2GW
Outage Factor 100% Variable: 1,000 Samples Duration: 6 Hour
almY pianning . Kr\ Reliability

Horizon Standard

Unserved Hour : 6.4 Hour

Year: 2050
Interval Length: 1Hour LOLP Standard : % 0.1%
\ Tolerance : = 0.1Hour / 8760

HFTEAF A RS RER TG FRE T A LB S E R - & ek
& EEMBAE BT - BBOIMNS - FHBEREE Ry 2050 4 KEOLEFE
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Ry 60GW » B EEEZS & fy 47.5GW » i H A 1,000 {#FE/ NG EE R - i
B E R 1 FEE AR E REEERL R 0.1% » GREE/NFEEE 6.4 /)N
 BFRERAERTT Ry 0.1 /B o

(T e EEE

Capacity Credit of Energyv Storaae

Capacity Credit vs Capacity

120
3 Avg CC
# Last Unit CC
B CC decline with more penetration of ™| *® ~¢ —FmCis
energy storage & o) A
® CC quickly drops from 5% to 25% e . _
capacity share of peak load g ¥ = 0.0155% + 04332 ++2343% + 112,266
O 40
® Why CC oscillates above 25% without S,
converging...? Because the number 20 .
of sample profile is not sufficient to . _ | |
improve the resolution o 5 10 oot 20 25 30
Capacity Credit vs Capacity Share
m Curve of CC to Energy storage a ; P e
1 «decline  Laat Uit cC
The fitting curve will helps weigh the e ETR e { Fiting Gurve
! . ' & Infiection Point
investment between GTCC and energy w0 i i |
storage in the future E & ! “ il
] ¥ = 0.00009°x" + -0.00338"%+ -0.02343"x + 1.43930
Qo 40 L - ~ 3 N I
20 i S i
o
o a 10 15 20 25 30 35
Capacity Share (% of Peak Load 78GW)

RIGSH REEBBRS S FRUREVA DTG R - Bl EEREHEEE AL T
FEREAEERE - DS EEENAG T HETE2EXENE - B L
SLEERMINARSFTAREFIEEEE  BECERRBIIARGRRZ —E
BRI EE{E  hE DREURHREEEEEEFEREZER 5% 25%H 1
N EREEAE2EREE 25% 1% HAREERGEEER »
AREIR N By 1,000 {ERARIFEEREFRERMIANE - ERFIFH—T=X
LI AR RTE R 7 > RACE(EZ AU 20 o] DUE BhaT (L B (AR B K
paLs: AR SERSIRIE Y& Y i
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Curtailment of RES

Installed capacity of energy storage influence curtailment of renewable energy resources
® Curtailment drops quickly with installed capacity of energy storage increasing from 2GW to 16GW

® As the installed capacity of energy storage confinues to increase, the contribution of energy storage to
reducing the curtailment of RES and its capacity credit gradually decreases

Ci Energy & Hour vs Capacity of Energy Storage

¢ Curtallment Energy of System |
© Curtailment Hours of System
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HHEE RS E e T BRI T H 26W B0 16GW » FAREIRSF R E K
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Conclusions

SRE S N

TG RRED S BR A HEfI A s TR

Uncertainty will help make decisions more inclusive

R\ﬁ/p Uncertainty

@

® How to generate
uncertainties is critical

Different types of data must
be analyzed to understand
their characteristics and
relationships, and then
valuable and uncertain
data can be generated

® Computation limitation

Be careful to how much it
cost be calculate to solve
for all uncertainty

B RS Z AT > A E A4

gE=bs
SO af

+|4@)

Capacity credit
evaluation

Future

Energy Work

Storage

@ Try to understand capacity
credits with different storage
properties such as
duration and power

® |nclude more areas of
uncertainty ' fuel price, load
demand, others

® Application of CC
apply this result for investment
analysis, scenario
optimization. probabilistic
decision-making, market and
others s

It is proposed an evaluation
method that combined with
DL and MC to evaluate CC
of energy limited resources
Capacity credit of energy
storage

As Taipower example, CC
decline with more penetration
of energy

storage, but it would depend
on the nature of individual
power system

BLE NHEE PR A B it s R e R
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Capacity Cres

| ELCb(Effective Loa
Capacity)
The method based on

is used to evaluate ca
of resources.

® What change ha'
made...

@ Uncertainty of v
@ Uncertainty of F

® Load Shedding
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B

Af% > EEATET G HYEEE - RrilE A E BN uuC SREEHY Dr. Paul
Deane FILZFTIMAVIER S » 45 AV EE AU IAEEIE T/EF PLEXOS f#
F&EER > DUN E AR AG E R O 00 5
— ~ FEREFE R ZF] > T RERAE. A 2 R R E RN - (Before thinking about the

future, it is critical to understand the present...and the past.)
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yEAVTHFL | o (Numerical Optimization techniques will often reflect the world we
wished we lived in rather than the world we do live in.)
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