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A Flexibility Assessment Method Based on Actual Output
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Abstract

As the variability of renewable energy output increases, there is a growing emphasis on flexible resources that
facilitate effective output control to maintain the stability of the power grid. In the absence of such flexible
resources, grid instability, including large-scale blackouts, may occur. Therefore, methods for assessing flexibility
are essential for the effective utilization of flexible resources that mitigate variability. This study proposes a
performance-based assessment method to accurately evaluate the effectiveness of flexible resources, considering
both grid stability and efficiency. The validity of this method was verified through a case study that accounted for
potential errors during actual operations.
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Fig. 1. Status of South Korea's Renewable Energy Plans
in 2036.
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T2 3. 7|E QOIA Wi

Lo

i
N
N
5
e
1%
olN
N
O
e
N~
iﬂ
N X
i
1%
o

ol Hﬁ

Al H7FeR] fRt WS ARt APl

L HEAENN B4 ARFES Wad e dstel
KA AU T 1, fF AYE] % % ah
£ U4 29 Aol W9E A oR Ak
W RAFS WFORA, SR FAY AU
Aol Fstol BRI A B ABLAS
S % 9t

1. Jx8=F st 594 7P

As W #sdol e o= = A T e 3HS
T2 283 Ao 5= = A7AFIR = A71o1HA|
AT 4 AL, oY A] &Y ATE Qo] 71E
‘Q’ﬂoﬂ}h = 542 7L Slth ESE AR
9 888 QIsA SOC(State of Charge) A - 3l
Algtsto] FFst7] wieoll of=et £21& LEsfof o

2 o 1o mlm

ok 5, o Ao fude A4 gdE 1xoR &
A e 7R ovA] &3l SJsiM 2=, o]
o} PeiE 5403 9L okt 2ot
O - Omte i (Socmax i SOCM), if C?Large
Cp; = Croei % (soc,; —soc;. ), if Discharge
flezup,z = C;,L/ flelupi = i (2)
flexup,i = flexupz’ flexup.7< C;W

flexdoum,i = Cvt‘i’
.flexdou,'n,.i = flexdoum.i’

flezdou:n,i = Q,i
flexdoum,i< C;,,i

oA7|A, C .+ AT7FsT AdA&ZoelH, C i
) oUREF, soc, = A soc AH, soc, ...

soc, .= 22 soc Aosh oot

if, Charge if, Discharge

P Ramp_up |- == by Rampup|-=~-

Ryp
b

Frax|-=- u ”ﬂ‘”up Prax
: | Capacity Limit
1
P t-- f flex,
! reth e
i
= (ch:t}i €)
i o el R g
! v 0| mmmmmmo
' '
4 ! C
1 flex, \ ti
Raom i fexiam g tres i (discharge)
1 o
~Pmin £-- - ~Pnin " \'flexd,,w,, S0Cminj|= === ===
Raown
-P Ramp_down === - Ramp_down |== "
! 1 ]
—! —!
v A At
i I H \
t t+l t t+1
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Fig. 5. South Korea's Power Grid Output Ramp Rate
Measurement Example.
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Fig. 6. Proposed Flexibility Assessment Method.
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Table 1. Output Ramp Rate Data for Each Generation

Source.
B 1. 4MRE &8 - ZYUE HO|H
Unit Type B,y . Rioun P Rd”w"mr
No. [MW/min] | [MW/min] | [MW/min] | IMW/min]
1 10 10 8.4 9.6
2 15 15 12.3 10.7
3 15 15 10.3 9
4 15 15 12.9 10.3
5 Coal 27.9 27.9 20.3 6.1
6 10 10 128 12.8
7 10 10 14.4 11.8
8 15 15 6.2 15.5
9 27.5 27.5 31 31
10 27.5 27.5 37.8 34
11 27.5 27.5 34 34
12 LNG 27.5 27.5 42.5 42.5
13 11.7 11.7 14.4 14.4
14 11.7 11.7 15 15
15 117 117 16.4 12.8
16 100 100 113.3 170
17 100 100 160 106.7
s | 0 100 100 160 160
19 225 225 21 21
20 960 960 1,100 1,100
21 (BaEthry) 1440 | 1440 | 1600 | 1.600
22 1,920 1,920 1,750 1,750
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Table 2. Constraints of ESS.
H 2. MIINYEX] HAEH

Unit| 5 P | Lo C soc,; |soc, .. .|soc

min rate max,i min,i

No. | [MW] | IMW] | [MW] | [MWh] | [%] (%l (%l
20 4 16 -16 8 50 80 30
21 | -12 24 =24 12 65 80 30
22 10 32 -32 16 70 80 30

1. Case 1

Case 12 Al7Z; tid] AlA] ASo] Aok 2o
BN §A3 APIAE A3 ue] 7120 st At
d H]'HJJ 2ol BASHA} st} o), dAE V&S
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Table 3. Output and Fulfillment Rates for Each Generation

Source (Case 1).
H 3 LHYd &3 U 0|HE (Case 1)

Unit 7 Foax Fin - -

No. [MW] [MW] [MW] “ down
1 300 450 260 0.84 0.96
2 340 460 260 0.82 0.7133
3 350 480 200 0.6867 0.6
4 400 500 280 0.86 0.6867
19 120 150 30 0.9333 0.9333
22 10 32 -32 0.9115 0.9115
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Table 4. Flexibility Assessment Results (Case 1).
HE 4 %M Ut Zit (Case 1)

Unit flex,, ; Sl 4o i FLEX,,; | FLEX, . ;
No. | [MW*5min] | [MW*5min] | [MW*5min] | [MW*5min]

1 25 24 21 23.04

2 37.5 37.5 30.75 26.75

3 37.5 37.5 25.75 22.5

4 37.5 37.5 32.25 25.75

19 26 54 24.27 50.4

22 21.97 41.91 20.03 38.19
Total 185.47 23241 154.05 186.63
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Table 5. Output and Fulfillment Rates for Each Generation
Source (Case 2).
H 5 UMY £ 2 O|HE (Case 2)

Unit 7 Py P N "
No. [MW] [MW] [MW] down
6 440 500 350 1.28 1.28
7 200 250 150 1.44 1.18
11 400 540 175 1.2364 1.2364
12 350 450 150 15455 | 1.5455
18 100 220 50 1.6 1.6
20 4 16 -16 1.1458 1.1458
21 -12 24 -24 1.1111 1.1111
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Table 6. Flexibility Assessment Results (Case 2).
H 6. |94 It 2t (Case 2)

Unit flew,,; ST o i FLEX,,; | FLEX;,,, ;
No. [IMW*Smin] | [MW*5min] | IMW*5min] | [MW*5min]
6 25 25 32 32
7 25 25 36 29.5
11 68.75 68.75 85 85
12 63.64 68.75 98.35 106.25
18 105.6 47.5 168.96 76
20 11.99 19.96 13.73 22.87
21 3591 11.99 39.9 13.32
Total 335.89 266.95 473.94 364.94

=Y dgAEcIME dasHe
Aoz A e B vs
olgfet AHdEe] £AH F
2 5 Qe 7 ALSe] Aol
2 7 AHdEo] AL Y=
3l gesiA B71E = e W
31 Zoct.

2 =woMe 2ed] 2HYse] e 43
2 Brieke Wi 2AdES Ueda, A4 &9
< 2 {7 S AP EA S Al
AEE] AFGE AL A Pl 7
Ve 72 B7F S Al olE #3)
W AR Ao HAfu|x Hitks {3 285
ol e H7HE HlolEE E-8alo] WHUE 28 5
HE v SHE 28 5 AgES Z8orlan,
F7HeR F -3 ouA] §Foleke A4S A
I Sl AVIAPFER Y] W REHE ARSIl o,
A S| Hoh w2 AEA T2 fsiMe A
Ztow ZA5h7] A%t W 5ol ar2Eofof F.

o2

o s AR
7t 9o,
WSl e
21 3. o
Ags el o
Bao] vhe B8

= oy

ofN iy
1% oy

L 4
e 2
[e)

ox

4 %
F 4 A T o o

o 8
21

;O
r

1

o|N

¥ I
lo

(424)



A Flexibility Assessment Method Based on Actual Output 183
Performance to Address the Variability of Renewable Energy

A
28H0E AE 290 ool 4 UL ATHA
o} et A4 & 45S Tefstel o S B
A% 290 S AT BEAL

[e]
T,
ok 4= Quoh
References

[1] Korea Energy Economics Institute, /nternational
Renewable Energy Policy Change and Marker
Analysis, 2019.

[2] CAISO, Flexible Ramping Product Revised
Draft Final Proposal, 2015.

(3] CAISO, Flexible Ramping Product Draft Final
Technical Appendix, 2016.

[4] MOTIE, The 10th Basic Plan for Long term
Electricity Supply and Demand, 2023.

[5] H. Berahmandpour, “A New Flexibility Index
in Real Time Operation Incorporating Wind Farms,”
Iranian Conference on Electrical FEngineering
(ICEE), 2019.

DOI: 10.1109/IranianCEE.2019.8786492

[6] Tang. X, Hu. Y, Chen. Z, and You. G, “Flexibility
Evaluation Method of Power Systems with High
Proportion Renewable Energy Based on Typical
Operation Scenarios,” Flectronics, 9, 627, 2020.
DOI: 10.3390/electronics9040627

[71 KPX, Detailed Operating Standards for System
Operation Auxiliary Service, 2016.

[8] KPX, Detailed A Study on the Improvement of
Performence FEvaluation Criteria of Frequency
Regulation Service (GE/AGC), 2018.

— BIOGRAPHY ———

Seung-Heon Song (Member)

2017 : BS degree in Electrical
Engineering, Chonbuk National

c University.
) 2019 : MS degree in Electrical

-

Engineering, Chonbuk National
\
ﬁ . University.

2019~ : Researcher, Korea Electric Power Research
Institute. (KEPRI)

Wook-Ryun Lee (Member)

1997 : BS degree in Mechanical
Engineering, Yonsei University.
2005 : MS degree in Mechanical
Engineering, Chungnam National

University.
y 2017~ : Principal Researcher, Korea
& é & Electric Power Research Institute.
~ (KEPRD)

Joo-Hee Woo (Member)

1993 : BS degree in Electrical
Engineering, Kyungpook National
University.

1995 : MS degree in Electrical
Engineering, Kyungpook National
University.

2022~ : Chief Researcher, Korea Electric Power
Research Institute. (KEPRI)

(425)





