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Development of Methodology of New Effective Installed Reserve Rate
considering Renewable Energy Generators

dhg AT H A
(Jeongje Park - Jaeseok Choi)

Abstract - This paper proposes a new effective installed reserve rate in order to evaluate reliability of power system
considering renewable generators, which include uncertainty of resource supply. It is called EIRR(effective installed
reserve rate) in this paper. It is developed with considering capacity credit based on ELCC by using LOLE reliability
criterion. While the conventional installed reserve rate index yields over-evaluation reliability of renewable generators,
the proposed EIRR describes actual effective installed reserve rate. However, it is not the probabilistic reliability index as
like as LOLE or EENS but another deterministic effective reliability index. The proposed EIRR is able to evaluate the
realistic contribution to the reliability level for power system considering wind turbine generators and solar cell
generators with high uncertainty in resource supply. The case study in model system as like as Jeju power system size
presents a possibility that the proposed EIRR can be used practically as a new deterministic reliability index for
generation expansion planning or operational planning in future.

Key Words : Effective Load Carrying Capability, Capacity credit, Effective Installed Reserve Rate, Loss of Load Expectation
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Table 1 Generators data of model system

| ogew u| @ B g 2=
°olg |3 Geal/ cal/ {10°'wor/ | FOR
[MW] f,‘— [ N [Gea [Geal/hr)
MW?’h] | MWh] Geal]
1 |HWNI1|WTG 50 1 - - - - -
2 | SSN2 |{WTG| 30 1 - - - - -
3 |HLM3 |WTG| 20 1 - - - - -
0.010/
4* |HVDC | DC |75/150% | 2 [0.00411.512|45.207| 43.3 0.028*
5 | NMJ3 | T/P 100 2 (0.004|1.512(45.207| 43.3 | 0.012
6 | JUL | T/P 10 1 [0.062|2.100| 5.971 |43.599| 0.015
7| JJU2 | T/P 75 2 (0.003|1.832(30.231|43.599| 0.012
8 |HNM1, G/T 35 2 (0.004)2.40120.32 {77.909| 0.013
9 |HNM! | S/T 35 110.00412.401| 20.32 |77.909| 0.013
10| JJU3 | D/P 40 1 10.025]0.364 |28.484143.599| 0.018
11| NMJ1 | D/P 10 410.0061.999| 1.36 | 43.3 | 0.018
Total 945 18 - - - - -
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Fig. 3 Load variation and daily peak load duration curves
of model system
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Table 2 Wind speed of wind farm in model system i
Wind speed[m/sec]
WF Name HWN-WF | SSN-WF HLM-WF 03516
Wind speed 012847
rangg 0-35 0-40 0-45 - T
0.06307
Mean wind
speed 8.5 76 6.4 4 t .
0 5 190 15 20
Standard ) OC]MW]
deviation 7 6 > . .
(c) HLM &3 7]¢) A gZSEE LT (o)
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Table 3 WTG power function in model system . 2ET ) )
- Fig. 4 Outage capacity PDF{foWTG) of equivalent WTGs of
WTG capacity S0MwW 30MwW 20MW wind farms in model system
Cut-in
5m/sec 5m/sec 5
speed(Vo) ! ' msec E 5 2HASKMY MEEXS
splzaetde(?/,;) 16m/sec 15m/sec 1l4m/sec Table 5 Reliability indices of model system
Cut-out LOLE EENS EIR
speed(Ve) 25m/sec 25m/sec 25m/sec [days/vear] | [MWD/vear] [pul
With WTGs 0.19 7.01 0.99996
Without WTGs 0.33 12.88 0.99994
x 4 REHASOAML ZSHUMI| o EHEMIMY AP
Table 4 The coefficients of WTG power function of model a8 5= ATde TEHdAURY TS Uty
system 77 Hojpag 7Y EA 5L AHEIEL FA8
B4 A HLM-WF SSN-WF HWN-WF T Z/MEstEE T3 ELCCE K4 Aotk z8a 19 6
€ A FALAAY FAPHALEFE T Rl
A 0.09275 01111 0.12034 A% el FAFHALEFE T2 0%
B [m/sec]™ -0.06486 -0.06296 -0.06 L
C [m/sec}” 0.00926 0.00815 0.00719 "‘:‘:’}‘{‘;V"‘N’m
0,75 foerrmmmm o Rl
03029 E g
4 E 05
=]
028186 = ﬂ/,-*"/
CRMW T
0.07909
0.05492 ¢ 95750 (]
00179 5305 003735 0.04503 004417 T T T 660 665 670 675 680 685 690 695 7T00 F05 710 715 720
0.02978 > : T Peak Load [MW]
0 5 10 15 20 25 30 35 40 45 50 ZC[MW] (a) HWN$] ELCC
(2) HWN F€%37]9 A ugSFSEE L85 il
0,75 fromrmmmrmmmrm oo porloameeaes
0.31923 -
A S
ﬁ 05
0.3166 S
0.25
0.10388
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0 5 10 15 20 25 30 . Peak Load [MW)]
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Table 6 ELCC and Capacity credits of WTG farms

£ ELCC | Capacity Credit u
WIGWE L vwy | vwy [%] [pu]
HWN 50 8 16 0.16
SSN 30 6 20 0.2
HLM 20 4 20 0.2

A 100 18 18.67*
All WTG 100 18 18 0.18
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EIRR =
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Table 7 The comparison of the conventional installed
reserve rate and the proposed effective installed
reserve rate

3498 FMW] ] o u] &[%]
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