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Table 1 Simulation clearing results of frequency
modulation resources in a typical period
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e I e I S R
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KHL5  1.89 149 1500 1500 16.89 1649 0 0
k6 333 333 1500 15.00 1833 1833 0 0
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Table 2 Capacity and revenue share of frequency

modulation resources in a single day

gl HERER NI/ % Hkts ikt / %
/K& hE 30.46 22.48
fitine 5.58 27.74
KHLHLZH 40.61 4.68
JK LA 23.35 45.10
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Table 3 Efficiency factor of each resource
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A BORHET WCRHET | T ORI WORINF
K& BE 1 0 0 JKHL 8 1.50 1.44
K ERE 2 1.41 1.55 JKHL9 0 0
fitine 3 2.28 2.54 | /KHE10 143 1.71
k4 0.80 1.03 | kH11 095 1.06
K5 1.01 .12 | k12 1.40 1.20
KHL6 0 0 KH 13 141 1.73
KCHL T 0.72 0.50 | /K14 142 1.59
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Fig.3 Comparison of bidding capacity between conside-
ring and without considering efficiency factor
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Fig4 Clearing price considering efficiency factor
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Fig.5 Clearing price with and without energy storage
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Table 4 Comparison of total frequency modulation
revenue among different scenarios

BT IR R / JT
KEHLH KEPLE BT

2 E‘ YN 2
IR KERE W

e 5975.85 227903.40 47471 40258.23 274612.10
A R

flﬁkg?ﬁ 7921.24 0 4224.50 228170.47 240316.20
fﬁ@?}? 5975.85 228814.00  696.30  41743.03 277229.17
;Elf;g?ﬁ 7921.24 0 753.19 244681.03 259749.44
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Market mechanism design of independent energy storage participating in
frequency modulation auxiliary service market
LIN Azhu',KE Qinghui’,JJANG Yuewen'**
(1. College of Electrical Engineering and Automation, Fuzhou University, Fuzhou 350108, China;
2. State Grid Fujian Electric Power Materials Co., Ltd.,Fuzhou 350013, China;
3. Fujian Province University Engineering Research Center of Smart Distribution Grid Equipment,Fuzhou 350108, China;
4. Fujian Smart Electrical Engineering Technology Research Center,Fuzhou 350108, China)
Abstract: Under the background of green and low-carbon energy transition,the FM(Frequency Modulation)
gap of power system is increasing. Energy storage has great performance advantage in FM auxiliary service
market. Reasonable market mechanism can correctly guide energy storage to provide auxiliary service orderly
and obtain benefits. Therefore,a series of FM performance indexes of regulation accuracy,response time,regu-
lation speed are set,and the efficiency factor is introduced to reflect the advantages of fast FM resources,
and the market is encouraged to actively introduce high-quality energy storage FM resources to optimize
the allocation of FM resources in the system. Considering the real-time state of charge of energy storage,
the capacity balance factor is set to adjust the pricing strategy of energy storage,the influence of the scena-
rios with and without energy storage on the system FM is compared and analyzed,and the advantages of
independent energy storage participating in the FM auxiliary service market and the problems that need to be
improved are objectively analyzed. An example is given to verify the effectiveness of the proposed mechanism.
Key words:independent energy storage;frequency modulation auxiliary service; performance index; efficiency

factor; capacity equalization factor;market mechanism
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Table A1 Adjustable capacity of AGC resources

B FHLAE/MW  AGC AT AE/MW | HE PR E/MW  AGC Al /MW
k&g 1 300 150 JKHL 8 120 30
HKERE 2 300 150 JKHL 9 120 30

fifife 3 30 55 JKHL 10 120 30
KHL 4 600 60 KH 11 400 80
KHL 5 600 60 KHL 12 400 80
K HL 6 600 60 JKHL 13 200 70
KHL T 600 60 JKHL 14 200 70
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Fig.A1 Frequency modulation capacity demand in each period
xR A ERFEHREXER
Table A2 Dead zone of each resource
PR W7 R % BFFEIX Hz BEIX H 336 /MW
300 MW K HL 5 0.033 3.96
100 MW ‘K H 5 0.033 1.32
70 MW 7K Hi 3 0.050 233
30 MW 7K H 3 0.050 1.00
150 MW fili/K E g 3 0.050 5.00

& A3 FRHEMEREEIRITESER

Table A3 Calculative results of frequency modulation performance indexes of resources

F A R

B W 1) 7 i htl L5 AR P Wi %7 P L5 AR

b BE i (] R TEREFRFR bitia i [ b33 TEREFEFR
k&g 1 0.82 0.46 0.68 0.70 0.83 0.46 0.69 0.70
HKE e 2 0.86 0.43 0.57 0.68 0.87 0.46 0.64 0.71
fiAE 3 1.00 1.00 0.85 0.96 1.00 1.00 0.76 0.94
KL 4 0.29 0.60 0.10 0.32 0.27 0.61 0.10 0.31
KHL 5 0.10 0.41 0.10 0.18 0.10 0.60 0.10 0.22
KHL 6 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
KHL T 0.17 0.43 0.10 0.22 0.12 0.52 0.10 0.22
JKHL 8 0.76 0.82 0.17 0.63 0.80 0.85 0.21 0.67
KHL 9 0.58 0.84 0.15 0.53 0.63 0.85 0.16 0.56
JKHL 10 0.76 0.86 0.18 0.64 0.77 0.87 0.19 0.65
KHL 11 0.22 0.64 0.10 0.30 0.70 0.83 0.15 0.59
KHL 12 0.73 0.81 0.11 0.59 0.21 0.73 0.10 0.31
JKH 13 0.87 0.67 0.25 0.66 0.92 0.70 0.30 0.71
JKHL 14 0.89 0.69 0.29 0.69 0.84 0.67 0.30 0.66
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Fig.A2 Bidding capacity of frequency modulation resources
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Table A4 Profits of frequency modulation resources

R YL
/TG BRI SR/ /TG BRI Sas /e
MK &R 1 1388 58709 60097 1619 63469 65089
MK ERE 2 632 23553 24184 708 21317 22025
fitfiE 3 2135 104861 106996 2142 102372 104514
KHL 4 415 3745 4160 338 2939 3276
KHL5 181 1527 1708 175 1262 1437
KHL6 26 171 197 9 65 74
KHL T 104 699 802 88 728 816
KL 8 158 3906 4063 146 3896 4042
KHL 9 269 9362 9630 312 12569 12881
JKHL 10 144 2916 3060 120 2733 2853
KA 11 232 3133 3365 289 2662 2952
K12 628 8324 8953 683 7284 7968
JKFH 13 3271 80662 83933 3552 84396 87947
JKHE 14 3329 64722 68051 3145 64293 67438
Bt 12911 366289 379200 13326 369986 383312
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Fig.A3 Bidding capacity of frequency modulation resources with considering efficiency factor



Table AS Profits of frequency modulation resources after considering efficiency factor

®AS FZERYEETRIBMERNYE

i NEE
R
AR/ TT BRI Mg aR/ T AR/ TT BRI KRR/ G
MK ERE 1 976 69686 70662 1094 73928 75022
MK ERE 2 438 23681 24118 469 27285 27753
fifife 3 682 113313 113996 691 114210 114901
KHL 4 0 0 0 0 0 0
KHLS 0 0 0 0 0 0
K HL 6 0 0 0 0
KHL T 0 0 0 0
7KHL 8 21 1542 1562 48 4060 4107
7KHL 9 32 3620 3653 44 5852 5897
JKHL 10 17 471 488 24 692 716
KHL 11 7 529 535 19 458 477
KHL 12 55 2992 3047 34 1895 1929
JKH 13 624 44444 45068 728 51017 51745
JKHL 14 731 47276 48007 430 30417 30847
Rt 3584 307553 311137 3581 309814 313395
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Fig.A4 Allocation results of frequency modulation mileage
= A6 BIRNIHRH BB A
Table A6 Total frequency modulation cost of scene with limited price
FHR 1 il BE A S R A R A/ T Tk RER SRS AR/ 7T H ik RE A IS B/ e
MK ERE 1 0 0 0
MK ERE 2 5975.85 7921.24 -1945.39
fikRE 3 27903.40 0 227903.40
KHL 4 0 3708.12 -3708.12
KHLS 0 0 0
KHL 6 0 0 0
KHLT 0 0 0
JKHL 8 554.49 5054.85 -4500.36
KHL 9 0 0 0
JKH 10 444.79 174322 -1298.43
K11 474.71 516.38 -41.68
KH 12 0 0 0
K 13 19868.88 103372.60 -83503.72
JKHL 14 19390.07 117999.80 -98609.73
i 274612.10 240316.20 34295.90
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Table A7 Total frequency modulation cost of scene without limited price

PR 1 il BE A S R AT R AR/ To A BE A A R AT R A/ T A 1% BE AR /7T
K& B 1 0 0 0
MoK EfE 2 5975.85 7921.24 -1945.39

fitifie 3 228814.00 0.00 228814.00
KHL 4 0 6393.98 -6393.98
KHLS 0 0 0
KHL 6 0 0 0
KHLT 0 0 0
JKHL 8 817.68 5350.65 -4532.97
JKHL 9 0 0 0
JKHL 10 654.92 1978.82 -1323.90
KHL 11 696.30 753.19 -56.89
KCHL 12 0 0 0
JKHL 13 20379.46 111792.37 91412.92
JKHL 14 19890.97 125559.19 -105668.22

Bt 277229.17 259749.44 17479.72
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