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Economic value evaluation of synchronous inertia considering frequency transient stability constraints
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Abstract: Ensuring sufficient online inertia is key to maintaining the security of system frequency when there is a high
penetration of renewable energy in the system. The establishment of an inertia auxiliary service market is an effective means
of achieving this. Therefore, with integrating synchronous inertia response into paid service, a pricing clearing model
considering the minimum synchronous inertia is built, and a discrete variable relaxation method is proposed to transform the
clearing model into a convex optimization problem. Then, based on the marginal cost pricing method and the Lagrange
duality principle, a shadow price corresponding to the minimum synchronous inertia requirement constraint is extracted to
evaluate its economic value and price the inertia service. Finally, taking the improved IEEE 39-bus and IEEE 118-bus
systems as examples, the existence mechanism of the synchronous inertia shadow price, the numerical influencing factors and
the benefits of the synchronous units are discussed in detail. The results show that it is necessary and urgent to build an inertia
auxiliary service market in a power system which has a high proportion of new energy. Consequently the proposed method
and simulation are able to provide guidance for the establishment of such an inertia auxiliary services market.
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Fig. 1 Frequency dynamic response curve of the

system after disturbance
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Fig. 4 Trading process of joint clearing and settlement of

electric energy and inertia service
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Fig. 8 Relationship between synchronous inertia shadow

price and system inertia reserve

4.2 EfH—: p#RY IEEE 118 TR %

5 ek IEEE 118 75 S RSk 4T 17
R ZRGH 54 G K. 91 Mgy
A3 AR EIHAER, Hp KN H S IENIA &
97220 MW, KR 3 A 1715 1 144 540 95 |,
H ARG BVE W SCHER[32], HLAH S H0R 6 A )
RS HOCHR[33)3T 7 — &0, Wib3% B & B
FIE 9 Fiowo

R e i

- A L10% — R 40%

3500 TR 20% - — R 50% 8000

2 3000 47000

é 2500 6000 S
= 2000 5000 &
S =
j:“: 1o~ 4000 Z
= 1000 .13000 &
# 500 42000 &
= 1000

L 1 n " | - 1 P P PR
012345678 91011121314151617 181920 21222324
i Bt/h

E 9 HEfl— s iuaES R ENHE

Fig. 9 Load forecast and wind power forecast in case 2
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Table 2 Synchronous inertia shadow price under different

wind power proportion

FEIL/(MW s)
MB/A 0% 10% 20% 30% 40% 50%
10 0.00 0.00 0.28 0.30 0.48 0.54
1 0.31 0.42 0.53 0.55 0.67 0.78
12 1.10 1.30 1.42 1.54 1.72 1.84
13 0.00 0.13 0.17 0.44 0.79 0.83
14 0.00 0.00 0.17 0.23 0.54 0.77
15 0.00 0.00 0.00 0.30 0.48 0.59
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Table 3 Benefits of synchronous units under different
wind power proportion

ESW

KLY L fi7%:s WEE AR AT
i [N LN A MR RS IGE
0% 2395630 157061 1888536 664156 507 095

10% 2253436 196307 1782687 667056 470 749
20% 2076481 215471 1653722 638230 422760
30% 1849230 272873 1493518 628 584 355711

40% 1661480 358335 1364426 655388 297 054
50% 1115718 477528 1240662 352585 —-124 943
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Table A1 Generator parameters in case 1

L BHER RRH Rl AR s hESHELT/

HE AESYs FMW S/MW BZE/(MW/A) Rl
1 9.3 455 150 + 150 8
2 9.3 455 150 + 150 8
3 8.1 130 20 + 40 5
4 8.1 130 20 + 40 5
5 8.1 162 25 +45 6
6 5.8 80 20 + 20 3
7 5.8 85 25 +25 3
8 5.8 55 15 +15 1
9 5.8 55 15 +15 1
10 5.8 55 15 +15 1
P B bI(FE T/ c/(FET8/ JA B/
a/(3:75/h) 5 v
s MWh) MW?h) (3£70/h)
1 1000 16.19 0.000 48 4500
2 970 17.26 0.000 31 5000
3 700 16.60 0.002 00 550
4 680 16.50 0.002 11 560
5 450 19.70 0.003 98 900
6 370 22.26 0.007 12 170
7 480 27.74 0.000 79 260
8 660 25.92 0.004 13 30
9 665 27.27 0.002 22 30
10 670 27.79 0.001 73 30
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Fig. Al Load forecast and wind power forecast in case 1
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Table B1 Generator parameters in case 2
Bl wHERE mBoRd BeME AR/AR @RS, BRUNMESEET/ _ _ o RS/
: o N ) a/(3£78/h)  bI(FETL/MWh) /(3 TE/MWh) o
Eike] HH/s JIMW  JI/MW (MW/h) 1ML i) /b (ZE70/h)
1 4 30 5 +5 1 31.67 26.24 0.0697 40
2 4 30 5 +5 1 31.67 26.24 0.0697 40
3 4 30 5 +5 1 31.67 26.24 0.0697 40
4 8 300 150 + 150 8 6.78 12.89 0.0109 440
5 8 300 100 + 100 8 6.78 12.89 0.0109 110
6 4 30 10 +10 1 31.67 26.24 0.0697 40
7 6 100 25 +25 5 10.15 17.82 0.0128 50
8 4 30 5 +5 1 31.67 26.24 0.0697 40
9 4 30 5 +5 1 31.67 26.24 0.0697 40
10 8 300 100 + 100 8 6.78 12.89 0.0109 100
11 9 350 100 + 100 8 32.96 10.76 0.0030 100
12 4 30 8 +8 1 31.67 26.24 0.0697 40
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453 B1
MU ERRR BORH RAME mbR RICH R BUNESIETT/ ) _ o, JA B RAY
i R JIMW  JI/IMW (MW/h) 1SR 1]/h @RI BIGRTMWE)  e/(GRIMWh) (376/h)
13 4 30 8 +8 1 31.67 26.24 0.0697 40
14 6 100 25 +25 5 10.15 17.82 0.0128 50
15 4 30 8 +8 1 31.67 26.24 0.0697 40
16 6 100 25 +25 5 10.15 17.82 0.0128 50
17 4 30 8 +8 1 31.67 26.24 0.0697 40
18 4 30 8 +8 1 31.67 26.24 0.0697 40
19 6 100 25 +25 5 10.15 17.82 0.0128 50
20 72 250 50 +50 8 28.00 12.33 0.0024 100
21 72 250 50 +50 8 28.00 12.33 0.0024 100
22 6 100 25 +25 5 10.15 17.82 0.0128 50
23 6 100 25 +25 5 10.15 17.82 0.0128 50
24 7 200 50 +50 8 39.00 13.29 0.0044 100
25 7 200 50 +50 8 39.00 13.29 0.0044 100
26 6 100 25 +25 5 10.15 17.82 0.0128 50
27 9.3 420 100 + 100 10 64.16 8.34 0.0106 250
28 93 420 100 + 100 10 64.16 8.34 0.0106 250
29 8 300 80 + 80 8 6.78 12.89 0.0109 100
30 5.8 80 30 +30 4 74.33 15.47 0.0459 45
31 4 30 10 +10 1 31.67 26.24 0.0697 40
32 4 30 5 +5 1 31.67 26.24 0.0697 40
33 38 20 5 +5 1 17.95 37.70 0.0283 30
34 6 100 25 +25 5 10.15 17.82 0.0128 50
35 6 100 25 +25 5 10.15 17.82 0.0128 50
36 8 300 150 +150 8 6.78 12.89 0.0109 440
37 6 100 25 +25 5 10.15 17.82 0.0128 50
38 4 30 10 +10 1 31.67 26.24 0.0697 40
39 8 300 100 + 100 8 32.96 10.76 0.0030 440
40 7 200 50 +50 8 6.78 12.89 0.0109 400
41 3.8 20 8 +8 1 17.95 37.70 0.0283 30
42 5 50 20 +20 1 58.81 22.94 0.0098 45
43 8 300 100 + 100 8 6.78 12.89 0.0109 100
44 8 300 100 + 100 8 6.78 12.89 0.0109 100
45 8 300 100 + 100 8 6.78 12.89 0.0109 110
46 3.8 20 8 +8 1 17.95 37.70 0.0283 30
47 6 100 25 +25 5 10.15 17.82 0.0128 50
48 6 100 25 +25 5 10.15 17.82 0.0128 50
49 3.8 20 8 +8 1 17.95 37.70 0.0283 30
50 5 50 25 +25 2 58.81 22.94 0.0098 45
51 6 100 25 +25 5 10.15 17.82 0.0128 50
52 6 100 25 +25 5 10.15 17.82 0.0128 50
53 6 100 25 +25 5 10.15 17.82 0.0128 50
54 5 50 25 +25 2 58.81 22.94 0.0098 45
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