B ®EiRit | Engineering Design

MR A gkl (AGC) &R5E
HEL PO ) )52 90 B

HEER, WFE, XN B B\ OB, B/t

(JZRHMAABRTHEA R MR, 4% )M 510620)
WE. B3LBES AGC) RGERATEFAEMEAS LBNHEZE, EEEEARATEIIKX
MR EES R EANFEELERE. WREFELHNSERT. AGCHUAKRENRZREHNNEHRES
ZFRMEETEPBRSREALR. BT 1M ZEZNS5BTF, EBRRIEBRSESZBINM
HEFRRZFAENELBR/NMAFHREEG. UBRLANRHEHPEE, HELFRAEMNESET
MEETEANEERAE AGC EREMERAMBEARBIE. $3339 BE&NKXRSENEERGIARIIET
Hipg R,
KA. BshABER: £FAK: S5FE%

Power grid scheduling analysis of automatic generation control (AGC) system based
on dynamics
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Abstract: The automatic generation control (AGC) system is temporally situated between economic dispatch and
synchronous generator dynamics, and its primary role is to regulate frequency within and tie-line flows between
control areas. Given appropriate choice of participation factors, the AGC can be engineered to nudge system
dynamics toward a steady-state operating point corresponding to economic optimality. This paper establishes
necessary and sufficient conditions under which a widely accepted choice of participation factors guarantees
the alignment of steady-state synchronous generator outputs with a global minimum of a prototypical economic
dispatch problem. In so doing, it resolves several ambiguities and formalizes technical assumptions governing the
role of the standard AGC architecture in the context of economic dispatch and steady-state operation. Numerical

case studies tailored to a modified version of the 39-bus 10-machine test system validate the theoretical results.
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Fig. 1 Illustration of economic dispatch and AGC architectures
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Fig. 2 39-bus One-line diagram for test system
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Tab. 1 Cost function of generator g

g=30 g=31 g=32 g=33 g=34 g=35 g=36 g=37 =38 g=39
ag[¥/hrpu2] 55.992 52.222 32430 27.589  55.378 52429  30.723  49.537  67.487  25.704
b [¥/hr.p.u] 30.838 25.190 13.923  21.098  16.401 1.796 10.282  29.781 0.557 3.902
¢ [¥/hr] 0.4020 0.5576 35714  1.5565 4.0812  0.8725  4.7924 4.281 0.3998  4.7766
Pg[p.u] 4.364 4.733 7.795 9.033 4.542 4.937 8.322 4.943 3.845 10.03
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Tab. 2 Participation factor

Py AN 2560 2799  4.680 5372 2719  3.011 5.034 2904 2348 6.100 Y 6247.5/hr

74;0% E%: Rk 2560 2798  4.680 5371 2720 3.011 5034 2904 2348 6.100 Y 6247.5/r
Py i 0934 2312 5374 6612 2122 2516 5901 2522 1.625 7.608 ¥ 6622.35/hr

Pe: Mk 2.114 2170 5232 6470 1979 2374 5758 2379 1432 7617 ¥6519.5/hr

Py BN 3011 3282 5459 6287 3.174 3492 5856 3414 2722  7.082 ¥ 8389.5/hr

0% Eg Ewn 3.011 3282 5459 6287 3.175 3492 5856 3413 2722 7.082 ¥ 8389.5/hr
P, Rk 1792 2917 5979 7217 2727  3.122 6506 3.127 2180 8214  ¥8603.7/hr

Py ik 2677 2810 5873  7.110 2620 3.015 6399 3.020 2036 8220 Y8546.6/hr

JrE N 3462 3766 6238 7202 3.630 3974 6678 3923 3.096 8.065 Y 10852.8/hr

—20% Py Itk 3462 3765 6238 7202 3.631 3974 6.678 3923 3.096 8.065 Y 10852.8/hr
Py T 2649 3522 6584  7.822 3332  3.727  7.A11 3732 2735 8819 ¥ 10945.6/hr

Py 1EIME 3239 3451 6513 7751 3261 3.656  7.040 3.661 2.639 8.823 ¥ 10917.1/hr

Po: BN 3913 4249 7016 8117 4.086 4456 7500 4433 3471 9.047 ¥13623.1/hr

0% E,,, Ak 3913 4249 7016 8118 4.087 4456 7500 4433 3471 9.047 ¥13623.1/hr
Pg: NIE 3506  4.128  7.190 8428 3.937 4332 7716 4337 3290 9.424 ¥ 13561.7/hr

Py: 1HIE 3.801  4.092  7.154 8392 3902 4296 7.681 4302 3242 9427 Y 13644.5/hr

Py SN 4815 5216 8574 9948 4998 5419 9.143 5453 4219 11.01 ¥20127.7/hr

110% Eg ik 4815 5217 8573 9948 4998 5419 9.144 5453 4219 11.01 ¥20127.7/hr
Py i 5221 5338 8400 9.638 5.148 5542 8927 5549 4440 10.63 ¥20149.1/hr

Py 1EIE 4926 5374 8436 9.673 5.183 5578 8963 5584 4448 10.63 ¥20141.9/hr
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