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SR BRERHR AT UL HAH I8 B RE AT IS . o ABEE ¢ BN T, ¢ NEEZ @ ESRATDh R
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Figure 1 (Color online) The structure of a power system consisting of multiple buses
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Figure 2 (Color online) The equivalent topological structure
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Figure 3 Simplified illustration of the IEEE 9-bus system

®1 RERKSH

Table 1 Parameters of the cost functions

G a; b; ci min (MW) Tmax (MW)
G1 0.001562 7.92 561 150 600
G2 0.00194 7.85 310 100 400
G3 0.00482 7.97 78 20 200

AU AT L, T DLIE IS AT BN o AT B, 4875 limy o0 inf D(N (k) AR B D*, \i(k), Vi € N,
k>0 R HIEIE (k). XEWREEE 1 PERF (A(k)}, i € N A DUEZHEEE A\, B35 i
{OR=gyw

NHEVEHFES {o(k)} BAERMBEL T RS o = o). FEE O)(x:) NESAEEHEE [z,
amax) | S ) BAS Al SRR AU — — VCEC N BR B STk [38]) BB 4.17 S0, ¢ AE (O (ami),
Cl(ara)] gk, Bz (12) 50, z(\) WRES KA. HouT vi e N, 30k [31) & 5.15

lim z(k) =~ z(A\*) = 2.

k—o0

5 AR

SRH 3.2 /NPT H R T T BN — S (1 23 A AR 1, R 28 B VA 1) g AT ()
IGAE. %€ IEEE 9 RHE R4, 1 3 Fios, SLH5 9 68048 3 MR HHL (2B TRE2R 1, 2, 3) F1 3 4
Bifaf (73O TREZK 5, 6, 8). KHLMAREL C;(x;) MARKSHINE 119 fos. AL TR 5, 6, 8 I
i 43 328 200, 550 A1 100 MW. 3815 ¥ Fh &6 14 5 %5 BRI BOEFE AR [R). AR SCHRHE Metropolis-Hastings
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Figure 8 (Color online) Convergence behavior of the generator output with different times of consensus updates.
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Table 2 Optimal generator output under different step sizes «

o & (MW) [z e [(MW) 35 (MW) @5 —ap | (MW) a3 (MW) - |23 — a3 | (MW)
0.005 393.1844 0.0146 334.4777 0.1261 122.3379 0.1115
0.010 393.1989 0.0291 334.3519 0.2519 122.4492 0.2228
0.015 393.2133 0.0435 334.2263 0.3775 122.5604 0.3340
0.020 393.2276 0.0578 334.1008 0.5030 122.6715 0.4451
0.025 393.2418 0.0720 333.9756 0.6282 122.7825 0.5561

0.02—0 393.1971 0.0273 334.6201 0.0163 122.2396 0.0132

UEOS FIL I REm, 8 2 T IEAR R SIS (1 M 28R A0 . AT DOLER Y — B0 BB O
%, K5 RELR R R AE B AR B — B O i, 2R 1T BT 1S 30 A st R e S A

BEAh, SEAS R RN R 1 S R RS AT T 05 BLIGE, B ah Rk 2 . Hd 77,
T3 M 35 RoRRRSE 1 TR RIREE 1, 2, 3 iRt 7y, it e Hrml s, oKk, 15 TS
(10 22 355 18 FEE 1) 38 ) s AR ARL ARV T SE PR i A R ZE K. FIRT, LD K o 1 0.02 3983 0 &
B, 45 A M 7 R BN RE R RS A EEAT 100 A, HUA d = (0.02 — 0)/100 A ZEXT
HRFATEZS . £ o =0.02 A o = 0.005 BIFHEOLT, FRYSSios B2 AR BE 0T bu g5 SR anf&l 9 i
# 2 fvn. ATLIERH, DK 0.02 398 E] 0 B, BTt i oA 2L ISR B 525 K8 0.02 B

1375



AR TR LT B A — B A F I 3 A 3R D A FE

400 |-
~ 300f |7 ~
g z
S 200} )
2 100 ;j“* B
= =
° 0f X; e 0 xi
=} o
£ -100t %4 E-100 Ty
= oy = X
8 200} o 8w N
=300 - x -300 -, ]
X ---X
—400 ‘ ‘ ‘ A 400 ‘ ‘ ‘ A
20 40 60 80 100 0 20 40 60 80 100
Iterations Iterations
(@ (b)
4001 WQV
300 |
§ 2001 |
2 100 ;j
g Of xi
5
£ -100} i
Q Xk
= 3
& 200 o
-300} X
e
-400 : : ‘ ‘
20 40 60 80 100
Iterations

(c)
9 (MLEAFE) ERSK T hraahzk

Figure 9 (Color online) Convergence behavior of the generator output with a diminishing step size. (a) a = 0.02;
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Table 3 Parameters of the cost functions

G a; b; ci zin (MW) X (MW)
G1 0.0046 7.065 135.88 135 500
G2 0.00111 3.53 214.92 214 400
G3 0.0029 7.58 78 108 400
G4 0.0045 2.24 127.69 127 500
G5 0.00104 8.53 232.56 100 600
G6 0.0029 7.85 240 200 500
GT7 0.0021 3.375 44.628 44 300
G8 0.0032 9.435 234.48 234 500
G9 0.0047 6.45 74.6 74 400
G10 0.0048 8.71 172 172 600
900 4000
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Figure 10 (Color online) Convergence of the power supply tested on the IEEE 9-bus and IEEE 39-bus system. (a) IEEE
9-bus; (b) IEEE 39-bus
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Distributed algorithm for economic dispatch based on gradient
descent and consensus in power grid
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1. School of Electrical Engineering, Yanshan University, Qinhuangdao 066004, China;

2. School of Electronic Information and Electrical Engineering, Shanghai Jiao Tong University, Shanghai 200240,
China
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Abstract This study aims to propose, a distributed optimization algorithm to solve the economic dispatch
problem encountered in power grids with the ultimate objective of minimizing the total generation cost. The
proposed approach is based on the gradient descent method and the consensus protocol. No central unit was
required to broadcast the global information to each bus, and only local information was exchanged between
the neighboring buses to balance power supply and demand. Theoretical analysis revealed that the proposed
algorithm can converge to the optimal solution of the primal problem by selecting the appropriate step size and
initial values. Simulation studies on the IEEE 9-bus system were conducted to show the validity of the proposed

algorithm.

Keywords economic dispatch, distributed algorithms, gradient descent method, consensus algorithm, commu-

nication topology
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