Using Demand Response to Improve Power
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Results and Discussion

We demonstrate the performance of our advanced SSV approach on the

Introduction

Electrlc.power systems with high pgnetratl_qns .of_fluctuatmg renewable IEEE 9- and 30-bus systems.
generation may operate close to their stability limits. Demand response
(DR) can be used to improve power system stability. For example, it is

already used to provide frequency control, improving frequency stability. — o
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Figure 2: Smallest singular value of the power flow  Figure 3: Loading margin for the 9-bus system as
Jacobian for the 9-bus system as a function of bus 5 a function of bus 5 and 7 loading.

Path 1: A disturbance may cause the

operating point to move towards boundary and 7 loading.

Path 2 CthSlng a new Ioadlng pattern tO Table 1: Optlmal Ioading patterns for 9-bus system

Improve stability margin. Approach Pis Pir Pio SSV LM

Path 3 : The gene_ra_tc_)rs are r_e-dlsp_atched, Basic SSV 20 62 64 09011 528

system return to the initial operating point . Advanced SSV 91 162 61  0.9011 529
Basic Loading Margin 98 134 83 0.9002 571

. . Ad d Loading Marg;i 133 82  0.9002 264
In this research, we propose an effective vanced Loading Margin 99 3

algorithm to computing a loading pattern (Path
2) that maximizes the smallest singular
value (SSV) of Jacobian matrix, which serves
as a measure of voltage stability.

Methodologies

Figure 1. Conceptual illustration of
the problem.
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Smallest Singular Value

Because the singular values of the Jacobian matrix J are the square roots P A sosc sangvaron | 100 , Kosessy
of the eigenvaluesmatrix J'J, an equivalent problem is to maximize the s 60 so- ¥ 0+ anced Loadin Maril| e
smallest eigenvalue /lo. To reformulate the original non-convex ) * 0 /;3/20
optimization problem linear eigenvalue sensitivities and linearized AC Pa,g (MW) Py7 (MW) o 35/\407‘50/"65&7//éo -
power flow equations are used, so that we can apply iterative linear "as (M) : v
programming (advanced SSV approach). Figurg 4. Smallest singular value of the power flow Figure'5: Loading margin for Fhe 9-bus system as
Jacobian for the 9-bus system as a function of bus 7 a function of bus 7 and 8 loading.
and 8 loading.

Optimization model: Table 2: Optimal loading patterns for 30-bus system

ap, N3%yp, Ao subject to (1) Approach P,- P;s Pysg SSV LM

AQ,,AV A, A ) ; ;
T T 1

=5[] 045, 0] 1 v v 0 s ssv S0 b o

fP(A,AV) = AP,, — APy, neN (3) Basic Loading Margin | 24 28 11 0.2173 323

FOAG,AV) = AQ, , — AQun YneN (4) Advanced Loading Margin 25 25 13 0.2172 15

2 nespn AFan =0 (5) The Advanced SSV approach produced loading patterns close to the

APyp - pin = AQqp Vn € Spq (6) optimum (as determined by the Basic SSV approach).

APy, =0 Vn € Spq \ Spr (7)

AP,, =0 Vn € Spy  (8) "

o P Conclusions

AViet = 0, Abes = 0 (10) We proposed a method for using demand response to improve steady-

fun (A0, AV') < K (11) state voltage stability margins. To solve the optimization problem, we

hon (B0, AV) < Ko (12) proposed an iterative linear programming algorithm using eigenvalue

Py et  APyet + Py < Pyres (13) sensitivities and a linearization of the AC power flow equations.

Q rep < AQguret + Qgrer < Q et (14) The test case results show that demand response actions can improve

Q. S AQyn + Qg < Qyn Vn € Spy (15) voltage stability margins. We also found that our computationally tractable

V, <AV, +V0 <V, -V Vn € Spq (16) iterative linear programming method produced loading patterns close to

Ay < AXg (17) the optimum (as determined by a brute force approach). The results
further show that we may obtain significantly different loading patterns
when maximizing the smallest singular value of the Jacobian versus
maximizing the loading margin. This means that improving one margin
may worsen another, and so the system operator should consider the

To verify the correctness of the advanced SSV method, we benchmark its
solution against that of three other approaches:
1. Basic SSV: we compute the SSV for all possible loading patterns and

determine the maximum. | |
2. Basic Loading Margin (LM): we use MATPOEWR to compute the LM trade-oft between different margins.
for all possible loading patterns and determine the maximum.
3. Advanced Loading Margin: we use an Optimal-Power-Flow-based ACknOWIEdgem ents
Direct method to maximize the loading factor subject to both the power This work was supported by NSF Grant EECS-1549670 and the U.S.

flow equations and engineering consraints. DOE, Office of Electricity Delivery and Energy Reliability under contract

DE-AC02-06CH11357.
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