Relaxation by Modified Logarithmic Barrier
Applied to the Problem of Optimal
Power Flow DC with Overioad
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* Numerical problems in Interior Point Methods;
Overload problems in Optimal Power Flow;
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Path Following Primal-Dual Method

Classical Logarithmic Barrier;
— Good results for optimal power flow problems;

— Numerical problems when very close to the border;
* [llI-Conditioned;
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Change of variables and add slack variables.
a(zft]?f +chf)+ B(35 10tOp + cpP)
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Lagrangean Function:

L=o(f,p,55.50) — iy In(z:) —y'(l— Bf + Ep) — w}(fu— f — 55) — wh(pu—p— 5)

TP

o(f,p,51,5)) = a(3F'Rf + ¢4 f) + B(30'Qp + ¢p)
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Optlmallty Conditions (KKT)
Bf — Ep
f sy
P T Sp

Primal Feasibility:

Dual Feasibility:

Complementarity:
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Where J, is a Jacobian Matrix, d is a vector of Newton’s directions and r is a residual vector.
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Computational Specifications

« Notebook: DELL XPS:

Ubuntu: 12.4;
Memory RAM: 8Gb;
CPU: I'ntel® Core™ i7-2670QM CPU 2.20GHz x 8;

Software: Matlab R2012b.

11
40

O Faculdade de Ex L

Elétrica e de Cnmpnu i
°

Unifalz



Dispatches
Generator | TI (MW) Ge (MW) | TlI & Ge (MW)
1 30.00 30.00 30.00
2 50.00 50.00 50.00
5 70.00 61.70 61.80
8 70.00 61.70 61.60
11 26.15 40.00 40.00
13 37.25 40.00 40.00
8 iterations | 8 iterations 8 iterations

Lagrange Multipliers w,

Generator | TI(US/MW) | Ge (US/MW) | TI& Ge (US/MW)
I 792 %1072 | 2.17 x 10? 2.16 x 10?
2 411 % 1071 | 1.97 x 102 1.97 x 102
5 053 x 10! | 2.65 x 104 2.61 x 10—4
8 210 x 107" | 2.65 x 10~ 2.55 x 10~
11 3.47 x 1078 168 x 102 1.66 x 102
13 253 %1077 | 1.68 x 102 1.66 % 102
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But, how this method behaves
in overload situation?

If the demand Is greater than the load?
or
If transmission lines are unable to transmit the load?
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* Reducing generator 1: 30MW — 10MW
— Demand: 283.4MW - Capacity 280MW

Lagrange Multipliers w,
Generator | Dispatch (MW) TI(US) Gec (US) | Tl & Ge (U$)
[ 10.00 1.06 x 10 | 3.79 x 101 | 8.40 x 10
2 50.00 1.06 % 10" | 3.79 x 10" | 8.40 x 10"
5 70.00 1.06 % 103 | 3.79 % 101 | 8.40 x 104
] 70.00 1.06 x 105 | 3.79 % 10! | 8.40 x 104
11 40.00 1.06 % 10" | 3.79 x 10" | 8.40 x 10
13 40.00 1.06 x 10" | 3.70 x 10" | 8.40 x 10
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Overloads = Numerical Erros;
There may be no feasible solution;

‘ess < Allows violations In some constraints;
— In practice, It Is possible for a short time;
— Many cases may be now solved,;
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Allow Overloads = Relax Constraints :

, c—1
Sp 2 —0,
c—1

= p > p, and f > f, If necessary.

This relaxation does not satisfy the condition for the
classical logarithmic barrier;
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Proposed by Polyak I LP and nLP

Minimize:  f(x)
Subjectto: gi(x) >0. i=1.2....m
v e =1r € R"|gi(x) >0}

¢ 1 .m
- r)+1) .sex ey
Me(e,7) =4 0 ;
k o0 csex & (.
Qs = {z]dg;(x) + 1 > 0}
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t to infeasible points to {2, but not to 25;

:ater &, smaller the expansion Qgs;

Existence Condition:
gilx) > —0~

* May get to infeasible points to (), but not to Q;
The greater §, smaller the expansion Q;
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 Short Term Operational Capacity;
— Generator: Maximum Overload 109%:
— Transmission Line: Maximum Overload 30%:;

It can be viewed as a relaxation operational limits;
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Lagrangean Function:
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Optlmallty Condltlons '

Bf—Ep = 1
Primal Feasibility { f+s; = f.

| PtSp = Pu
Dual FeaS|b|||ty ) —aRf + B'y + 2f— Wgy = aQcf
| —BRp—E'y+n-—wy = Po
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Where J. is a Jacobian Matrix, d is a vector of Newton'’s directions and r is a residual vector.
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Dispatch
Generator | TI (MW) Ge (MW) | Tl & Ge (MW)
| 30.00 30.00 30.00
2 50.00 50.00 50.00
3 70.00 61.70 61.80
8 70.00 61.70 61.60
11 26.15 40.00 40.00
13 37.25 40.00 40.00
8 iterations | 11 iterations |1 iterations
Dispatches
Before Generator | T1(MW) ‘ Ge (MW) | Tl & Gec (MW)
| 30.00 30.00 30.00
2 50.00 50.00 50.00
5 70.00 61.70 61.80
8 70.00 61.70 61.60
11 26.15 40.00 40.00
13 37.25 40.00 40.00
8 iterations | 8 iterations 8 iterations
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Lagrange Multipliers w,,

Generator | TIH(US/MW) | Ge (US/MW) | Tl & Ge (US/MW)

1 702 x 1072 | 2.17 x 10° 2.16 x 10°

2 411 x 1071 | 1.97 x 10? 1.97 x 10?

5 053 x 1071 | 4.61 x 108 481 x 1078

8 2.10 x 107! | 4.61 x 1078 4.48 x 1078

11 239 x 107 | 1.68 x 10? 1.66 x 107

13 570 x 1071 | 1.68 x 107 1.66 x 107

Lagrange Multipliers w,,
Before Generator | TI (US/MW) | Ge (US/MW) | Tl& Ge (US/MW)
I 7.02x 1072 | 2.17 x 10° 2.16 x 102
2 411 x 1071 | 1.97 x 10? 1.97 x 10?
5 9.53 x 10~! | 2.65 x 104 261 x 104
8 210 x 1071 | 2.65 x 1074 2.55 x 1074
11 3.47 > 107 | 168 x 10 1.66 x 10>
13 253 x 1077 | 1.68 x 10? 1.66 x 102
G R pEEC
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* Reducing generator 1: 30MW — 10MW
— Demand: 283.4MW - Capacity 280MW

« Maximum Overloads:
— In each Generator: 109%:;
— In each Transmission Line: 30%.
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Dispatch
Generator | TI (MW) | Overload(%) | Gc (MW) | Overload(%) | Tl & Ge¢ (MW) | Overload(%)
I 10.69 6.86 10.02 0.17 10.00 0.00
2 50.45 0.91 50.02 0.03 50.00 0.00
5 70.27 0.38 69.77 0.00 71.80 2.57
8 70.73 [.05 69.77 0.00 71.59 2.28
[ 1 40.36 0.91 41.82 4.55 40.01 0.01
|3 40.90 2.24 42.00 5.00 40.00 0.00
8 1terations 23 iterations 21 iterations
Lagrange Multipliers w,
Generator | T (US/MW) | Ge (US/MW) | Tl & Ge (US/MW)
| 4.69 1.69 x 10° 2.77 x 10°
2 4.78 2.29 x 102 2.37 x 102
5 D.27 2.61 x 10~ 1.00 x 103
8 4.43 2.97 x 1074 2.79 x 10~
1 3.74 1.95 x 107 2.06 x 102
13 4.09 1.95 x 102 2.06 x 102 % .
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i:'on e s
* Violation of generators : 0%;
 Violation of lines: Max 30%
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Gerador | Perdas na Transmissdo (Pt) | Custo na Geracao (Cg) | Ponderacao (Pt & Cg)
1 30.00 30.00 30.00
2 33.51 50.00 50.00
S 70.00 70.00 70.00
8 70.00 53.40 53.40
11 39.89 40.00 40.00
13 40.00 40.00 40.00
18 iteracoes 17 iteracoes 17 iteracoes
Fop; = 82.3Tu.m Fop; = 20404.15u.m Fopj = 20484.50u.m
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 Predicting where overload will occur and their intensity;

 Operate with overloads safely;

 Restructuration Planning or System Expansion;
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* Improvements to choice of parameters of barrier
« Studies on costs of violations;
 Predictor-Corrector method;

* Problems for Pre-Dispatch;
— With maneuvers lines;
— Constraints Ramp;
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