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Non-linearLarge scaleStatic optimization problem
Both discrete and continuous variables
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V is voltage

Then for ith generator C0i c01 and c2i are cost coeeficients (assume it’s quadratic)
Pgi is active output
Gij is conductance of branch for buses I and j
S is scalar of loadability factor
Theta I for ith load is percentage of load curtailment and Pci is active demandOr demand response: reduce load for a brief crisis
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Nodal active and reactive power balance equations
P and Q g are active and reactive power of generator connected at bus IP and Q c are active and reactive demand of the load connected at bus I
Vi^2 = ei^2 + fi^2 so modulus of voltage
Bsi is shunt susceptance at bus I
Gij and Bij (Gsij and Bsij) are longitatadal (shunt) conductance and susceptance of the branch linking bsuesi and J
Ni set of buses connected by branches to the bus I
S=0 unless we deal with objective 3
Φϕ=0 I -1, …, c if load curtailment is not allowed as control variable
Also we might have additionall constaints line the one below: an equality constraints
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Two inequalitiesOpertaional: secure operation of systemPhysical: limits of equipment
Constraints on branch rather than active power flow through branch (active, reactive and apparent power flow) 
Operational on top 
And physical on bottomActive output limits for ith generatorAnd r for transformerAnd theta for curtailmentAnd x for shunt bounds on reactance
R intervenes through Gsij, Bsij, Gij, and BijWhile x intervenes through Bsi only
Polar form Is more popular but both give very similar reulsts
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Rectangle give quadratic intervenes: Hessian matrix is constant
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All must be twice continuously differentiable, x is m-dimensional vector (with control variabes and state variables -> real and imaginary voltage at all buses). G is p-dimensional vector of functionAnd h is q dimensional vector of functions
Minimize min f(x) subject to g(x) = 0 and h(x) >= 0 
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Add inequality constraints to objective function as logarithmic barrier terms to eliminate them
U is postivie scalar: the barrier parameter
Gradually decreased to zero as iterations progress

The whole thing depends on this
As u goes to zero, the solution x(u) converges to local optimum
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Transform the equality constrained optimized into unconstrained one b defining the Lagrangian:
Delta and Pi are dual variables: the vectors of Lagrange multipliers

Y = [s,pi, theta, x]T
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Set derivates to zero of the Lagrangian with respect to all unkowns KKT first order optimality conditions 
S is diagonal matrix of slack variables
E = 1[,…,1]TDelta f(x) is gradient of f
Jg(x) is Jacobian of g(x) and Hh(x) is Jacobian of h(x)
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H(y(k)) is second derivative Hessian matrix of 
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Third step
Determine max step length alpha k between 0 and 1 along Netwon direction delta y(k) such that s(k+1), pi(k+1) > 0
Gamma is between 0 to 1 is safety factor (to ensure positiviness of slack, usually set to 0.99995

And Update the solution
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Check convergence : local optimality solution
If no convergence, then update the barrier parameter and repeat (on far right)
Set u(k+1) = sigma p(k)/q
Sigma is usually 0.2K++ and go to step 2
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PC with 512 MB RAM and 1.7GHZ Pentium IVSum of power loses: active power loses
Cotntrol: slack generator active power, reactive power, transformer ratio and shunt reactiance
Quality bus power balance
Inequality for generators reactive power, voltage magnitude +-0.05PU , transformer with controllable ratio, shunt reactance
The active losses at the optimum are: 151.74 MW for the Nordic32 system, 116.52 MW for the IEEE118 system and 386.6 MW for the IEEE300 system, respectively. This corresponds, respectively, to 7.90%, 12.31%, and 5.37% of less active losses than in the base case
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Cotntrol: slack generator active power, reactive power, transformer ratio and shunt reactiance
Equality: bus active and reactive power flow
Inequality all above plus voltages magnitude and branch currents
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Increase loads proportionally over their base consumptionsIncrease covered by a single slack generator
Minimize the amount of load shedding for an infeasible power system situation such that an equilibrium point is restoredPower shedding is done at constant power factor less than 0.1 and higher than 0Slack generator compensates active power imbalance
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Handles together base constraint and steady state security constraints relative to credible contingenecies-> extension of OPFTwo types: preventive and corrective SCOPFHigh dimenstinality of problem for many contingency cases and large power systems
Define harmfule contingencies only
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