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What is the issue?
Solving power flow problems is crucial

but current solvers have questionable reliability

@ can fail due to purely algorithmic reasons

Failures can leave system operators/planners with
o difficult task of trying to get a case to converge

@ limited or incorrect knowledge about the system



Introduction The issue
The cause
Our work

Introduction

The cause

What is the cause?



Introduction

Introduction

The cause

What is the cause?

Widely used solution method

The issue
The cause
Our work

19



Introduction The issue
The cause
Our work

Introduction

The cause

What is the cause?

Widely used solution method

@ Newton-Raphson (NR) combined with switching heuristics



Introduction The issue
The cause
Our work

Introduction

The cause

What is the cause?

Widely used solution method

@ Newton-Raphson (NR) combined with switching heuristics

suffers from many weaknesses



Introduction The issue
The cause
Our work

Introduction

The cause

What is the cause?

Widely used solution method

@ Newton-Raphson (NR) combined with switching heuristics

suffers from many weaknesses

@ performance dependency on initial point xg



Introduction The issue
The cause
Our work

Introduction

The cause

What is the cause?

Widely used solution method

@ Newton-Raphson (NR) combined with switching heuristics

suffers from many weaknesses
@ performance dependency on initial point xg

@ absence of key information in problem formulation



Introduction The issue
The cause
Our work

Introduction

The cause

What is the cause?

Widely used solution method

@ Newton-Raphson (NR) combined with switching heuristics

suffers from many weaknesses
@ performance dependency on initial point xg
@ absence of key information in problem formulation

@ conflicts introduced by switching heuristics (cycles, jumps)
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Introduction

Our work

What is our work?

We try to overcome these weaknesses using techniques based on
@ homotopy

@ optimization

This presentation focuses on handling poor initial points
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A homotopy approach

Instead of solving power flow equations f(z) =0,
solve sequence of subproblems h(x,tx) =0, k € N,

where
@ first subproblem is easy to solve
@ last subproblem is original problem

@ consecutive subproblems are similar
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Based on system transformations

We first tried transforming the system
@ Injection Homotopy (IH)

e add generators and loads to make xy good, then gradually
remove them

@ Phase Homotopy (PH)
e add line phase shifts to make x( good, then gradually remove

them

solved each subproblem with

@ Line Search Newton-Raphson (LSNR)
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Methods and results ysten :
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Methods and results

Based on system transformations (problems)

Results are not satisfactory
@ methods often searching for solutions in “bad” regions

@ once v (voltage magnitude) gets small, they may never recover
e cannot solve f(x) = 0 (Jacobian near rank deficient)

o find meaningless solution (v too small)

Need to encourage algorithms to search in “good” regions
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Based on system transformations
Methods and results T .

Based on prior information

Extension of prior information approach

Methods and results

Based on prior information

Before even solving, we know that generally v = 1, hence use

Penalty function

U is set of unregulated buses
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Methods and results

Based on prior information

Magnitude Homotopy (MH)

Solve sequence of subproblems

T

forty =0, t, — 1 as k —

A homotopy approach

Based on system transformations
Based on prior information

Extension of prior information approach

minimize (1 — t3)o(z) + tk%Hf(&U)H%

Can think of it as homotopy approach with

h(z,tr) = (1 —tp)Ve(x) + th(a:)Tf(x), J = af

dx
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Methods and results

Based on prior information (performance)

Constructed 30 initial points by perturbing good xg

Performance with perturbed x0 (2.5k bus system) Performance with perturbed x0 (2.5k bus system)
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Based on system transformations
Methods and results ysten .
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Methods and results

Based on prior information (reformulation)

MH is just penalty function method applied to

minimize ()
x

subject to  f(x) =0,

x consists of {v; }ieys and {Qi}ie[n]\{S}

0 is voltage angle, n is number of buses, s is slack bus

14 /19



A homotopy approach

Based on system transformations
Methods and results Py .

Based on prior information

Extension of prior information approach

Methods and results

Extension of prior information approach

Extend approach to handle @ limits and voltage control

15/19



A homotopy approach
Based on system transformations
Methods and results ysten .
Based on prior information
Extension of prior information approach

Methods and results

Extension of prior information approach

Extend approach to handle @ limits and voltage control

New formulation (extended)

minimize  (z)
subject to  f(z) =0
(Ui7Qi) € gia 1€ Ra
 consists of {v;}ien)\(s}: 10 ticn)\(s} and {Qi}ier

R is set of regulated buses

15/19



A homotopy approach
Based on system transformations
Methods and results ysten .
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Methods and results

Extension of prior information approach

Extend approach to handle @ limits and voltage control

New formulation (extended)

minimize  (z) (strongly convex)
T
subject to  f(z) =0
(Ui7Qi) € gia 1€ Ra

2 consists of {Ui}ie[n]\{s}v {Qi}z‘e[n}\{s} and {Qz}ze’R

R is set of regulated buses
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Extension of prior information approach

We tried two variations

@ elastic Power Flow (ePF)
e soft @ limits, flexible voltage set points
e for planning studies
@ voltage-controlled Power Flow (vPF)
e complementarity constraints, no switching heuristics
e for applications that need actual operating point

based on augmented Lagrangian method
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Methods and results

Methods and results

Extension of prior information approach (performance)

Constructed 30 initial points by perturbing good xg

Performance with perturbed x0 (2.5k bus system) Performance with perturbed x0 (45k bus system)
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What we have done and learned ...
@ homotopy based on system transformation
e did not help to cope with poor xg
e same weaknesses as NR/LSNR
@ homotopy based on prior information
o helped significantly to cope with poor xg
e penalty function method applied to constrained problem

e can be extended to consider @ limits and voltage control

o ePF and vPF
@ based on augmented Lagrangian method
@ inherit robustness to poor g
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