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Introduction

Definition of the problem
The underlying deterministic problem is the following:

min(c'u+ d'v)
Au>b
Tu+ My > €&,

where £ is random variable.
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Introduction

First stage problem:

min(c’u + E(u(u,€)))
Au > b,
ueK,

where p(u, £) is the optimal value of the Second stage problem

min(d’v)
Tu+ Mv > &,

and K ={u;¥¢ v : Tu+ Mv > &}
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Introduction

How to solve?

» Solve the first stage problem (function to be minimalized depends
only on u)
> Realize ¢

» Decide on v
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Introduction

Properties

» K is a convex polyhedron.

» For every fixed £ the second stage optimal value p(u, ) is a convex
function of the variable w.

> If the set of possible values of £ is convex, then pu(u, ) is convex in
&.

> If E(§) exists and p(u,€) is finite for every u and &, then E u(u, €)
exists and is a convex function of w.
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Introduction

Up to now we assumed that there exists u(u, &) for every €. Because such
assumption is not always valid, we will require the solvability of the
second stage problem only by probability:

First stage problem:

min(c’u + E(u(u, €)))
Au > b,
P(U S K) > P;

where p is prescribed and p(u, &) is the optimal value of the new Second
stage problem
min(d'v + t'z)
Tu+Mv+z2>¢,

where t'z is the cost of infeasibility. Sometimes non-linear function
>~ ti(z) will be used.
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Outline of the problem

Assumptions

>

The power systems form a network.

» The system must have a reliability level 1 — LOLP > p, where LOLP

is the probability that demand will be higher than supply.
We may increase the power generating and the tie line capacities.
No distinction will be made between capacity and reserve capacity.

Each power system can help others. The tie line between systems a
and b is not necessarily the same as that between b and a.

Power dispatching and outage cost money.
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Outline of the problem

Notations

N
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Number of power systems

Generating capacity of the j system, to be determined
Prescribed lower and upper bound for x;

Capacity of the line between system h and system k, to be
determined

Prescribed lower and upper bound for yp

Total power dispatched from jt system

Power dispatched for system h to system k

Prescribed lower level for 1 — LOLP

Random demand for electric power at the j system

Cost function of the generating capacity at the jt system
Cost function of the interconnection capacity between systems
h and k

Cost of dispatching one unit of power from system h to system
k

Cost of outage of magnitude z at system j
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Outline of the problem

Let A(x, y, &) denote the event that for fixed x and y the total demand
in the pool can be met by a suitable power dispatch.

The problem now looks like the following:
min(> " 0) + > > cmlyme) + E(n))
J ho ok

P(A(x,y,1)) > p,
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Outline of the problem

A flow i on a network is defined as a function on N x N satisfying for all
h, k € N the relations

i(h, k) + i(k, h) = 0,
i(h, k) < Y-

Further define network demand g : N — R as q; = x; — §; and for

S, TCN:
q(S)=>_a(h),
heS
i(S,T)=>_Y i(hk).
heS keT
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Outline of the problem

Properties of g and |
For all 51,55, T such as S; N S, = () we have

q(51U S2) = q(51) + q(S2),

’(Sa T S YsT,
where
y($;T)=>> ysr
heS keT
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Outline of the problem

The network demand is called feasible if there exists a flow i such that
for every a € N we have

i(N,a) > qg(a)
Theorem (Feasibility theorem)

The network demand q is feasible if and only if for every S C N we have

a(S) < y(S,9).

Lukas Adam Network planning using two-stage programming under uncertainty



Example 1

Let us consider the pool constisting only of two points. Denote
Y = y12 = y21. The feasibility theorem gives

S —x1+&E—x <0,

G—x<y,
S—x<y.
If we denote i = i(1,2) = —i(2,1), we also receive following inequalities
x1—i =&,
Xo + i > 527
—y<i<y.

Lukas Adam
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Example 2
In this example the pool will be formed by three noded conncted together.
Denote y; = y12, ¥» = y»3 and y3 = y31. Using the feasibility theorem

LG—x1+&—x+8—x3 <0,
S1—xi<y1+ys,
& —x <y1+y,
§—x3 < yoa+y3,
S —x1+H—x <y +ys,
S—x+&—x3<y1+ys,
S—x1+&—x3< y1+ys.
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The next result will be also similar to that one received in the previous
example

Io1 + 31 > &1 — X,

2+ i3 > & — xo,

i3 + i3 > &3 — x3,

2+ i1 =0,
I3 +i32 =0,
i3 +i31 =0,

—y12 < y1 < Y12,
—Y23 < y2 < yo3,
—y13 < y3 < »13,
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Example 3
The power system is the same as in example 1 but this time we will use

the model presented in the introduction.

The first stage problem is the following:

min(C]_(X]_) + C2(X2) + C(}/) + E(IU/(Xla X2,Y, 617 62)))
L+&H <X+ x
P H<xi+y >p
H<x+y

y <y <y®
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and the second stage problem

min(d12i+ + d21i_—|—t1(21) + tQ(ZQ))
x1— it +iT +z7 >4,
X+ it —iT +2>6,
0<it,i” <y,

-+

! ai7721722 > 0.

Lukas Adam Network planning using two-stage programming under uncertainty



The main task of this example is to compute E(u). But firstly we have to
consider four possible cases:

(i) if & —x3 <0and & — xp <0 then p=0.

(ii) if & —x1 <0 and & — x; > 0 then
it =min(x1 —&1,& —x0,y), iT=0,2z2=0, =& —xo— T and
n= dlgll+ + t2(22).

(i) if & —x3 > 0 and & — xo < 0 then
it=0,i"=min(& —xi,%—&,y), a=&—x1—i", =0
and nw= do1i” + tl(Zl).

(iv) if & —x1 > 0 and & — x2 > 0 then
it=0,i"=0,z1=6 —x1, 2=E& —x and pu = t1(z1) + t2(2).
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And finally

E(p) = /°° /X1 (dizmin(xq — vi, v2 — 2, ¥)+
X0 —o00
+ ta(va — xp — min(xy — vi, va — x2,¥)))f(v1, va)dvidvo+
+ /X2 /w(dn min(vy — x1,x2 — va, y )+
—o00 Jx1
+ t1(vi — x1 — min(vy — x1,x2 — va, y)))f(v1, vo)dvidvao+

+/ / (t1(vi — x1) + ta(va — x2))f(va, vo)dvidva
X2 X1

where f(v1, v») is joint probability density function of continuous joint
distributions &; and &;.
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Than you for your patience.
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