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Topics that Will be Covered

Economic dispatch with linear costs
Linear programming — General Form

Types of Solutions

In-depth example — Matlab code



Quadratic Programming vs Linear Programming
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Economic Dispatch With Linear Costs

Let’s consider two generation units with linear costs feeding a load of 850 MW
Unit 1: Coal/steam unit

M tput: 600 MW
Fi(Py) = 420.42 + 9,09p1~/ (§> ax outpu %*

A
e h Min Output: 150 MW _El_
Unit 2: Oil/steam unit —~—~ — "~~~ =~ = 7~ - T - |, p,=350
B (P — 2394 2P/ $ Max output: 400 MW \, * —
2 (Pp) = 2324 + 8.82P, h Min Output: 100 MW 2
- rite the optimization problem to minimize cost

min (9.092; @ 8,82z, @ ' min 9.09z; +8.522,  (dnoie eonshunt lﬂvm)
o = T e ) v
s.t. AN ACS . st R
71 + 22 — 850 = 0 .z 3 —850=0
150 < z1 <600 150 < 21 <600
100 < x5 < 400 '

100 < z2 < 400

Ee—

=t = 50, 33 ﬂ\ @ 150, 2 — 40% (Bl et = 19 »

(4od)(282)*
= These two problems give the same solution, why’? (-[v. Q,'(,\SL,\A 'ke\w; do not «“,_J.
= s the cost the same? \o (’@g ey ) d(w\ so



Economic Dispatch With Linear Costs

= Let’s consider two generation units with linear costs feeding a load of 850 MW

Unit 1: Coal/steam unit o~ " Q
Max output: 600 MW —= %— wnpve
%wm(a) 49042 1 9.00P, (> ax outpu P @— Kinpved
b z 3s©

Min Output: 150 MW
Unit 2: Oil/steam unit
$ P @
()

=  Write the optimization problem as a Linear Program:(L'P) / ok

%kxak

—'PL

—» Max output: 400 M‘W&

T
wa C ¥
Min Output: 100 MW

Q/\Nﬂ_ Fy (Py)

= 232.4,1 8.82P;

min 9.09z; 4+ 8.82x4

- mg\/,w_)

(ton es2) | =

i
$1+$2—850:O¥ ” Q,T >(1.
V150 — 21 < 0,77, — 600 < 0 s

100—CEQ§O, $2—400§0

&
/@, \ \ X1 (850 P K *¥, = 2SO
+* ° -
*Cx; — 450, 2% = 400 > J \ s - N
%
— TJ hes

- 2 -\S°O
Tpiwewe 5 [ =0\ [ e
/}L. X\ €600 > \ ? (’;' L "°°<— X S
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Economic Dispatch With Linear Costs

= Let’s consider two generation units with linear costs feeding a load of 850 MW

Unit 1: Coal/steam unit

$

h

Ul Y p (P = 42042 + 9.00P, (_>

Unit 2: Oil/steam unit

(Wf“) Fy (Py) = 232.4 | 8.82P, (§

= h

)

Max output: 600 MW - p @7
Min Qutput: 150 MW/ '
Max output: / Py @7

Min Output: 100 1\[W

=  Write the optimization problem as a Linear Program:

) f. .
Q
8.k,
Aoy ooy
[1 1} 561] — 850
Zo
150
100| — _:€2J ~ [400 |2

mlo

%% Now solve using linear programming
c = [9.09 8.82]";

=]

% equality constraints
Req = [1 11;+

beq = 850;«" [LA\“S;”\ (

% 1lb and ubs

% ] -6001 rJ{,« Yo Ey_g_\o b = [150; 100],/ (%) ('oo = vl

ub = [600; 400],

M M
xlp = linprog(c, [], [], Req, beqf. (Ub>
S \

@: 150, a5 = 400 3 M




Economic Dispatch With Linear Costs

Let’s consider two generation units with linear costs feeding a load of 850 MW

Fi(Py) = 420.42 4 9.09P, (h
Unit 2: Oil/steam unit

Unit 1: Coal/steam unit
$ Max output: 600 MW
Min Output: 150 MW

Max output: 400 MW

$
Fy (P2) = 232.4 4 8.82P; (H) Min Output: 100 MW

" -

Jos

Write the optimization problem as a Linear Program:
we can also write this as Az <b

$1] _______

min [9.09 8.82} L’?

g.k.

{1 1] [mll — 850
To ’,"

150 x1 600 [y
< < -
100 = |=z2| — 400

Try it again in Matlab

z¥ = 450, z% = 400

(see slde 5)



Linear Programming Formulation — General Form

General form for a linear optimization program:

o Linear cost function*” \

o Linear equality constraints V"‘“’“ 1Ox, + Loxy
o Linear inequality constraints*” X4 ¥ 2SO
o Component wise non-negativity @;f :Z

———

eneral form:
: o) ltmv em\' s\ml“w\ cost
A

min (10$1 + 23:2\ ﬁ

s.t - ealost Joas

e ol
21+ 200 < 15— Mweer Tney- 1‘“’4 ceks

\Og‘r’lﬁmsc’

42 +22 = 105 — R\‘v&vl eg;-ou:)“’

> ¢ _
1 ; 0 mu\afkc X20 (&m«;v) W=
Iy =




General Form for Linear Programming

General form

min clztd
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o Economic dispatch with linear costs
o Linear programming — General Form

o Types of Solutions

o In-depth example — Matlab code
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Types of Solutions for Linear Programs - Example

der the following Linear Program:

S consi

Let’

+ T = sc\ (Q\M\

L1
e——

min
€Z

S.t.

2
3

< 18-

r1 + X9

2x1 +x2 > 8
< 12

1

< 16

$120
513‘220

L2

Ci q)\‘lcs
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Types of Solutions for Linear Programs - Example

Let’s consider the following Linear Program:

0 orkoov feves

min xq1 + o

xr

s.t.

9 Y.+Z¢.“°°

—x; + 22 <18

3 ¥20 —

21 + 22 > 8 | emye¥asto

AN

r1 <12 g

Io g 16

xry = RN

Zro =~

20
1:1 N\
T+ %28 ?o(‘al-ofe ’
& —a4 2D

’Po\tj‘neém 12



Types of Solutions for Linear Programs - Example

Case 1: The minimum is in one of the extreme points ( lJJ Qage)

min z1 + 332/
xTr
s.t.

2
§$1 + 29 < 18

25131 +$228
35'1<]_2 \/

Or e

4 | 1

L}

45 10 15
I

. b‘ w‘“ &Q\Moud L? (m\Jew\ CI)
U-»\“ \\ou oekma«( @lJ“'OV\' ‘¥", 6n a2 VQ""Q"/CK‘NH

20
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Types of Solutions for Linear Programs - Example

Case 2: There are an infinite amount of optimal solutions (a side of polygon)

o This happens when a side of the polygon is parallel to a contour line of the cost

function

xT
s.t.

2
-1+ 220 < 18
3 A

§2x1—|—x2}38

CL‘1§12
35'2<].6

58220

Teox,c® O
(vxo\' Ac&xa\)
o

Y e an \mS\V\:\c 3& o‘
eoiw\c in)s\wé on \'Q/:‘s Q\R“ ec\s
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Types of Solutions for Linear Programs - Example

Case 3: The LP problem is unbounded (e.g. the cost is —infinity)

o Occurs if the feasible region ;i‘ open, one side is missing

oﬁ\oowjej 9
el
IIlirH‘liIiIlII!IEiil" 20
T

0

(0]
o i
cost

-20
=

-40
20

A

201 + 30 > 8
.CUQSIG

:13120

:1:220 T

201

nék Jc&\‘ru(

=

D

=—problem is unbounded below ol
—
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Types of Solutions for Linear Programs - Example

Case 4: Feasible set is empty!=> no sdubrany
o Occurs when the inequality constraints are not well formulated!

min zj + xo 20 - . Lo ome we Wy %
xZ ; h o . \_ e k. \\ \"‘\ ™ , \'\\
\\\
S.t . ' < 2

155

2
5331 +xo > 18°

21 + 10 <8

Tz S 16 R | [P =52\ (\'?1_— 75

1 20 “ 5L 3 - ’z.xm-wq,c_g
.CUQ 2 0\/ &“ - 1
Q{\ZO qm—— —
)
ol -—} -
1 ‘ il 1 | i ]
0 5 10 15 20

%220

Tl wh MH =5 T duesth ik amg 38 b sy 2l o te

Qol\s\tmm‘\s
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Types of Solution for LP - Summary

= *Case 1: The minimum is in one of the 200
extreme points we,l\ dotincd
Vedex P Vﬂ \ 15+
2 10r
(‘\ =

= (Case 2: There are an infinite amount of
optimal solutions (a side of polygon)

I

= Case 3: The LP problem is unbounded

olann s
()Y\O“' UM)\\ So\w\o‘J'w\

(e.g. the cost is —infinity) =

= Case 4: Feasible set is empty!
o Occurs when the inequality constraints are

@ @ 3o rekl Wb schiyy ol corshninks

o= P

not well formulated!
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Solution Methods

=  Focusing on well formulated problems (Case 1), we conclude:

=  The optimal solution needs to be an extreme point of the feasible set

Algorithms
=  This is where the standard form
makes it simpler to find these

vertex (extreme) points

=  If we know these points, we can
evaluate cost function at each point

and compare

= "Simplex method works in this way
(not covered)

Standard form

min cfztd
T

20 -

15

~ 10|
o]

f(x1, x2) =21+ 29

I

S.t. 4_/_\ 7
Aeq:c — beq’ L;Jl'\“"‘ u‘nod‘\ ~ 6L> .

x>0 .

15

20
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Economic dispatch with linear costs
Linear programming — General Form

Types of Solutions

In-depth example — Matlab code
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Economic Dispatch Example

Consider two generator system as shown in the figure

Generator 1: O 4 Cw 5
o Cost: Fi(Py) = 2000+ 160P; %-
o Capacity limits: 30 < i <510 @'2;1‘ s
Ll T"'I"_z—r
Generator 2: i
0 Cost: FQ(PQ) = 3000 + 145P2 J v
OV T 220l
o Capacity limits: 10 < P, < 70 V
(/_v—/

Load power: P =505 (Tokl load ) e W e B
*LOSSQS: (PLosscs = 0018951 + 009?4]}:)2\1e \4 l

\T{

Aansetssion loses n Lines (‘:\“/V.>
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Economic Dispatch Example

= Consider two generator system as shown in the figure Q

Generator 1: Generator 2: g g

Fi(Py) = 2000 £ 160P,  $Fy(Py) = 3000 + 145P, ;
30 < P, <510 v~ 10 < P, <70
0 < Py <510 <P <70

=

r 8 l 7 6 l 5 ]l
= Load power: %r, =505 ) ol
=  Losses: @LOSSCS = 0.0189P; + 0.0924P, )* Winwite cogt ow S&eely”“\) oA L°"<_JJ
A | *
MW C 4 *
Mmin ('Zoock \cO®\ ¢ 3000 4 \HS?-;,) oL Pr- 4yawis
v\r,_JJ
R,% A ‘5\0 f.= 20 *
ok b«q‘? =bey
oL, 12
. \us S000
P\z; SO '\Qs\;gt. Q\bo ! \ K?"'\ * \1§\_:¢
&P S 4. <o
, £30 o ) (32
R+P= 505 00IEAP, ¥ 0.ATUP, - o) \o) = =
3 ( ] -\
Q enerotom oad & \oses
(\ o L (([—0.0\7‘*\ (\—0.0“‘"'"'\\) \?\\ - SoS
v,

(\- b.oig)? + (\-0.002%) P2 =SOS \
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Next Topics
Next topic we will look at:
o Economic Dispatch with Network Constraints

o LP Formulation

o Locational Marginal Price
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