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1. INTRODUCTION

1.1. The Most Important Features of GAM S

v’ Capability to solve from small scale to large scale problems with small
code by means of the use of index to write blocks of similar constraints

from only one constraint.

v' The model is independent from the solution method, and it can be
solved by different solutions methods by only changing the solver.

v' The trandation from the mathematicd model to GAMS is amost
transparent since GAMS has been built to resemble mathematical

programming models.

¥ GAMS aso uses common English words, thusis easy to understand it’s
By  daements
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1. INTRODUCTION

1.2. Using GAM SIDE
1.2.1. Install GAMS and IDE

The GAMSIDE is automatically installed when GAMS isinstalled.

1.2.2. Open the IDE through the icon IDE
=1l
1.2.3. Creste a Project SR
by going to the File menu. arn | J_J [
Select to New Project (Later you ZE:
will use your previous projects).

Project 4 Open Project
PMleas .E'rnje-l:l:

i it hift+Fo | C\Users|M.B,ABAEE,
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1. INTRODUCTION

1.2. Using GAMSIDE ...
What is a Project?

The GAMSIDE employs a“Project” file for two purposes:

» Firgt, the project location determines where all saved files are
placed (to place files elseawhere use the save as dialogue) and
where GAMS looks for files when executing.

= Second the project saves file names and program options
associated with the effort.

We recommend that you define a new project every time you wish to change
thefile storage directory.
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1. INTRODUCTION

1.2. Using GAMSIDE ... I,

. . = I Look in | projdir j & @ ef B l
1.2.4. Define a Project name and location . =
=l 24BUS-RTS-IEEE Read
. . . Recent Places 30BUS-IEEE Restructuring Course
Put it in adirectory you want to use. All | B L . Bmmer
. . . . . . = op CHP ) %gméprcj‘gpr
files associated with this project will be R
. . Libraries B Gep
saved in that directory. | e
Computer Jayabi 6Bus
ey . Maintenance
(—E Multi Period Auction Example
Network Network Estimation
;
File name: {m :J Open I
Files of type: |GAMS Project File ~| Cancel

In the “File name” areatype in aname for the project file you wish to use. If
| was doing this, | would go to a suitable subdirectory and create a
subdirectory called Projdir and put in the name useide. In turn, your project
name will be called useide.gpr where gpr stands for GAMS project.
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1. INTRODUCTION

1.2. Using GAMSIDE ...
1.2.5. Create or open an existing file of GAMS instructions

Several cases are possible:

a) Createanew file
b) Openanexisting file |=e= T e

Look in: Im Server j & £ EBv '

'k
i
Recent Places l IDE ‘
L !

Desktop

=
Libraries

A
Computer
= Y
e

Network

| File name: | -j i
< L. Files of type: |Gams files (*.gms) L] ﬂl
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1. INTRODUCTION

1.2. Using GAMSIDE ...

c) Open amode Ilbrary file (the S| mplest at thls stage and the one
we will use) ApeoidiV

Edit Search Windows Ut‘l'FtIE MudEI Luhra-rla Hetp

Mew Ctri+=N |

Open Ctrl+-0
Open in Editor

COpen in project directory

Model Library ¥ Open GAMS Model Library
Project 3 Open User Model Library
Select amodel like transportation
SeqgMr|Name + Application Area Type Contributor Description

Dantzig, G B |.t"4'.r| Infeasible Transportation Problem analyzed with Cplex option FeasOpt

(122  FEEDTRAY | Chermical Enaineering MIMLP  Wiswanathan,  Optimum Feed Plate Location

ﬁ' It will be automatically saved in your project file
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1. INTRODUCTION

1.2. Using GAMSIDE ...
1.2.6. Prepare the file so you think it is ready for execution

When using model I|brary transport.gms should now appear as part
Of your I DE g:reer] wa gamside: C:\Users\M. B.ABAEE\Documents\ga)_&gd_g_

File Edit Search Windows Utilities Model Libraries Help
B| IEI 2 l % IC:\Documents and S | {i}_lé‘ I

5% C:\Users\M.B.ABAEE\Documents\gamsdir\projdir\Restructuring Course\Example\transport.gms

transport.gms

Sets
i canning plants / attle san-diego /
j markets / nev —_F"k chicago, topeka / :
Parameters
a(i) capacity of plant i in cases

The IDE contains a full featured editor. Go through the
i’ file and change what you want.
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1. INTRODUCTION
1.2. Using GAMSIDE ...

1.2.7. Run the file with GAM S by punching the run button

The so called process window
will then appear which gives a
log of the steps GAMS goes
through in running the model

and your model will run.

s gamside: C:\Users\M.B.ABAEE\Documents\gamsdir\projdir\Proj
File Edit Search Windows Utilities Model Libraries Help

@E‘ily“::\m)cumenls and S'LI La}l =

transport.gms

®& C:\Users\M.B.ABAEE\Documents\gamsdir\projdir\Restructuring Course\Example\transport.gms

Sets
i canning plants / seattle an-diego
j markets / new-york, chicago, taopeka
Parameters
a(i) capacity of plant i in cases

'D—E C\Users\M.B.ABAEE\Documents\gamsdir\projdir\Re...

I transport. gms transportllstl

—

Sets
i canning plants / seattle
J markets / new-york, chicyg
= . Parameters
i a(i) capacity of plant i iy
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== No active process |
transport

Absolute gap = 0 optca = 1E-9

Relative gap = 0 optcr = 0.1

Restarting execution

transport.gms (S0) 0 Mb

Reading solution for model transport
Executing after solve: elapsed 0:00:03.907
transport.gms (82) 3 Mb
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1. INTRODUCTION
1.2. Using GAMSIDE ... =P—— e

transport

on tightening: 000:00:00, in sec -

1.2.8. Open and navigate around the output

on probing: in sec

Total no. of BaR iterations:
Best solution found at node:

By double clicking on lines in the | = == =
process window you can access program |~
output both in general and at particular [z 2= - .

Relative gap = 0 optcr = 0.1

locations. The positioning of your acCess |- secucciss esecucier

—--- transport.gms(50) 0 Mb

T T h I f h I' —-- Reading solution for model transport
IS determl nw by t e CO Or O t e Ine --- Executing after solve: elapsed 0:00:00.736 L
—--— transport.gms(82) 3 Mb
* Status: Normal completion

you CI I Ck On. --- Job transport.gms Stop 02/19/10 17:41:33 elap .
4 m

»

Close Openlog | [T Summaryonly W Update
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1. INTRODUCTION

1.2. Using GAMSIDE ...

Blueline

Non bolded black line

Red line

Opens LST file and jumps to line in LST file corresponding to
bolded line in Processfile

Opens LST file and jumps to location of nearest Bolded Line

|dentifies errors in source file. Cursor Jumps to Source (GMYS)
file location of error. Error description text in process window
and in LST file which is not automatically opened.

=
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1. INTRODUCTION

12 US' ng GAM SI DE ”’T:a:::::v'epmas =g <

1.2.9. Fixing Compilation Errors Isgg ;;::;:;g.; T e
No one is perfect, errors occur in everyone's |~ g”m:“
GAMS coding. The IDE can help you in reee i g”
finding and fixing those errors. e e = ol

The red lines mark errors. To see where the
errors occurred double-click on the top one.

/ new-vor 2L
/ york 325

transport I

-—-— Starting compilation
—-—— transport.gms(9) 3 Mb 1 Error

**% Error 170 in C:\Users\M.B.ABAE]

Domain violation for element
—-—— transport.gms(50) 3 Hb 2 Error:

Error 257 in C:\Users

w EFXTOY Za in G\
Solve statement not checked bel |
- transport gm5(5°) 3 Mb 3 Error

\M.B.ABAE]

QimhAnl maitrtha» inirializad nar
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Jsers\M.B.ABAE

Close ‘ Open Lagl [~ Summary only W

A double-click takes you to the
place in the source where the
error was made.

The tip here is aways start at
the top of the process file

when doing this.
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1. INTRODUCTION

1.2. Using GAMSIDE ...
1.2.10. Matching Parentheses

The IDE provides you with a way of checking on how the
parentheses match up in your GAMS code. This involves usage of the
symbol @| from the menu bar coupled with appropriate cursor
positioning. Suppose we have aline of GAMS code like:

ws C:\Users\M.B.ABAEE\Documents\gamsdir\projdir\Restructuring Course\Example!

I transport.gms transporl.istl

COSE .. Z =a= sum(l(i,j), c{i,j)*x(i,3))
| supply(i) .. sum(j, e . - :
demand(3) .. sum(i, x "= C:\Users\M.B.ABAEE\Documents\gamsdir\projdir\Restructuring Course\Example\
I transport.gms transport.lstl
cost .. z =e= sum((i,3), c(i,3)*x(i,3))]:
supply(i) .. sum(j, x(i,3)) =1= a(i) :
demand(j) .. sum(i, x(i,j)) =e= b(3j) -
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1. INTRODUCTION

1.2. Using GAMSIDE ...
1.2.11. Accessing documentation on GAM S through the IDE

The GAMSIDE has a tie in to documentation. In particular suppose
we wish to know about a particular item and there happensto be afile
on that item.

s\gamsdir\projdin\ Projects.gp

Model Libraries
: and S ,.,l GAMSIDE Help Topics

== About

GAMS Users Guide
Sobver Manual
Expanded GAMS Guide (MeCarl)

docs L gamis b Tutorial. pf
sohvers b releasenotes htm
tools k wnix-install. pdf

i - - win-install,pdf
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2. INTRODUCTORY INFORM

2.1. Model Structure _
The parts of a GAMS Model or Program are defined in the table below:

1. SETS = Structures consisting of a complex of indices or names

= PARAMETERS, TABLES, SCALARS

2. DATA = Determination of values of input parameters

= Variablesor arrays of variables
3. VARIABLES = Declaration with assigning atype of variable
» Declaration of limits for possible changes, initia level

= Equations or complexes and arrays of equations
4. EQUATIONS = Declaration with assigning a name
= Recording of equationsin the GAMS language

5. MODEL, SOLVE

Model and methods of solution

i 6. OUTPUT = Qutput of information into a separate file
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2. INTRODUCTORY INFORMATION

2.2. Commentsin Models

There are two main methods of introducing comments and elucidation's in
the body of a GAMS model.

a) If aline begins with the “ * "symbol, the contents of the line
are treated as a comment. For example:

*plants (plants)
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2. INTRODUCTORY INFORMATION

2.2. Commentsin Models...

b) A program section beginning with the line $SONTEXT and
ending with the line SOFFTEXT is a comment. The above
functional words begin with the first symbol of the line.

FONTEXT
This guide 1s for a scientist who knows the
Persian language.

+ + + + + + + + + +

FOFFTEXT
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2.3. Terms, Symbols and Reserved Words

2.3.1. Characters
AtoZ | Alphabet atoz

& Ampersand "

* multiply =

@ at >

\ back dlash | <
colon -

: comma ()

$ dollar [ ]
dot {}

i + plus %

30/138 Courtesy of Mohammad Bagher Abaee , Spring 2010

Alphabet
double quote
equal

greater than
less than

minus
parenthesis
square brackets
braces

percent

Oto9

#
2

/

numerals

pound sign
guestion mark
semicolon

single quote

slash

space

underscore
exclamation mark
Circumflex
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2. INTRODUCTORY INFORMATION

2.3. Terms, Symbols and Reserved Words

2.3.2. Reserved Words

Abort
assign
eguation
Le
models
options
Prod
Smin
Using
Until
semiint

B o

acronym
binary
eguations
Loop

Na

Or

Scalar
Sosl
variable
While
File

option

Acronyms
Card

Ge

Lt

Ne

Ord
Scalars
Sos2
Variables
If

Files
Solve
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Alias
Display
Gt

Maximizing

Parameter
Set

Sum

Or

Then
Putpage

for

al

eps
| nf

Minimizing
Negative
Sets
System
Yes

Else

put

And

Eq

| nteger
Model
Not
Positive
Smax
Table
Repeat
Semicont

free
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2. INTRODUCTORY INFORMATION

2.3. Terms, Symbols and Reserved Words
2.3.3. Operators

Premiership | Operator Example
(1) * X**y(x>0) x
(2) * X*y XXy
X
(3) / X1y -
(4) N Xx y x + y
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2. INTRODUCTORY INFORMATION

2.4. Common mathematical functions
2.4.1. Abs

Expressions can contain a function that calculates the absolute value
of an expression or term.

X=abs(t); X = |t|
X=abs(y+2); X=|y+2|
Fql.. z=e=abs(yy); z = |yy|

It'susein .. equationsin termsthat involve variables
requiresthe model type be NLP.
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2. INTRODUCTORY INFORMATION

2.4. Common mathematical functions...
2.4.2. EXp

Expressions can contain a function that calculates the exponentiation
e of an expression or term.

X=exp(t); X=et
X=exp(y+2); X = eV+2
Fq2.. z=e=exp(yy); z=eY

It'susein .. equationsin termsthat involve variables
requiresthe model type be NLP.
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2. INTRODUCTORY INFORMATION

2.4. Common mathematical functions...
2.4.3. Log, Logl0

Expressions can contain a function that calculates the natural
logarithm or logarithm base 10 of an expression or term.

X=log(t); X = Ln(t)
X=log(y+2); X =Ln(y+2)
Eq3..z=e=log(yy): z = Ln(yy)
X=1logl0(tt); X =logy, (tt)
X=loglO(y+2); X =logio (v +2)
FEq4..z=e=1og10(yy); z = logo(yy)

. It'susein .. equationsin termsthat involve variables
= requires the model type be NLP.
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2. INTRODUCTORY INFORMATION

2.4. Common mathematical functions...
2.4.4. Max , Min

Expressions can contain a function that calculates the maximum or
minimum of a set of expressions or term.

X=min(y+2,tr); X =min{y + 2,t,1}
Fq.. z=e=max(yy,t); z = min{yy, t}

It'susein .. equationsin termsthat involve variables
requiresthe model type be DNLP.
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2. INTRODUCTORY INFORMATION

2.4. Common mathematical functions...
2.4.5. Prod

Expressions can contain a function that calculates the product of set
Indexed expressions or terms.

X—prod(i, a(i)*2): X = 1_[(2 +a(i))

It'susein .. equationsin termsthat involve variables
requiresthe model type be NLP.
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2. INTRODUCTORY INFORMATION

2.4. Common mathematical functions...
2.4.6. Round

Data calculation expressions can contain a function that rounds the
numerical result of an expression or term. There are 2 variants of the

rounding function.
The first, Rounds the result to the nearest integer value.

X=round(12.432); X =12

The second, rounds the result to the number of decima points
specified by the second argument.

X=round(12.432,2); X =12.430

P Thisfunction may be used on data during GAM S
ﬁ' calculations. It cannot be used in models
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2. INTRODUCTORY INFORMATION

2.4. Common mathematical functions...
2.4.7. Smin , Smax

Expressions can contain a function that calculates the minimum or
maximum of set indexed expression or term.

X=Smin(l, a(i)); X =min{a(i)}L,
Eq..z=e=Smax((i,j),v(i,j)); z = max{V (i, DI}

It'susein .. equationsin termsthat involve variables
requiresthe model type be DNLP.
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2. INTRODUCTORY INFORMATION

2.4. Common mathematical functions...
2.4.8. Xqr

Expressions can contain a function that calculates the square of an
expression or term.

X= sqr (y+2); X = (y+2)?
Fq10.. z=e= sqr (yy); z = (yy)?

It'susein .. equationsin termsthat involve variables
requiresthe model type be NLP.
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2. INTRODUCTORY INFORMATION

2.4. Common mathematical functions...
2.4.9. 3grt

Expressions can contain a function that calculates the square root of
an expression or term.

X= sqrt (y+2); X=Jy+2
Eql0.. z=e= sqrt (yy); 2 =)y

It'susein .. equationsin termsthat involve variables
requiresthe model type be NLP.
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2. INTRODUCTORY INFORMATION

2.4. Common mathematical functions...
2.4.11. Other Mathematical functions

Function Description
ArcCos (x) Arc cosine of the argument x
ArcSin (x) Arc sine of the argument x
ArcTan (X) Arc tangent of the argument

Cos(x)-Sin(x) Cosine-Sinose of the argument x where x must be in radians

Cosh (x) Hyperbolic cosine of the argument x

Edist(x,y,z,...) | Sumof squared valuescalculation = x? + y? +z% +...
Fact(x) Factorial of x where x is an integer
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Useon Variablesin Models

Allowed but requires NL P model
Allowed but requires NL P model

Allowed but requires NL P model

Allowed but requires NLP model, can
be discontinuous

Allowed but requires NLP model, can
be discontinuous

Allowed but requires NL P model
Not allowed
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2. INTRODUCTORY INFORMATION

2.4. Common mathematical functions...
2.4.10. Sum

Expressions can contain a function that calculates the sum of set
Indexed expressions or term.

X=Sum(i, a(i)); X=Za(i)
LEI
Ba.z=e=sSum((i.).B(L): |[2=) ) BG)H
i€l jEJ

Thisfunction islinear. It can be used on data during GAMS
calculation or in models on variables or parameters.
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2. INTRODUCTORY INFORMATION

2.4. Common mathematical functions...
2.4.11. Other Mathematical functions....

Function Description
Floor (x) Largest integer that is less than or equal to x
Random number normally distributed with mean x and
Normal(x.y) standard deviationy
. Random number with uniform distribution between x and
Uniform(x,y) ’
. . Integer random number with uniform distribution between
Uniformint(X,y) | , . v
Pi Value of Pi 3.141716...
X raised to an integer power. x¥, where y must be an
Power(x,y) e
Sign(x) Signof x. Returns 1if x>0, -1if x<0,and 0if x=0

-
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Useon Variablesin Models
Not allowed

Not allowed
Not allowed

Not allowed
Allowed
Allowed but requires NL P model

Allowed but requires DNLP model
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2. INTRODUCTORY INFORMATION

2.5.SET
2.5.1. Set Naming and Declaration

= SETS are the equivalent of indices in a typica programming
language.

* In GAMS, indices have names, written through a combination of
|etters and digits, without spaces.

= A set name must begin with a letter, but the next symbol can be a
letter, digit or the marks“+” and “-". For example:

Jobest 1999 1972-138
GenCo D6H83 Navruz-99
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25 SET ...
2.5.1. Set Naming and Declaration ...

» The set declaration contains:
o theset name
o alist of elements in the set (up to 63 characters long spaces etc
allowed in quotes)
o optional labels describing the whole set
o optional labels defining individual set elements

» The general format for a set statement is:
SET sethame optional defining text
/ firstsetelementname  optional defining text
secondsetel ementname optional defining text

i—' L
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2. INTRODUCTORY INFORMATION

25 SET ...
2.5.1. Set Naming and Declaration ...

SET PROCESS PRODUCTI ON PROCESSES / X1, X2, X3/ ;
SET Consuners Cties |/

Tokyo Ctyl

London "$ CGty2”

Moscow /
Year / 1990* 2010/
b / alb*a20b/
& ertec-a 26—
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2. INTRODUCTORY INFORMATION

25 SET ...
2.5.2. Subsets

Bus: I = {1,2,3,...,10}
Generation Bus:G = {2,5,9,10}
=>Gc ]

SET i Bus /1*10/
g(i) GCeneration Bus/2,5,9, 10/;
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2. INTRODUCTORY INFORMATION

25.SET ...
2.5.3. Multi-dimensional Sets

» GAMSallows setswith up to 20 dimensions.

SET i [a, bl
] /c, d, el
1j1(1,)) /a.c, a.d/ or /a.(c,d)/
ij2(i,j) /a.c, b.c/
1]3(1,]) /a.c, b.c, a.d, b.d/or/(a,b).(c,d)/

49/138 Courtesy of Mohammad Bagher Abaee , Spring 2010 Email: m.b.abaee@gmail.com



2. INTRODUCTORY INFORMATION

25 SET ...
2.5.4. The Alias Statement: Multiple Names for a Set

There are occasions when one may wish to address a single set more
than once in a statement. In GAMS this is done by giving the set another
name through the ALIAS command as follows:

ALl AS( knownset , newset 1, newset 2, .. .);

SET i Bus /1*10/ ;
ALI AS(i, j, k);
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2. INTRODUCTORY INFORMATION

25 SET ...
2.5.5. SET Operations

Operations can be performed on sets using the symbols:

+ - * Not
0 Symbol “ +” performs the set union operation
s3(n) = si1(n) + s2(n); s3(n) = s1(n) U s2(n)
0 Symbol “ - 7 performs the operation of difference of sets. This set

consists of elements, which belong to set A but not set B
s3(n) = si1(n) - s2(n); [|s3(n)= s1(n)— (s1(n) ns2(n))
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2. INTRODUCTORY INFORMATION

25 SET ...
2.5.5. SET Operations ...

O Operator “ * " performs the set intersection operation; only the
elementsincluded in both set A and set B belong to the intersection of
the setsA and B

s3(n)
s3(n)

sli(n) * s2(n);
sl(n) And s2(n);

s3(n) = s1l(n) N s2(n)

0 Thesymbol “ Not” performs the set complement operation

s3(n)

Not s1(n);

s3(n) = N — s1(n)
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2. INTRODUCTORY INFORMATION
2.6. DATA

Digital data are contained in arrays (zero, scalar, or multidimensional
matrices called parameters in GAMYS). The SETS, described in section 2.5,
can play the role of indices for these arrays. To declare an array to contain
data values GAMS provides for three forms:

= SCALAR (zero-dimensional)
= PARAMETER (one-dimensional)
= TABLE (multidimensional)

Scalar entry is for scalars, Parameter generally for vectors and Table for
matrices.
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2. INTRODUCTORY INFORMATION

2.6. DATA ...
2.6.1. SCALAR

A scalar isregarded as a parameter that has no domain.
Should define value for SCALAR.

SCALAR format is used to enter items that are not defined with
respect to SETs.

The SCALAR declaration contains:
e thesetitemname
 numerica value
o optional labeling text

The general format for a set statement is:
SCALAR itemname optional labeling text / NumericalValue /;
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2. INTRODUCTORY INFORMATION

2.6. DATA ...

2.6.1. SCALAR ...
SCALAR V / 0.005 /; IV = 0.005
SCALAR Price Energy Price($/ M) /40/ Price = 40

Load / 350/ ; Load = 350
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2. INTRODUCTORY INFORMATION

2.6. DATA ...
2.6.2. PARAMETER

» Generdly parameter format is used with data items that are one-
dimensional (vectors) although multidimensional cases can be
entered.

= Zeroisthe default value for all parameters. Therefore, you only need
to include the nonzero entries in the element-value list, and these can
be entered in any order.

» PARAMETER format is used to enter items defined with respect to
SETs.
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2.6. DATA ...
2.6.2. PARAMETER ...

= The PARAMETER declaration contains:

the set itemname

Set dependency

optional text

list of elementsin the set

associated value

» The general format for a set statement is:

PARAMETER itemname (setdependency) optional text
[ firstsetelementname  associatedvalue
secondsetel ementname associatedvalue

i. .
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2. INTRODUCTORY INFORMATION

2.6. DATA ...
2.6.2. PARAMETER ...

SET t / H1*H3 /;
PARAVETER Tem(t) tenperature

/HL 3 Temperature(H1) = +3
H2 Temperature(H2) = 0
/ H3  -2.9 Temperature(H3) = —2.5
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2. INTRODUCTORY INFORMATION

2.6. DATA ...
2.6.2. PARAMETER ...

PARAVETER Tenmil(t,
/ H1. day1
Hl. day?2
H3. dayl
H3. day?2
/

SET t [ HL*H3 /;
SET day /| dayl, day2 /;

day)

Temperature(H1,dayl) = 3
Temperature(H1,day2) = 3.5
Temperature(H2,dayl) = 0
Temperature(H2,day2) = 0
Temperature(H3,dayl) = —1
Temperature(H3,day2) = —2
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2. INTRODUCTORY INFORMATION

2.6. DATA ...
2.6.3. TABLE

» Gengdly table format is used with data items that are
multidimensional (matrix).

= Zero isthe default value for all element of table. Therefore, you only
need to include the nonzero entries in the element-value, and these
can be entered in any order.

* |temsin tables must be defined with respect to at least 2 sets and can
be defined over up to 20 sets. When more than two dimensional items
are entered, as in the equilibrium example, periods(.) set off the
element names setlelementname.set2elementname.set3elementname
etc.

-
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2.6. DATA ...
2.6.3. TABLE ...

» The TABLE declaration contains:
o thesetitemname
e Sets
o descriptivetext
e associated value
= Thegeneral format for a set statement is:
TABLE itemname (setl,set2,...) descriptivetext
set 2 element 1 |[set 2 element 2 ...
set 1 element 1 valuell valuel2
set 1 element 2 value2l value22
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2. INTRODUCTORY INFORMATION

2.6. DATA ...
2.6.3. TABLE ...
SET t /[ H1*H3 /
day /| dayl, day2 /;
TABLE Teni(t, day) Temperature(H1,day1) = 3
/ dayl day?2 Temperature(H1,day2) = 3.5
HL 3 3.5 Temperature(H2,dayl) = 0
H2 0 Temperature(H2,day2) = 0
HS -1 -2 Temperature(H3,dayl) = —1

/ Temperature(H3,day2) = —2
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2. INTRODUCTORY INFORMATION

2.6. DATA ...
2.6.3. TABLE ...
SET t [ H1*H3 /
day /| dayl, day2 /
Y [ Y1,Y2 /;
TABLE Ten2(t, day, Y) tenperature
dayl. Y1 day2. Y1 dayl. Y2 day2. Y2
HlL 3 3.5 4 4. 3
H 1 -2
H3 -1 -2 2
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2. INTRODUCTORY INFORMATION

2.6. DATA ...
2.6.3. TABLE ...
SET t [ H1*H3 /
day /| dayl, day2 /
Y [ Y1,Y2 [;
TABLE Ten2(t, day, Y) tenperature
Y1l Y2
Hl. dayl 3 4
H2. dayl 1
H3.dayl -1 2
Hl.day2 3.5 4.3
H2. day?2 -2
H3. day2 -2

= |
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2. INTRODUCTORY INFORMATION

2.6. DATA ...
2.6.4. Data Entry Through Computation

» After declaration, parameter values may be computed later in the
model. Determination of data through direct computation or

assignment following the initial definition is possible and sometimes
useful.
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2. INTRODUCTORY INFORMATION

2.6. DATA ...
2.6.4. Data Entry Through Computation

PARAMETER A
B
C(t)
D(t, day)
E(t, day, Y);

A=tenm"HL);

C(t) = SUM day,tenl(t, day));

D(t,day) = tenml(t,day) * abs(ten2(t, day, Y1l ));
E(t,day,Y) =54 * ten2(t, day, Y);
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2. INTRODUCTORY INFORMATION
2.7.VARIABLE

» The decision variables (or endogenous variables) of a GAMS-
expressed model must be declared with a Variables statement.

= Named variables can be defined over from O up to 20 sets and thus one
variable name may be associated with a single case or numerous
individual variables, each associated with a specific simultaneous

collection of set elements for each of the named sets.
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2.7.VARIABLE
2.7.1. Variable Declaration

The general syntax for VARIABLE declaration is;

VARIABLE
firstvariablename optional text
/optional value for attribute/
secondvarname (setdependency) optional text
/optional values for attributes/
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2. INTRODUCTORY INFORMATION

2.7.VARIABLE ...
2.7.2. Type of Defining Variables

Variable Type Allowed Range of Variable

Free —0o0 to + oo
Positive 0 to +
Negative —oo to 0
Binary 0 oril
| nteger 0; 1; ... ; 100 (default)

e Thevariablethat servesasthe quantity to be optimized must be a
ﬁ' scalar and must be of the free type.
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2. INTRODUCTORY INFORMATION

2.7.VARIABLE ...
2.7.3. Suffix of Variables

Suffix Description

L Value (level)
LO L ower boundary
UP Upper boundary
FX Fixed value

.m Dual value
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2. INTRODUCTORY INFORMATION

2.7.VARIABLE ...
2.7.4. Example
VARI ABLE
obj obj ecti ve val ue
P(1) Product of Generator(i)

Flow(i,)) Line Flow

POSI Tl VE VARI ABLE P(1);

Bl NARY VARI ABLE Rn(i,t);
Rn. fx(i, HO') = O;
P.up('2") = 300;
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2. INTRODUCTORY INFORMATION

2.8. EQUATION
2.8.1. Declaration of Equations

Declaration of equation names is similar to the declaration of SETs or
PARAMETERS. The similarity isin the fact that alist and comments are

allowed and recommended.

The general syntax for EQUATION declaration is;

EQUATION
firstequationname optional text

secondegname (setdependency) optional text

72/138 Courtesy of Mohammad Bagher Abaee , Spring 2010 Email: m.b.abaee@gmail.com



2. INTRODUCTORY INFORMATION

2.8. EQUATION ...
2.8.1. Declaration of Equations ...

= EQUATION is a keyword which must appear before the name of
each equation if there is semicolon at the end of theline.
»  Commas separate different names of equationsin arow or one row Is
assigned for each name.
= Equations can be defined over from O up to 20 sets.
* The name can include two parts:
o anidentifier of the name of the equation, and
0 indicesin parentheses.
= The identifier (name) of an equation may include no more than 10
symbols and must always begin with aletter.
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2. INTRODUCTORY INFORMATION

2.8. EQUATION ...
2.8.1. Declaration of Equations ...

EQUATI ON Eql(i), Eg2(i,j),
OR

EQUATI ON
(bj ecti ve
Eql(i)
Eq2(i,])

(bj ect i ve;

obj ective function
Equati onl(i)
Equati on2(i, )
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2. INTRODUCTORY INFORMATION

2.8. EQUATION ...
2.8.2. Definition of Equations

The definition of equation structures is a mathematical peculiarity in the
GAMS language.

The syntax for defining equationsin GAMS isasfollows:

equati onname(setdependency)$optional logical condition
lhs_equation_terms equation_typerhs equation_terms;

G = = right part islessthan or equal to the left hand side
E = right hand side is equal to the left hand side
ﬁ' L < | right hand side is greater than or equal to the left hand side
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2. INTRODUCTORY INFORMATION

2.8. EQUATION ...
2.8.2. Definition of Equations ...

EQUATI ON Eql1(i1), Eg2(i,j), Cbjective

(bj ective.. obj =E= (kl1l-k2)*(kl-k2);
Eql(i) .o Y1(i) + SUM, Y2(i,)))=E=5*x(i1)*x(1);
Eq2(i,j) .. Y2(i,)) =G= -10*x(i)+100*q(i,j]);
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2. INTRODUCTORY INFORMATION

2.9. MODEL, SOLVE
2.9.1. Assembling aModel

» Modelsare objects that GAMS solves.

= They are collections of the specified equations and contain variables
along with the upper and lower bound attributes of the variables.

» The basic form of the model statement is:

MODEL ModelNamel Optional Text /Model Contents/
ModelName2 Optional Text /Model Contents/;

MODEL One first nodel [alll
Two second nodel /obj, Eql/
Three third nodel / Two, Eq2/ ;
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2. INTRODUCTORY INFORMATION

2.9. MODEL, SOLVE ...
2.9.2. Solving aModel

= Once amodel has been defined, the next step isto solveit.
» Thisisordered by including a SOLVE statement in the model.
» Theformat of the solve statement is as follows:

The key word SOLVE

The name of the model to be solved

The key word using

An available solution procedure,

The keyword 'minimizing' or "‘maximizing'
The name of the variable to be optimized

ok owdpE

i’ SOLVE Oneusing P minimizing obj;
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2. INTRODUCTORY INFORMATION

2.9. MODEL, SOLVE ...
2.9.3. Solution Procedure

Solution Description
Procedure
LP Li_near programming. _The model cannot contain nonlinear or discrete
(binary and integer) variables.
NLP Nonlinear programming. In the model, nonlinear forms must be continuous

functions and the model may not contain discrete variables.

Mixed integer programming. Similar to RMIP, but the requirements of
MIP discreteness of variables and equations are stringent. Discrete variables must
take discrete values within boundaries.

Mixed integer nonlinear programming. The same characteristics as for
RMINLP, but the requirements of discreteness are very stringent.

MINLP

i DNLP for nonlinear programming with discontinuous derivatives
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2.10. OUTPUT
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3.1. Programming Flow Control Features
3.1.1. The Loop Statement

The Loop statement allows one to execute a group of statements for each
element of a set.

The syntax of the Loop statement is:

LOOP ( (setl,set2,...) [$(condition)],
Statement or Statements to Execute;

);

One cannot place GAM S set, acronym, for, scalar,
| parameter, table, variable, equation or model
ﬁ- statementsinside the L oop statement.
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3. SPECIAL ORDERS GAMS

3.1. Programming Flow Control Features...
3.1.1. The Loop Statement ...

SET / 1985*1990 /;

PARAMETERSpop(t) / 19853456 |
growth(t)/ 1985 25.3, 1986 27.3
1987 26.2, 1988 27.1
1989 26.6, 1990 26. 6/

LOOP(t,
pop(t+1) = pop(t) + growth(t);
)

-
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3. SPECIAL ORDERS GAMS

3.1. Programming Flow Control Features...
3.1.2. The If-Elsaif-Else Statement

The IF-ELSE operator is useful for transferring from one operator to
another. In some cases, it can be written down as a set of $ conditions.

The following syntax isfor the"IF-THEN-EL SE" operator:

| F ( Condition,
Statements; One cannot place GAM S st
{Elself Condition, acronym, for, scalar, parameter,
Statements;, }  table, variable, equation or model
[Else statementsinside the If statement.
Statements; |

i’ );
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3. SPECIAL ORDERS GAMS

3.1. Programming Flow Control Features ...

3.1.2. The If-Elsaif-Else Statement ...

|F (f <= 0,
p(1)
a(l )
El sel f ((f
p(1)
all )

El se
p(1)
a(l )

) ;

i mn v i nu

_1’

_1’

0) and (f < 1)),
p(i)**2 ;
q(j)**2 ;

p(i)**3 ;
q(j)**3 ;
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3.1. Programming Flow Control Features...
3.1.3. The While Statement

The While statement allows one to repeatedly execute a block of
statements until alogical condition is satisfied.

Ordinarily, the syntax of the While statement is.

WHILE (Condition,
Statement or Statements to Execute;

);

One cannot place GAM S set, acronym, for, scalar,
| parameter, table, variable, equation or model
ﬁ statementsinside the While statement.
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3. SPECIAL ORDERS GAMS

3.1. Programming Flow Control Features...
3.1.3. The While Statement ...

VH LE (x<10,
x=x+0. 01;

)
OR

$Onend

VWH LE x<10 do
x=x+0. 01;

End\Whi | e;
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3. SPECIAL ORDERS GAMS

3.1. Programming Flow Control Features...
3.1.4. The For Statement

The For statement allows one to repeatedly execute a block of statements
over asuccessively varied values of ascalar.

The syntax of the For statement is;
FOR (Scalarg = Startval To (Downto) Endval by Increment,
Statement or Statements to Execute;
);
e Scalarg: isascaar
o Startval: is the constant or scalar giving the value where scalarg will
begin

L e To: indicatesthat GAMS will add increment until scalarg gets equal to
i or larger than end
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3.1. Programming Flow Control Features...
3.1.4. The For Statement ...

The syntax of the For statement is:
FOR (Scalarg = Startval To (Downto) Endval by Increment,
Statement or Statements to Execute;
);
 Downto: indicates that GAMS will subtract increment until scalarq
gets equal to or smaller than end.
e Endval: is a constant or scalar giving the value that will result in
statement termination when scalarq equals or passesit.
 |Increment. is a positive constant or scalar which is optional and
defaults to one.
o One cannot place GAM S set, acronym, for, scalar, parameter, table,
i variable, equation or model statementsinside the For statement.
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3. SPECIAL ORDERS GAMS

3.1. Programming Flow Control Features...
3.1.4. The For Statement ...

FOR (x=12 downto 1 by 2,
dat a(i) =x;

)

OR

$Onend

FOR x=12 downto 1 by 2 do
dat a(i) =x;

EndFor ;
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3.1. Programming Flow Control Features...
3.1.5. The Repeat Statement

The Repeat statement causes one to execute a block of statements over
and over until alogical condition is satisfied.

The syntax of the Repeat statement is:
REPEAT (
Statement or Statements to Execute;
UNTIL logical conditionistrue);

One cannot place GAM S set, acronym, for, scalar,
| parameter, table, variable, equation or model
ﬁ statementsinside the Repeat statement.
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3. SPECIAL ORDERS GAMS

3.1. Programming Flow Control Features...
3.1.5. The Repeat Statement ...

SCALAR x /5/:

REPEAT(
X = x + 0.01;
UNTIL x > 10 );
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3. SPECIAL ORDERS GAMS

3.1. Programming Flow Control Features ...
3.1.6. Numerical Relationship Operators

Oper ator M eaning
Lt < Strictly lessthan
Le <= L essthan-or-equal to
Eq = Equal to
Ne <> Not equal to
Ge >= Greater than or equal to
Gt > Strictly greater than
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3. SPECIAL ORDERS GAMS

3.1. Programming Flow Control Features...

3.1.7. Logical Operators

Oper ator
Not
And
Or

Xor
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Not
And
Inclusive or

Exclusive or
(A.B+ A.B)

Email: m.b.abaee@gmail.com



3. SPECIAL ORDERS GAMS

3.1. Programming Flow Control Features ...
3.1.7. Logical Operators ...

Operands Results
a b aandb aorb axorb
0 0 0 0 0
0 non-zero 0 1 1
non-zero o) 0 1 1
non-zero nNoN-zero 1 1 0
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3. SPECIAL ORDERS GAMS

3.1. Programming Flow Control Features ...
3.1.7. Mixed Logical Conditions

Logical Condition Numerical Value Logical Value
1<2)+ (3<4) 2 True
(2 < 1)and (3 < 4) 0 False
(4*5 — 3) + (10/8) 17.125 True
(45 — 3)or (10 — 8) 1 True
(4and 5) + (2*3 <= 6) 2 True
(4and 0) + (2+3 < 6) 0 False
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3. SPECIAL ORDERS GAMS

3.2. Ordered Sets
3.2.1. ORD Operator

The ORD returns an ordinal number equal to the index position in a set.

SET t

val (t) = ORD(t);

time periods / 2000*2010 /;
PARAVETER  val (t);

val(2000) = 1

val(2001) = 2

val(2010) = 11
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3. SPECIAL ORDERS GAMS

3.2. Ordered Sets ...
3.2.2. CARD Operator

The CARD operator returns an ordinal number equal to the number of
elementsin a set.

SET t time periods / 2000*2010 /;
PARAVETER S
S = CARD(t);

S=11
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3. SPECIAL ORDERS GAMS

3.2. Ordered Sets ...
3.2.3. SAMEAS Operator

One may wish to do conditional processing dependent upon the text
defining a name of a set element matching the text for a particular text
string or matching up with the text for a name of a set element inset.

SAMEAS(SetElement, Other SetElement) or SAM EAS(aSetElement,
"text") returns an indicator that is true if the text giving the name of
Etelement is the same as the text for Other SetElement and a false
otherwise.
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3. SPECIAL ORDERS GAMS

3.2. Ordered Sets...
3.2.3. SAMEAS Operator ...

SET cityd /boston/;

SET cityl / "new york", Chicago,

bost on/ ;

SCALAR A
A = SUM SAMEAS(cityl, cityld), 1);
Di spl ay A

A=1
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3. SPECIAL ORDERS GAMS

3.2. Ordered Sets...
3.2.4. DIAG Operator

DIAG(setelement, othersetelement) or diag(asetelement, "text")
returns a number that is one if the text giving the name of setelement is
the same as the text for other setelement and a zero otherwise.

SET cityl / "new york", Chicago, boston/;
SET cityd /boston/;

SCALAR A ;

A= SUM(cityl, cityd), DA cityl, cityd));
Di spl ay A

i A=1
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3. SPECIAL ORDERS GAMS

3.2. Ordered Sets...
3.2.5. Lag and Lead Operator

Operators LAG and LEAD are used for correlating an element of a set
with the next or preceding element of the set. GAMS has two variants of
LAG and LEAD operators.

= Linear LAG and LEAD operators (+, -)

= Circular LAG and LEAD operators (++, --).

The difference between these two types of operators is in the method of
processing at the initial and final points of the sequence. In circular
operators, after the final element of the sequence, there comes the first,
while in linear operators sets are broken.
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3. SPECIAL ORDERS GAMS

3.2. Ordered Sets...
3.2.5. Lag and Lead Operator ...

SET t /t1*t3/;
VARI ABLE al(t),a2(t) ;

EQUATI ON Eql1(t), Eq2(t), Eq3(t), Eg4(t)

Eql(t) .. al(t) =e= az2(t+l);
Eq2(t) .. al(t-1) =e= a2(t);
Eq3(t) .. al(t) =e= az2(t++1);

ﬁ' Eq4(t) .. al(t--1) =e= a2(t);

102/138 Courtesy of Mohammad Bagher Abaee , Spring 2010

Email: m.b.abaee@gmail.com



3. SPECIAL ORDERS GAMS

3.2. Ordered Sets...
3.2.5. Lag and Lead Operator ...

Eql : Eq2 :
al(tl) = a2(t2); 0 = a2(tl);
al(t2) = a2(t3); al(tl) = a2(t2);
al(t3) = 0; al(t2) = a2(t3);
Eq3 : Eq4 :
al(tl) = a2(t2); al(t3) = a2(tl);
al(t2) = a2(t3); al(tl) = a2(t2);
al(t3) = a2(tl); al(t2) = a2(t3);
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4. GAM S and Other Applications

4.1. GAM S/Excel
4.1.1. Converting Datato GAMS

From wherever your gams system directory is, run “XLS2GM S.exe’.
For GAMSIDE users, this may be:

|GAMS unins000.exe

Setup/Uninstall
.. 51 “19"] “]

Ay xls2gms.chm

- F Compiled HTML Help file
227 KB

xlstalk.exe
12/19/2009 9:30 AM
139 KB
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~5 | v5gdyio.dil

/' xls2gms.exe
‘e 1000
= 12/19/2009 9:30 AM

. xpauth.ini

Configuration settings
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xavl5.dll
15.76.01

AR

xls2gms.ini
Configuration settings
596 bytes

xprl.dil
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4. GAM S and Other Applications

4.1. GAMS/Excd ...
4.1.1. Converting Datato GAMS ...

T NN ==

#LS2GMS 2.8 Nov 1,2003 23.3.3 WIN 9600.1504

& Browse... ;
Jrwin Kalvelagen, GAMS Development Corp.

nput file [.xls)

i C:\Users\M.B.ABAEE \Desktop\Book] » -
f

=

Range 28 Browse...

? Help

Sheet1lB2.E4 v

! Q Browse...

@ Options I B8 Batch

€ Close |

Dutput file [.inc)
C:\Users\M.B ABAEE D esktoptdata. txt v

Application: Microsoft Excel

Version: 14.0

Workbook: C:\Users\M.B.ABAEE\Desktop\Bookl.xlsx
Sheet: Sheetl

Range: $B$2:SES$4

Done with C:\Users\M.B.ABAEE\Desktop\data.txt
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4. GAM S and Other Applications

4.1. GAM S/Excdl ...
4.1.1. Converting Datato GAMS ...

B e e it

* XLS2GMS 2.8 Nov 1, 2009 23.3.3 WIN 9600.15043 VIS x86/MS Windows

* Erwin Kalvelagen, GAMS Development Corp.

B o e

* Application: Microsoft Excel

* Version: 14.0

* Workbook: C:\Users\M.B.ABAEE\Desktop\Bookl.xlsx

* Sheet: Sheetl

* Range: $B$2:$E$4

W e e e
new-york chicago topeka

seattle 2.5 3.7 1.8

san-diego 2.5 1.8 1.4

*

TABLE d(i, j)
$i ncl ude dat a. t xt
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4. GAM S and Other Applications

4.1. GAM S/Excdl ...
4.1.2. Import Data from Excel

When calling XLS2GM S directly from GAMS we want to specify all
command and options directly from the command line or from a
command file.

Command is:
$call = xIs2gms 1="C:\test.xIs” O="C:\data.txt” R=Sheet1!B1:E10
e Command Statement
* |=inputfilename
e |=inputfilename
o Sheet of excel
i’ * Range of sheet
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4. GAM S and Other Applications

4.1. GAM S/Excd ...
4.1.2. Import Datafrom Excel ...

SET |/
$cal | x| s2gns

$i ncl ude setl.txt
/

| =Book1. x| sx

j !
$cal | x| s2gmns
$i ncl ude setJ. t xt
/;
TABLE d(i, j)
$cal | x| s2gns
$i ncl ude dat a. t xt

| =Book1. x| sx

| =Book1. x| sx

O=set | .t xt R=Sheet 2! Al: A3

O=set J. t xt R=Sheet 2! B1: B3

O=Dat a. t xt R=Sheet 1! B2: E4
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4. GAM S and Other Applications

4.2. GAMSMATLAB
4.2.1. Installation

First of al, you need to install both MATLAB and GAMS on your
machine. We will assume that the relevant system (installation)

directories are:
C:\MATLAB and C:\GAMS

1. Copy matout.gmsin C:\GAM S\inclib\matout.gms
2. Copy gams.dll in C:\MATL AB\toolbox\local\gams.dl|
3. Set the environment variable PATH of GAMS
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4. GAM S and Other Applications

4.2. GAMSMATLAB ...
4.2.1. Installation ...

To test the installation, carry out the following steps:

1. Start up MATLAB

2.1n the MATLAB command window, change directories to the
examples directory provided as part of the distribution. (This directory
contains at least two files, testinst.m and testinst.gms that are
required for thistest.)

3. Run the example “testinst” that is found in the examples directory of
the distribution. At the MAT L AB prompt you just type:

ﬁ >> testinst
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4. GAM S and Other Applications

4.2. GAMSMATLAB ...
4.2.1. Installation ...

The resulting output will depend on the platform on which you run this

from. It should include the output given below:

Q =
name:
val :

J =
nanme:
val :

Q =
name:
val :

J =
nanme:
val :

A =
name:
val :

'Q

[ 3x3 doubl €]
1 J!

{3x1 cell}
'Q

[ 3x3 doubl €]
1 J!

{3x1 cell}

1 A‘I

[ 2x3 doubl €]

Q:
name: 'Q
val : [ 3x3 doubl €]

ans =

100
010
001

Q:
200
020
002

J =
1
"o

. ,3,
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4.2. GAMSMATLAB ...
4.2.2. Returning Valuesto MATLAB

In order to run the same model within MATL AB and return the solution

vector variable of x(i) and parameter of d(i, ) back into the MATLAB
workspace, one change is required to the GAMS file, namely to add the

below line after the SOLVE statement:

$libi nclude matout x. | i
$libinclude matout d i |

This just writes out the level values of the solution to a file that can be
read back into MATLAB. In MATLAB, you just execute the following

statement:
[ Xx d] = gans(’ NaneGnsFile’);

Email: m.b.abaee@gmail.com
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/.BASIC MODELSFOR ECONOMICSOF ELECTRICITY

7.1. Power Transit

Figure 7.1.1 shows a 6-Bus system. There are two Power Plants at Busl
and Bus2 and three Steel Factory at Bus3, Bus4 and Busb. Power Plants
can contract bilateral.

markets for a single commodity, and we are given the unit costs of
shnipping the commodity from plants to markets. The economic question
Is: how much shipment should there be between each plant and each
market so asto minimize total transport cost?
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/.BASIC MODELSFOR ECONOMICSOF ELECTRICITY

7.2. Economic Dispatch

To appreciate the advantages of dispatching a power system
according to the solution of the ED problem, consider the case where a
power plant supplies 10,000MW during 1 h a an average cost of
$0.05/kWh; if the consumers buy this energy at the rate of $0.06/kWh,
this arrangement results in a net profit to the supplier of $100,000/h. In
this case an improvement in supply efficiency of just 1% through the use
of ED would result in a profit increment of $5000/h or $43.8 million in
one year.

-
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/.BASIC MODELSFOR ECONOMICSOFELECTRICITY
7.2. Economic Dispatch ...

7.2.1. Basic Economic Dispatch

Consider two generating units supplying the system demand P¥t!. The
guadratic unit cost functions are characterized by the parameters
provided in the table as follows:

Unit Co($/h) a($/MWh) b[$/(MW)2h] PI"(MW) PIO*(MW)
Gl 100 20 0.05 0 400
G2 200 25 0.10 0 300

1
Ci(Pgi) = Co; + a;Pg; + Ebipéi
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/.BASIC MODELSFOR ECONOMICSOFELECTRICITY
7.2. Economic Dispatch ...

7.2.1. Basic Economic Dispatch ...

For the specific system demand levels of 40, 250, 300, and 600MW,

calculate and analysis:

A. No generation limits
1) ED generation levels
2) Cost of generation each unit
3) Incremental cost

B. With generation limits
1) ED generation levels
2) Cost of generation each unit
3) Incremental cost
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/.BASIC MODELSFOR ECONOMICSOF ELECTRICITY

7.2. Economic Dispatch ...
7.2.2. Economic Dispatch with Elastic Demand

The generating units of example 7.2.1 as well as the elastic demands
characterized below are considered in this example:

Load aP($/MWh) bP[$/(MW)2h] PJH™(MW) PF*™(MW)
L1 55 -0.2 0] 300
L2 50 -0.1 0] 350

_ D D p2
U;(Pp;) = af Ppj + b} P}

117/138 Courtesy of Mohammad Bagher Abaee , Spring 2010 Email: m.b.abaee@gmail.com



; ™ “ | f“{:.'r-" Lo
/.BASIC MODELSFOR ECONOMICSOF ELECTRICITY

7.2. Economic Dispatch ...
7.2.2. Economic Dispatch with Elastic Demand ...

Calculate and analysis the ED with elastic demand:

1) ED generation levels

2) ED load levels

3) Incremental cost

4) Social welfare

5) Cost of generation each unit
6) Utility of each load
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/.BASIC MODELSFOR ECONOMICSOFELECTRICITY
7.2. Economic Dispatch ...

7.2.3. Economic Dispatch with Losses

In the generating units of example 7.2.1 as well as consider sensitivity
coefficients of the losses with respect to the generation levels. Sensitivity
coefficients of the losses provided in the table as follows:

Unit l
Gl 0.00047
G2 0.00023

= Loss = Z l;P%;
ﬁ el
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/.BASIC MODELSFOR ECONOMICSOF ELECTRICITY

7.2. Economic Dispatch ...
7.2.4. First Project ...

In example 7.2.1, suppose that quadratic cost functions are piecewise
linear cost functions. Piecewise linear functions are illustrated in below
figures for both generators.

SMWh ST Y

16704k

161000

108ET.5

10500

61040 G200

I3

20000 32
200

[ (Wl

100 200 W 400 MWh 75 150 125 300 MWh

s' Cost(G1) Cost(G2)
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/.BASIC MODELSFOR ECONOMICSOF ELECTRICITY

7.2. Economic Dispatch
7.2.4. First Project ...

Now, calculate, analysis and compare with results of section 7.2.1 at the
specific system demand levels of 40, 250, 300, and 600MW:
A. No generation limits
1) ED generation levels
2) Cost of generation each unit
3) Incremental cost
B. With generation limits
1) ED generation levels
2) Cost of generation each unit
3) Incremental cost
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7.3. Optimal Power Flow
7.3.1. DC Load Power Formulation

. FlOWij .
l > ]
| : |
Yij = —JBj;
P,1 [Byy .. Bj, 51]
el |B, .. B,lls,

=
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/.BASIC MODELSFOR ECONOMICSOF ELECTRICITY

7.3. Optimal Power Flow ...
7.3.2. Optimal DC Power Flow Formulation
A)Quadratic Cost Functign

1
Minimize(Pl.,(gi) z <C0i + a;Pg; + Ebip%:i>

i=1
Subject to:
(Pgi — Load;) = 2 Bl]6 ®
j=1
P i < Pmax i (i)
P Pmln I (i)
Flowi]- = B;j(8; — §;) (.5)
i i —FlOWwa< FlOWl] < FlOWZlax (ilj)
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/.BASIC MODELSFOR ECONOMICSOF ELECTRICITY

7.3. Optimal Power Flow ...
7.3.2. Optima DC Power Flow Formulation ...
B)Step Cost Function

n m
Minimizep, s, z Pix Ci
Subject to: =it
m n
(2 (Pix) — Loadi> = z B;;o; (i)
k=1 m J=1
[,PMn < z P;, < P, (i)
k=1
—Flow}}®™*< Flow;; < Flow}}™ (i, j)

i J]
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/.BASIC MODELSFOR ECONOMICSOF ELECTRICITY

7.3. Optimal Power Flow ...
7.3.3. Economic Dispatch Including a Line with Limited Transmission Capacity

Consider the three-bus, three-line network characterized in the table and
depicted in below figure (shut susceptances neglected).

Busl

To  Reactance(pu) Flow™**(MW)

2 0.1 unlimited
3 0.1 140
Load
i 2 3 0.1 unlimited
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/.BASIC MODELSFOR ECONOMICSOF ELECTRICITY

7.3. Optimal Power Flow ...
7.3.3. Economic Dispatch Including a Line with Limited Transmission ...

Buses 1 and 2 include the two units characterized in Section 7.2.1.
Voltage magnitudes are constant and equal to 1. A base of 100 kV and
200MVA is considered.

Now, calculate, analysis and compare with results of section 7.2.1 at the
gpecific system demand levels of 250 and 300MW with and without
transmission limit and generation limitsin line 1-3:

1) ED generation levels

2) Cost of generation each unit

3) LMPs
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/.BASIC MODELSFOR ECONOMICSOF ELECTRICITY

7.3. Optimal Power Flow ...
7.3.4. Economic Dispatch with Bilateral Contracts

Considering the units with the cost functions of Section 7.2.1, suppose
that the generating unit 2 and the load engage in a bilateral contract of
50MW at $31.5/MWh.

Now, for the specific system demand levels of 50, 250, 300, and
600MW, calculate and analysis:

1) ED generation levels

2) Cost of generation each unit

3) Profit of each unit

4) Incremental cost

127/138 Courtesy of Mohammad Bagher Abaee , Spring 2010 Email: m.b.abaee@gmail.com



/.BASIC MODELSFOR ECONOMICSOF ELECTRICITY

7.3. Optimal Power Flow ...
7.3.5. AC Load Power Formulation

A)Polar Equations iI I j
Vi = |Vi|ej8i Yl] < +9l]

_ i5;

Vi =|v;|e/*

Yy = [Yy|e/%

FlOWi]'\ | | < 6

Si=Vili= S;=Vil; > P, —jQ; =V, zyu f
j=1

= P; —jQ; = z“/lle —Joi x |V |e’81 X |Y |eleu =
j=1

l|| ||Y |cos(9 6i+6j)

i
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/.BASIC MODELSFOR ECONOMICSOF ELECTRICITY
7.3. Optimal Power Flow ...

7.3.5. AC Load Power Formulation ... v, <6, Flowi]- |V]_| <8,
B)Cartesian Equations iI I :
Vi=Vgi +jVy Y;; < +9ii J

V] == VRj+jVI] B B B
YijZGij_jBi S VI :>S VI 3P N]Ql V EYU j
j=1

= P; —jQi= Vg —jVi) ) (Gij —jBij)(Vgj +jVi;)
=1

N
D VaiVaiGy + VijBy) + Vis(VijGis — ViyBy)]
j=1

f
P;

= Z[VIi(VRiGii + V1jBij) = Vri(V1jGij — VrjBij)|

= Q;
= =
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/.BASIC MODELSFOR ECONOMICSOF ELECTRICITY

7.3. Optimal Power Flow ...
7.3.5. AC Load Power Formulation ...

FlOWi]'
B)Cartesian Equations iI > I j
Vi=Vgsi+JjVii Ii> Yy

Vi=Vgi +JjVy .
Y = G — jBy; Iij = (Vi = V;)Yy; = Iy + jl
FlOWij = VLI:] = Pl] +]Ql]

(Irij = Gij|Vri — Vij| + B[V — V)]
I1ij = G|V — Vij| — Bij|VRi — V)]
(Pij = Vil pij + Vil 1ij

=
(Qij = Viidgij — Veil 1y
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7.3. Optimal Power Flow ...
7.3.6. Optimal AC Power

Consider the three-bus, three-line network that is depicted in below
figure.

Load1l
Busl1
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/.BASIC MODELSFOR ECONOMICSOF ELECTRICITY

7.3. Optimal Power Flow ...
7.3.6. Optimal AC Power ...

Base of 100MVA is considered.

Calculate:

1) Generations

2) magnitude and angle of Voltages

3) Active and reactive loss

4) LMPs

5) Current and power flow of lines
While objectiveis:

A. Minimum Cost

B. Minimum Network Loss
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/.BASIC MODELSFOR ECONOMICSOF ELECTRICITY

7.3. Optimal Power Flow ...
7.3.6. Optimal AC Power ...

Unit Cost Coefficient

Unit a b c Pmax Pmin  Qmax Qmin
(MBtu) (MBtwMWh) (MBtwMwzh) ~MW) (MW) - (MVAr)  (MVAr)
G1 176.9 135 0.1 250 0 150 -100
G2 129.9 32.6 0.1 150 0 80 -50
G3 137.4 17.6 0.1 200 0 100 -80
Line From To Flow Limit Bus Load Voltage-Max Voltage-Min
No. Bus Bus R(pu) X(pw) (MVA) No. MW MVAr (pu) (pu)
1 1 2 0.02 0.04 150 1 100 0 1.05 0.95
2 1 3 0.01 0.03 100 2 400 250 1.05 0.95
3 2 3 00125 0.025 200 3 0 0 1.05 0.95

-
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7.4.UNIT COMMITMENT

v In formulating the ED, we consider that all generating units are online
and ready to produce.

v The unit commitment problem is solved over a particular time period
T; in the day-ahead market, the time period is usually 24 hours.

v' UC is the problem of determining the schedule of generating units
within a power system subject to device and operating constraints.

v The decision process sdlects units to be ON or OFF, the type of fud,
the power generation for each unit, the fuel mixture applicable, and
the reserve margins.

v' Mathematically, UC is a Non-convex, non-linear, large-scale, mixed-
> Integer optimization problem with a great number of 0-1 variables,
i and a series of prevailing equality constraints.
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/.BASIC MODELSFOR ECONOMICSOF ELECTRICITY

7.4. UNIT COMMITMENT ...
Objective Function:

Minimize{ProductionCost + StartupCost+ ShutdownCost}

Subject to:

Area Constraints

o0 System Load Balance

0 System Spinning and Operating Reserve Constraints
Zonal Constraints

0 System Spinning and Operating Reserve Constraints
Security Constraints
Unit Constraints
ﬁ' 0 Minimum and Maximum Generation limits
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/.BASIC MODELSFOR ECONOMICSOF ELECTRICITY

7.4.UNIT COMMITMENT ...

System Spinning and Operating Reserve Constraints
Reserve limits

Minimum Up/Down times

Hours up/down at start of study

Must run schedules

Pre-schedul ed generation schedules

Ramp Rates

Hot, Intermediate, & Cold startup costs

Maximum starts per day and per week

Maximum Energy per day and per study length

© OO OO O0OO0OO0OO0o0O0
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7.4. UNIT COMMITMENT ...
7.4.1. Unit Commitment Formulation
Objective Function

N T
Minimize Z z[Fi (Pi,t) + SU; + + SDi,t]

i=1t=1
Subject to:
N
Power Balance: Demand; = ) P;,; v (t)
i=1
Min Generation: P;. > PM"[,, v (i,t)
Max Generation: P;, < Py, v (i, t)
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7.4. UNIT COMMITMENT ...
7.4.1. Unit Commitment Formulation ...

Ramp-up limit:
Ramp-down limit:
Minimum up time:

M inimum down time;

Synchronal Reserve
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Piy — Pi;_1 < RampUp;

Pi;_1—P;; < RampDown;

[Xon;, — MUT|[1;;_1 —1;;] = 0

|Xoffie—1 — MDT;|[I;; —I;;_1] 2 0

N
P, > SR,

=1

l

v (i,t)
v (it)
v (it)
v (i,t)

v (1)
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