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Model limits:
» Up to 200 Constraints.
» Up to 300 Variables.

s o Sle 0 8lee 0 JKI) 0559

» Up to 2000 nonzero elements (1000 nonlinear).

» Up to 30 discrete Variables.
Solver (Global) limits:

> Up to 10 Constraints.

» Upto 10 Variables.
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COMMAND | PURPOSE

SET Used to indicate the name of the indices

SCALAR Used to declare scalars

PARAMETER Used to declare vectors

TABLE Declare and assign the values of an array

VARIABLE Declare variables, assign type and bounds

EQUATION Function to be optimized and it's constraints

MODEL Give a name to the model, and list the related constraints
SOLVE Indicate what solver to use

DISPLAY Indicate what you would like to display as output
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0.15< R <0.6 0.1<P, <04
C =6 C,=7

B,=25
B, =25 2

B, =3.0
P, =04

'

P, =085

tabgspo syl b aliw ol (6l SO 4y Ol jgiws jI plas y g
SETS

09y o 8 Wl Jeizme polie g b (a3l iy o ol SET

SETS
G index of generators /G1*G2/
N index of buses /N1*N3/

MAP (G,N) indicates in what bus are the generators connected /G1.N1,G2.N2/;

D09l alig w0 ) b 4 Calys oo b Lol slaw acgese laxSs M
/N1, N2, N3/
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SCALARS
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f el ool ooly Lis $/MBtu
Scalar fcost fuel cost in dollars MBtu /1.1/;

PARAMETER
50 Jlie gl 0y, o0 )G Wl (gylop JSKin oS e iz b G Sledbl iy ya5 (gl jgws ol sl
aS el 03?9.0)[4 Pow u,.’l.’)d.]a.n.‘?);))ﬁmd d.,Ua.A 90..\...» g_QJ).uN wl.:LOAD }AA‘)[J ED Jl.uo

PARAMETER
LOAD (N) load at bus N / N3 0.85 /;

505 325 ol B ol g ol ansly ¥ Lo gitpes a5l 4 az g LING 0.9/, gy 51 Jlio gy M

D g0l TUN aeli s g 0l vales lis Uas g

TABLE

Sl gl oo i (SBT s i) 0 piiogd (s ol b b oo &g cus yile & jgeay Sl
s muplg> Jgaz 90 Lo Jlie () )0 e o0 b 0 |, TABLE

9 Gl ale Set jolie I ciz 2 gl 5 05 o iy 15 G ali dliwgs : GDATA (G,*) Jgo -\
el 0 V0 LS8 eyl jo oS conl asine ool jlade Jga o Pmin

TABLE GDATA(G,*) generator input data

PMIN PMAX COST
* (kW) (kW) (dollar/kWh)
Gl 0.15 0.6 6
G2 0.10 0.4 7;

(Jlio ol j0) ol Set g0 4 as 1o a5 |, gow 4w al,1 G : LDATA (N,N,*) o -¥
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TABLE LDATA(N,N,*) line input data

SuUS LIMIT
* (S) (kW)
N1.N2 2.5 0.3
N1.N3 3.5 0.5
N2 .N3 3.0 0.4;

o ]y Caw 90 a5 WS o iy | gom ¥ oal,] SG Bly o TABLE LDATA (NN, *) giws M
(598 oolazwl Sglae

N1.N2

VARIABLES

:opsneab omled py i Jlse (pl o s GAMS jo b e

VARIABLES

Z objective function

P (G) output power for generator G
d (N) angle at bus N;

p.lo (G)=GDATA (G, ' PMIN') ;
p.up (G) =GDATA (G, ' PMAX' ) ;
d.fx ('N37)=0;

Al alld 85z Wb dien g ams o plas Ty Bus Al Z Wb;ul)om

Sadie Jlie ol 50 Mo 8,5 i w5 (SUL LX) Wigmay 5 ool L1y ol 5 (oYL dgas laie M
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Vb s 5l eslitnl b d peite Jlte sl 05,50 1) Col polie wiils oo plizeed o yiie M
(Gl ool a3 )3 Jlas 0 0o Wb &z o asgly &8l o c) (sl ouls ol yao s

£ 8,10 392 b yiite Sglie glgsl GAMS o M
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Binary — Integer - Free - Negative - Positive

g0 melad o) IS8 a0 1) T g0 5 08,5 iy yas e |, P(G) piiie ol (0 « UC Jlio 0 M

POSITIVE VARIABLE p (G);
p.lo (G)=GDATA (G, ' PMIN') ;
p.up (G) =GDATA (G, ' PMAX' ) ;

Shls s cdl a4V b adgl oles jlade Jle 60 50 adgl polie aiily oo Guiored b yosie M
p.1("G1l")=0.2;

EQUATIONS

;,))S M‘ﬁ} .))b ‘) .)3&9' 9 Bas é"ﬁ.; Comnd L’).{‘ )O

EQUATIONS

COST objective function
MAXPOW (N, N) maximum line power limit
MINPOW (N, N) line power limit

LOADBAL (N) load balance equation;

ALIAS (N,NP) ;

COST .. z=e=SUM(G,GDATA (G, ' COST")*p(G));

MAXPOW (N, NP) .. LDATA(N,NP,’SUS’)* (d(N)-d(NP))=1= LDATA (N,NP,’"LIMIT’");
MINPOW (N,NP) .. LDATA(N,NP,’SUS’)* (d(N)-d(NP))=g=-LDATA (N,NP,’LIMIT');
LOADBAL (N) .. SUM(G$ MAP(G,N),p(G))+SUM(NP,LDATA(N,NP,’SUS’)* (d(N)-d(NP))+

LDATA (NP, N, " SUS’) * (d(N) -d (NP) ) ) =e=LOAD (N) ;

\

B 4t L ollen Sl 5 end Ll bzl wd e oS el (asie U Jle 51 M

o ) S s GEISS 5 sl 5] s 395 o S o el

39 oo iy SUM (1, (1, ])) JS5 4 GAMS 5 3 X Joe o le Sy L3 M

g o iy y15 (FL1F) = (Golun iS55 4 (FE7) = (Gglue Juid 5l Yolae slo ailas M
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i=1
95 Ol JBlas saims lad ubos s S L o 1, JES a8 eogame Lo Jle opl > ;0 M
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F)imin SPI SF)ImaX
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P™ <B; (5 -5 )<P™
: GAMS >

MAXPOW (N, NP) .. LDATA(N,NP,’SUS’)* (d(N)-d(NP))=1= LDATA (N,NP,’LIMIT');

MINPOW (N, NP) .. LDATA (N,NP,’SUS’)* (d(N)-d(NP))=g=-LDATA (N,NP, ' LIMIT’) ;
Db o b 5 JSb & ol il Aolee M
P =D -2 B, (5i _51)
P0gu5 o0 Al b 4 GAMS o oS

LOADBAL (N) .. SUM(G$ MAP(G,N),p(G))+SUM(NP,LDATA(N,NP,’SUS’)* (d(N)-d(NP))+

LDATA (NP,N, " SUS") * (d(N) -d (NP) ) ) =e=LOAD (N) ;

A5l o il snims olis Y By (8 —6)) el
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MODEL
igjp @b b ED JUo cpl sly A8 (o0 i poi |y 2598 Jo (tanly Jdo J315 3 &S]y (5Yolee j5t0 (]
3 1y b 5l dnles 5 ey JBlas allasl les STas alslasl
MODEL ed /COST,MAXPOW,MINPOW, LOADBAL/;
aS 483 o o3l )5 4 a5 il o GAMS 5,3 ayypammic glo Sho 5l (o Ceond opl @8ly 0 M

15 0sn Ly ED e Cyead aedlys 551 Jlie el oS o Jore 5o |, aloles 5 Laitb Wlgny oo

ol oS S ol Jilas 5 Sl (28,5 L

MODEL ed /COST,LOADBAL/;

SOLVE
r(,.:)b ED JLA )Q .Qj) SA)lSJ LS)LM: 4.....@(.: alsws J.‘> LS‘)" )93.“.:& U"‘

SOLVE ed USING lp MINIMIZING z;
2 1P b eais > 5l eslitul L1, ED (golasdl g )95 alins a5 055 oo GAMS & alox oI M
O e (ape Bl ples) Z jniie 0,5 Bl gliul,
Slo i 1, Ll gy o OPEION [giws b aS wi)ls 5539 GAMS o Sslie sla saisS J> M

DISPLAY

DISPLAY p.l, d.1;

L a9 (g 03l i Jlio el 30 (b 52 gl 5 Wyl (29,5 Ol @ly o s ool L M
A3l oo piio o level b ghoe oo ol

e oo Jol> ;@G ED Jie J> 5lan M

-—== 42 VARIABLE p.L output power for generator Gl 0.565, G2 0.285
—-——— 42 VARIABLE d.L angle at bus N N1 -0.143, N2 -0.117
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Untitled_6. gm: Untitled_6 Ist

[sETS -
6 index of generators /G1*G2/

N index of buses /N1*N3/

MAP(G,N) indicates in what bus are the generators connected /G1.N1,G2.N2/;

Scalar fcost fuel cost in dollars_MBtu /1.1/;
PARAMETER
LOAD (N) load at bus N / N3 0.85 /:

[TABLE GDATA(G,*) generator input data
v PMAX cosT

(kW)
0.6 3
0.4 7;

TABLE LDATA(N,N,*) line input data

SUS LIMIT
* (s, (%)

IN1.N2 2.5 0.3

1.N3 3.5 0.5 vl
2.N3 3.0 0.4;

VARIABLES

Z objective function

p (G) output power for generator G

d(N) angle at bus N;

p.1o(G)=GDATA (G, "PMIN") ;
p.up (G) =GDATA (G, "PMAX") ;
d.fx('N3')=0;

VARIABLE P(G);
p.10(G)=GDATA (G, "BMIN") ;
D.up (G) =GDATA (G, 'BMAX') ; -
<[ n B

321 Insert

Wl oo Cewy 3 guls GAMS lawg 4ol o 5l ow

= File Edit Search Windows Utilities Model Libraries Help
| 2] 2] % ¥ | %P =1 | &|nl
Untitied_6 gms [ Untitled_6 Ist

Compilation 0 INFEASIBLE »
I Equ::son Listing SOLVE ed Using LP From line 51 0 UNBOUNDED
" CokmnLising SOLVE ed Using LP From e 51 GAMS Rev 232 WEX-WEI 23.2.1 x86_64/MS Windows 02/13/14 18:56:35 Page 6
- Column General Algebraic Modeling System
Model Statistics SOLVE ed Using LP From line 51 Execution
~ Solution Report  SOLVE ed Using LP From line 51
+ SolEQU
#- SolVAR
Execution |\—»— 53 VARIABLE p.L output power for generator G
= Display
| e Gl 0.565, G2 0.285

—-— 53 VARIABLE d.L angle at bus N

N1 -0.143, N2 -0.117

EXECUTION TIME = 0.000 SECONDS 3 Mb WEX232-232 Aug 11, 2009

USER: GAMS Development Corporation, Washington, DC G871201/0000CA-ANY
Free Demo, 202-342-0180, sales@gams.com, www.gams.com DCO000
¥x%xx FILE SUMMARY

Input C:\Users\Mas\Documents\gamsdir\projdir\Untitled_6.gms
Output C:\Users\Mas\Documents\gamsdir\projdir\Untitled 6.1lst

<] B

270:1 I
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1V osled Jlo

UNIT COMMITMENT

t1=150 , t2=500 , t3=400 .r{;@,z;,g Colu w3 1y uc,ﬁ;@)& I, ED Jls Olea
IS ok ¥ sl B0 =Y dols VO =V oy s 5 955, alie glyls lay 155 s At s Lol

:viﬂédtmwjb‘)Jﬁjﬁbbﬁuﬂ

Generator # 1 2 3
Pras 350 200 140
Pin 50 80 40
Rampup limit 200 100 100
Rampdown limit 300 150 100
Fixed Cost 5 7 6
Startup Cost 20 18 5
Shutdown Cost 05 03 10
Variable Cost 0100 | 0125 | 0.150

:a},‘i@w}ﬁj&b—qubﬁ

SETS
K index of periods of time /1*4/
J index of generators /1*3/

TABLE GDATA (J, ™) generator input data
PMIN PMAX T S A B C E

* Ramp Ramp Fixed Variable Start Shutdown
* Down Up Cost Cost Uup Cost
* Limit Limit Cost
* (kW) (kW) (kW/h) (kW/h) (E) (E) (E) (E/XkWh)
1 50 350 300 200 5 20 0.5 0.100
2 80 200 150 100 7 18 0.3 0.125
3 40 140 100 100 6 5 1.0 0.150;
TABLE PDATA (K, *) data per period

D R
* Load Reserve
* (kw) (kW)

16



A

w 3

RS ol oliHil
2 150 15
3 500 50
4 400 40;
VARIABLES
z objective function variable
p (J,K) output power of generator J at period k
v (J,K) is equal to 1 if generator j is committed in period k
y (J,K) is equal to 1 if generator j is started-up at the beginning of period k
s (J,K) is equal to 1 if generator j 1is shut-down in period k;

'VARIABLE INITIALIZATION AND TYPE

POSITIVE VARIABLES p(J,K);

*x Status decisions are modeled using binary variables.
BINARY VARIABLES v (J,K),v(J,K),s(J,K);

*x Initial values are stated for some variables.
v.fx(J,"1")=0;

p.fx(J,"1")=0;

EQUATIONS

COST objective function

PMAXLIM (J,K) maximum output power equation

PMINLIM (J,K) minimum output power equation

LOAD (K) load balance equation

RESERVE (K) spinning reserve equation

LOGIC (J,K) start-up shut-down and running logic

RAMPUP (J, K) maximum up ramp rate limit

RAMPDOWN (J, K) maximum down ramp rate limit;

** The objective function 1s an equality equation. The remaining

constraints are defined for all periods K, except for the initial one. To

model this exception the $(ord(K) GT 1) condition is included.

COST .. z=e=SUM((K,J),GDATA(J,’A’)*v(J,K)+GDATA (J,’'B’)*y(J,K)+GDATA
(J,"C’')*s(J,K)+GDATA(J,'D’) *p (J,K)) ;
PMAXLIM (J,K)S$(ord(K) GT 1) .. p(J,K) =1= GDATA (J,’'PMAX’) * v (J,K) ;

PMINLIM (J,K)$ (ord(K) GT 1) .. p(J,K) =g= GDATA (J,’'PMIN’) * v(J,K) ;

17
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LOAD (K)$(ord(K) GT 1) .. SUM (J, p(J,K))=e=PDATA(K,'D’);
RESERVE (K )$ (ord(K) GT 1) .. SUM (J,GDATA (J,’PMAX’)*

v (J,K))=g=PDATA (K, ' D’ ) +PDATA (K, 'R’ ) ;

LOGIC (J,K)$(ord(K) GT 1) .. vy (J,K)-s(J,K)=e=v(J,K)-v(J,K-1);
RAMPUP (J,K)$ (ord(K) GT 1) .. p(J,K)-p(J,K-1)=1=GDATA(J,’S’);
RAMPDOWN (J,K)$ (ord(K) GT 1) .. p(J,K-1)-p(J,K)=1=GDATA(J,’'T’);

MODEL

MODEL uc /ALL/;

o 90 Sl 0iSo Jo 95, aud > 058 ded (185 a5 o L, UC puslyso

MODEL  uc  /COST, PMAXLIM, PMINLIM, LOAD, LOGIC/;
SOLVE

SOLVE uc USING MIP MINIMIZING z;

:AQQLSQQLLSGPﬂﬂs Lo ol ouds aldgh dobp pj S5

%% File Edit Search Windows Utilities Model Libraries Help _lelx
2l B % | %[ =] o] 8| s =1 i
[Exomplez-1.gms _Untted_7ist
SETS
K index of periods of time /1%4
J index of generators /1%3/
TABLE GDATA (J,*) generator input data
PMI PMAX T S A E
40 14
TABLE PDATA (K, *) data per period
I R
st
VARIABLES
z objective function variable
D(J,K) : tor j
vI(J,K)
¥(3,K) Ik
s (3,K)
VARIABLE INITIALIZATION AND TYPE:
POSITIVE VARIABLES p(J,K):
BINARY VARIABLES v (J,K),y(J,K),s(J,K); -
i

501 Insert

s Jie J> s GAMS 25 >

QBJSALOJM;)-EJ)QL":‘

-———= 88 VARIABLE p.L output power of generator j at period k

2 3 4
1 150.000 350.000 260.000
2 100.000
3 50.000 140.000
-———= 88 VARIABLE z.L = 77.300 objective function variable

18
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Wl oo Gy 5 s GAMS Lawgs asliy Jo 5l o 2l ol jo

le Edit Search Windows Utilities Model Libraries Help i
FECONG =1 | @] o] By
Untitied_7.gms [ Untitled_7 Ist

Compilation ---- VAR p output power of generator j at period k -
Equation Listing SOLVE uc Using MIP From line 64
- Equation
Column Listing  SOLVE uc Using MIP From line 64 HNER. HEVEL TE£ER: SARGYRAL
- Column
Model Statistics  SOLVE uc Using MIP From line 64 1.1 . . EPS
Solution Report  SOLVE uc Using MIP From line 64 1.2 150.000 +INF
= SolEQU
1.3 350.000 +INF
A ‘S"ZNAR 1.4 260.000  +INF ;
Fp 241 : EPS
¥ 2.2 = +INF EPS
Y 2.3 100.000 +INF g
° 2.4 +INF EPS
3.1 . EPS
3.2 B +INF EPS
3.3 50.000 +INF
3.4 140.000 +INF
---- VAR v 1is equal to 1 if generator j is committed in period k
LOWER LEVEL UPPER MARGINAL
1.1 B . 5.000
1.2 1.000 1.000 5.000
1.3 1.000 1.000 5.000
1.4 1.000 1.000 5.000
2.1 . 7.000
2.2 . 1.000 7.000
2.3 1.000 1.000 7.000
2.4 . 1.000 7.000
3.1 6.000
3.2 1.000 6.000 -
<l v
425:1
X . .o, . R .. L, -
.3)))&:.9).?'09:?.94.0.@&.«.9; )O..'d:
———= 87 VARIABLE p.L output power of generator j at period k
2 3 4
1 150.000 350.000 320.000
2 150.000 80.000
- 87 VARIABLE z.L = 67.000 objective function variable

:;.\.)']‘SACA..»A.)).&)' s GAMS lwg el p Jo 5l ax Sl ol o

Edit Search Windows Utilities Model Libraries

PO =1 | @] nl] =1

Example2-1.gms |[ Example2-1 lst Untiled_7.st|

Compilation 1.4 -
Equation Listing SOLVE uc Using MIP From line 64 2.2
#- Equation 2.3
Column Listing  SOLVE uc Using MIP From line 64 N
4 Column 2.4
Model Statistics SOLVE uc Using MIP From line 64 3.2
— Solution Report  SOLVE uc Using MIP From line 64 3.3
= SolEQU 3.4
= SolVAR :
Fz
e LOWER LEVEL UPPER MARGINAL
v
|
[ l; ---- VAR z -INF 67.000 +INF
z objective function variable
---- VAR p output power of generator j at period k
LOWER LEVEL UPPER MARGINAL
142 150.000 +INF
1.3 350.000 +INF
1.4 320.000 +INF .
2.2 . +INF EPS
2.3 150.000 +INF
2.4 80.000 +INF .
3.2 +INF EPS
3.3 +INF EPS
3.4 +INF EPS
---— VAR v is equal to 1 if generator j is committed in period k
LOWER LEVEL UPPER MARGINAL ~
« [ »
3431
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