
Procurement-Consumer

A. J. Conejo, 2019



What

October 17, 2019 A. J. Conejo 2



Procurement-Consumer

October 17, 2019 A. J. Conejo 3



Procurement-Consumer

October 17, 2019 A. J. Conejo 4



Procurement-Consumer

October 17, 2019 A. J. Conejo 5



Procurement-Consumer

October 17, 2019 A. J. Conejo 6



Procurement-Consumer

October 17, 2019 A. J. Conejo 7



Procurement-Consumer

October 17, 2019 A. J. Conejo 8

Add to 1
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$title EProcurement
variable z;
positive variables dC, dP1, dP2;
scalar d1 /18/, d2 /20/;
scalar lC /6.4/;
scalar l11 /4/, l21 /5/, l12 /6/, l22 /8/;
equations of, s1, s2;
of.. z =e= 2*lC*dC + (1/4)*(l11*dP1+l21*dP2) + (3/4)*(l12*dP1+l22*dP2);
s1.. dC + dP1 =e= d1;
s2.. dC + dP2 =e= d2;
model EPro /all/;
solve EPro using lp minimizing z;
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LOWER     LEVEL     UPPER    MARGINAL

---- VAR z              -INF    244.000     +INF       .         
---- VAR dC .         .        +INF      0.050      
---- VAR dP1             .       18.000     +INF       .         
---- VAR dP2             .       20.000     +INF       .         
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LOWER     LEVEL     UPPER    MARGINAL

---- EQU of              .         .         .        1.000      
---- EQU s1            18.000    18.000    18.000     5.500      
---- EQU s2            20.000    20.000    20.000     7.250      
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Risk

Self-production 

PoolContract
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$title MARKET CLEARING UNDER EQUIPMENT FAILURES

***************************************************************************
*        DATA
***************************************************************************

SETS
N   Nodes           /n1 * n3/
I   Units           /i1 * i3/
J   Loads           /j1 * j1/
T   Periods         /t1 * t4/
W   Scenarios       /w0 * w8/
M   Offer blocks    /m1 * m1/
S   System states   /s0*s2/;

ALIAS(N,R);

SCALARS
NT         Number of time periods /4/,
dt Duration of time periods /1/
x          Reactance of transmission lines /0.13/
Pbase Power base /41/;
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TABLE GDATA(I,*) Generation technical data
PMIN   PMAX    Istatus Pini

i1       10     100     0          0
i2       10     100     0          0
i3       10     50      0          0;

TABLE RDATA_G(I,T,*) Generation-side reserve data
Rspin_max_up Rspin_max_dn Rnspin_max

i1.t1*t4         90              90              100
i2.t1*t4         90              90              100
i3.t1*t4         40              40              50;

TABLE CostBlock(I,T,M) Offer cost of energy blocks
m1

i1.t1*t4         30
i2.t1*t4         40
i3.t1*t4         20;

TABLE WidthBlock(I,T,M) Width of energy blocks
m1

i1.t1*t4         100
i2.t1*t4         100
i3.t1*t4         50;
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TABLE Cr_schG(I,T,*) Generation-side reserve offer cost
up      dn NS

i1.t1*t4         5       5         4.5
i2.t1*t4         7       7         5.5
i3.t1*t4         8       8         7;

TABLE ML(J,N) Mapping of the set of loads into the set of 
nodes

n1      n2      n3
j1       0       0       1;

TABLE NetState(N,N,S)   Network states
s0      s1      s2

n1.n1    0       0       0
n1.n2    1       1       1
n1.n3    1       1       0
n2.n1    1       1       1
n2.n2    0       0       0
n2.n3    1       1       1
n3.n1    1       1       0
n3.n2    1       1       1
n3.n3    0       0       0;
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TABLE GenState(I,N,S)   States of unit availability
s0      s1      s2

i1.n1    1       1       1
i1.n2    0       0       0
i1.n3    0       0       0
i2.n1    0       0       0
i2.n2    1       1       1
i2.n3    0       0       0
i3.n1    0       0       0
i3.n2    0       0       0
i3.n3    1       0       1;

PARAMETERS

elast_limits(J,T,*)   Elasticity limits of loads
/ j1.t1.sup     30

j1.t2.sup     80
j1.t3.sup     110
j1.t4.sup     40
j1.t1.inf     30
j1.t2.inf     80
j1.t3.inf     110
j1.t4.inf     40 /
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RDATA_D(J,T,*) Demand-side reserve data
/ j1.t1.Rspin_max_up     3

j1.t2.Rspin_max_up     8
j1.t3.Rspin_max_up     11
j1.t4.Rspin_max_up     4
j1.t1.Rspin_max_dn     3
j1.t2.Rspin_max_dn     8
j1.t3.Rspin_max_dn     11
j1.t4.Rspin_max_dn     4 /

prob(W) Scenario w probability
/ w0    0.98807312

w1    0.00199015
w2    0.00199015
w3    0.00199015
w4    0.00199015
w5    0.00099157
w6    0.00099157
w7    0.00099157
w8    0.00099157 /
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TAU(W) Period in which the contingency defining scenario w occurs
/ w0    5

w1    1
w2    2
w3    3
w4    4
w5    1
w6    2
w7    3
w8    4 /

NumO(I,T)       Number of energy blocks offered by each unit
lambdaSU(I,T)   Start-up offer cost
lambdaL(J,T)    Demand utility
Cr_schD(J,T,*)  Demand-side reserve offer cost
Vlol(J,T)       Value of lost load
b(N,N)          Imaginary parts of the admittance of lines
fmax(N,N)       Transmission capacity limits
conec(N,N,T,W)  Network state in time period t and scenario w
MG(I,N,T,W)     Mapping of the set of units into the set of nodes
G(I,T,W)        Set of available units per scenario and period;
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NumO(I,T) = 1;
lambdaSU(I,T) = 100;
b(N,R)$(ord(N) ne ord(R)) = -1/x;
G(I,T,W) = 1;
lambdaL(J,T) = 0;
Cr_schD(J,T,'up') = 70;
Cr_schD(J,T,'dn') = 70;
Vlol(J,T) = 1000;
fmax(N,R)$(ord(N) ne ord(R)) = 55;
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loop(T,
loop(W,

if(ord(T) < TAU(W),
conec(N,R,T,W) =  NetState(N,R,'s0');
MG(I,N,T,W) = GenState(I,N,'s0');

else
if(ord(W) <= 5,

conec(N,R,T,W) = NetState(N,R,'s1');
MG(I,N,T,W) = GenState(I,N,'s1');
G('i3',T,W) = 0;

else
conec(N,R,T,W) = NetState(N,R,'s2');
MG(I,N,T,W) = GenState(I,N,'s2');

);
);

);
);
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***************************************************************************
*        DECLARATION OF VARIABLES
***************************************************************************

VARIABLES
EC                    Expected cost (objective function value)

** FIRST-STAGE VARIABLES
Ps(I,T)               Power output schedule
Ls(J,T)               Demand schedule
R_spin_schG_d(I,T)    Generation-side spinning reserve schedule (downward)
R_spin_schG_u(I,T)    Generation-side spinning reserve schedule (upward)
R_spin_schD_d(J,T)    Demand-side spinning reserve schedule (downward)
R_spin_schD_u(J,T)    Demand-side spinning reserve schedule (upward)
R_nspin_schG(I,T)     Generation-side non-spinning reserve schedule
u(I,T)                Scheduled commitment status



GAMS

October 17, 2019 A. J. Conejo 68

** SECOND-STAGE VARIABLES
Lc(J,T,W)             Power consumption in real time
Lshed(J,T,W)          Amount of involuntarily load shed
Pg(I,T,W)             Generator power output in real time
pgblock(I,T,W,M)      Power produced from energy blocks
r_spin_depG_d(I,T,W)  Generation-side spinning reserve deployment (downward)
r_spin_depG_u(I,T,W)  Generation-side spinning reserve deployment (upward)
r_spin_depD_d(J,T,W)  Demand-side spinning reserve deployment (downward)
r_spin_depD_u(J,T,W)  Demand-side spinning reserve deployment (upward)
r_nspin_depG(I,T,W)   Generation-side non-spinning reserve deployment
angle(N,T,W)          Voltage angle
Pinj(N,T,W)           Power injection
f(N,R,T,W)            Power flow
v(I,T,W)              Real-time commitment status
Csu(I,T,W)            Start-up cost;



GAMS

October 17, 2019 A. J. Conejo 69

***************************************************************************
*        MATHEMATICAL CHARACTERIZATION OF VARIABLES
***************************************************************************

POSITIVE VARIABLES
Csu(I,T,W), Lshed(J,T,W), r_spin_depG_d(I,T,W), r_spin_depG_u(I,T,W),
r_nspin_depG(I,T,W), r_spin_depD_d(J,T,W), r_spin_depD_u(J,T,W),
R_spin_schG_d(I,T), R_spin_schG_u(I,T), R_spin_schD_d(J,T), R_spin_schD_u(J,T),
R_nspin_schG(I,T), pgblock(I,T,W,M);

BINARY VARIABLES u(I,T), v(I,T,W);

** Elasticity limits of demand
Ls.up(J,T)= elast_limits(J,T,'sup');
Ls.lo(J,T)= elast_limits(J,T,'inf');

** Reference node
angle.fx('N1',T,W)=0;

** Non-anticipativity constraints
Lshed.fx(J,T,W)$(ord(T) LT TAU(W))= 0;
r_spin_depG_d.fx(I,T,W)$(ord(T) LT TAU(W))= 0;
r_spin_depG_u.fx(I,T,W)$(ord(T) LT TAU(W))= 0;
r_spin_depD_d.fx(J,T,W)$(ord(T) LT TAU(W))= 0;
r_spin_depD_u.fx(J,T,W)$(ord(T) LT TAU(W))= 0;
r_nspin_depG.fx(I,T,W)$(ord(T) LT TAU(W))= 0;



GAMS

October 17, 2019 A. J. Conejo 70

***************************************************************************
*        EQUATIONS
***************************************************************************

EQUATIONS

ECFunction Objective function

** ELECTRICITY MARKET CONSTRAINTS

** Production limits
MAX_PROD(I,T)
MIN_PROD(I,T)

** Market equilibria
MARKET_EQU(T)

** Scheduled reserve determination constraints

** Generation side
RESERVE_SCH_SPIN_G_u(I,T) Spinning up
RESERVE_SCH_SPIN_G_d(I,T) Spinning down
RESERVE_SCH_NSPIN_G(I,T)  Non-spinning
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** Demand side
RESERVE_SCH_SPIN_D_u(J,T) Spinning up
RESERVE_SCH_SPIN_D_d(J,T) Spinning down

** REAL-TIME OPERATING CONSTRAINTS

** Start-up costs
SUo(I,W)          T = 1
SU(I,T,W)         T > 1

** Generation limits
GL1(I,T,W)
GL2(I,T,W)

** Decomposition of generator power outputs into blocks
GL3(I,T,W,M)
GL4(I,T,W)

** Involuntary load shedding constraints
LIMIT_ENS(J,T,W)
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** Network constraints
PB(N,T,W)           Power balance
DEF_Pinj(N,T,W)     Definition of power injection
DEF_FLOW(N,R,T,W)   Defintion of power flows
MAX_CAP(N,R,T,W)    Transmission capacity

** LINKING CONSTRAINTS
Pgenerated(I,T,W) Composition of generator power outputs
Pconsumed(J,T,W)  Composition of the power consumption

** Deployed reserve determination constraints

** Generation side
RESERVE_DPL_SPIN_G_u(I,T,W) Spinning up
RESERVE_DPL_SPIN_G_d(I,T,W) Spinning down
RESERVE_DPL_NSPIN_G(I,T,W)  Non-spinning

** Demand side
RESERVE_DPL_SPIN_D_u(J,T,W) Spinning up
RESERVE_DPL_SPIN_D_d(J,T,W) Spinning down;
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ECFunction..

EC =e=  dt*sum((I,T),
Cr_schG(I,T,'up')* R_spin_schG_u(I,T)+ Cr_schG(I,T,'dn')* R_spin_schG_d(I,T)
+ Cr_schG(I,T,'NS')* R_nspin_schG(I,T)) + dt*sum((J,T),
Cr_schD(J,T,'up')* R_spin_schD_u(J,T)+ Cr_schD(J,T,'dn')* R_spin_schD_d(J,T))
+ dt*sum((T,W),
prob(W)*(sum((I,M)$(ord(M) LE NumO(I,T)), CostBlock(I,T,M)* pgblock(I,T,W,M))
- sum(J, lambdaL(J,T)* Lc(J,T,W))
+ sum(J, Vlol(J,T)*Lshed(J,T,W))))
+ sum((I,T,W),prob(W)*Csu(I,T,W));

MIN_PROD(I,T).. Ps(I,T) =g= GDATA(I,'PMIN')* u(I,T);

MAX_PROD(I,T).. Ps(I,T) =l= GDATA(I,'PMAX')*u(I,T);

MARKET_EQU(T).. sum(I, Ps(I,T)) =e= sum(J, Ls(J,T));

RESERVE_SCH_SPIN_G_u(I,T)..

R_spin_schG_u(I,T) =l= RDATA_G(I,T,'Rspin_max_up')*u(I,T);

RESERVE_SCH_SPIN_G_d(I,T)..

R_spin_schG_d(I,T) =l= RDATA_G(I,T,'Rspin_max_dn')*u(I,T);
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RESERVE_SCH_NSPIN_G(I,T)..

R_nspin_schG(I,T) =l= RDATA_G(I,T,'Rnspin_max')*(1-u(I,T));

RESERVE_SCH_SPIN_D_u(J,T).. R_spin_schD_u(J,T) =l= RDATA_D(J,T,'Rspin_max_up');

RESERVE_SCH_SPIN_D_d(J,T).. R_spin_schD_d(J,T) =l= RDATA_D(J,T,'Rspin_max_dn');

SUo(I,W).. Csu(I,'t1',W) =g= lambdaSU(I,'t1')*(v(I,'t1',W)-GDATA(I,'Istatus'));

SU(I,T,W)$(ord(T) GT 1).. Csu(I,T,W) =g= lambdaSU(I,T)*(v(I,T,W)-v(I,T-1,W));

GL1(I,T,W).. Pg(I,T,W) =g= GDATA(I,'PMIN')* v(I,T,W);

GL2(I,T,W).. Pg(I,T,W) =l= GDATA(I,'PMAX')*v(I,T,W);

GL3(I,T,W,M)$(ord(M) LE NumO(I,T)).. pgblock(I,T,W,M) =l= WidthBlock(I,T,M);

GL4(I,T,W).. Pg(I,T,W) =e= sum(M$(ord(M) LE NumO(I,T)), pgblock(I,T,W,M));

LIMIT_ENS(J,T,W).. Lshed(J,T,W)=l= Lc(J,T,W);

PB(N,T,W).. sum(I$(MG(I,N,T,W) EQ 1),Pg(I,T,W))- sum(J$(ML(J,N) EQ 1),
Lc(J,T,W)-Lshed(J,T,W))-Pinj(N,T,W) =e= 0;

DEF_Pinj(N,T,W).. Pinj(N,T,W) =e= sum(R$(conec(N,R,T,W) EQ 1),f(N,R,T,W));
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DEF_FLOW(N,R,T,W)$(conec(N,R,T,W) EQ 1)..

f(N,R,T,W)=e= -b(N,R)*(angle(N,T,W)-angle(R,T,W));

MAX_CAP(N,R,T,W)$(conec(N,R,T,W) EQ 1).. f(N,R,T,W) =l= fmax(N,R);

Pgenerated(I,T,W)$(G(I,T,W) EQ 1)..

Pg(I,T,W) =e= Ps(I,T)+ r_spin_depG_u(I,T,W)+r_nspin_depG(I,T,W)
-r_spin_depG_d(I,T,W);

Pconsumed(J,T,W)..

Lc(J,T,W) =e= Ls(J,T)- r_spin_depD_u(J,T,W) + r_spin_depD_d(J,T,W);

RESERVE_DPL_SPIN_G_u(I,T,W).. r_spin_depG_u(I,T,W) =l= R_spin_schG_u(I,T);

RESERVE_DPL_SPIN_G_d(I,T,W).. r_spin_depG_d(I,T,W) =l= R_spin_schG_d(I,T);

RESERVE_DPL_NSPIN_G(I,T,W).. r_nspin_depG(I,T,W) =l= R_nspin_schG(I,T);

RESERVE_DPL_SPIN_D_u(J,T,W).. r_spin_depD_u(J,T,W)=l= R_spin_schD_u(J,T);

RESERVE_DPL_SPIN_D_d(J,T,W).. r_spin_depD_d(J,T,W)=l= R_spin_schD_d(J,T);
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***************************************************************************
*        MODEL
***************************************************************************

MODEL MCU /ALL/;
MCU.optcr=0;
Option iterlim = 1e8;
Option reslim = 1e10;
Option mip=cplex;
SOLVE MCU USING mip MINIMIZING EC;
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This is it!


