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I Inverter
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kW = kilowatt, kWh = kilowatt-hour.
Source: Bloomberg New Energy Finance (BNEF).
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EPC = engineering, procurement, and construction; ESS = energy storage system; MW = megawatt; MWh = megawatt-hour; PCS
= power conversion system.

Source: Bloomberg New Energy Finance (BNEF)
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(GAMS 45) Y cawons

*$set matout "'matsol.gdx’, Gamma_Sof, Kessi_BP, Marg_Sof, Marg_BP, Marg_E *;

sets
Year/Y1*Y10/
Day/D1*D2/
Time/T1*T3/
MyT /eell;

alias(Year,Year2);
alias(Day,Day?2);
alias(Time,Time2);

parameter

templ(Year,Day, Time)
temp2(Year,Day, Time)

temp3

temp4

temp5

Marg_Sof

Marg_BP

Marg E

rr PQCm

110/

Sof_low(MyT)

*/eel O/

BP_UP(MYT)

*/eel 150/

Pmax(MyT)

*[eel 40/

E_C(MYT) Installed Capacity

*/eel 40/

P_D(Day,Time)

TT1(MYT) Duration of the first period T1
*leel 14/

TT2(MYT) Duration of the first period T2
*/eel 6/

TT3(MYT) Duration of the first period T3
*eel 4/

égdxin testdatl.gdx
$load E_C
$gdxin

$gdxin testdat2.gdx
$load Pmax
$gdxin

$gdxin testdat3.gdx
$load Sof _low
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$gdxin

$gdxin testdat4.gdx
$load BP_UP
$gdxin

$gdxin testdat5.gdx
$load P_D
$gdxin

$gdxin testdat6.gdx
$load TT1
$gdxin

$gdxin testdat7.gdx
$load TT2
$gdxin

$gdxin testdat8.gdx

$load TT3

$gdxin

*Table

*P_D(Day,Time) Base

* T1 T2 T3

*D1 1835 228.1786 194.3100

*D2 152.650 182.0929 151.31

*-

parameter

Alpha Annual Load Growth

/1.076/

Beta_L Annual Price Growth of Demand Side
/1.05/

Beta_G Annual Price Growth of Generation Side
/1.05/

Lambda_F Demand side Price (Base Year)
1375700/

Lambda_G Generation side Price (Base Year)
/1040000/

P_CT  Transformer Expansion Threshold

170/

Pi_T  Transformer Expansion Cost
1200/

yT Transformer Expansion Year3
12/

P_CL Line Expansion Threshold Year4
174/

Pi_L  Line Expansion Cost

1600/

yL Line Expansion Year4
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13/

P_CG  Generation Expansion Threshold Year5
178/

Pi_G  Generation Expansion Cost

/800/

yG Generation Expansion Year5

14/

IR Intrest Rate
1.1/

*TTL(MyT)  start of peak period
*/15/

*tTT2(MyT)  end of peak period
*[21/

’

*D3 43 64 25
*D4 48 66 34

’

Parameter

Lambda_Fix(Year) Annual Demand Side Price
P_De(Year,Day,Time) Annual Demand by detail
Lambda_Gen(Year) Annual Generation Side Price

i_ambda_Fix('Yl‘)z Lambda_F;
loop(Year$(ord(year)>1),Lambda_Fix(Year)=Beta_L*Lambda_Fix(Year-1));

Lambda_Gen('Y1)=Lambda_G;
loop(Year$(ord(year)>1),Lambda_Gen(Year)=Beta_G*Lambda_Gen(Year-1));

loop(Day,
loop(Time,P_De('Y1',Day,Time)=P_D(Day,Time))
);

loop(Year$(ord(year)>1),

loop(Day,

loop(Time,P_De(Year,Day, Time)=P_De(Year-1,Day, Time)*Alpha)
)

)i

parameter
M1/1000/
M /1000000000/
M2 /8000/
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*$if exist matdata.gms $include matdata.gms
free variable
Z;

Variable

Cost

Profit  Total Profit

Profit L gained Profit from postponing Transmition expansion
Profit_G gained Profit from postponing Generation expansion
Profit T gained Profit from postponing Substation expansion

Positive variable

Lambda_Sof(Year) Selling Price during off-peak
Gamma_Sof Selling coefficient during off-peak
Lambda_Bof(Year) Buying Price during off-peak
Kessi_Bof Buying coefficient during off-peak
Lambda_SP(Year) Selling Price during peak
Gamma_SP Selling coefficient during peak
Lambda_BP(Year) Buying Price during peak
Kessi_BP Buying coefficient during peak
SlagV

P_Ch(Year,Day,Time)
P_Dis(Year,Day,Time)
E(Year,Day,Time) SoC

Eta_PDisU(Year,Day,Time)
Eta_PDisD(Year,Day, Time)
Eta PChU(Year,Day,Time)
Eta_PChD(Year,Day,Time)
Eta_EU(Year,Day,Time)
Eta_ED(Year,Day,Time)

Binary variable
W_PDisU(Year,Day,Time)
W_PDisD(Year,Day,Time)
W_PChU(Year,Day,Time)
W_PChD(Year,Day,Time)
W_EU(Year,Day,Time)
W_ED(Year,Day,Time)

Zeta_TS(Year,Day,Time)
Zeta_TS1(Year)

Zeta TT(Year)
Zeta_LS(Year,Day,Time)
Zeta_LS1(Year)

Zeta LT(Year)
Zeta_GS(Year,Day,Time)
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Zeta GS1(Year)
Zeta_GT(Year)
W_tempDis(Year,Day, Time)
W_tempCh(Year,Day,Time)
W_m

Equations
Obj

Defl(Year)
Def2(Year)
Def3(Year)
Def4(Year)

Coffl
Coff2
Coff3
Coffa

Coff5(MyT)
*Coff6
*Coff7
Coff8(MyT)

*PQC(Year)

PConsl(Year,Day, Time,MyT)
PCons2(Year,Day,Time,MyT)
EDef(Year,Day, Time,MyT)
ECons(Year,Day, Time,MyT)

LagCons1(Year,Day, Time,MyT)
LagConsl1(Year,Day, Time,MyT)
LagCons2(Year,Day, Time,MyT)
LagCons3(Year,Day, Time,MyT)
LagCons31(Year,Day, Time,MyT)
LagCons4(Year,Day,Time,MyT)

CompDisU1(Year,Day,Time)
CompDisU2(Year,Day, Time,MyT)

CompDisD1(Year,Day,Time)
CompDisD2(Year,Day,Time)

CompChU1(Year,Day, Time)
CompChU2(Year,Day, Time,MyT)

CompChD1(Year,Day, Time)
CompChD2(Year,Day, Time)

VO
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CompEUL(Year,Day,Time)
CompEU2(Year,Day, Time,MyT)

CompED1(Year,Day, Time)
CompED2(Year,Day,Time)

CostOb(MyT)

$ontext
TransPost1(Year,Day,Time)
TransPost11(Year,Day,Time)
TransPost12('Year)
TransPost13(Year)
TransPost2(Year)
TransPost21(Year)
TransPost22
TransPost3(Year)
TransPost4(Year)

LinePost1(Year,Day,Time)
LinePost11(Year,Day,Time)
LinePost12(Year)
LinePost13(Year)
LinePost2(Year)
LinePost21(Year)
LinePost22

LinePost3(Year)
LinePost4(Year)

GenPost1(Year,Day,Time)
GenPost11(Year,Day,Time)
GenPost12(Year)
GenPost13(Year)
GenPost2(Year)
GenPost21(Year)
GenPost22

GenPost3(Year)
GenPost4(Year)

ProfitEQ

$offtext
tempeql(Year,Day,Time)
tempeg2(Year,Day, Time)
tempeq3(Year,Day,Time)

abs1(MyT)
abs2(MyT)
*abs3(MyT)
*abs4(MyT)
*abs5(MyT)
*abs6(MyT)

oy
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tempeqq(MyT)

*********N EQl(Year)

*********N EQZ(Year)

Obj.. Z=e=-100*Profit-Cost;

*

abs1(MyT).. rr*(Kessi_BP-Gamma_Sof)-E_C(MyT)=I=.1;

abs2(MyT).. rr*(Kessi_BP-Gamma_Sof)-E_C(MyT)=g=-.1;

*abs1(MyT).. rr*(Kessi_BP-Gamma_Sof)=e=E_C(MYT);

*abs1(MyT).. rr*(Kessi_BP-Gamma_Sof)-E_C(MYT)=I=M1*W_m;
*abs2(MyT).. rr*(Kessi_BP-Gamma_Sof)-E_C(MYT)=g=M1*(W_m-1);
*abs3(MyT).. SlagV+W_M*M1=I=M1+rr*(Kessi_BP-Gamma_Sof)-E_C(MYT);
*abs4(MyT).. SlagV-W_M*M1=g=-M1+rr*(Kessi_BP-Gamma_Sof)-E_C(MYT);
*abs5(MyT).. SlagV+(1-W_M)*M1=I=M1-(rr*(Kessi_BP-Gamma_Sof)-E_C(MYT));
*abs6(MyT).. SlagV-(1-W_M)*M1=g=-M1-(rr*(Kessi_BP-Gamma_Sof)-E_C(MYT));
Defl(Year).. Lambda_Sof(Year)=e=Gamma_Sof*Lambda_Fix(Year);

Def2(Year).. Lambda_Bof(Year)=e=Kessi_Bof*Lambda_Gen(Year);

Def3(Year).. Lambda_SP(Year)=e=Gamma_SP*Lambda_Fix(Year);

Def4(Year).. Lambda_BP(Year)=e=Kessi_BP*Lambda_Gen(Year);
*xxxx*xDefl(Year).. Lambda_Sof(Year)=e=10;

*xxxx*xDef2(Year).. Lambda_Bof(Year)=e=10;

*xxxx*xDef3(Year).. Lambda_SP(Year)=e=20;

FHxxE*Defd(Year).. Lambda_BP(Year)=e=20;

*xxxxEANEQL(Year).. Lambda_Sof(Year)=g=Lambda_Bof(Year);
FHRxFAXFNEQ2(Year).. Lambda_SP(Year)=I=Lambda_BP(Year);

Coff1l.. Gamma_Sof=I=1,;

Coff2.. Kessi_Bof=I=1,;

Coff3.. Gamma_SP=g=1;

Coff4.. Kessi_BP=g=1;

Coff5(MyT).. Gamma_Sof=g=Sof_low(MyT);

*Coff6.. Kessi_Bof=g=.1;

*Coff7.. Gamma_SP=I=3;

Coff8(MyT).. Kessi_BP=I=BP_UP(MYT);

*PQC(Year).. E_C(MYT)(Year)=e=(Lambda_SP(Year)-Lambda_Bof(Year))*my(Year);

PConsl(Year,Day,Time,MyT).. P_Dis(Year,Day,Time)=I=Pmax(MyT);

oy
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PCons2(Year,Day,Time,MyT).. P_Ch(Year,Day, Time)=I=Pmax(MyT);

EDef(Year,Day, Time,MyT).. E(Year,Day, Time)=e=sum(Year2$(ord(Year2)<=(ord(Year)-1)),
sum(Day?2, TTL(MYT)*(P_Ch(Year2,Day2, T1)-
P_Dis(Year2,Day2, T1)+TT2(MYT)*(P_Ch(Year2,Day2, T2-

P_Dis(Year2,Day2, T2)+TT3(MYT)*(P_Ch(Year2,Day2, T3")-P_Dis(Year2,Day2, T3")
))+sum(Day2$(ord(Day2)<=(ord(Day)-1)), TTL(MYT)*(P_Ch(Year,Day2, T1)-
P_Dis(Year,Day2, T1)+TT2(MYT)*(P_Ch(Year,Day2, T2"-

P_Dis(Year,Day2, T2))+TT3(MYT)*(P_Ch(Year,Day2, T3")-P_Dis(Year,Day2, T3")
)+sum(Time2$(ord(Time2)<=(ord(Time)) and ord(Time2)=1), TT1(MYT)*(P_Ch(Year,Day, T1)-
P_Dis(Year,Day, T1"))+sum(Time2$(ord(Time2)<=(ord(Time)) and ord(Time2)=2),
TT2(MYT)*(P_Ch(Year,Day, T2')-P_Dis(Year,Day, T2"))+sum(Time2$(ord(Time2)<=(ord(Time))
and ord(Time2)=3), TT3(MYT)*(P_Ch(Year,Day, T3")-P_Dis(Year,Day, T3"));

ECons(Year,Day, Time,MyT).. E(Year,Day,Time)=I=E_C(MYT);
*sum(Year2$(ord(Year2)<=ord(Year)),E_C(MYT)(Year))
LagCons1(Year,Day,Time,MyT)$(ord(Time)=1).. TT1(MYT)*Lambda_Bof(Year)-
Eta_PDisU(Year,Day,Time)+Eta_PDisD(Year,Day,Time)-
(sum(Year2$(ord(Year2)>ord(Year)),sum(Day2, TTL(MYT)*(Eta_ED(Year2,Day2, T1')-

Eta EU(Year2,Day2, T1)+TT2(MYT)*(Eta_ED(Year2,Day2, T2"-

Eta_EU(Year2,Day2, T2)+TT3(MYT)*(Eta_ED(Year2,Day2, T3)-Eta_EU(Year2,Day2, T3")
))+sum(Day2$(ord(Day2)>ord(Day)), TTL(MYT)*(Eta_ED(Year,Day2, T1')-

Eta EU(Year,Day2, T1))+TT2(MYT)*(Eta_ED(Year,Day2, T2"-

Eta EU(Year,Day2, T2))+TT3(MYT)*(Eta_ED(Year,Day2, T3")-Eta_EU(Year,Day2,'T3")
)+sum(Time2$(ord(Time2)>=ord(Time) and ord(Time2)=1),TT1(MYT)*(Eta_ED(Year,Day, T1')-

Eta_EU(Year,Day, T1")))+sum(Time2$(ord(Time2)>=ord(Time) and
ord(Time2)=2), TT2(MYT)*(Eta_ED(Year,Day, T2")-

Eta_EU(Year,Day, T2"))+sum(Time2$(ord(Time2)>=ord(Time) and
ord(Time2)=3), TT3(MYT)*(Eta_ED(Year,Day, T3")-Eta_EU(Year,Day, T3"))))=e=0;
LagConsl11(Year,Day,Time,MyT)$(ord(Time)=3).. TT3(MYT)*Lambda_Bof(Year)-
Eta_PDisU(Year,Day,Time)+Eta_PDisD(Year,Day,Time)-
(sum(Year2$(ord(Year2)>ord(Year)),sum(Day2, TTL(MYT)*(Eta_ED(Year2,Day2,T1')-

Eta EU(Year2,Day2, T1)+TT2(MYT)*(Eta_ED(Year2,Day2, T2-

Eta EU(Year2,Day2, T2)+TT3(MYT)*(Eta_ED(Year2,Day2, T3")-Eta_EU(Year2,Day2, T3")
))+sum(Day2$(ord(Day2)>ord(Day)), TTL(MYT)*(Eta_ED(Year,Day2, T1')-

Eta EU(Year,Day2, T1))+TT2(MYT)*(Eta_ED(Year,Day2, T2"-

Eta EU(Year,Day2, T2))+TT3(MYT)*(Eta_ED(Year,Day2, T3")-Eta_EU(Year,Day2,'T3")
)+sum(Time2$(ord(Time2)>=ord(Time) and ord(Time2)=1),TT1(MYT)*(Eta_ED(Year,Day, T1')-

Eta_EU(Year,Day, T1"))+sum(Time2$(ord(Time2)>=ord(Time) and
ord(Time2)=2), TT2(MYT)*(Eta_ED(Year,Day, T2")-

Eta_EU(Year,Day,' T2"))+sum(Time2$(ord(Time2)>=ord(Time) and
ord(Time2)=3), TT3(MYT)*(Eta_ED(Year,Day, T3")-Eta_EU(Year,Day, T3")))=e=0;
LagCons2(Year,Day, Time,MyT)$(ord(Time)=2).. TT2(MYT)*Lambda_BP(Year)-
Eta_PDisU(Year,Day,Time)+Eta_PDisD(Year,Day,Time)-
(sum(Year2$(ord(Year2)>ord(Year)),sum(Day2, TTL(MYT)*(Eta_ED(Year2,Day2, T1')-

Eta_EU(Year2,Day2,' T1))+TT2(MYT)*(Eta_ED(Year2,Day2, T2')-

Eta_EU(Year2,Day2, T2)+TT3(MYT)*(Eta_ED(Year2,Day2, T3)-Eta_EU(Year2,Day2, T3")
))+sum(Day2$(ord(Day2)>ord(Day)), TTL(MYT)*(Eta_ED(Year,Day2, T1')-

Eta_EU(Year,Day2, T1))+TT2(MYT)*(Eta_ED(Year,Day2, T2')-

Eta_EU(Year,Day2, T2))+TT3(MYT)*(Eta_ED(Year,Day2, T3')-Eta_EU(Year,Day2,T3")
)+sum(Time2$(ord(Time2)>=ord(Time) and ord(Time2)=1),TT1(MYT)*(Eta_ED(Year,Day, T1')-

Eta_EU(Year,Day, T1"))+sum(Time2$(ord(Time2)>=ord(Time) and
ord(Time2)=2), TT2(MYT)*(Eta_ED(Year,Day, T2')-

Eta_EU(Year,Day, T2"))+sum(Time2$(ord(Time2)>=ord(Time) and
ord(Time2)=3), TT3(MYT)*(Eta_ED(Year,Day, T3")-Eta_EU(Year,Day, T3")))=e=0;
LagCons3(Year,Day, Time,MyT)$(ord(Time)=1).. -TT1(MYT)*Lambda_Sof(Year)-

Eta_PChU(Year,Day,Time)+Eta PChD(Year,Day, Time)+(sum(Year2$(ord(Year2)>ord(Year)),sum(
\OF
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Day2, TT1L(MYT)*(Eta_ED(Year2,Day2, T1")-
Eta EU(Year2,Day2, T1))+TT2(MYT)*(Eta_ED(Year2,Day2, T2')-

Eta EU(Year2,Day2, T2"))+TT3(MYT)*(Eta_ED(Year2,Day2, T3")-Eta_EU(Year2,Day2,'T3"))
))+sum(Day2$(ord(Day2)>ord(Day)), TTL(MYT)*(Eta_ED(Year,Day2, T1')-

Eta EU(Year,Day2, T1))+TT2(MYT)*(Eta_ED(Year,Day2, T2"-

Eta_EU(Year,Day2, T2))+TT3(MYT)*(Eta_ED(Year,Day2, T3")-Eta_EU(Year,Day2,'T3"))
)+sum(Time2$(ord(Time2)>=ord(Time) and ord(Time2)=1),TT1(MYT)*(Eta_ED(Year,Day, T1')-

Eta_EU(Year,Day, T1")))+sum(Time2$(ord(Time2)>=ord(Time) and
ord(Time2)=2), TT2(MYT)*(Eta_ED(Year,Day, T2')-

Eta_EU(Year,Day, T2"))+sum(Time2$(ord(Time2)>=ord(Time) and
ord(Time2)=3),TT3(MYT)*(Eta_ED(Year,Day, T3")-Eta_EU(Year,Day, T3")))=e=0;
LagCons31(Year,Day, Time,MyT)$(ord(Time)=3).. -TT3(MYT)*Lambda_Sof(Year)-
Eta_PChU(Year,Day, Time)+Eta_PChD(Year,Day, Time)+(sum(Year2$(ord(Year2)>ord(Year)),sum(
Day2, TT1(MYT)*(Eta_ED(Year2,Day2,'T1")-

Eta EU(Year2,Day2, T1))+TT2(MYT)*(Eta_ED(Year2,Day2, T2"-

Eta_EU(Year2,Day2, T2)+TT3(MYT)*(Eta_ED(Year2,Day2, T3)-Eta_EU(Year2,Day2, T3")
))+sum(Day2$(ord(Day2)>ord(Day)), TTL(MYT)*(Eta_ED(Year,Day2, T1')-

Eta EU(Year,Day2, T1))+TT2(MYT)*(Eta_ED(Year,Day2, T2"-

Eta_EU(Year,Day2, T2))+TT3(MYT)*(Eta_ED(Year,Day2, T3")-Eta_EU(Year,Day2,T3")
)+sum(Time2$(ord(Time2)>=ord(Time) and ord(Time2)=1),TT1(MYT)*(Eta_ED(Year,Day, T1')-

Eta_EU(Year,Day, T1")))+sum(Time2$(ord(Time2)>=ord(Time) and
ord(Time2)=2), TT2(MYT)*(Eta_ED(Year,Day, T2")-

Eta_EU(Year,Day,' T2"))+sum(Time2$(ord(Time2)>=ord(Time) and
ord(Time2)=3), TT3(MYT)*(Eta_ED(Year,Day, T3")-Eta_EU(Year,Day, T3")))=e=0;
LagCons4(Year,Day, Time,MyT)$(ord(Time)=2).. -TT2(MYT)*Lambda_SP(Year)-
Eta PChU(Year,Day,Time)+Eta_PChD(Year,Day, Time)+(sum(Year2$(ord(Year2)>ord(Year)),sum(
Day?2, TT1(MYT)*(Eta_ED(Year2,Day2, T1-

Eta EU(Year2,Day2, T1)+TT2(MYT)*(Eta_ED(Year2,Day2, T2-

Eta_EU(Year2,Day2, T2)+TT3(MYT)*(Eta_ED(Year2,Day2, T3)-Eta_EU(Year2,Day2, T3")
))+sum(Day2$(ord(Day2)>ord(Day)), TTL(MYT)*(Eta_ED(Year,Day2, T1')-

Eta EU(Year,Day2, T1))+TT2(MYT)*(Eta_ED(Year,Day2, T2"-

Eta EU(Year,Day2, T2))+TT3(MYT)*(Eta_ED(Year,Day2, T3")-Eta_EU(Year,Day2,'T3")
)+sum(Time2$(ord(Time2)>=ord(Time) and ord(Time2)=1),TT1(MYT)*(Eta_ED(Year,Day, T1')-

Eta_EU(Year,Day, T1")))+sum(Time2$(ord(Time2)>=ord(Time) and
ord(Time2)=2), TT2(MYT)*(Eta_ED(Year,Day, T2")-
Eta_EU(Year,Day,' T2"))+sum(Time2$(ord(Time2)>=ord(Time) and

ord(Time2)=3), TT3(MYT)*(Eta_ED(Year,Day, T3")-Eta_EU(Year,Day, T3")))=e=0;

CompDisU1(Year,Day,Time).. Eta_PDisU(Year,Day, Time)=I=M*W _PDisU(Year,Day,Time);
CompDisU2(Year,Day, Time,MyT).. Pmax(MyT)-P_Dis(Year,Day, Time)=I=M*(1-
W_PDisU(Year,Day,Time));

CompDisD1(Year,Day,Time).. Eta_PDisD(Year,Day,Time)=I=M*W_PDisD(Year,Day, Time);
CompDisD2(Year,Day,Time).. P_Dis(Year,Day, Time)=I=M*(1-W_PDisD(Year,Day,Time));
CompChU1(Year,Day, Time).. Eta_PChU(Year,Day, Time)=I=M*W_PChU(Year,Day, Time);
CompChU2(Year,Day, Time,MyT).. Pmax(MyT)-P_Ch(Year,Day, Time)=I=M*(1-
W_PChU(Year,Day,Time));

CompChD1(Year,Day, Time).. Eta_PChD(Year,Day, Time)=I=M*W_PChD(Year,Day, Time);
CompChD2(Year,Day, Time).. P_Ch(Year,Day, Time)=I=M*(1-W_PChD(Year,Day,Time));

Vab
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CompEUL(Year,Day, Time).. Eta_EU(Year,Day, Time)=I=M*W_EU(Year,Day,Time);
CompEUZ2(Year,Day, Time,MyT).. E_C(MYT)-E(Year,Day, Time)=I=M*(1-
W_EU(Year,Day, Time));

CompED1(Year,Day, Time).. Eta_ED(Year,Day, Time)=I=M*W_ED(Year,Day,Time);
CompED2(Year,Day, Time).. E(Year,Day,Time)=I1=M*(1-W_ED(Year,Day, Time));

*CostOb.. Cost=e=sum(Year,186*sum(Day,8*sum(Time,

P_Ch(Year,Day,Time)*Lambda_Fix(Year)-P_Dis(Year,Day, Time)*Lambda_Gen(Year)-
Pmax(MyT)*(Eta_PChU(Year,Day, Time)+Eta_PDisU(Year,Day,Time))-
Eta_EU(Year,Day,Time)*E_C(MYT) )));

CostOb(MyT).. Cost=e=sum(Year,186*sum(Day,8*sum(Time,
P_Ch(Year,Day, Time)*Lambda_Fix(Year)-

P_Dis(Year,Day, Time)*Lambda_Gen(Year)+Pmax(MyT)*(Eta_PChU(Year,Day,Time)+Eta_PDisU(
Year,Day,Time))+Eta_EU(Year,Day, Time)*E_C(MYT) )));

tempeqq(MyT).. Profit=e=sum(Year,186*sum(Day, TT2(MYT)*(P_Ch(Year,Day, T2")-
P_Dis(Year,Day, T2")-TT1(MYT)*(P_Ch(Year,Day, T1')-P_Dis(Year,Day, T1'))-
TT3(MYT)*(P_Ch(Year,Day, T3)-P_Dis(Year,Day, T3") ));

$ontext

TransPost1(Year,Day,Time).. -P_CT+P_De(Year,Day, Time)+P_Ch(Year,Day, Time)-
P_Dis(Year,Day,Time)=I=M*Zeta_TS(Year,Day,Time);

TransPostl11(Year,Day, Time).. -P_CT+P_De(Year,Day,Time)+P_Ch(Year,Day,Time)-
P_Dis(Year,Day, Time)=g=M*(Zeta_TS(Year,Day, Time)-1);

TransPost12(Year).. sum(Day, sum(Time, Zeta_TS(Year,Day,Time)))=I=M*Zeta_TS1(Year);
TransPost13(Year).. sum(Day, sum(Time, Zeta_TS(Year,Day,Time)))-.1=g=M*(Zeta_TS1(Year)-
1);

TransPost2(Year).. Zeta_TS1(Year)-Zeta_TS1(Year-1)=I=M*Zeta_TT(Year);
TransPost21(Year).. Zeta TS1(Year)-Zeta_TS1(Year-1)-.1=g=M*(Zeta_TT(Year)-1);
TransPost22.. Zeta TT('Y1)=e=0;

TransPost3(Year).. Profit_ T+M2*Zeta_TT(Year)=I=Pi_T*(1-(1/power((1+IR),(ord(Year)-
yT))))+M2;

TransPost4(Year).. Profit_T-M2*Zeta_TT(Year)=g=Pi_T*(1-(1/power((1+IR),(ord(Year)-
y)))-M2;

LinePost1(Year,Day,Time).. -P_CL+P_De(Year,Day,Time)+P_Ch(Year,Day,Time)-
P_Dis(Year,Day,Time)=I=M*Zeta_LS(Year,Day,Time);

LinePost11(Year,Day,Time).. -P_CL+P_De(Year,Day, Time)+P_Ch(Year,Day,Time)-
P_Dis(Year,Day, Time)=g=M*(Zeta_LS(Year,Day, Time)-1);

LinePost12(Year).. sum(Day, sum(Time, Zeta_LS(Year,Day,Time)))=I=M*Zeta_LS1(Year);
LinePost13(Year).. sum(Day, sum(Time, Zeta_LS(Year,Day,Time)))-.1=g=M*(Zeta_LS1(Year)-
1);

LinePost2(Year).. Zeta LS1(Year)-Zeta_LS1(Year-1)=I=M*Zeta_LT(Year);
LinePost21(Year).. Zeta LS1(Year)-Zeta_LS1(Year-1)-.1=g=M*(Zeta_LT(Year)-1);
LinePost22.. Zeta LT('Y1)=e=0;

LinePost3(Year).. Profit_L+M2*Zeta_LT(Year)=I=Pi_L*(1-(1/power((1+IR),(ord(Year)-
yL)+M2;

LinePost4(Year).. Profit_L-M2*Zeta LT(Year)=g=Pi_L*(1-(1/power((1+IR),(ord(Year)-
yL))))-M2;

VoF
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GenPost1(Year,Day,Time).. -P_CG+P_De(Year,Day,Time)+P_Ch(Year,Day,Time)-
P_Dis(Year,Day, Time)=I=M*Zeta_GS(Year,Day,Time);

GenPost11(Year,Day,Time).. -P_CG+P_De(Year,Day, Time)+P_Ch(Year,Day, Time)-
P_Dis(Year,Day, Time)=g=M*(Zeta_GS(Year,Day, Time)-1);

GenPost12(Year).. sum(Day, sum(Time, Zeta_GS(Year,Day, Time)))=I=M*Zeta_GS1(Year);
GenPost13(Year).. sum(Day, sum(Time, Zeta_GS(Year,Day,Time)))-.1=g=M*(Zeta_GS1(Year)-
1);

GenPost2(Year).. Zeta_GS1(Year)-Zeta_GS1(Year-1)=I=M*Zeta_GT(Year);
GenPost21(Year).. Zeta_GS1(Year)-Zeta_GS1(Year-1)-.1=g=M*(Zeta_GT(Year)-1);
GenPost22.. Zeta_GT('Y1)=e=0;

GenPost3(Year).. Profit_G+M2*Zeta_GT(Year)=I=Pi_G*(1-(1/power((1+IR),(ord(Year)-
yG))))+M2;

GenPost4(Year).. Profit_G-M2*Zeta_GT(Year)=g=Pi_G*(1-(1/power((1+IR),(ord(Year)-
yG))))-M2;

ProfitEQ.. Profit=e=Profit_T+Profit_L+Profit G;

$offtext

tempeql(Year,Day,Time).. P_Dis(Year,Day,Time)=I=M*W_tempDis(Year,Day,Time);
tempeg2(Year,Day,Time).. P_Ch(Year,Day,Time)=I=M*W_tempCh(Year,Day,Time);
tempeq3(Year,Day,Time).. W_tempDis(Year,Day, Time)+W_tempCh(Year,Day, Time)=I=1,

Model Battery _Gams / all /;

option optcr=0.01;

solve Battery_Gams maximize Z using MIP;

*templ(Year,Day, Time)=-P_CT+P_De(Year,Day,Time)+P_Ch.I(Year,Day,Time)-
P_Dis.I(Year,Day,Time);

*temp2(Year,Day, Time)=-P_CL+P_De(Year,Day, Time)+P_Ch.I(Year,Day, Time)-
P_Dis.I(Year,Day,Time);

*temp3=sum(Year,186*sum(Day, TTI(MYT)*(P_Ch.I(Year,Day, T1)*(Lambda_Fix(Year)-
Lambda_Sof.I(Year))-P_Dis.I(Year,Day, T1)*(Lambda_Gen(Year)-
Lambda_Bof.I(Year)))+TT3(MYT)*(P_Ch.I(Year,Day, T3")*(Lambda_Fix(Year)-
Lambda_Sof.I(YYear))-P_Dis.I(Year,Day, T3")*(Lambda_Gen(Year)-
Lambda_Bof.lI(Year)))+TT2(MYT)*(P_Ch.I(Year,Day, T2")*(Lambda_Fix(Year)-
Lambda_SP.I(Year))-P_Dis.I(Year,Day, T2")*(Lambda_Gen(Year)-Lambda_BP.I(Year))) ));

*temp4=sum(Year,186*sum(Day, TT1(MYT)*(P_Dis.I(Year,Day, T1)*Lambda_Bof.I(Year)-
P_Ch.I(Year,Day, T1)*Lambda_Sof.I(Year))+TT3(MYT)*(P_Dis.I(Year,Day, T3)*Lambda_Bof.I(Y
ear)-

P_Ch.I(YYear,Day, T3")*Lambda_Sof.I(Year))+TT2(MYT)*(P_Dis.I(Year,Day, T2")*Lambda_BP.I(Ye
ar)-P_Ch.l(Year,Day, T2")*Lambda_SP.I(Year)) ));

*temp5=sum(Year,186*sum(Day,sum(Time,

Pmax(MyT)*(Eta_PdisU.I(Year,Day, Time)+Eta_PchU.I(Year,Day,Time))+E_C(MYT)*Eta_EU.I(Ye
ar,Day,Time) )));

Marg_Sof=sum(Year,Defl.m(Year)+Coffl.m-Coff5.m(‘eel"));
Marg_BP=sum(Year,Def4.m(Year)-Coff4.m+Coff8.m(‘eel’));
Marg_E=sum(Year,186*sum(Day,8*sum(Time,ECons.m(Year,Day, Time,'eel"))));

*display Lambda_Fix, Lambda_Gen, P_De, templ, temp2, temp3,temp4, temp5, Defl.m, Def4.m;
execute_unload 'tstsol1', Gamma_Sof;

execute_unload 'tstsol2', Kessi_BP;

*execute 'gdxxrw.exe tstso2.gdx o=tstso2.xls var=Kessi_BP.I'

execute_unload 'tstsol4', Marg_Sof;

execute_unload 'tstsol3', Marg_BP;

execute_unload 'tstsol5', Marg_E;

execute_unload 'tstsol6', Cost;
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execute_unload 'tstsol 7', Profit;
execute_unload 'tstsol8', Z;

*execute_unload %matout%;
*$libinclude matout Gamma_Sof.l pow
*$libinclude matout Kessi_BP.l pow

VOA
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(MATLAB 5) ¥ Cawsn

function
[Err_S,E_S,Sof_low_S,BP_UP_S,Sof Val_S,BP_Val_S,E_Marg_S,Sof_Marg_S,BP_Marg_S,Cost_S
,Profit_S,Z_S]=Battery_Link
tic

E_S=zeros;(&’YY )

Sof low_S=zeros;(&’4’Y'+ +)
BP_UP_S=zeros;(&’¥Y+ +)
Sof Val_S=zeros;(&’¥Y )
BP_Val_S=zeros;(&’VY+ )
E_Marg_S=zeros;(&’VY+ +)
Sof _Marg_S=zeros;(&’4’Y+ +)
BP_Marg_S=zeros;(&’4’Y + +)
Cost_S=zeros;(&’¥’Y+ +)
Profit_S=zeros;(&’VY+ +)
Z_S=zeros;(&’¥’Y+)
Err_S=zeros;(&’Y'Y+ +)

LoadH]=
YVY¥ Y
Y4y,y
YA
YYY,Y
YY¥/v
YY¥yV/?
YY.o/A
YYY/A
YY#/Y
YY¥/¥
YY?/Y
YY?/¥
YYY/Y
YY¥/Y
Y¥./.Aq
YYY/e
YYY/
Y.7/4
Y4 ./A
YA/
\RAWA
\RANE
Y?¥/4
;[\?~/é
LoadC]=
V¥ 7Y
YOAN/7
\RA 7%
\R2"Ya4
YA/
YAV
\R4 A%
\R Va4
Y7Y/0
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V74,4

Y4y,

Y4/

Y.V

YoY/A

Yae,v

YA¥/A

V74,0

YOY /O

\RAVAs

VYo7

VYY)

YYY/4

YYY /¥

YYF/

i

LH[+ » +]=

LC[: =

for t1=2:6

k1=t1-1;
for t2=15:23

k2=t2-14;
EVal=20;
PVal=20;
E_New=15;
err=1000;
m_E=10;
m_P=10;
E_New=0;
P_New=0;
alpha=.3;
BP_UP;[Y++]=
Sof low;[+]=
E _Rec;[]=
LH(1,1)=mean(LoadH(1:t1,}));
LH(1,2)=mean(LoadH(t1:t2,:));
LH(1,3)=mean(LoadH(t2:24,:));

LC(1,1)=mean(LoadC(1:t1,:));
LC(1,2)=mean(LoadC(t1:t2,:));
LC(1,3)=mean(LoadC(t2:24,)));

TT1=t1-1;
TT2=t2-t1;
TT3=24-12;

i=0;

while (abs(err)>.05 || i<10)
if i>300

break

end
i=i+l
E_max.name='E_C;'
E_max.type= "parameter;'
E _max.val=EVal;

it
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E_max.form="full;’
E_max.uels={"'eel’} ;
E_max.dim=1,
E_S(k1,k2,i)=EVal;

P_max.name='Pmax;'
P_max.type= "parameter;'
P_max.val=PVal;
P_max.form="full;'
P_max.uels={'eel'};
P_max.dim=1,;

BP_UP1.name='BP_UP;'

BP_UP1.type= "parameter;'
BP_UP1.val=max(1,BP_UP(:,end)) ;
BP_UP1.form="full;'

BP_UP1.uels={"eel} ;
BP_UP1.dim=1,
BP_UP_S(k1,k2,i)=max(1,BP_UP(:,end));

Sof _lowl.name='Sof low;'

Sof _lowl.type= 'parameter;'
Sof_low1.val=min(Sof_low(:,end),.01);

Sof _lowl.form="full;'

Sof lowl.uels={'eel} ;
Sof_lowl.dim=1;
Sof_low_S(k1,k2,i)=min(Sof_low(:,end),.99);

P_D1.name='P_D;'

P_D1.type= 'parameter;'

P_D1l.val=[LH;LC];

P_D1.form="full;'

P Dl.uels={{'D1''D2'}{T1' 'T2''T3}} :
P_D1.dim=2;

TT1l.name="TT1;'
TT11.type= 'parameter;'
TT11l.val=TT1;
TT11.form="full;'
TT11.uels={'eel} ;
TT11l.dim=1,

TT21.name=TT2;
TT21.type='parameter;'
TT21.val=TT2;
TT21.form="full;’
TT21.uels={'eel} ;
TT21.dim=1;

TT31.name="TT3;'
TT31.type= 'parameter;'
TT31.val=TT3;
TT31.form="full;'
TT3Ll.uels={'eel'} ;
TT31.dim=1,

it
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delete testdatl.gdx
delete testdat2.gdx
delete testdat3.gdx
delete testdat4.gdx
delete testdat5.gdx
delete testdat6.gdx
delete testdat7.gdx
delete testdat8.gdx

delete tstsoll.gdx
delete tstsol2.gdx
delete tstsol3.gdx
delete tstsol4.gdx
delete tstsol5.gdx
delete tstsol6.gdx
delete tstsol7.gdx
delete tstsol8.gdx

wgdx(‘testdatl',E_max);

wgdx('testdat2',P_max);
wgdx(‘testdat3',Sof lowl);
wgdx(‘testdat4',BP_UP1);

wgdx(‘testdat5',P_D1);

wgdx(‘testdat6', TT11);

wgdx(‘testdat7', TT21);

wgdx(‘testdat8', TT31);

%gams(‘Battery_Gams',Sof _low1,BP_UP1,P_max,E_max,P_D1,TT11,TT21,TT31)
ww=system(['gams Battery_Gams lo=2 --TRIP=");
if ww~=2

% a=xlsread('tstso2.xls")

Gamma_BP_Gams.name='Kessi_BP;'
Gamma_BP_Gams.form="full ;'

% SHGams.uels; {}=
Gamma_BP_Matlab=rgdx('tstsol2',Gamma_BP_Gams);
LLGamma_BP=Gamma_BP_Matlab.val
BP_Val_S(k1,k2,i)=Gamma_BP_Matlab.val;

Gamma_Sof Gams.name='Gamma_Sof;'

Gamma_Sof Gams.form="full ;'

SHGams.uels; {}=

Gamma_Sof Matlab=rgdx('tstsol1',Gamma_Sof Gams);
LLGamma_Sof=Gamma_Sof Matlab.val
Sof_Val_S(k1,k2,i)=Gamma_Sof_Matlab.val;

Gamma_BP_Margin_Gams.name='"Marg_BP;'
Gamma_BP_Margin_Gams.form="full ;'
% SHGams.uels={"Y1''Y2''Y3' 'Y4''Y5''Y6' 'Y7''Y8''Y9' 'Y10'};
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%

%

%

%

%

%
%
%

Gamma_BP_Margin_Matlab=rgdx('tstsol3',Gamma_BP_Margin_Gams);
BP_Marg_S(k1,k2,i)=Gamma_BP_Margin_Matlab.val;

Gamma_Sof Margin_Gams.name='"Marg_Sof;'
Gamma_Sof_Margin_Gams.form="full ;'

SHGams.uels={"Y1''Y2''Y3' 'Y4' 'Y5''Y6' 'Y7''Y8' Y9 'Y10};
Gamma_Sof Margin_Matlab=rgdx('tstsol4',Gamma_Sof Margin_Gams);
Sof_Marg_S(k1,k2,i)=Gamma_Sof_Margin_Matlab.val;

Gamma_E_Margin_Gams.name='"Marg_E;'
Gamma_E_Margin_Gams.form="full ;'

SHGams.uels={"Y1''"Y2''Y3' 'Y4''Y5''Y6' 'Y7' 'Y8''Y9' 'Y10'};
Gamma_E_Margin_Matlab=rgdx('tstsol5',Gamma_E_Margin_Gams);
E Marg_S(k1,k2,i))=Gamma_E_Margin_Matlab.val;

Cost_Gams.name="Cost;'

Cost_Gams.form="full ;'
SHGams.uels={"Y1''Y2''Y3''Y4''Y5''Y6' 'Y7' 'Y8''Y9' 'Y10'};

Cost_Matlab=rgdx('tstsol6',Cost_Gams);

Cost_S(k1,k2,i)=Cost_Matlab.val;

Profit_Gams.name="Profit;'
Profit_Gams.form="full ;'

SHGams.uels={"Y1''Y2''Y3' 'Y4' 'Y5''Y6' 'Y7''Y8' Y9 'Y10};
Profit_Matlab=rgdx(‘tstsol7',Profit_Gams);
Profit_S(k1,k2,i)=Profit_Matlab.val;

Z Gams.name='Z;'
Z_Gams.form="full ;'
SHGams.uels={"Y1''Y2''Y3' 'Y4''Y5''Y6' 'Y7''Y8' Y9 'Y10};
Z_Matlab=rgdx('tstsol8',Z_Gams);
Z S(k1,k2,i)=Z_Matlab.val;

E_New=E_New™*.9;
E_New=m_E*(Gamma_BP_Matlab.val-Gamma_Sof Matlab.val);
P_New=m_P*(Gamma_BP_Matlab.val-Gamma_Sof Matlab.val);

if round((Gamma_E_Margin_Matlab.val),1,'significant’)~=0 &&

isnan(round((Gamma_E_Margin_Matlab.val),1,'significant’))==

E_New=EVal+(Gamma_E_Margin_Matlab.val/abs((round((Gamma_E_Margin_Matlab.val),1,'signifi

cant’)));

end

E_Rec(:,end+1)=E_New;
P_New=E_New;
err=E_New-EVal+P_New-PVal;
err_ MM=err

Err_S(k1,k2,i)=err;

if (round((Gamma_Sof_Margin_Matlab.val),1,'significant’))~=0 &&

isnan(round((Gamma_Sof Margin_Matlab.val),1,'significant’))==0

\EY



DOI: 10.30503/nripress.2020.322 G &8 SOl el 50 (5l i jslico dy 0,5 STy Lopun I Zylor aali Sliing

Sof_low(:,end+1)=Sof_low(:,end)+((Gamma_Sof_Margin_Matlab.val/abs(round((Gamma_Sof _Marg
in_Matlab.val),1,'significant’))));

end
Sof_low(:,end)
if abs(round((Gamma_BP_Margin_Matlab.val),1,'significant))~=0 &&

isnan((round((Gamma_BP_Margin_Matlab.val),1,'significant’)))==

BP_UP(:,end+1)=BP_UP(:,end)+((Gamma_BP_Margin_Matlab.val/abs(round((Gamma_BP_Margin

_Matlab.val),1,'significant’))));
end
BP_UP(:,end)
E_MMarg=Gamma_E_Margin_Matlab.val
EVal=EVal+(E_New-EVal)*alpha
PVal=PVal+(P_New-PVal)*alpha

end
end
end
end
toc
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