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Using Deconvolution Technique
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M13199 2.16 manssimaanan Iifweaszmet Ine [Thailand Power Development Plan, 2007]

TasamsTsalulih | donnmlszmmiton
Aw. 1DNFU Tnad hu
gl wazdnd | fewar | wazdad | fewar | wnzied | Jowaz | wneiad | Sewas 599
2552 14,330.6 47.5 14,263.3 473 - - 1,560.0 5.2 30,153.9
2553 15,035.3 48.6 14,363.3 46.4 - - 1,560.0 5.0 30,958.6
2554 | 150733 | 464 152514 | 47.0 - - 2,156.6 | 6.6 32,4813
2555 | 150733 | 447 16,2904 | 483 - - 2,376.6 | 7.0 33,740.3
2556 | 150733 | 416 18,7504 | 51.8 - - 2,376.6 | 6.6 36,200.3
2557 15,621.3 40.3 20,760.4 53.6 - - 2,376.6 6.1 38,758.3
2558 15,621.3 41.0 19,635.3 51.6 - - 2,823.6 7.4 38,080.2
2559 17,021.3 42.5 18,937.1 473 800.0 2.0 3,276.6 8.2 40,035.0
2560 18,107.3 42.9 18,807.1 44.5 1,600.0 3.8 3,726.6 8.8 42,241.0
2561 | 19,8683 | 447 18,815.1 | 42.3 1,600.0 | 3.6 4,176.6 | 9.4 44,460.0
2562 | 20,6683 | 43.8 18,676.1 | 39.6 3,2000 | 6.8 4,676.6 | 9.9 47221.0
2563 | 21,0273 | 43.1 19.438.1 | 39.8 3,200.0 | 6.6 5,176.6 | 10.6 48,842.0
2564 | 22,0273 | 42.5 19.288.1 | 37.2 4,800.0 | 9.3 5,676.6 | 11.0 51,792.0

' Y 1
15199 2.17 USwnanihin1slumswaa Iidh nsngaw 89 Sunaw 2552

15999 waanuInih Sanmnuauaes | Wnanhillumswan
(i) (QUINAT/FUIE) Il
(@14 AV.INAT)

iina 395.00 4.49 1,772.08
a3na 355.00 5.99 2,125.00
Auasuns 516.80 3.21 1,657.00
MU 74.18 21.12 1,567.00
1¥59189n381 284.00 639 1,814.00
Fylszm 87.00 6.00 1,350.00
TRNGER 25.00 6.50 565.50
UANNTZAIU 32.57 9.00 225.00
quasmi 46.32 27.02 880.00
AU 62.00 12.50 579.00
sl 62.00 1.10 68.20
ﬁqu 10.80 5.00 54.00
nida 6.10 11.36 69.30
59U 2,119.77 6.00 12,726.08
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(Problem Formulation for Optimal Scheduling of Energy Limited Units)
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Tvihamnsessuiialuihone Tdaniunludu 1890152999981 (Load Duration Curve, LDC) 1@ Iaga s ag1a'l5nanu

4 o a 1 4 { a 4 Ia a o Y Y o a 4 o a 4
n3esiuiia Iihudaziniesdi Tomaniz ngaduniosnnmamsainalnavi lddesduduniossuia i uaioq

A 1o

Y a
nogialuawdunumswnan
Y o w A A 4? a 1 A o a A a Y a A 1
ANABIMIAIGIMIKAANLINTWAAIINA1 FOR  vounTeetuialiihigniiaisanliiduniownon
awnsodranslalasnsi5uilie Lbe Mazdouns FOR vouniossuiialuih 1 Tasdendn iduldinszgrana
= = . . £ g Y Y 9 = 1 A
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o A ~ v a A J I 9 Y ~ ] I ~ ~ A a1 [ A J
Auila Iihhgnduduniesnon ELoc Wluduldsinaasnnuinziluinssimdevzlisumsunsounndn X
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ELDC, (X) = (1— FOR )-ELDC,, (X )+ FOR, - ELDC,, (X —P,,) M
A
ilo
o v a A o a v
P, = fasmswanvounsesiuiialiih i qunnziad),

ELDC (X) = ELDC iijeinsaniamsiuduwnsosuialuih i,
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ELDC,(X) = ELDC lon1sandamsruaunseasuia lfhmiavue,
ELDC,(X) = LDC(X) = LDC Y0453 U1,
FOR = FOR wounsosiuia 1w i, uaz

Ve o w . Aq v o o @
ST = MUYUNININIU (step size) nlFlumsdnn (tunnING)

AT 3.1 HAAINTZUIUMIMUINKT ELDC A2635msas 1uuusiaeshiasmsnan nazgii 3.1 udas
ELDC A1 EENS uag LOLP

M990 3.1 NTTUIUMIAIUIU ELDC

T he cumulative probab ility of outage
MW ELDC With REDE e ELDC With
Original Unit 1 Unit 2
on LDC FOR Unit NG
outage FOR FOR
0 LDC(0) ELDC,(0) BLDC, (V) - BLDC, (1)
sr LDE(ST) BLDC,(STy=(1— FOR X BLDC,(5T)) BLDC, (5T)=(1— FOR, X BLDC, (5T} - BLDC, (ST _
1 (ST)= (1= FORyg X BLDC 4y (5T
+ FOR,(BLDC,(1)) + FOR, (BLDC, () . .+ FORy (8LDC 1 0D
Ba LDC(Ey,) BLDC,(ST)=(1— FOR X FLDC, (£ }) BLDC, (5T)= (1= FOR, X 8LDC, (Fgy }} - BLDC 3y ( £y )= (1 = FOR gy X BLOC g3y (£ )
+ FOR,(SLDC, (0) + FOR, (8LDC, (1)) + FORyg (BLDC 13 (Pon = B )
By +5T LDC(Eyy + 5T} BLDC,(5T)= (1~ FOR Y BLDC,( By, + 5T)) BLDC, (5T)= (1= FOR, X BLDC, (8, + 5T) - BLDC 1y ( Byy + STV = (1= FOR g X BLDC yyy (Byy + 5TH
+ FOR,(FLDC,(5TH + FOR,(8LDC, (1) + FOR gy (BLDC yyy (Bpy + 5T Fpup
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+ FOR(BLDC By, — Py + FOR, (8LDC, () + FOR g (BLDC ypey (Poy = By 1)
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1 FOR
ELDC ,(X)=———ELDC,(X)+————-ELDC_, (X — P, 2
|—1( ) 1—FORI |( ) l—FOR |—1( GI) ()
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3.2.2 msmnnamnaanylihimanasneliuamszuazimanayliaunseaald (Expected Energy Served

and Not Served)
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Item Case 1 Case 2
System Peak (MW) 26389.400 26389.400
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Total ES by BB and SK units (MWh) 8965.470 8965.470
ETC (MTHB) 500.248 499.939
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2553 | 20,140 | 20,914 | 22,121 | 22,582 | 22,221 | 21,605 | 21,320 | 21,291 | 21,217 | 21,026 | 21,109 | 20,781 | 22,582 2.44
2554 | 20,927 | 21,731 | 22,985 | 23,464 | 23,089 | 22,449 | 22,153 | 22,123 | 22,046 | 21,847 | 21,933 | 21,592 | 23,464 391
2555 | 21,854 | 22,700 | 24,009 | 24,515 | 24,127 | 23,453 | 23,137 | 23,108 | 23,031 | 22,821 | 22,919 | 22,578 | 24,515 4.48
2556 | 22,863 | 23,804 | 25,186 | 25,754 | 25,384 | 24,628 | 24,236 | 24,234 | 24,180 | 23,943 | 24,127 | 23,903 | 25,754 5.05
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2. wdgls it wificnday dail
2.1 TsalWihndannudeusnmszuas1d 4ail 3 710 Mw Sudi 1 fuaw 2552
22 TsdlWfhmdannudeusmmalzns gadi 5 710 MW Sufl 1 donan 2552
2.3 s ihmdaiudiominiv 2 920 Mw Suft 15 Fuanaw 2552
2.4 Tsdlfhmszuasmile 4ail 1 670 MW Sudl 1 wquniau 2553
2.5 Talulihudoriviu 2 596.6 MW Sufl 1 uns1am 2554
2.6 1591t GHECO-ONE miaedi 1 660 MW Jufi 9 WOAINIGU 2554

2.7 Tsa I wiuiuyu viiaeh 3 220 MW Juh 1 nsngiaw 2555

' '
4 = = =

2.8 Tsﬂwﬁmﬂmmumaﬁmmm ¥AN 1 800 MW UM 1 WAl 2556

a

2.9 TsalWfhaeuenetinnes yafi 2 800 MW Sufi 1 fuenou 2556
2.10 Tsa'hiudunua mnes dvwane wied 1270 MW Suit 15 ngasnen 2556
2.11 Taih3aTon aii 4 800 MW Sudi 1 figuieu 2557
2.12 Tsathinnes mwesdu dnwate mﬁ 1800 MW Sufi 1 QU 2557
2.13 Tsalnldhozue ﬂgﬂﬁ 2 1@z 3 800 MW Judi 1 AINRIAN 2557
2.14 T3 Withidunua mnes dvwane wied 2 270 Mw Sui 15 WOAINIBU 2557
2.15 Tsalfhmuaes mwesdu dwwae yaii 2 800 MW Suii 1 $unau 2557
2.16 159'll#1 SPP (Renewable)
u. adg 1o Te Bunesd $1ia (duvee) 10 MW Juft 15 Fueeu 2552
. gien luTe Bumesd e (dauvens) 10 MW Sudi 15 fugou 2552
. uduiua e drnate $180 65 MW Sudi 1 §amau 2554
w. 1WihFauaa $180 90 MW Sudl 1 Famaw 2554
1. o 103 1ieIsAe 159 70 MW Fuit 1 Gama 2554
V. u8anus 02103 9109 (WHIFY) 25 MW Sudi 1 Aamnau 2554
u. Ine e dmmate $180 65 MW Sudi 1 uns1ay 2555
2.17 T54'll#h spp (Co-Generation)
U, AIes WwiuelsFu $1A (L) 90 MW Suii 1 wgaSmeu 2553

o w @ a

2 v o {
11, D15 ADUAASATY 310A 40 MW TUN 1 UU18U 2555

a

U, Unu Tawwuesdu 3100 90 MW Juil 1 Iguieu 2555

st

- RFUNIT TAUILOI T $110 90 MW Jufl 1 iguieu 2555

]
@ A

_ DAL 1NIDS $11A (IANABUAZUAT) 90 MW Tuil 1 Uguieu 2555

a

]
~ a

L3213 19 T T $10A 90 MW Jufl 1 lguieu 2555

q

2 g e

ca3z13 U Tnnuueisdu 3100 90 MW Tuil 1 lguieu 2555

a

1. DUAAINTHA 1AY 3109 90 MW JUA 1 Uguieu 2555

a

1. oUAT dAN FUwa1e 3109 90 MW Juh 1 Uguieu 2555

a

1. 915 lotoa Tauueis sy 3119 90 MW Jui 1 Jguieu 2555

a
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= a

1. Tnad wdenu 100 Wvry) 1asams 3 74 MW Juil 1 Jguneu 2555

]

v, Ine mdunua wes $1a 1asanms 2 90 MW Tuil 1 Sunaw 2555
u. wauasms I $1ie 90 MW ufi 1 iguieu 2556

V. NAUUNzoU $100 90 MW Tui 1 Ngueu 2556

]
= a

d o w o
1. 159U 103 110a 1ATINT 2 90 MW Uil 1 Uguieu 2556

a

]
= a

v, aou 1l 3N teud a3 S0 90 MW Sufl 1 Hguieu 2556

q

. oA NN 1A (Ualnuad) 90 MW Juii 1 iguiou 2556
U, AEUININIDT UL FY $100 (e 2) 90 MW Fuf 1 NQUIBU 2556

2.18 T34 1vl#h rPS nln.
WAy (Non-firm Mode) 2.5 MW Tufl 15 waumay 2552

@ a

WAE991M98 (Non-firm Mode) 1 MW Juil 1 411 2552

Y 1 1 '
n ”ﬂﬁwmmﬁmiam%’mizm W07 1 6MW TUAl 1 unsIAL 2553

@

H g A v oA o A
WAV UIAQ DD UINTS YT UWIN 2 6MW IUN 1 HUIAN 2553

v
@

o s A ' ' { o A a
N qmmmmamﬁﬁauunﬂam Tiu’JEJﬁ 1 6MW auﬁ 1 a91rIAN 2553

@

: ] 4 U a 1 { @ {
wauhvnaan@euthdnyadns wiien 16.7 MW Tuil 1 gaiay 2553
Y

wanhunadndeuyuaul IMIra ¥ied 1 10 MW Judi 1 ngadmeu 2553

@

Y 1 i 1
N qﬁmmmﬁm%uuuﬂam U287 2 6MW Uil 1 SUnau 2553

@

waadEndeuiAates wiaed 1 15 MW Tuft 1 unsia 2554

nEahnAEdeIsMs Miaeh | sMW Suft 1 AUAUS 2554
wEah RN deuIATEs 6T 2 15 MW uft 1 ey 2554

3. aundgumstanlse i uite Retired &t
YaaTsalfhwdsanudousamnasnagadi 2 Sufi 1 e 2552
UaaTsa T mdsanudouvuonmized 1 Suil 1 nangiau 2554
YanTsaIhndannudounszuas1dmioed 4 Sufi 1 unsaw 2556
Yaalsalifhmdannuoutnalznamied 1 -2 Sufi 1 unsiaw 2557

4. guuAg umslsu Mode Tsalvldh oonIINAdNAnRada 9t
VS0 Tseluihwdannueunszuns18mied 4 - 5 5udi 1 unsaan 2552 1511 Emergency Standby Mode
YsuTseWthaunseile nihefi 1-6, 9 nag 11 1511 Non-firm Mode Judi 1 yns1AN 2552
USuT59'ithmuesen wiiied 1 - 3150 Emergency Standby Mode $ufi 1 uns1ay 2552
Y5uTsaIihgsugimi w16 1 -2 151 Emergency Standby Mode Sufi 1 uns1aw 2552

Y5uTse Ilfhwdsanudouswaneilznayaii 2 131 Emergency Standby Mode Jufi 1 un31A% 2552
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¥. 1)sunsufiwmin (Program Code)

gendata
disp("Preparing generators data“)

headl = ["Reliability Analysis : Base Case"];

%head2 = ["Reliability Analysis : Combined Cycle Case"];

%head3 = ["Reliability Analysis : Thermal Case"];

GPF = [Average Cost Generator Number Power
FOR]

GENNAME = ["Generator Name"];

Load

Mount = [ Hourly Load Profile];

disp(*Preparing load curve©);

yearload = APRO1(:,23);

yearhour = 24:-1:1;

yearhourl = yearhour”®;
yearloadl = [];
for k = 1:1
yearloadl = [yearloadl; yearload(:,k)];
end
Convolution

LFC = [Load Forecast];

clear all

clear

PFOR = O;

loadforecast = LFC(1,1);
load

hydroload

sppload

gendata

popcasel5

gendata

fid = fopen("filename.m","w");
popoutl5

hydroload
% In MW

disp("Preparing hydro plants-®)
HYDRO = [Daily Loading Profile]];

daypermonth = [days per month];
hydro_load = [];
for k = 7:7
for kk = 1:1 %daypermonth(1,k)
hydro _load = [hydro_load; HYDRO(:,k)];
end
end
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sppload

disp(“Preparing SPP data“®)

daydata = [Loading Condition of SPP];
holiday = 0.65*ones(24,1);

workday = [0.65*ones(8,1); l1*ones(12,1);
0.65*ones(4,1)]:;

SppMW = 1768 .4;

spp_load = workday;

spp_load sppMW*spp_load;

popcasel5
yearloadl = round(yearloadl - spp_load);% - hydro_load);

disp("Generator and Load Data is Completed™)
disp(*Sorting for load duration curve (MIN to MAX) ...
please wait ...")

% sorting

n=1;

TEMP=yearloadl;

STEMP=size(TEMP) ;

for m=1:24
MIN=min(TEMP(:,1));
for k = 1:24

if k <= STEMP(1,1)
if TEMP(k,1) == MIN
yearload2(n,:) = TEMP(K,:);
TEMP(K,:) = [1;
n = n+l;
STEMP=size(TEMP);
end
end
end
end

disp(“Modifying data for computing LOLP (making 1 MW
step) ... please wait ...%)

LOADPOP = [yearload2 yearhourl];

LOADPOP = [0 24; LOADPOP];

[rlp clp] = size(LOADPOP);

m=1;

LOADPOP1 = LOADPOP(1,1)*ones(1,1);

LOADPOP1(1,2) = LOADPOP(1,2);

for k = 1:rip-1
LOADPOP1(m,1) = LOADPOP(k,1);
LOADPOP1(m,2) = LOADPOP(k,2);
while LOADPOP1(m,1) ~= LOADPOP(k+1,1)+1 & m < 30000
LOADPOP1(m+1,1) LOADPOP1(m,1)+1;
LOADPOP1(m+1,2) LOADPOP(k+1,2);
m = m+l;

end
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end

% removing repetitive data
[ripl clpl] = size(LOADPOP1);
for k = rlpl:-1:2
if LOADPOP1(k,1) == LOADPOP1(k-1,1)
LOADPOP1(k,:) = [1:;
end
end

[ripl clpl] = size(LOADPOP1);
LOADPOPL1(rlIpl,:) = [1:

% normalizing (/8760)
LOADPOP1(:,2) = LOADPOP1(:,2)/24;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

disp("Cumulating ... please wait ...%)
LOAD1 = LOADPOP1(:,2);
cumulative
indecal?2
popoutl5
Remove = O;
iT Remove ==
kk = 1;
zeroFORgen = 0;
for k = NG:-1:1
if GPF1(k,3) ==
zeroFORgen = zeroFORgen+GPF1(k,2);
zeroFORgenl(kk,:) = GPF(k,:);
GPF1(k,:) = [1;
GPF(k,z) = L[1;
GENNAME(k,:) = [1:;

kk = kk+1;

end
end
[NG,cNG] = size(GPF1l);
end
tl = clock;
fprintf(fid," date %d /7 %d /7 %d time %d : %d : %5.2F
\n=",tl);
");

fprintf(fid, " %s \n~,headl);
fprintf(fid," Not removed Zero FOR \n");

n");

fprintf(fid," \n");
fprintf(Ffid, "******\n");
fprintf(fid, "OUTPUT\n");
fprintf(Fid, "******\n");
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fprintf(fid," \n");

’

***********************\n - ) -
’

fprintf(fid, "** Expected Energy Served by Each Generator
(EES) and Fuel Cost **\n");

***********************\n - ) -
’

fprintf(fid, "GEN Capacity FOR

EES Fuel Cost Cost \n");
fprintf(fid, "NAME MW MW -
hr/year Baht/kW-hr Bath/year \n");

fprintf(fid":::: ======== =—====

for k = 1:NG
fprintf(fid," %8s %7.2f %5.3F %15.5F  %8.5F
%20.5F \n", ...
GENNAME(k, :), GPF(k,3), GPF(k,4), EES(k,1),
GPF(k,1), GPF(k,1)*EES(k,1)*1000);
end
format long
diary a.m
disp(PFOR)
disp(sum(GPF(:,3)))
disp((GPF(:,1)")*EES*1000)
disp(LOLP)
disp(LOLP*24)
disp(EENS*24)
diary off
fprintf(fid," \n%);

H H ]
****************\n ') -
’

’

****************\n - ) -

fprintf(fid," \n7");

fprintf(fid, "Total Capacity = %20.5Ff MW\n",
sum(GPF(:,3)));

fprintf(fid," \n%);

’

’

fprintf(fid," \n7");

fprintf(fid, "Total Cost = %20.5f Bath/year\n-,
(GPF(:,1)")*EES*1000);

fprintf(fid," \n7");

fprintf(fid,” \n%);
fprintf(fid, "Lost of Load Probability (LOLH) = %20.15f
\n", LOLP);
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fprintf(fid, "Lost of Load Hour (LOLH) = %20.15fF
Hour/year\n®, LOLP*24);
fprintf(fid," \n7");

’
’

****************\n - ) -

fprintf(fid,” \n7);

fprintf(fid, "Expected Energy Not Served (EENS) =
%20.15F*8760 = %20.15F MW-hr/year\n®, EENS, EENS*8760);
fprintf(fid,” \n7");

fp r i ntf (fi d . WhkAAAAAAXAAAAIAAAAAIAAAATAAAAATAAAAIAXAAAXAAXAAAAXAAXXX

****************\n - ) -

fclose(Tid);
cumulative

%%96%%6%%%%%%%6%%6%%%6%%6%%6%% %% %6%%6%% %% %% % %% %% %%%

clear POP1

POP1(:,1) = (O:1:ROW)*;

% Load Duration Curve

[rload cload] = size(LOAD1l);

[rpopl cpopl] = size(POP1l);

POP1(:,2) = [LOAD1; zeros((rpopl-rload),1)];
%%%6%%6%%%%%%%6%%6%%%%%6%%6%% %% %%%% %%

clear LOAD1 GPF spp_load hydro load yearhour yearhourl
yearload yearloadl yearload2 LOADPOP LOADPOP1 GENNAME

% Cumulative Process
for kK =1 - NG
for kk = 1:ROW+1
if GPF1(k,2) >= POP1(kk,1)
POP1(kk,k+2) = POP1(kk,k+1)*(1-
GPF1(k,3))+GPF1(k,3):
end
if GPF1(k,2) < POP1(kk,1)
POP1(kk,k+2) = POP1(kk,k+1)*(1-
GPF1(k,3))+POP1(kk-GPF1(k,2),k+1)*GPF1(k,3);
end
end
end

POP2 = POP1;

% Individaul POPO

disp(®™ Computing probability ... please wait ...")

[rpopl cpopl] = size(POP1l);

POP1(rpopl,cpopl+1)=POP1(rpopl,cpopl);

for k = rpopl-1:-1:1
POP1(k,cpopl+1)=POP1(k,cpopl)-POP1(k+1,cpopl);

end
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disp(®™ Removing repetitive MW ... please wait ... 7)
d i Sp( L e e e e e e e e e e e e e e e e b e b b e e e b o b b )
% remove repetitive MW rows
[rpopl cpopl] = size(POP1l);
for k = rpopl:-1:2

if POP1(k,cpopl)==

POP1(k,:) = L[I;
end

end

disp(® Computation completed *)

indecal?2
[rpopl cpopl] = size(POP1l);

disp(® Calculating LOLP and EENS ... please wait ...")
Install = sum(GPF1(:,2));
=1
for k = 1:rpopl

if POP1(k,1) == Install

LOLP = POP1(k,cpopl-1);
end
ifk>1

if POP1(k-1,1) < Install & POP1(k,1) > Install
Slop = ( POP1(k+1,G1+1)-POP1(k,G1+1) ) 7/ (
POP1(k+1,1) - POP1(k,1) ) ;
Conts = POP1(k+1,G1+1)-Slop*POP1(k+1,1);
ENS(J.,1) = Install;
ENS(jJ.,2) = Slop*Install + Conts;
LOLP = ENS(j.2);

J = J+1;
end
end
if POP1(k,1) >= Install
ENS(J,1) = POP1(k,1);
ENS(J,2) = POP1(k,cpopl-1);
J = J+1;
end
end
ENS(J,1) = ENS(j-1,1)+ENS(j-1,1)-ENS(j-2,1);
ENS(J,2) = 0;
EENS = O;

for k = 1:j-1
EENS = EENS + 0.5*(ENS(k,2)+ENS(k+1,2))*(ENS(k+1,1)-

ENS(k,1));
end
LOLH LOLP*24;

EENS = EENS*24;
disp(® Calculating expected energy served by each
generators ... please wait ...")
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% Expected energy served by each generators
for G1 = 1:NG
% disp(® Calculating expected energy served by
generator number .. %)
% disp(Gl)
FlageOut = O;
EG = O;
EP2
for

1:G
= E

mx I
NIl O«

1

P P2 + GPF1(k,2);

end

EP1 = EP2 - GPF1(G1,2);

for k = 1:rpopl-1

if FlageOut ==
it EP2 <= POP1(k+1,1) & EP2 > POP1(k,1) & EP1

<= POP1(k,1)

Slop = ( POP1(k+1,G1+1)-POP1(k,G1+1) ) 7/ (
POP1(k+1,1) - POP1(k,1) ) ;

Conts = POP1(k+1,G1+1)-Slop*POP1(k+1,1);

B = Slop*EP2 + Conts;

EG = EG + 0.5*(B+POP1(k,G1+1))*(EP2-
POP1(k,1));

FlageOut = 1;

end
if EP2 <= POP1(k+1,1) & EP2 > POP1(k,1) & EP1
>= POP1(k,1)

Slop = ( POP1(k+1,G1+1)-POP1(k,G1+1) ) 7/ (
POP1(k+1,1) - POP1(k,1) ) ;

Conts = POP1(k+1,G1+1)-Slop*POP1(k+1,1);

A = Slop*EP1 + Conts;

B = Slop*EP2 + Conts;

EG = EG + 0.5*(B+A)*(EP2-EP1);

FlageOut = 1;

end
if EP2 > POP1(k+1,1) & EP1 == POP1(k,1)

EG = EG +
0.5*(POP1(k+1,G1+1)+POP1(k,G1+1))*(POP1(k+1,1)-
POP1(k,1));

FlageOut = O;

end
if EP2 > POP1(k+1,1) & EP1 < POP1(k,1)

EG = EG +
0.5*(POP1(k+1,G1+1)+POP1(k,G1+1))*(POP1(k+1,1)-
POP1(k,1));

FlageOut = O;

end
if EP2 > POP1(k+1,1) & EP1 > POP1(k,1) & EP1
< POP1(k+1,1)

Slop = ( POP1(k+1,G1+1)-POP1(k,G1+1) ) 7/ (
POP1(k+1,1) - POP1(k,1) ) ;

Conts = POP1(k+1,G1+1)-Slop*POP1(k+1,1);
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A = Slop*EP1 + Conts;

EG = EG +
0.5*(POP1(k+1,G1+1)+A)*(POP1(k+1,1)-EP1);
FlageOut = 0O;

end
end
end
EG = EG*(1-GPF1(G1,3))*24;
EES(G1,1) = EG;
end
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Optimal Scheduling of Hydro Power Generation
Using Deconvolution Technique: A Case Study of Thai Power System

Keerati Chayakulkheeree

Abstract—In this paper, the deconvolution technique is applied to determine an optimal daily scheduling of hydro power plants in
Thailand. The hydro generating units are model as LEUs. The energy specified of each hydro unit is compared with the calculated
expected energy served (EES) to determine an optimal scheduling condition. The method is compared to the daily scheduling without
deconvolution process. The simulation results including Loss of Load Probability (LOLP), Loss of Load Hour (LOLH), Expected Energy
Not Served (EENS), and the Equivalent Total Cost (ETC), introduced in the paper are shown and discussed. With the same EES of hydro
generating units, the ETC of the optimal scheduling of using deconvolution is lower than that of scheduling without deconvolution. The
results shows that the deconvolution technique based optimal LEUs scheduling can dispatch all of daily energy specified at the optimal
condition leading to the lower daily operating cost than that of scheduling without deconvolution calculation. The method can efficiently
determine the optimal scheduling of hydro generating units. The developed program is potentially applicable for preliminary scheduling of

LEUs before solving the unit commitment problem.

Keywords— energy limited unit, capacity model building, equivalent load duration curve, convolution, deconvolution.

1. INTRODUCTION

In a power generation scheduling, the operating costs of
the units can be found by loading the units under their
corresponding equivalent load duration curves (ELDCs)
according to the fuel cost and computing the energy
generated by each unit. The algorithm can easily be
implemented if the energy generated by each unit is not
limited and its operating condition is only based on its
generating capacity and availability, for example, coal-
fired, oil fired, gas turbines and nuclear units. However,
there are units whose energy is constrained by some other
factors. Such units are categorized as limited energy units
(LEUs) or assigned energy (AE) units. In case of
hydroelectric plants, this constraint may be due to limited
reservoir size, run-of-the-river constraint or seasonal
rainfall limitation. The cost associated with production of
this energy is typically very low and it is most
advantageous to use all of the available energy. In case of
a fossil fueled units, the constraint may be due to limited
fuel supply or the limits on emissions. In case of nuclear,
the constraint may be due to insufficient core energy
which prevents the unit being run on base load. Beside
this energy constraint, the LEUs are also limited by its
generating capacity and availability.

In Thailand, the electricity supply industry is presently
a vertically integrated structure. The Electricity
Generating Authority of Thailand (EGAT) owns and
operates transmission network and most of the
generations. The Metropolitan Electricity Authority
(MEA) and the Provincial Electricity Authority (PEA)
own and operate geographical distribution systems. Since
1990, the private investment in the generation sector
through small power producers (SPPs) and independent
power producers (IPPs) programs has been successfully
introduced. Both SPPs and IPPs sell the electricity to
EGAT based on the long term power purchase agreements

(PPAs). EGAT is a single buyer who subsequently sells
the electricity to the MEA, PEA and limited number of
direct consumers. Fig. 1 shows the structure of present
Thai power system [1]. As of fiscal year 2008, hydro
power shares about 12% of total power generation in
Thailand. In Thailand, hydro power plants scheduling are
strictly based on irrigation requirement. The reservoirs
discharge volumes are specified by the Royal Irrigation
Department (RID) on daily basis. Therefore, hydro power
plants can be modeled as the ELUs and it is productive to
develop the tool for optimal scheduling of the hydro
generating units.
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—————
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EGAT (100% & Energy
( ) Investment Policy
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¥ DistributiqaY 4 Office
PEA MEA Direct
Customers
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Fig. 1. The structure of present Thai power system

Many techniques have been proposed to determine
optimal scheduling of LEUs in power systems. Bloom [2]
proposed an iterative decomposition type framework
where reservoir utilization decisions were made by linear
programming master problem and associated marginal
costs and benefits were evaluated by a subproblem. The
algorithms required multiple solution of subproblem to
find the optimal usage of reservoirs. Some heuristic and



artificial based optimization techniques have also been
applied to solve the optimal hydro-thermal scheduling [3-
6]. However, the probabilities of the unit outages are not
included in the problem formulations. To incorporate the
probabilities of the unit outages into optimal hydro
generating units scheduling, the algorithm to optimize the
reservoir utilization by probability production costing has
been proposed by Malik and Cory [7]. Nevertheless, the
framework for applying the technique to practical
problem has not been fully developed due to its intensive
mathematical computation.

In this paper, the program for computing the capacity
model building and deconvolution for large generation
systems is developed. The deconvolution technique is
applied to determine an optimal daily scheduling of hydro
power plant. The hydro generating units are model as
LEUs. The energy specified of each hydro unit is
compared with the calculated expected energy served
(EES) to determine an optimal scheduling condition. The
method is compared to the daily scheduling without
deconvolution process.

2. PROBLEM FORMULATION FOR OPTIMAL
SCHEDULING OF ENERGY LIMITED UNITS

2.1 A Recursive Algorithm for Capacity Model Building

With merit order operation, if generating units were
completely reliable and thus always available when called
upon to generate, the areas occupied by each unit under
the original load duration curve (LDC) would be
sufficient to determine unit specific generated energy.
However, generating units are unanticipatedly forced out
of service resulting in increased calls for generation on
units higher in the merit order.

The increased demand for generation by a specific unit
resulting from the forced outage rates (FOR) of all
previously loaded units is accounted by modifying the
LDC to reflect these forced outages. This is accomplished
by computing the equivalent load on a particular unit
which is the sum of customer demand and forced outage
of previously loaded generators. The cumulative
probability distribution, or ELDC, gives the total
probability that customer load plus the capacity on forced
outage equals or exceeds a given value X when the
generating system through the ith unit out of NG total
units is being considered.

Each time a unit is loaded, its forced outages have to be
added to the current ELDC to derive the new ELDC
which reflect the demand seen by the next unit in the
merit order. This addition depends on the probability
distribution characterizing the forced outages the unit.
After the outages of all available units have been added to
the customer load, the EENS may be obtained as an area
under the resulting ELDC, thus providing a measure of
system reliability. The height of the same curve at the
capacity point of the system is the loss of load probability
(LOLP), that is, the expected proportion of time that
customer demand may exceed available generating
capacity.

By a recursive algorithm for capacity model building
[8], the cumulative probability of a particular capacity
outage state of X MW or the equivalent load duration
curve, after a unit generating at PGi MW and force outage
rate FORI is considered, is given by,

ELDC,(X)=(1- FOR,)-ELDC, ,(X)+

)
FOR, - ELDC, (X — Py),

where,

Pg; = the real power generation of unit i (MW),
ELDC,(X) = the equivalent load duration curve when
the unit i is considered,

ELDC (X) = the equivalent load duration curve
when all units are considered,

ELDC,(X)=LDC(X) = the original system load
duration curve,

FOR, = the FOR of generator i, and

ST = the step size used in the calculation (MW).

The Appendix illustrates the probability table of the
recursive algorithm for capacity model building. To
generalize the algorithm, the step size (ST) used in this
paper is one MW. Fig. 2 shows the ELDC after taken into
account the units FOR.

ELDC(X)
A

ELDC,,(X)

ELDC,(X)

4
jELDCNG(X)dX
IC,

LOLP

X (MW)

Ic,
JELDC,,(X)dx
([

Fig. 2. ELDC obtained by a recursive algorithm for
capacity model building

2.2 Deconvolution Process
Deconvolution is the reverse process of convolution.
From (1), to find the previous ELDC, with the outage of
unit i removed from the ELDC, the outage of unit i can be
deconvolved by rearranging (1) as follows,
1

ELDCH(X):l_FOR-ELDQ(X)+ @)
FOR : ELDCH(X - PGi)
1-FOR

Similarly on the ELDC, the outage effect of unit j,
which was loaded previously and not necessarily adjacent
to unit i can be removed by the following (3). The new

ELDC (ELDC'Y after the effect of unit j, can be
computed as,

1
1_FOR-ELDCH(X)JF _ 3

FOR
1- FOR

ELDC_,(X) =

-ELDC, ,(X - Ps)



2.3 Expected Energy Served and Not Served
The expected energy served by generator i is calculated

by,

IC;

ES, = (L-FOR)-T- [ELDC, ,(X)dX - 4)

and the total daily opécr;[ing cost is,

ETC =§Fci =§PFCi ‘ES; » ®)

The expgtl:ted ene;gy not served is calculated by,

EENS=T- }ELDCNG(X)dX’ (6)
IChe

Read Input Data; daily load curve, thermal power
generating units, and ELUs

| Compute ELDC by convolving all thermal units |

—  Compute ELDC by convolving the jth ELU |

Does the EES; match the specified YES
energy of the jth ELU ?

< Compute ELDC' by deconvolving the jth ELU |

Have all ELUs been convolved ? YES
STOP

Fig. 3. Computational procedure

where

ES; = the expected energy served by generator i (MWh),

T = total period under consideration (24 h),

ICi.; = the sum of capacity when the generating system
through the i-1th unit is being considered with merit order
operation (MW),

IC; = = the sum of capacity when the generating system
through the ith unit is being considered with merit order
operation (MW),

FC; = Daily fuel cost of generator i (THB),

PFC; = Per unit fuel cost of generator i (THB/MWh).
EENS = the expected energy not served (MWh)

ICyc = total installed capacity (MW)

0 = X|eipc,. (x)=0 = the equivalent system peak load

(MW).

The computation of ESi and EENS s illustrated in Fig.
2. The deconvolution of each LEU is preceded until its
EENS matches its daily energy assigned. The
computational procedure is shown in Fig. 3.

3. Simulation Results

The test data are arbitrarily chosen from
historical data of Thailand power system. The data are
simplified and unavailable data are chosen from standard
values. There are 95 power generating units, including
hydro plants taken into account in the simulation. SPP
power plants, with their installed capacity of 2092.8 MW,

are dispatched based on the power purchase agreements
which are not based on its prices. They are modeled in the
load curve based on the power purchase agreement to
operate at full capacity from 08.00 a.m. to 08.00 p.m. on
weekdays and at 65% of the full capacity from 8.00 p.m.
to 8.00 a.m. on weekdays, and whole Saturday and
Sunday. IPP and EGAT power plants are operated
according to the merit order. The daily load curve of
Thailand peak day in 2008, shown in Fig. 4, with the peak
of 22568.20 MW, is used in the simulation.
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. . . . . . . . . . .
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Fig. 4. Daily load curve of Thailand peak day in 2008

There are two case studies which are;

. Case 1: Hydro power plants are modeled in the
load curve by using the equivalent MW from the
historical water discharge data without using
deconvolution techniques and

. Case 2: Hydro power plants are convolved and
deconvolved using the deconvolution technique.

The ELDC with and without deconvolutions are shown

in Fig. 5 and 6, respectively. Table 1 shows the simulation
results including LOLP, LOLH, EENS, ETC, and the total
ES of hydro generating units of Case 1 and Case 2. In Fig.
5., the hydro power plants are modeled in the load curve
and installed capacity excluding the hydro power plants
and SPP is shown. The daily load curve with hydro power
plants loading is shown in Fig. 6. In Fig. 7, the hydro
power plants are loading in to the ELDC using
deconvolution technique and the installed capacity
including hydro power plant but excluding SPP is shown.

Table 1. The summary results

Average
Loading for
Item Hydro Unit Case 1 Case 2
Case

System Peak (MW) 22568.20 22568.20 22568.20
EENS (MWh) 1.243x10° | 3.901x 10° | 4.555x 10°
LOLP 367x10% | 1.23x10™ | 1.26x10™
Total ES by hydro 23674.902 | 23674.902 | 23674.902
units (MWh)

ETC (MTHB) 496.114 493577 493.228




\ Installed Capacity
\ Excluding SPPs

System Load \ Hydro Power Plants ™

Duration Curve (LDC) \

with modeled SPPs and
Hydro Power Plant > \

valent Load
ration Curve (ELDC)

Duration
o
@

0.4

L L L
0 0.5 1 1.5 2 25 3

Fig. 5. The results from capacity model building
without deconvolution (Case 1)
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Fig. 6. The daily load curve with historical hydro
power plants loading (Case 1)

In this simulation, the LOLP of scheduling with
deconvolution is shown to be higher than that of
scheduling without deconvolution leading to the higher
LOLH and EENS. However, with the same EES of hydro
generating units, the ETC of the optimal scheduling of
using deconvolution is lower than that without
deconvolution. The optimal condition for hydro
generating units scheduling is to operate them in between
1820.51 MW to 2162.88 MW of the load curve as shown
in Fig.7. Despite the small daily saving of the Thai
system, the total annual savings in THB could be
substantial. This implies that deconvolution can
efficiently utilize the specified energy of hydro generating
units.
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Fig. 7. The result from deconvolution for optimal
scheduling of hydro generating units (Case 2)

4. Conclusion
The deconvolution technique base optimal scheduling

of LEUs in power system has been investigated. The
method can efficiently determine the optimal scheduling
of hydro generating units. The developed program is
potentially applicable for preliminary scheduling of LEUs
before solving the unit commitment problem.
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APPENDIX
The reclusive algorithm for capacity model building
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