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Application of Evolutionary Computation Techniques
for Generation Expansion Planning
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* Capital investment costs (I)

* Salvage value of investment costs (S)

* Maintenance costs (M) S 9_,.3 °
* Cost of the energy not served (O) )

[K:l = Ki—s ]+ A — [Re ]+ (U

0 < [U] < [Utmax]

* [Ki] : Vector of committed additions of units in year t

: Vector of committed retirements of units in year t Rmin = |Kea| = Rmax
: Vector of candidate generating units added to the FM,, < |.E'LE J =FM,,.

system 1n year t

: the system configuration vector LOLP(K,.) =€
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Charles Darwin 1809 — 1882
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(1) String :

1.1 Binary Coding
Chromosome A=10100111

1.2 Permutation Encoding
Chromosome B=532 ... n

1.3 Value Encoding
Chromosome C =1.234.75 0.46

1.4 Tree Encoding
Chromosome D =X/ (5.y)
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Roulette Wheel

Population F (fitness) Probability Mating Pool

1 0000 0000 1.5 0.15 0001 0101

2 0010 0001 2.6 0.26 0001 0101

3 0001 0101 5.4 0.54 0010 0001

4 1000 0011 0.5 0.05 0000 0000

YN F, =10 Selector
F.
P; = '
Zk 1 Fi

)l-fN
W 1st
72nd
M 3rd
[ 4th
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Tournament

Fitness 1.5 2.6 54 0.5

Mating Pool
(1,3) 3 0001 0101
(2,3) 3 0001 0101
(3,4) 3 0001 0101
(2,4) 2 0010 0001




Ranking

Population F (fitness) (SO A Jlis! Mating Pool

1 0000 0000 1.5 2) 2/10 0001 0101
2 0010 0001 2.6 3) 3/10 0001 0101
3 0001 0101 5.4 4) 4/10 0010 0001
4 1000 0011 0.5 (D 1/10 0000 0000
Selector
Y Rank =10 @
m 1st
2nd
m 3rd

w 4th
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. Single Point

Two Point

Multi Point
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Matrix

Crossover Jls! gy g, &lgil

Mask 1 0 1 1 0 1 0
Parent 1 1 0 0 1 0 1 1
Child 1 1 0 0 1 1 1 0
Parent 2 0 0 1 0 1 1 0
Child 2 0 0 1 0 0 1 1
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(Crossover Rate ) Pc
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(Mutation Rate) Pm
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Offspring
(New Generation)

Mate

Manipulation

Parents

Decoded String

Reproduction
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(Evolutionary Programming) JLolSG sy 4ol y

Initialization (1
ES «lis
Fitness evaluation (2
ES «lis
Mutation (3

Of fi.i = Pii+ N(0,0)
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Competition and Selection 4
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(ES, EP, GA)_LolS5 sl gy Sgute

1. Domain Mapping Procedure
2. Penalty Function Approach

3. Random Mutation
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(ES, EP, GA) LolS5 sl bgy dgute

1. Domain Mapping Procedure
2. Penalty Function Approach

3. Random Mutation
oo Gty U aigd oo SO 0 e g KBl priin U dliis st (pdiz by, (pl jo Y
b Gl e, LS
ol pls ol 26700 MW g 21000 MW 6l ls (5,08 gusw ausS 0,80 e v

X100 W) | X2 (700 MW
0 0 0

0

0 1 700 1
1 0 1000 2
0 2 1400 3
1 1 1700 4
2 0 2000 5
1 2 2400 6
2 1 2700 7
2 3400 8



(ES, EP, GA)_LolS5 sl gy Sgute

1. Domain Mapping Procedure
2. Penalty Function Approach
3. Random Mutation

2O 39790 p93909,5 o lp a5 Dige pas ojlop oo Fitness Function ol 4 &8ly 0 iy, cpl
@ celiie lan > co o ail ool Al guud axili> ( LOLP 4 fuel mix rate . reserve rate
05.‘.»‘5,0 oQg}é‘ e B0 é’l.a )LLQ.A

© 399 by, lawgs oo 7ol Fitness Function v

fi =G + ar.ps + azapy + az. s

fj : the fitness function value of j th individual a2 : the penalty factor for fuel mix ratio constraint
Cj : the objective function value of j th individual Y2 : the amount of fuel mix ratio constraint violation
a1 : the penalty factor of reserve margin constraint a3 : the penalty factor for LOLP constraint

¥1: the amount of reserve margin constraint violation  ¥3: the amount of LOLP constraint violation
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1. Domain Mapping Procedure
2. Penalty Function Approach
3. Random Mutation

SG 50 39790 Sl pgiaeg,S oled b pgigeg,S SO 0 S jehate 4 g ol a5 aS jghailes v
Qs.w s ool_é;;wl W

Lol sl ool iy o ) 53 457 0,05 o0 D90 W pgiges,S led 59, 2 i [EP 5 IES o v/

S9y » it o IGA o Wl sl oo OBl /N B <100 o Solad goae |, B lade

S ((Bolal Ujgan a5 LolB s pgige9,S (g9, p dadd aSL 09l o8 Jlos! o pgigeg,S aled
55,5 oo Jlosl lapgiges,S cnl cotiin o ) 5l (B g3, 2 hadd wasl o (PN wlons

O IGA=Improved Genetic Algorithm

a IEP=Improved Evolutionary Programming
Q IES=Improved Evolutionary Strategy
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Test Results

9 55 0,90 GEP altne (63l dinge jolate 4 diged a0 G (59, » IGA JIEPCIES (slo by, ©

ol Cawds
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n---n-n-

2002 2004 2006 2008 2010 2012 2014 2016

)l-f S

. 5000 7000 9000 10000 12000 13000 14000 15000

1¥e BUY . poigyy, o9a (V
[+ O $/KWh (LOEEYoais el (65,50 4 s (¥
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Test Results

EC Gl SeSS glsil 4 by e sl el )y oeis

___

w.:.o..‘> o)‘do‘

g g oly o ydn 200 200 200
s, Jsb 8 8 8
oz Jlexm| B=0.05t0 0.1 B=0.05 to 0.1 Pm=0.01
3t dS) g Jlo>| - - Pc=0.6
Lo auses olaws - 10 ~20 % 2
Sl ake - ng:bjl;a\ Roulette Wheel
Syl dS ) 99 oo - - Binary Window
Sgs8 Reserve margin, Fuel Mix Ratio, LOLP
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Test Results

S yleo 9 0bgS (539 y40b 0 (5o 331 (615 ool ety gL

Al ¥ g3 40l p 0,90 Al # g3 a0l 0,90
S ) ‘ﬁ“‘ by e ae o> ‘ﬁ“‘ ok oS iR o>
(ai3) ($x10%9) (%) (ai3) ($x10%9) (%)
DP | 5.0058 0 28 7.359 0
IGA 5 5.0058 0 8 7.539 0
IES 4.9 5.0058 0 8 7.539 0
IEP 4.5 5.0058 0 8 7.539 0

DP = Dynamic Programming
IGA = Improved Genetic Algorithm

I[EP = Improved Evolutionary Programming
IES =Improved Evolutionary Strategy
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(Lo VF) oo aols (539 4ol o @31 gl ool Cawnny =L

o IES I[EP
(%) auso 1.4483x10"10 1.4555x10"10
(a2:39) 1,21 e 38 41

o™ Convergence charactenistics of 1GA, IES and IEP
R =

--- ES
— EP ||

Test Results

IGA
1.4431x10"10
26
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