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Population growth and industrial development cause the growth in
electricity demand. Supply of this energy needs investment for
installation of new power stations and more fuel consumption with
different consequences. Furthermore, Demand side management is an
approach to rationalize and reduce the rate of demand growth. With
attention to the cause and effect nature in energy sector, interaction of
variables in this sector, and also its complexities; it is required that
the policies be tested by some advanced tools. In this paper, a system
dynamics based model has been presented. By this model, the results
of two approaches-demand side control and supply side development
can be compared.

© 2012 IUST Publication, IJIEPM. Vol. 22, No. 4, All Rights Reserved

*
Corresponding author. Nasim Nahavandi

Email: N_nahvandi@modares.ac.ir




] 95 Sy o0 § @it (il | comlhod () 49 gt S

_ 1R linnn ) VY dd> (F 0yl
i nten Ml ot 45
e FOA-PPY i

ISSN: 2008-4870 http://1IJIEPM.iust.ac.ir/

Jlio jo (S Sl (65 5l A o oo Arwgi 05559 90 A Lo
Saoln o b piww 9 b Lol Couw o o

ooy iz LS g (s igled s

SR

L SersIl 500 Lol jo ad;y 053 Jlis & )92 )0 (Jato drwgi 5 Conex RS
Sras 5 BBy Glasly Slasl o 5 aloyw G55l ul Gl 0D walss Cge
5590 e 5l ols olyen 4y palie Slad el cpl a5 clils wales Jlos 4 1) (Led Co g
b ool Lolis w3 &5 51 (lS 5 e (3o (silaie S )3 (53,505, Lol Cooms ke
Sz w9 el o b it Jlite 2365 6551 e Jelee 9 cde conle 4 4z
033! 9)90 i (nl 3 ead 36! Sleinliw ¢ la)lil S5 4 Bl oY Gl (oS> sla
Ol SIS s a5 o0 a1 Joe  (Seolind (slosiun 0,509, 5l oolitul b allis opl jo 0,5 )18
dnglio @ b 1) LA S J S g 4d e (iu dansd (625 S 99 5l (80 Ol Glgs oo
2 i8S Syee ol )3 8l S sl JSE ra b Gl ln &GS (nl 50 g
w2 9 ) oy p Sl 5 e Sy @]l e g 0l oS ggdge 4 T D Tu
F S eoar Sz 85 Joe ol s il (oSl 65l 0 5o OIS sl e (S
Joe Coled 10 g 00l 00ld drwgd ¢ Al Ao e idu &S idu pl Glp Jaw g ead Gl
a5 sl 151 S Jow ol sl 5l ol gl sl oo o> 990 ledlbl 5l salaul b
S e Ll LA (25u Sy pae Sl 50 L yglid des Slasl Wy 5 (105 by Sl

S e ol il b je it drwgl Ceows 4y il 5 a5 Sl 4 cond |

oS Slals

§led e é-“‘l-'-w Sl
(oSl (g5l 4o se
oS 51 slalis

ol b e g ez Sysar 5 cwl e
) gl s ol llyd g 5, ol (Jad i ol el
P‘.\B‘ ‘A....JLM (o).:.é 9 .)l;' CE 4‘9.&: LSJL""JB) ‘Ca.geja) aﬁ-\)l)?

doddo .Y

Lawlis ;0 a5 005 (o wowrme gubio dox 5l 5 Caio

Sads A G Caio goladl cosel W usle e ades @
o Oy e DLW g Ol 5l soliul ogmu il
O3 e OUSG! ¢ Sljges 5l dgs colaiul cype all
Bran g (45,) adgi A 99 50 3.8 iy el S LS
5 5 degarme s IS oy (55, e 0 (5351 (L)
5 &35 Lol 5 adse (o9 (il Sus b &S Slles
5 Vpame CodS all e e anie gl Sl
S pde 098 (oo BBl wigh (oo Jlogl plans S 0 (Sloas
Sraec g ddye S g0 50 09> Slles Jlel L 655
G s sle e 28l )0 (gl 390> b Wlgs (o0 (655

axly o o e oYL 618 b 4 mle ple
B g ) 5l (G cele Sy LS 1) 995 Jparme
S Jeame golaidl 058 Sl ¢ olaidl glo asls Ko
S Bl ey QUG sk elide 5o (So STl 655
Ol a5 ¢ (S S 550 B pan b plojen  axibse 5 slo

A/BIYA g0 g U

AMNYNF i guai &)U

e O bl o gaigled e piSO e Jghweo oudm 95
‘s‘u.l;e,o 9 6‘3 ouSisls ACJLA
N_nahavandi@modares.ac.ir

(ouyte Sany oKy mlio pwaige abl owlin S eoly s LS
Kian_N_Z@yahoo.com

(e S olKisls

Fooylods TV ol —1¥Qe i) wdgd Cu pow g @lue s (Madl (ps 4 pils



YeY ool Az QLf; ) 6‘»‘3"@" (ordned

e ke Jilo 53 (S S (6553 A pe Coouw druwgi' 055095 99 dumn o

b s (oleb Cndy B Jots ol 5o 45 il (s apd
Srte S B ogh oo Joe 4123 sla)ls) 5 b Wy, 4 4z
Sy slp S5l gl egd Jols (Al s )13,
15 O TSP Y S -0 IR VE SR F S SOOI L)
izl 5 golatdl oy Sleotnnw )18, 5 LSl adlas
el 5 5551 sy aelip o) 50 Sl 5 0551 (o0 p2l 1,
il ol bl 5 cwsl @ 318 colazul 0)50 b Conlow
e s delo gl e b cliw izl 5 G G
ly zbs (=8ly slos 1o (6,188 caslew 51 S B ol oo alluc
W mpn 9 9 Sl (o5 BB 3505, emled (S Ui

ile (Shrog by O)9e
Al Jao Salinls picns 0,559, 5l eolainl b allas ol o
S Caz 90 5l BB Sl g e o] SeS 4 aS su
g daglie @ b 1) Lo Coons J5S 5 adye (Ao dangs
Slayiie S @ g ) omyp sl BT Je S
25 Sl i 3 098 €] 5l (S S 5550 0,025 0
35 o 5 Y S5 b Joo oS50 5550 e iy
g Folre 5 e Jloges Leadr Jowo glpy o cenl ool &)
55 5 56 Il Joe o b g ol ond 0nntS oz logas
B o Lol Comw S i g Ay Sy drwgd (6 S S

Al ooy dunlie v b gyl g0

plnil (Solias s Sl 5 (650 VAV Jlo )0 368
Crio 5 Saalind o (§59d900e 0,15 piwss 5l g ools
WS oo pgal 4 1) oS JLo BYAVY Jlo 0 00l 50
cale glg 128 Jlo e S s s olayl A
G a2ye 3 plogi el dg2g 4 e Jaled sl | galsy
ol lade 5l eolanul b Sllugs a5 amae Lis 5 00,5 gy
Yoor Jlo e plagl [l Lw pals cd b el esls
D] el o0 goi il anes 1) Lo adls o Lalss o5 el
Seelas 65l Al Joe Su Ve Jlo s Y 5 68
Sl Syl )0 (S ale e (5 Ll SISE oy sl
RERSC g RO L I JCHIS R FIC SN D
90 2 36 5 0ad S)ly 5 55 Ik B r LBl negdle oy
I ARY RO PRI SN SRS )

oAl e GBS Jae Voo ) Lo jo olRen 5 ()98 Gdows o
Srord g ddpe Ll slo A pj 50 S sla e (B
S b Joe allis cplys cl oo 4l a5 5,008 (6l
Ol & oS oad &l 55 (Sl (Sl 655 adse
sheslaiwl jo o)l somge Badzs cpl jo ol aislo s
3 S Saeed (B 5 655 @l S5 65 e S35

5 855 SLAE Cooms 93 53 Wl (6551 Cu e I 0Bl Sge
25 b Pl as,e

sl cdld 5l sl asgomme ol Lol oo ;5 (5551 o o
Gals pslate & o] S te s G Coio o Kles o8 &
Sk e el 5 g S pie (Brae 5l g S L Sy
0L Cupae) S Gras lie SRl Cl S8 (Span
gl Ghally mlie digy (arass Wy sl aie (tals
el (oo Lol o e b 03 S0l 5l S e Ca
beS g cialoye Jilog (alids; hilag o baygige 5l oslital
SIS 5 Slpesd 5 s gle T See Sras oS
oleg 55 @il ele o il Cole, @ plill ¢ mylio 4o Slpagas
o (e g 68 (G 9 ) sle geime Sl
2 Al Capse 5l jskaie 1A 0eh e 3 Srae SalS
il o Lol S Lolis o

3 A colatwl Gl (30 as,e idu 0 65l o s
G a9 o JElady 4 mie o Wil B g g Slias
563 0 Ol GRlBl crge cad 5 a5 091 (o0 ol 1,
ore 9 Sy wlip 29d (oo Gp Caio o o anie als
Soeg ¢ 4Sed Sl g b o5y Sl dnke 5 e Sl
AgeS o oy, I3 Bras ol b oFy,s oS
bl OLladl aloz 5l x595 9 Jlil gla asils Slals 0,5
Sl plol Liwly cpl jo olg g0 a5 ol

ilisee Jolse 31 e 5550 Lol b, &l 53 4 o3V
(55 Slolols Caagd L3y Ll ag 5l o le o5
Sl mbio arwgiy olaidl o g lsle Ol (oo 0,
by 4 Wl oo Lol b)) 4 (2955wl 2D S99
gy Gl o bl Lo cal (el jslane @y adye ion
iR ol el Cepd s Sgye Uy Lol a5 e len
ol oo Lol al) Sles Lo wls bl (o0 Rl 5 asse
B Lals 0 oo n ot 5 61T lerw sl i >
Losyls ogzg Loyl cpl jo 508 (6,50 aled a0 weds
655 ol poye Gyas Slole o Sing aS a5 ol 4 dr g
So Al oz ol oS il Brae a3l o5 Col
daw 50,5 ahie pgas o Sleladl il 48l anngs joiS
@l S 398 Sles S b Sl cg Lol 5 8 pas
ol izl b Jolssy 6550 e @S (S ol
4 (2wl 5 IS Calw Sz 2l 4 sl ik
ledios ol ) (25w (nl edizmy Jolawe

087 6955y 65 ) oS Cwl gl 8 a s cnl coale
b ol s Blod oy 45555 (iu 50 Sealials i
boyso ik shig ooz o pa (o) n S Jobee 5 e
sla Jos g9 5l Saliolo s (g, 2Bl (o0 canlin L

Fooylods —TY ol —1¥Qe i) wdgd Cu pow g lue owaspw (Madl (ps 4 pis



ool iz b 9 (Gwigled pumn

g pae Jlio jo (S ST 655 dud o Coouw druwgd 9,50 95 90 duuylio ey

Gy sl Yeo¥ Jl o ol Kes 5 jele dlde jo
ol oai &l S 550 a5 sy by Joo
S o> G byl Ghales jo Glsle cpl 5l eslin]
O 45 a8 (oo o3l Bl cnl OS5k 4 g 00y el S
g bl asls L o o3 Caw wily L8, (g, ey
[\/\].»9..,4 Shboyly Caw o (s92 4 SlasYlas skalSy s
4 ool &l Jaw YooV Jlo o LKen g b Gados o
o I Ceod Salizs 5l Fe G Cead Soolis (g
S sysld dnngi )5 Cuabid pas Jelse (pimes 3jlay
drwgi 50 Combad pac il ool B dlae ol s wos
S 05 oo dedz e ol an 3l 5w sl gl
$9) 425 Gl Bl L (65135 dloyuw aie o el 5l aisle
Sy plo g (oamb 55 5 Ci Sl slo JSew w5558
e 8 sl oS58 8, ohe Sy 5 O oLl
Coalad pae ol a5 ol 5l sam 6,5l8 Sy ey (b))
Dalwgs 48,5 lai o 6,108 aloyw b, LS 0 b
izl e leals 1YV Jl o ISl allis
4 sl s LAl gy adye 3 alS g Sloly a4 (Sl
IR o 030 g B2k ol GSU (Sogll o
Jlo 5o ohlSKen 5 1653l 51 Koo s o V- lewl a8
L g G Llk 5o Cedyb S b Selis Y
sl o, oS 5 oy 5l ol sltwlew 136 Lol e
5 oyad allie o IV el ools 13 cuyp 390 (sl A
(€02 jLasil g Comy bas paSELY- ) Jlo jo oIS
Padrasse ply ool jfoleal e Gle casles S
LK SRS I¥-PS S | 4 § ICI RPN SV T P SO
O (S8 dom sl Vet Jl o s 5 003
03,5 oolaiwl (65, Jlwo 3l Sealine picen slpdoe o Ll
oo blod Jaw ;0 €02 515 jLacsl ol yusce ] jo a5 il
Iyrlewd

S92 1y Slyie s (il STV Y Jlo s oS allie s
Gr bl 5 Ceesd gy ¢ alte sla (655l 5 Shes oSl
SIS wloyw 2l (SsSz 5 00l JI3 () 390 Ll
5 Cod g Codb a4 e L) Lals g el )
IVl soges Jubos 5 s5ldas 1) & (sLolis

bl @ Yo A Jlo jo 095 dlas o 5B 5 s> Lo
k0o @S wlesw o codib peds slaolylE A
g9 90 5l cd b i s b ols)l B sl wsle 5 B,
215 sl osm Jale L Gaios ol 5o bl juiie § ol
Cedb 0 IS 4 b 3 pogad S 655 eees
e jo a5 vaas lis gile ans mls wlase e ades

SraS Ollog pstie cod )b eas by ols)l)3 5l oolatul

Er e Je slzl a4 )5 18 pwp 0)50 Sl L
-+ 1N\% als ;o olas b a4 b Il adg ol
it ol 4 oS 50 LBl a5 o ool i
SoYeof Jlo o olKen 5 Ledsl INY] il s )
Sl e 55 5Bl S8, (o 6l Seelins w0
sl ol Sace Jae aoged all Gae auly jo audl
Cad 65 JSS 5 oIS b Sloear LolE wose
Sl 5 63 eSS S Slalss ln &5 cls
e (6,185 Gl s o 10T 5L Jole Lps .conl ool alox! jau
el L o 3l (oo b o5 Uil 5550 (55T g i
DT el oais alowl 15 (y5,0 sl puiiie 3 cans (59, Sl
Lol glo poe Jolos 3 (26, L Joe LS 5 9l
Flo 44z LI LS, 5 g )lulus (3 g ood )b ¢ dnnys
94,5 L 50 led g (daroe Cansy hilae i 5 00iiS wlgs
il s 5 1,

wloyw ly o alll (8,5 a0 b Gl slagy Lo
odds dunlie wYle cod,b olidl Codgaome i g 5y (5 NS
o0 Jelows Lol g adpe idm 90 0 50 55k Do adly JU3)
Iyveaol el

wop & Bro ool &l Jaw YooV Jlo o g0 Guaod o
o8 gy Sl 5l Lol ST OMSie g Lol g adye oy SIS
Sl a5 535l (oo G Soro 3 OLIS diloy b
Slasl )5 23U @ azg 0)5 (o0 @i A Gl (nl 0 &S
o ele St 2SI (5550 SLAE Jae cal 3 sl LoalSy
A5 T3 an eite o olse 4 b (Saezms s L
wd)S s )3 Sl b adpe idu lp g Sl oad 43S
2 calizes (gl ols o5 sl b 4o ol el ons
e b s Sl eyl sl (g g esg Oglite Sl 61l
DF] cadlonis a3 3 s o Guios opl 4o a5 awslie
oo 5 e Jloga VooV Jlo po (L Ses 5 00 Bedod )
g Lol 5 as,e JWgsle boyS 3,lk 5o 3 Cood (e 12
A (b 5B oS B pan axly iy dnge diule Jos
5P P 5 G sl g Gdod (nl 5o el oad
i oor sl yiie Ojgar L ygld oy g ol asby
saxly (20 sgw Sl a5 conl ouls asein Guisd ol o
Sl 0o (e G Vb Ol 4 (b I aisST B pan
4 a5 00,5 oo Wl 5l g (655l g Waaaly Gl slaws 38l
9>y e doye dige )5 oo ST LBL Cd (g9, 95w
o OIS ailoyus Cews @y alie sl 1) (Some Lraxly
ol 25 b (S caed 050 50 Ll (o i ST a5 ases
D VEsga oo 08 615 ale s & sl o) izl Sone

Fooylods —TY ol —1¥Qe i) wdgd Cu pow g lue owaspw (Madl (ps 4 pis



AL 03l i LS 9 Gigled e

e ke Jilo 53 (S S (6553 A pe Coouw druwgi' 055095 99 dumn o

ol 0l g ol g Sle Jlogaiy oud Joo (5 i Slip>

bj.......».a 4.‘»‘)‘

Solzo g eude IS Jowo 1)1 )Y
Srae g(ad,0)ads Jolae g e IS jlogai NV JSS y0
Lolss Jow ¢l 5o el oads ool olas G xSl (65 5I(LoLs)
e Cusl onls 48,5 Ly o Ol Grae e b Jolee
5o, be Wl a1 ) JSE S Jue o a5
Mg Gp Lol g5 Sy Glols JGp wlhe Sy
¢ Lol Coons g ppie 58 (6 05 dile s o ASls LalBL
adg o Lol 000 (65, o M Lol saims als
Szl g5, G aleyw wadady (oS 655l ead
RTINS TTET SFRVRCHPR RSP NES PRVRCEppIF N ES N
MUM TS 5 e 5 J ‘—vﬁ’ (S sl
‘—vﬁ S b olFgn (5lusiys 65 leyw 3p o
ol a5 g sles anie et g 65 ause
il oads 18 15 5o 5 Jolie (IS oo 65 S8 50
Lolss il LY ojled oS Joleie adl> o 0
Wl Sran ay azgi by adly bl 55 ail e B ras
Gkl Lo S o e Coon p (5 Lo 32
st & o ol e i LB palS gy
e Sl oo Joo LB o ol sl (S e
el A (S 3l Ol 4 LS alS
Lol iz 50 6,105 dloyw lie 5 ol IS0l
ol b 59y IS alepw b ls Lol 8 6l
35 (50 S Lol 5 ol g2g Lolis ¢33 50 als
5 Bl AL ody Jelse ) Sle G glols Y
69 65 oy g ool Jolge 5 cotte JIL Copnax
S Bl wsi sl e e L Lol Cu e
s S pl adg gl ke sy 56 L
il e T Yo leds oS ol dil> s g 03ges
g oo Lo yo

! Electricity per capital

2 Electricity demand

®GDP

* Demand side management (DSM)
% Demand lowering coefficient

® O&M and personel cost

" NG price

8 Electricity price

® Investment in renovation

10 power plant efficiency

" oopl

12 Demand Lowering Coefficient
¥ Loop2

bl g )ik Caaud g ol obul S s b g (6,105 wle s 4o
5 S .[\’&]os.; dalet o953 gyi ol 0
B Sl it 38,5 o L Yerd gl s oS
9 g bl Slles e anie (3n SlOW (Br cwd
g 48,5 &0 Gaivs 5o VPl 00,5 o i ol
Ol (Solisd g Jow Yoo ¥ Jlo o o) en g 590 ST
2L aads Jlo as bl Glel Gp cats Caxsg U onds
ahl Jels g5, <y jLid g cdgs (9, poye JLid (8,5 L
Jlo o ohKen 5 GiiesS Gedios o [YVIle gl ans
l-éﬁ’lfsﬁ LY 03 w).c ;.AD'}..J s.,ua_J )‘ AJ‘)L- B> ).sl YeoA
2 @ GRIB Gl RS skel s, IRl s o
Fobee 5 e Joo jo Canlond (pw)n 5508 ol Skl
oad i8S I s (oS5 e 9 535 5,58 90 ond ail)]
o all ol O b LS s alie ol s el
Il 55 e 3 & gl 5 55 by xS g
009 u.ul.) RO IR d..:.’>L)).: )u u..:u U‘»{l L) Lg)).)‘ IR W
S35 SIS dleyw golatll 4z g Lally s )0 S g Cwid
IvAlssacs pals 1) oI5 il

Ghl s Clo s Yoo 0 Jlo jo LS 5 (5,08 Jow yo
Ol Pl asgi b (sl o o5 HLedl @ al)l de cBls ) (65,1
5 ol Brae il jo o5 JLadl  golamdl Jlad o5 5
Sadee Glis Foiod @l el €85 )15 o) 0550 Gl B
ol e i 4 el 2 Wbl (28 fos &S
08 Jomt Olg dmel> ael jo o5 JLedl 15 cwl o o)L
3 oL 5 Sgmge iz [V las 1) o LSS o 5l ol
WSy Caio Gidw 0 Gp glolw Jdos 4 YooV L
o mlio gy Lol I8 56 Jelse 5l oslinal b ool
Dl S ot 5 @leo a8, 00938 (05 5l o le
AW r:l:ul é:L.o B2 O pan S e ko (0 oalaw! 3,90
<° ua.?v_....o ‘&9..49.4 uj.al)..u 0D r:l:u‘ uL.).)‘ )9 L: [Y]w‘
ilo o3l b g IS L &g sids alool Sl oS 55
G a2l by L e pj e Qs a b gl
ol Mg sl gyl @z e (oSl g5yl ase
Py Ol SaS 4 oS ous @il e dlie cpl Ho ail asls
Sl 55l ad e idu )y L LAE idu ) Jelss Condy
Sl b G 8 G ) e 9 48,5 O)ge IS ok
25 ol e dalme Jalse 5 e Stalins 555 ool Jae 4
il a8 3 18 asllac 050 iou

Joke &51,1.¥

5(ad,2)ads8 gl Jslee 5 cde (A Jow lal o iz ool o
Lodg Gise p) w3 Sl (SO ST 6550 (Lols) B yae

Fooylods —TY ol —1¥Qe i) wdgd Cu pow g lue owaspw (Madl (ps 4 pis



03l i B 9 (Gigled e

g pie Jolio 5o (S SN (65 5l Aud yo Caouw Arwgi 055095 99 A Lo \R g4

Electrcity p;ice
r

R

Q&M and

Personel Cost ,‘/

Ratio of energy cost to
renovation cost

+
Tendency to

—+

TEnovation

cost of power leants +
=t N
+
Inwestment n
renovation Power Plant
\_Jr' Efficiency

NG Price Investments in new
capacity

L4
oy Inwest in Electricity Capita
Conservation (DS "

Electricty
+ Generaed

P+/ Loop2 Loop1 .
J‘ Installed Power Loop3 DEIT&T:];?;:mg
Loop 4 Generated Electricity Plant Capacity P

matd
Rate

Fopulanon Base Elect Per
Capita
/“_"mecr De )

Electrcity per y

+

Electricity Demand

Gap between Electricity
demand and Gerfrated

S 65591 B pan g addgi (Jokao g cde (AT Juo ) JSS

heads Joe po ooliiul 550 Sleo ) 50 Sged (o) p ) LOWS
g g0 00l %

e 3l 00l Uy 5 0l LalSs i lasgs (S0 550 (55,5
Sl B (2l 0SS Bras e yted 55 @y 5 JU
g S SI 65,00 0l TAD sg0m sgmge ledlol ol
5o =l laly i Lausi V0 s 5 5l sl oSy s
255 (o0

ol SLedlar 50 (Brae hd S (n yiegs
TNl G a5 0l oo (ermb 55 5 0,55 i Baee (985
b U i pSU g S 0 (Brae e (655
5,5 a1 g5 Jalo ol Ladd ou 4il) Joe o 1)
el 00

O 3 &S Wghoe B 2leally s 4 )l leally
@5 Wl o (Sl @ A adsl @56l s amgn
Olnl kel s cnl wles Wl 1) lanly 6331 S 23 ()1~
Db sl g ey o wnilae Gl slepysld sl
b Sz il sl Waa 5 *onS 5 S T 5 g
Aot a8 5 L o allie ol Jow ,o easST, wlgs
Avogaz )3 Y L Slasl anze sl B skally s
P SleTy S @ d9zg (nl b s ClgslS Yo
359 ok gl 55 Sl Skl glgl (n Hglae 51 ag5
@lort 6551 o Ay Ngd (o0 Cgmie Glnl H9dS
5 al>ye naiz (b 5o ( (S SI s Hl a Lt se cal o Aty
Dy (o0 Ojpe lidee Sl o

% Steam Turbine Plant (STP)

* Gas Turbine Plant (GTP)

% Cycle Combined Plant (CCP)

S Distributed Generation Plant (DGP)

a5 e o IS Y o lads oaisS Jolaio dil>, ¥
» S wlop lp Gle (Sl 58l ol
I e sleasly Slasl og waler was b axly Slas
Al dals sadgs (S S 655l Gliee Rl e
s a5l eslaial b sasiadg (S aSU 655l ane F
43R g SIS 5 e (Jiwp i ESsm (S diloy
Cood 430 (pl (59, 5l a5 el ailes B B8 1ae 35
g welyt dle BB (Sl (655 axly S adss
o anie oe YU TFoled sonS Joleie adl> s
5 Sl 5 G5 wloyes ly hale (oSl (6550
o Sl 50 45 SlgalS g 1 po Sud by LI Sl
2 oo SerSd 55l o anse als

o5 e g il g 4511 YY"
3Pl Glals 5wy e 3 gbs Sl 4 By
e LV IS e sl 5 ediomn il a4 Jae (So S
Jae (6 ien Olipm b (S8l 655 adgs (e ol ol
b 4z e iz sl sl (18,5 Hlai )5 by cnl oo
(S 4 leep il sla (5 y3ld (5,10 0 0 g Blax]
Whosily bl b badie ol ol gy ole ask
S Brae sty p; il Jlelods cod)lb il
VS Gillae 55 Jeate Jolae g e Jow (o9 5 Jla
szl JB3, le oo Jeads Jow opl )0 09 wales wsl)l LB
g 4y oo 30 blie 30 o (SO Sl (o550 e Gise

! Loop3
2 Loop 4

Fooylods —TY ol —1¥Qe i) wdgd Cu pow g lue owaspw (Madl (ps 4 pis



Yfy ool Az QLf; ) 6‘»‘3"@" (ordned

e ke Jilo 53 (S S (6553 A pe Coouw druwgi' 055095 99 dumn o

bl lsie & ol Gl | Gl slealis olis
bogi kally s jo adl plxl slo ojsn 815 4 slew
2 6% sl il SIS el @ OlE 0 958 )l3s
Lo ds3lo ) S calide gl 3,505, b 635 leims8
oS g @i sbka olp o)l Ll (s JsS)
auip b olste 55500 Sledy,y b a5 3ged o)Ll 7 (g5l
OV e 4 SlaglST 5 Yo VOV o (6108 leyus
s 4Ll L axly ol om0 ol s

Ol ly axly b a8 cl gudgs cud)l sl a5y, ye
Slgme Jlo ;o Lalsy s 0,5,15 Slelw slaws Gl Logiae
Selo Sy ol co pl) gadgi LallBL (S Sl (6553 Ol e
Al (S g5l aule glpoged ale Jlo o
Sll 5 gje8 4ot Slal oy A3l Bilas Wb sy
T 9 TN UXY g o4 &S sgad jelatal) Jliml el
B A 4 § IRVt

15 0ad plol gl by blol jo yii Sldlbl cS cqa
Gl 58 g g cudib g bl Al g o5l de
Siree & bayye SIS 4 Gl o0 Ll s (S S pas
Sbesle po a8 ol (Sl oy iz 5o 6551 el e
I¥Toges anztle cosl 25250 (il 5551 535 0

2 Ysaely L) Suli ange (18,551 0 b sadys G anie
oyt (Sl DlgeleS o Vo waly L) povie aty i 5 (Jlo SlooleS
alojw anje JSidras 5 Codde 650055 et )l
5 o9, ad b oSy s s5lail oy ceas Slaxl sl (6,188
B AR danlie 350 g0 dlne o5 sodgi AlBL 55
Slp 05l obml cage (Gl pp) Lw anie L oy
ol ladgiee co03 Slalsrs iletr 5 LS Rl
Do sod skalls s cudib s Ll Gl e
Gr a4 g Srae B Olie 5y 2D GRIF
S)ge S5 (b 43 (Brae I Sl og walss IS S gudes
S84 e gt aF LA 0 ey 5 4 a2y b adllas
ooy g5 Loz sl SSE @ Wl o)l ol &5 el
g ax3 )5l 55 0uiSTn 5 (oS S (3

ilos o5 B Oliee Ledl 958 oy LAlls B ggee
lallls s nad Syl (e §p 0y g Lol BT e
oog pobey s oS cul S5 Y aiSie e | o
il 581 Lol atoge Liall o 4 aSal g olfs 0 Slas]
cd,b olpy ompo 3l I sgie bl Lol el jo Sos
bl 5l e az Al il ouls solaul Jaw o L
Gk 5wk (arads oS g, g9 1 4wz kally s coal
i bawgie Slile b olfg i £95 Ol sy 30 anje ol

Sgdas et Lo e 4y S g0J55 (3

SIS lo e a3e g 03le ¢ 6515 (ye8 b slealSy e LS Le
Oley S Olggl ST 5 Vo YO+ sga 10 o5 Ll Slasl ol
& bl il ol) (S oS Ll slal o8 Ll sl (gl 03
kalss s cnl 2l Ll oo YU ol i jo Ll ey
ol YU il ()5 g poms a3 9 (s

B s G IS 990 oS5 5l oSS JSem slealy
ol e oo Jolo waa SRDT L )08 g e
il o sl g ol o)lid o5 g ol o el
2 Yo PO sga olpl Glsl sl (6,8 wlow ause
dloe Olgels

Srae Joo ;5 a5 o8 L slidib )0 550 0y g
(08 4l quj98 G o baes) ol (S5 po b 5 euisS
3 oslaial 3y50 (G59deSS (5 S s (e oy )9
Sl 09h o0 wgmine oaiSTy adg (o5l ol s Ay
&S Gy oy lSle wass anl B b plKen 65, 008y
o b ol (nl 0510 50 (BB, cdl> 4 1) G cato LSl
Soge Gr 2l eaiSSran Oyslre ;o (555 adgi 45 aas
(e Sy it glaasz 55 gk sblie 5 a5
B Cxino 50 )15 g canS slad dewg (Sl gl (solazdl
odiSTy slo olg 0 Slasl (gl (6,105 wle o aiyja o)l g
Aol oo DlgelS 5 Vo Fev dga> o

e S0 1) 393 (6551 g L5 )l skl s
ot Sales (o0 18y0m 5aS gloid lppay siile 095 (J2ls slo
TN =0 390> a4 )Bu skl (S B )lae o 6550
Sl s Bl by (oo Lalgs al AL 0y
(5350958 (S0 2SI (6553l 0aiS™ B rae bl 53, S5
ol g By (A3 Brae 28l (55, sl oI B Gles (oo
Cyae lagie 655 sl bl iS5y b s
bl e TEY Al ads S 5l alss s sl

roe Ygero  aiilioe e e Gl kel
VO (oS5 S 5 635 slo ol5g e YO ,5u (sl pvia
alSs e duie jae sladlae Jlo Yo owiSTy glo oSy s
g 00litiul sl (Srwniily 5 79,5 Olo e sl
Sk f¥os Lallg s jos 0)90 Jsb 0 S (25w
kalfs s 2Ll (o)l Slles ColaS pae 5 Sl alaz
ool )l il & oy (S 65 e )
g aje Bro b aSl pogdle Ll cplye sl oo 35 (ouds
90 b esged Lad> 1) 95250 2L Olsiee &l S iy Ol e
Sl SISl 5 Lall'y i (oosrie 5 adsl (b (59, Suxe
oo dgee 1) adsl (2L lsiee (> (Senlisge i w2
@D Gl e war leby, Gl (@58 3lse n ogdle
@obadl sleds; b plyn a5 wad (oo |) OISl (ol Lealy s

Fooylods —TY ol —1¥Qe i) wdgd Cu pow g lue owaspw (Madl (ps 4 pis



003 o (LS 9 (Sigled e g g ike Jilie yo (SO S (6551 Ad po oo Axawgi 04595 99 dunn Lo YEA

S ader o] o aS el JelS Jloges el sais 00! (V JS8) sy Joleeg cle loges 399 Olxesgs 45 g b
e (oSS S 5 00Ty wdg Gl G5 GLal 558 4z b bl )l JB (F JS2) b2 cdl loges 55
Sgidie odplice ¥ S )0 il 00l Sbyadle loges 3l gewd w0l bS5 Oli @

VOIS o alllar jeb 4 35 GLals s )0 w4 bsyye

heais Sslaa 3 e fogei ¥ JS

FiIXea G 1 V&IvI
Cost Index

Variable GT O&M
Cosl Index

GT Generated
Electricity Price

GTP Opt.
Invest Cost

GTP Ave. Invest GT Base
COSI Index Electricity Price
Available GT
T oot Capacity lhrough
Available Power Increasedel, Optimization

Generation Capacity
GTP Construction
Period @

GT Elect. Price
Ratio

K i Ognmlze GT Optimized
Cap Increase Due to Eff. Index
ptimization of Old GT

Plants

GTP

ibution w GTP NG
Contribution v o
Available Power i
Installation Generation Capacity GTP Enhance - GTPRDecllne
e G | (GT Plants) Rate ate
Plants
Capacity for/ GT Plants
Installation Retlrment
GTP Generated
Gross Elect.
GTP Llfe
Time
GTPs Initial GTP Qggrggign
Condition Hour

S35 SUAB g )0 ddgi (L y2 Hloges ¥ IS

Fooylods —YY oo -1V i) wdgi Co pow g b (i (Mol fp 4y 35



Yfa ool Az uL“J ) 6‘»‘3"@" (ordned

e ke Jilo 53 (S S (6553 A pe Coouw druwgi' 055095 99 dumn o

9 L paie da (5095 dlaad g oad 4 (YL Sl b Joe
gl o R VI I PR C S el 0L é.».nLu.b SYoleo
Jol5 Cloesg lp cwnl onls azloy Jow ppe OYolas

I9] sl 3 ans s abogs o & po 4 Yol g Lo ki

S8 (6551 LA g ad e sy gl by yloged ¥ USS

Joke 1 oSl Y olee g b pudite o yxo Y-
oo leais asllel (65,5 asbl s 5l Jaesls 5,50 sl ool
&z 9 Sl 5o dszee SIS 5 Sl 5 Ll G2
Lulg, wlol 5 Joe )5 Se2ge o¥oles . [0-Y] Wil oas (5,41

a5 Lul 51l ool aliy ggoge Slool 4 ax g b g ilaie

Jue y0 aidy HI0 w¥olee g b yuiio j1 (B 0 Jou

Slrpsys

»'9

o b aloleo

30 by 40 ko

Joo o aidy HI st

L)

Sebib gez o JS pyes 5o g codl
¢ oSl adg ¢ (oS S S slgalSs s
bl 55 5 e

S loasly ey wlg cud)b
5 i slallsn cad b oS
Gk 5l ead obel Bl L aines
Sl a5 @D W sle aalin
Ol ebsd by Rl asmge SLalSs s

Ale ialS o oy
g laasly yiedys sl cudb
5 ol sae leallly s ceal L oaiSTy
&5 Gl ke 20l o asls (nl Llasi
bl 5 0355 9ol (S sl asly
Koo iy 0 Lo 4y a5 S )

RN

KW

KW

KW

Available Power Generation Capacity (CC
Plants)"+"Available Power Generation
Capacity (GT Plants)"

+"Available Power Generation Capacity (ST
Plants)"+"Available Power Generation
Capacity (DG)

INTEG (Cap Increase Due to Optimization of
Old CC Plants +Installation of New CC Plants
- CC Plants Retirement, CCPs Initial
Condition)

INTEG (Installation of DG Plant-DG Plants
Retirement, DGPs Initial Condition)

Oord 0 g eos b

s 33 g b b
S sloaxly sl
=S5

ooy g e b
g glaasly 6l
mx:f‘)i

Available Power
Generation Capacity

Available Power
Generation Capacity
(ccp)

Available Power
Generation Capacity
(bG)

Fooylods —TY ol —1¥Qe i) wdgd Cu pow g lue owaspw (Madl (ps 4 pis



o3l azi LS 9 (SNl s i o Bl 3 (S9 iSIN (655 A 5 oo dnwgi 3,509 99 A lilo va.
Joo jo aid;) 500 WY ol g b o 31 (B ) Jgus aslol
S a8,y 0 g do 30 A8y HI0 g
sy sl ko b oo J ))’ 3 yakio NEYS ”, 3 yudiio
(o)) Joo (eSS
b ssE sloosly oy RWIERON
} ©n e W o e w’b INTEG (Cap Increase Due to Optimization
AL eizas 5wz lalSy s of Old GT Plants +Installation of New GT s ys addgi csis Available Power
5 @S W) sle by &b 5load sl KW Plants T Generation Capacity
i iti S sleasls sln
by il osmse slalfs,s ol i -CGTde:fants Retirement, GTPs Initial ; (GTP)
e 280 b oy ) e ondition)
Lo b glaasly oyiws ;s sy cud)l INTEG (Cap Increase Due to Optimization
bbb rizen 5 waz kol cuai of Old ST Plants + Installation of New ST ) . Available Power
IS 5 sl 4y iyl 51 o ol KW Plants e 2 S SR eration Capacit
PR EIEE SR S - ST Plants Retirement, STPs Initial e slansty sl TP pactly
Loy oildl ogzse balSsys g3l dige Condition) (STP)
e (22l5 b axly ol (Jodass
N Bn B Seed ol e b o oS
Caoms (§5l At 53 (IRl slal . Base Overall
SleMbl (g5, 3 509d (o8 wgme  Adye $IKwh 0.05 S fF et s Electricity Price
I¥£lasl oo glpel BB 551 aslsls
Jsb @ azg b laasly Sabldl 55 ol MAX(((1/CCP Life Time)*(CCPs Initial S sloanly Luloss _
et e L Year KW/ Condition)),0) + SMOOTH(Installation of CC Plants Retirement
SS9 Ao (LS pes f : =S5
New CC Plants, CCP Life Time)
[v#] 50 asl 55 5l oo gl el KW 46+006 o sy b o I(D:Ie;;?]e;gnty of Hydro
o (G5l ope b anie  elo I(D("FiXEdG cc O&MCCost I_nd?é"c):*;iﬁ\vai)lable
N, e ower Generation Capacity ants)"
15,5 0500 . I )
SR o ’JM =2 J“"J ;‘5’% ["CCP Generated Gross Elect.")+("Variable
AR g SPgw  AL3e (SIMES gen CC O&M Cost Index")+(CCP NG e 5 ane -
Irolasloe 6,138 wle $/KWh Consumption*NG Price/"CCP Generated ” 6 it ::”m‘ (E:Icé Etr?;?ef:s?n
Gross Elect.")+("Available Power 55 S sy Y
Generation Capacity (CC Plants)"*"CCP
Ave. Invest Cost Index"/(T+1)/"CCP
Generated Gross Elect.")
o Lo (gadgs 5 ais;
[val  $/Kwh 0.03 7T SR TA oCP Base Elect. Cost
= 5 S sloaly
B sl pliee Slyte & S 2] CC Generation Elecricity cost/CC Base A 5 s
ool ool 3550 glaazly gilu aite 5 Elect. cost GEFOr T o 0P Elect. cost Ratio
o =5 5 S slaaxly o
Ival Year 17 Sl gl o3V oley e CCP Construction
' oS 5SS slaasly Period
$lr 615 ey ai 0 .
[val $/IKW 650 U sloasly Slas! Cccp Irglgzi Initial
=5
[ slaas
[vol  Year 25 g 56;»”‘ e CCP Life Time
=
INTEG (“Elect. Demand Rise" e -
' 3y slolis
KWh "Elect. Demand Initial VValue") one Electricity Demand
S35 3l &5 Sl (o2t 3p Al Bras
5 009 glyswl BB (655 aslly oledb
Syl 5 S of sl e b S92 e KWh/Year 1900 G4l Byae slie  Base Elect. Per Capita
e Gp ol S8 e g iSulow
Ivs] st o
I Loe 5 Byt &l pos 0B o gl
B Sy S On e d’m BN KWh/Year (Electricity Demand/Population)-"Base fos el b s ol Additional Electricity
il 3 Elect. Per Capita” S A A per Capita
AVl 5,518 el .
[val  Hour/Year 6500 CCP Operation Hour
=5 5 S sloaly
Skalfss wads AL G ol
2oy Cadl iyt S oS A S iyear Available Power Generation Capacity (CC s ABL G2 olie CCP Generated Gross
Jo s alls,s opl 05,15 clels slass Plants)"*CCP Operation Hour oS 5 S slealss s Elect.
Dgders dpulxe
vV 5 [val ” 25 sloazly 3l B as CCPs Internal Energy

Use

Fooylods —TY ol —1¥Qe i) wdgd Cu pow g lue owaspw (Madl (ps 4 pis



Yoy ool Az QLf; ) 6‘”3"@3 (ordned

e ke Jilo 53 (S S (6553 A pe Coouw druwgi' 055095 99 dumn o

Jowo yo aid) 10 wYolw g b o 31 (B ) Jgus aslol

S a8,y 0 g do 30 A8y HI0 g
sy ol o b Alsteo J ))’ 3 yakio NEYS ”, 3 yudiio
() Jow (eSS
PR = 1. ©
“ste’b_ e o or o (("CCP Generated Gross Elect."*(1-(CCPs
s B G oS5 SSee Jl)S Internal Energy Use/100)))+("GTP
SMF Gy gez ) (oasSTHady slaasl Generated Gross Elect."*(1-(GTPs Internal 3 .
Glas o5 s b olfe,s g5 o Energy Use/100)))+("STP Generated Gross @y A G ol EZﬁLT;Lglmtts
. . - . KWh/Year  Elect."*(1-(STPs Internal Energy ks Sl el by .
& 9 JUush @l 5 Lalsy s Jsls * ] Electricity Delivered
Use/100))))*(1-(Loss of 00" B pume 4 to the End User
s g basly slpadles alme LG Transmission/100))*(1
5 JEsl MW 55 g 3l Gpas ousSTy, -(Loss of Distribution/100))+"DGP
o aed @ L Generated Net Elect.”
Sodoed 418,515 58 20508
0aiS Byas 4y oad oals bemd By liee
Gl el /‘5“\’193 & e Electricity Demand-Thermal Plants ' Gap Between
slaaxly 5 Ly G oS5 S Sl Generated Net Electricity Delivered to the 5 Lol Gl G SO p Bet
, KWh/Year - - ; Electricity Demand
oS L aS gt deloes o g(00iSTpadss End User - (Capacity of Hydro Plants*Hydro By pallbads and Generation
A g s Lol sl e Loyl o Plants Annual Operation Hours)
Sgdlers dpuls
e dn Al adg o Lol s
Sepls,m wwal ln 5l oyme Cud)b
S sLe s a leie s 1y Buos iti i
o y ley Jods 4 e u:w JRRVRE 9 Lol i ol e ys Addlpqnal capacity
Lol awg imlil 5 Lalfy s lasl coefficient
Sgdpe b ¥ L o T Bl cud b oS
Dedes o yb il 8y5e Cub )l e 4o &S
ol b dir slealy s vl Sed b SMOOTH(MAX((Additional Capacity
Oy bog Jo ase sile Jlsen &b KW Coefficient*(Gap Between Electricity $kelSs s i 2ol Capacity for
AYFe dgis e Jlo Sy (53l lsen Demand and Generation S Installation
ailre Jlo 5 el slass 18760)),0),1)
[vs] /. 1A 259 olals Loss of Distribution
[v#] 7. 4 Jast ol Loss of Transmission
[v#] $/m3 0.015 b 5 sl sl NG Initial Price
[v#] MJ/m3 35 b S8 il )l NG LHV
JsEe Y5 Jobee ol SlgolS Sy p»
5 089 bl & arg L aSaile 35 m3/year  CCP Generated Gross Elect."*3.6/(("CCP b 5 Sran CCP NG
O Glyie b 58 Sy ) Eff."/100)*NG LHV) oS 5 JSem slaaxly  CoOnsumption

Dyl deslina 1 518 G pae

Sl 5l a5l ol ol 6,550 ¢ (Bu)l

J.A.o W}M‘ f-v

cd b o 3 Y sl il b WSSl g3l Lol
5 S Skalon bawss (oSl G5l Goyws 0 0
wo Ve Sl g as 0 F gl Sl b (oS 5 S
Slalior bwg (oSl (550 Gorms o oy cud)lo
Cedb g e WY Sl g us 0 A gl Sl L
g 2o 2 A glas 2 Sle b ooy g5 )z S5 oy
clos cle slotee ol 1, odly Ll ao,0) ¥ aSTas
S Sl 352y pas Jds 4 oo U Gl (o0 1) S92
30 &5l b3l 0 ogzge Hlel a5 cunl S 4 a3Y il
S5l (oo ke b olil 5 o (A8l ghls alisee sl
Oeizes g odS|y aJg Skalgr 4 baye Sledbl 5

oMl .ol oolatwl alies sledig, 5l Jow jlael s sl
S5y Sombes Jelod (Pl lo odls b giloans 93l
oanlice Johre gulisy la)lis, o onds plxl calisee (gl yurie

Gl 00y S 55 baazly (6,5 5l Les sl oais
VWYEAYAY Gldls lp Jow o Bu)b glaosls (o3l (sl
(S2 S (551 SLaliS (line 5 s 2l any 138l 5wy
Sl bwg (oSl (G5l Goiws 50wl cod)b
bsgi adgi cod b g SSi a Gb oS S 5 635
2 g (Kl polie b Jow 5l osel Cows 4y o, 295 ez
GledSss )5 oael Caws @ @l ol 00l Al (55,31 4l 51
ool S Lles oz Jloges .l ouls ools LS A L O

1 Vensim

Fooylods —TY ol —1¥Qe i) wdgd Cu pow g lue owaspw (Madl (ps 4 pis



03l i HLS 9 (Gigled e

g pie Jolio 5o (S SN (65 5l Aud yo Couw Arwgi 055095 90 A Lo Yoy

ol cz 5o 6 oSl il cand b cad (nl anli
L 508 o 5l g 003 (o0 Lealg w4 (o250 Gl 5 plendl
S e e ST L sadss 5 S bagie dnnlie

Sy eons a5y el adys
Bt ol il 2SGo5 e lodie 4y godgi 3 Caaid 4z 2
o 5l Jolo @l b 050 wnlss yie oS58 g9 )] aws
a8l A5 El ol AT s Cangd adly gl o
I g ouds Bizee yilen (bl plesdl ) b sedlg s 5o plendly
Ao s 35 Lo oSy 5 sl plenily po (al3)

B A J b S S s 3 slalSs el

S,las 0ez g S8
A oud ddye CSg Snd (il Woales ol jslate &
o0l b e (gl I8 Cued 055 (oo E s 9550 il
st B oga 39 2l (o3, 655 Al 5 Bl Lalsy s 4
Fo o (Bly B aS el Jb ol el caSe i Yo
oo el S oy Vo c V598 0 (b S ceSe
Bis LpalSg 0 d oad dd o S g dil)L 4SS j50 40 ]

leals's s Slawily (Rl g 0 Shos S50t ) 055l G i 99

Energy Demand
180
n
c 160
-2 140 4
& = 1204
o M
100 -
g 80 4
M 60
40
20 4
0 T T T T T T T T T T
1376 1377 1378 1379 1380 1382 1383 1384 1385 1386 1387
Year
Hectricity Demand (By Model)
= Hectricity Consumption (According to Energy Balance)
28lg Hlado b Jow 3l Lol SO Sl 6551 sloldy amolio O JSTo
Available Power Generation Capacity - GT&CC Plants (KW)
25,000
20,000 -
[%)
k=
S 15,000 -
%)
>
© 10,000 -
=
'_
5,000
(0]
1 2 3 4 5 6 7 8 9 10 11 12
Year
Available Power Generation Capacity - Gt&CC Plants (KW)
== ™ Generation Capacity - According to Energy Balance - GT&CC Plants (KW)

5y SIin b o 51 Jolo (S 35 SS9 535 SR o5 elgF nd b gl $ S

Fooylods —TY ol —1¥Qe i) wdgd Cu pow g lue owaspw (Madl (ps 4 pis



Yoy

00l xS g G Wigles (o

e ke Jilo 53 (S S (6553 A pe Coouw druwgi' 055095 99 dumn o

Thousands

Available Power Generation Capacity - ST Plants (KW)

18,000

16,000 -

14,000
12,000 -
10,000 -
8,000 -
6,000 -
4,000 -
2,000 -

1376 1377 1378 1379 1380 1381 1382 1383 1384 1385 1386 1387

Year

Available Power Generation Capacity by Model - GT Plants (KW)

(KW)

= Available Power Generation Capacity - According to Energy Balance - GT Plants

5l 5lado b Joko 51 ol ks Ul o el 5T Card b gl ¥ JSC

Available Power Generation Capacity (KW)

50,000

40,000 4
30,000 4

20,000 4

Thousands

10,000

1376 1377 1378 1379 1380 1381 1382 1383 1384 1385 1386

0

1387

Available Power Generation Capacity

™ Available Power Generation Capacity - According to Energy Balance

5l 5Iado s Juko 51 ol aul o IS g lin A JSC

g WLl cudil cuyt e Bk 5l ade A asey
FB L el o pd e Bkl Lo A5 Sy poe
St Lol jels o’ Vel o el Jlasl
3 e (Sl )b o s sl sibew 50 5 gl sl
cerd Gl oro b e Sstie 55510k Bl (o0 e sk
Sl g el byl ade cadse o Lol Sl jlade )
S e T L e i
w5 el ond > Vo) slogy, Lo (sl caliseo sl
Vo) e slag b LS L8 5l Sl il and
Jd 50 s ST sl 5l (SO mls ooyl 4 a5 ailos

sl 00 48,5 L35 0¥ Joaz 5ab ¥ o) (glags i

6))"‘ M).dea.wy 0)5\3.5) 99 wl.o.o ¥

Lol o o oo Jilio jo SO xS
Copde Jlie )0 adye dnngi 3505, 90 awlis jshis «
dwgs Olpe @ it slagy b (S 550 Lol
V6 gl loads (gile and g ol Lol Cu i g ad e
Lolas o o caioylid V(g )l g ddye drwgs onuaaslis
AL adgi 0l a5 debiee (B8 gl 99 2 0 ablie
o3l ;) Lally s drwgy ;o (6,105 Gloyw ol slasl Ao
odal S92gr (655l Cupde Cumw a4 IS LW i 50
Soobiw 0 a5 Cal 1Y OV oo ,liw 98 o glis L .l

el 00 az g3 ) (gl 5l i Lol G Co i a0 Y

Fooylods —TY ol —1¥Qe i) wdgd Cu pow g lue owaspw (Madl (ps 4 pis



03l i HLS 9 (Gigled e

g pie Jolio 5o (S SN (65 5l Aud yo Couw Arwgi 055095 9O A Lo

Yo¥f

9l (65591 aud pe g Lol o o slags jlw .Y Jour

e yicio 39290 2udg 1 s b 2 g1 3L
GDP Growth (%) FAY 5.7 5.7
Additional Capacity Coefficient I Y
CAY +0

Demand Lowering Coefficient

s olas waz sleall s
(sl GalSs i et b, 355 e oanlin § IS8 o azilir
‘)lo;)s?sx.s uﬂ..x..os L w......) l) G..mlf ;)Js) u.i) Pj& Lgy)LA.M;

@l 5 a8 5 Ojpo dlSy oy b b Jlo (oo sl Joe >
Lploys el Cd bl s 2yl 4 Jae S Jols
e 05U 5 (o9 Rt Jdoy pgd (g9l a5 0 e LAl
uad Cadpl 50068 Glugil 1) (6 e Ay, B pan oo

——— - Mew Scenario 2
R MNeswy Scenario 1
Current Scenario

Kwh/year

Millions

Capacity for installation

14 4
12 4

10 7

u,...mlS ). Jiw &Ua.c P9 69.7)L»...~v ) (_g‘Lef IXCELY d)..m

2 U s i i e A JSC

arg Sl - ol eaiS Brae 4 g (SO Sl 65 5T

ol a3l 4 shod (S 5l Lol Conse slo aslip 4 iy

EwWh/Year

Millions

Thermal Plants Generated Het Elect.
Delivered to the End Usexr

00,000 -
250,000 4
00,000 4
150,000

100,000 -

50,000 -

21 25 29 =1

Y ear

45 9 e &y sl 9205 (oS S (551 1+ S

Fooylods —TY ol —1¥Qe i) wdgd Cu pow g lue owaspw (Madl (ps 4 pis



Yoo ool Az QL&S ) ‘5.\391.9‘3 (ordned

e ke Jilo 53 (S S (6553 A pe Coouw druwgi' 055095 99 dumn o

Ol VY IS8 o oS canl sl syl 5l S pes (55l
Wazx sla gl SLI il b oSSl es ol oo s0ls

2ol o - G ady Gl b B Byae J5-Y
TR ) S drwg F5opgd el Cov oSy, drwg
3 b B Grae ol sl ol sglw )3 abgye

90,000 -

20,000

Millions

70,000
&0,000
50,000

40,000

mifYear

20,000
20,000

10,000

Total HG Consumption for Elect.

Generation

u]

— T T T —T —T— T
18 21 25 29 ey |

Year

b G pan lade VY ISKO

o5b & Sgdae (st Suz SLals e mie reb S ool
Sydae 0du3 S5 (555U e 5o 8L g )liw 95 2 0 IS
az 0,0 g 0uSTy adg Ll s Slasl 4 Jof &SI o

sl 00 a2 5 (6 B0 (s 9 (5 5 S Sy

sl USG50 oads zhkae L yslis alS sl wo Skalss s
Gl yw 5o du 52 4 az g8 b sl ol oals (Lis (VO) B (YY)

9 oy Gy anie &ly,sg e 9 Cub sla anje (o 8

Installation of Hew 6T Plants
w =
=
= =
=
= 4
=
2 =z
=
=
1 4
1 4
o
4
Year
a2 G Lply i cuas NY S0
Installation of Hew ST Plants
2 2
= =
. -
= 1
= 1
=
= 1
1 4
a4
a4
[u]
il
Year

w2 )l Gldlg i uas WY S

Fooylods —TY ol —1¥Qe i) wdgd Cu pow g lue owaspw (Madl (ps 4 pis



ooy i LS 9 (gligled o

e ok Jillo 53 (S SN (6553 A pe Lo dmuigd 9,579 99 duan o

Yaor

Installation of Hew DG Plants
o 2
£ z
g 4
1 4
= 14
B
1 4
o 4
oA
a — |
1 =
Year
dos oS el sLplEg o cuai VY IS
Installation of Hew COC Plants
2
= 2
1
= 1
1
=
= 14
1
o 4
o 4
u] T .
1 3
Year
Mo oS P o Skl g eai 1O S
Sl ceal W) a4zl LT adgs (o ytws jo 2ud b -0
Sl g5l 50 5 Bt adel (gl s jo S bl woe
S e oy sials wsg, VPSS Bollae asos
Awvailable Powery Generation Capacity
0
=
E
=
=

Year

SIS s 3 a8 VPSS

Fooylods —TY ol —1¥Qe i) wdgd Cu pow g lue owaspw (Madl (ps 4 pis



Yav ool Az QLf; ) 6‘”3"@3 (ordned

e ke Jilo 53 (S S (6553 A pe Coouw druwgi' 055095 99 dumn o

AYAA o5 &5 550 aelisl s [¥]

AYADe Slgs ¢ 3y Canto Loais 4ol Lol [B]

S5 oSy 00 S alew Jaw @l (LS woly wss (5]

Ul Seolyls a3, 5l eslital b ol o (K sl

g Cande GlS L glie (puatge 2Bl (bt )5 09 sl

Sy olRails pwiige 5 (8 oaSiils —lo s (59 oy
AYAA (o ye

63,595, pioew Skl w00l Js v (deys ol «sy5e [V
9 pl:. sty u‘)L&.u‘ ¢ d.o:>)_| ‘ "L.S:Tlﬁ"\" JSLMA.A 6‘)_\ 6\))_.\)15

AYAY (ol Conro

[8] Ford, A., "System Dynamics And The Electric Power
Industry”, System Dynamics Review, Vol. 13, 1997,
pp. 57-85.

[9] Ford, A., "Cycles in competitive Electricity Markets: A
simulation Study of the Western United States",
Energy Policy, Vol. 27, 1999, pp. 637-658.

[10] Ford, A., "Waiting For the Boom: A Simulation Study
of Power Plant Construction In California" Energy
Policy, Vol. 29, 2001, pp. 847-869.

[11] Gary, S., Larsen, E. R., "Improving Firm Performance
in Out-of-equilibrium Deregulated Markets Using
Feedback Simulation Models" Energy Policy, 28,
2000, pp. 845-855.

[12] Turan, B., Nuri Basoglu A., Atilla Oner, M., "A
System-Dynamic Simulation Game for Energy Sector
of Turkey", Portland International Conference on
Management of Engineering and Technology,
Portland, Oregon, USA, 2001.

[13] Olsina, F., Garces, F., Haubrich, H., "Modeling Long
Term Dynamics of Electricity Markets", Energy
Policy, Vol. 34, 2006, pp. 1411-1433.

[14] Or, 1., kilance, G. P., "A Simulation Model for Long-
Term Analysis of the Electricity markets”, 20"
European Conference On Modelling and simulation,
2006.

[15] Kilance, G.p., Or, 1., "A System Dynamics Model for
the Decentralized Electricity Markets", International
Journal Of Simulation, 2007, pp. 40-55.

[16] Hu, Q., "An Experimental Study on the Construction
of Electricity Power stations in China", International
Conference of the System Dynamics Society, USA,
2007.

[17] Kim, H.S, Ahn, N.S., Yoon, Y.B., Yu, JK, "The
Effect of the New Capacity Investment Behavior in the

Solim 50 e Hl3, a5 00d o 00y ajlogad cdmline b
G (B0 Gl poliie @ adpe S n) drwy p 4S9)
Sl gmdae (L8 ol 5o glegs L8 cwl gless (Lol
ke 3,553 ol 45 gl (ol b wagdign ol (hie 3,953
Sae Gl by ol el gl adlasde BB 5T by s
Glas e o0 3BT Ceslow b ol a3Y a5 el Sbs;
2 Sy w2 cnl 0gh Bie 4dse GiSu ) dawgs g o5y
(L.aLS.-W Co pde ol)&mwaWy) 9o 69.’).....;
Co g Jlosl b Lol jo alsy 51 aS glas ol b o loogzg 5
&S cwl ol S jloges anlic 00,5 o Jrows Bjpae
Wiy Sy dnwg 50 NS wlopw 4 oyl 59, Bre

23,5 o0 55IMLL 5 (Slog B3, 590 cou &5 el (il

T iz sl DIl 3 55 42ii 0
o5t 3 oy Sz Jin S 5l sl b Allie o
e ol (S 655 0 )3 S e peiie 1S
G5 Sz 90 5l (=l OISl Jow ol SIS @ el a8 F
5 S el 00 &l ol 5351 o sl S5 e
A Coamw 4oy ol ) 5 a5 b @ Cos ) g bl
00y Al donil oy e Bb oo Dl sl 5 adgs oy
25kl Slasi )L 59 o &5 Conl Sl 4l ye

Bedse S5 adgs sleasly Slas]

Lol i sl s Sl 35,5 15 5o b o ol
A esslalls alS sl (S e (i @ sodgs G
29 ke T Slagies lyie 4 Wlgis 5 il (28,5

P AP RA
Wb ol by e il ez ey w0 5,06 ]
et (3,55 golazl (DS leazlls (655 ki
-OYY axin ¥ o)LA.;Z AR ERVES U'J‘Q“ L;‘S saslils & s

AYAY oYY

Lol ile ans op 0ol3] 0 (608 o o Sl al Gomge [Y]
saSlasls LYgS Sl rwew )‘ salaul L u‘ﬁ‘ @L@a &
AYAS ABV-R0Y asio ¥ o)lads FV al> ool 28

3 il il atnge Sllllas 5 gl (5550 Gimee Dl f5S (Y]
ORI 651 65 0 Olosl (512 sla oy

Fooylods —TY ol —1¥Qe i) wdgd Cu pow g lue owaspw (Madl (ps 4 pis


http://www.maoner.com/2001_SD_SimulationEnergy.PDF
http://www.maoner.com/2001_SD_SimulationEnergy.PDF
http://www.maoner.com/2001_SD_SimulationEnergy.PDF

ool iz b 9 (GWigled pumn

o pae e jo (S ST 655 dud o Coouw druwgd 9,50 95 90 dunylio YaA

[30] Sterman J. D., Business Dynamics, Systems Thinking
and a Modelling for a Complex World, McGraw Hill,
2000.

Korea Wholesale Electricity Market", International
Conference of the System Dynamics Society, USA,
2007.

[18] Sanchez, J.J., Barquin, J., Centeno, E., Lopez Pena, A.,
"System Dynamics Models for Generation Expansion
Planning in a Competitive Framework: Oligopoly and
Market Power", International Conference of the
System Dynamics Society, USA, 2007.

[19] Tan, B., Anderson, E., Parker, G., "Managing Risk in
Alternative Energy Product Development", International
Conference of the System Dynamics Society, USA,
2007.

[20] Ochoa, P., "Policy Changes In The Swiss Electricity
Market: Analysis Of Likely Market Responses", Socio-
Economic Planning Sciences, Vol. 41, No. 4, 2007,
pp. 336-349.

[21] Ochoa, P, Van Ackere, A., "Policy Changes And The
Dynamics Of Capacity Expansion In The Swiss
Electricity Market", Energy Policy, Vol. 37, Vol. 5,
2009, 1983-1988.

[22] Qudrat-Ullah, H., Davidson , P.l., "Understanding The
Dynamics Of Electricity Supply, Resource And
Pollution: Pakistan's Case", Energy, Vol. 26, No. 6,
2001, pp. 595-606.

[23] Qudrat-Ullah, H., Seong, B. S., "How To Do Structural
Validity Of A System Dynamics Type Simulation
Model: The Case Of An Energy Policy Model", Energy
Policy, 2009.

[24] Arango, S., "Simulation Of Alternative Regulations In
The Colombian Electricity Market", Socio-Economic
Planning Sciences, Vol. 41, No. 4, 2007, pp. 305-319.

[25] Assili, M., Javidi, M. H., Ghazi, R., " An Improved
mechanism for Capacity Payment Based on System
Dynamics Modeling for Investment Planning in
Competitive Electricity Environment”, Energy policy,
36, 2008, pp. 3703-3713.

[26] Jager, T., Schmidt, S., Karl, U., A System Dynamics
Model For The German Electricity, An Analysis Of
Economic And Environment Policy Related Impacts
On Electricity Prices And CO2 Emissions, 2009.

[27] Akbarpour, M., Vaziri, H., "An Investigation into
Electricity Subsidy Dynamics by a System Dynamics
Approach ", International Conference of the System
Dynamics Society, 2007, USA.

[28] Keimanesh, M., Salekdeh, A.Y., Barahmand, S., Vaziri
Bozorg, H., "Effects of Gas Subsidy on the Behavior of
Power Stations in IRAN: A new Policy for Reducing
Energy Intensity in Electricity Power Houses",
International Conference of the System Dynamics
Society, 2008, USA.

[29] Kehlhofer, R., Bachmann, R., Nielsen, H., Warner, J.,
"Combined — Cycle Gas & Steam Turbine Power

Plants", Second Edition, PennWell, 1999.

Fooylods —TY ol —1¥Qe i) wdgd Cu pow g lue owaspw (Madl (ps 4 pis



