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Purpose: The world's electricity industry has faced numerous challenges, such as rising electricity
demand and greenhouse emissions, declining fossil fuel reserves, economic conditions, and rising
costs. Such challenges have forced managers to supply energy by replacing fossil fuels with
renewable energy sources. The technology advancements and electronic equipment in the
consumption sector have increased the need for electricity. Hence, electricity generation has become
more significant due to the type of power plant. This study aims to prioritize electricity generation by
allocating it to the consumption sector, to reduce greenhouse gas emissions.

Design/methodology/approach: In this study, a mathematical has been proposed to determine the
amount of electricity production from power plants with different economic, technical, and
environmental conditions. Then, the optimal electricity allocated to various sectors (as consumers),
such as household, commercial, transportation, industry, and agriculture has been examined. By
simulating and proposing a linear programming model, regarding the energy data in 2017, 10 types of
the power plant and energy balance have been taken into consideration. Based on a mathematical
model and by considering three decision-making variables, while observing the limitations and
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requirements of the power plant, the amount of electricity generation has been determined. Then, the
energy system in the consumption sector has been simulated by causal diagrams using the system
dynamics approach.

Findings: The lack of fossil fuels and environmental pollution associated with energy development
are challenging issues. Fossil fuel production and consumption contribute to global warming and acid
rain. Therefore, one solution to protect the environment from the proliferation of energy waste and its
consumption is the effective planning of energy systems. Findings indicated the role of proper
planning and allocation for energy in the consumption sector, in reducing greenhouse gas emissions.

Research limitations/implications: The lack of comprehensive and accurate data on the application
of renewable technologies to generate electricity in Iran is one of the main limitations of the empirical
study. One of the limitations of the proposed model is the consideration of renewable and non-
renewable sources, simultaneously. Electricity from renewable fuel has also been less noticed.

Practical implications: Based on the findings it is concluded that the mathematical model with more
comprehensive indicators and the system dynamics model can play a significant role in reducing
greenhouse gas emissions. Therefore, the following strategies can be used to reduce greenhouse gas
emissions nationwide:

- The percentage of electricity generation from renewable energy sources should be increased and the
use of fossil resources to generate electricity should be reduced, which is evident from the application
of the mathematical function of the model.

- Electricity generation from power plants based on the specified priority will significantly reduce
greenhouse gas emissions.

- According to the calculation of the environmental index, issuing construction permissions for coal
and gas power plants should be prevented.

- The needs of the domestic and commercial sectors must be met through renewable energy sources.

Originality/value: In this study, mathematical planning and dynamic system were used to study
technical, economic, and environmental conditions in the reduction of greenhouse gas emissions.
Considering the existence of objective functions in the mathematical model and the optimal results
obtained from the production of 10 hypothetical power plants in this study, it is implied that the
optimal production in solar, wind, combined cycle, heater, water, and natural gas centers has
potentials for capacity expansion.

Keywords: Greenhouse gas, Integer programming, Power plants, System Dynamics.
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dei) ol
o S35 Jely o 2l asls ) g S5
s el S5 Jeily SESS _
e..\&c)&o' (M)J) (ALSJ}:J
(Jlasea! 16
ATV AMEAREAA Y/0u#) MY 0 Swdle;
VAR \WALZ AN O/4) + YN 00 58
JARL) Y/AT ) AN IAREIRIAS o S
+/0) AAREAREAR VYY) AY ov S S
5y VoY) o AY YY) YN YV Yv4 b
Y/AY Y/OY s\ oY 1 /8943 Y)Y \0 \TE\s PV (gl =
V/50 YIYViN 2 AY AFIAD \ 44y ol e
/YO A AREAL F/08Y 1M A 0 b S
/AT /051 M4 O/+ #Y M4 o o =l
/+VA F/oVaE) M 0/0#Y M AD o0 035 L)

WYA8 (5531 315 ol Sllons 2t

1l 23 psd Ot Sl Fa (7)) s lad st 51 G a alie dlons

S5 s 51 S Sl dlasanl LB ST il ol i(dlasnl BB (SGSS - feily) sl -
ol IS s Jsb 5 sl

sl 5 Ul sl 551 Mg e same S DS 5 Oy Sl (2D ol (A )s) GLS el -
e 0l gl (6551 Slalllas S e sla 21 Slue 45 sl e Sl

ozl BB abis 1655 Jomilsy -

Al s (655 Jomily) ¥ (LS et ) ¥ el g o Sl el (65531 il =

S LS bl ) (553 B e IS 4 (oSl (6531 Jendliy) O O sten o 5112 2Lt~
dmslowe OLSGl &1 ¢ 35 ol ge slas )8 51 803 (ool ol il (YVY Jlu s (6551 Sladllas
Sl o Al 5 e 2 LB s o ) OISl cpl ediOly el ol 508 G s 6551 ok Ol e
593 3 o8 Bl il G gl b iy 23 s 815 S s ) (55 Candy 65 5l e dan
S (55 sl a sl s Y3 L s b cs3lal BV 4 ol Sl Ll sl S a2



VY Sle A ol ) esled Y oy (Dlles 5 W5 Sy e /P

(FI') Jae s5basl Lasls i a5 —Y-)-¥
o315 ol Slims ol o ses 3Ll Do e laoSls  5s 8 5 51 G (TGDP) Jatls allsb a5 55l
Jolse Sl eslial Ly s te JLucS 53 sdddd 5 olg Sleas 5 YIS oy 5500 g seme 31 ol le
Sharws OF 55 olg Sleast 5 VS 51 ghae (VA8 Slale) ol 558 K 0l 68 4 Glate S U 5
) Ay e sl s s G b s Lsgd ety b ol 3AiS U me 40 aS ol Sledt L YK
o 58 3a e Bl (65 5 Ol 53 5 &g e Ll eoladl el LSS 6l (VTP Sl
e Sl el ol e S (515l s el (sl 33 g0 Eile s Ol e Ky ekl s 4 30 34
AS 55 el 55328 BULL GDP s 5Lis g ble o At sde L oslal 05 s G 03551 s

el 05 0315 0L (F) gk 55 domlome ol AT e s 0 okl Laxls Culg s

G5! Alase C»L.» & sobaidl b el -F Jyus
Table 4- Economic indicators for different energy sources

abatl jaxli S Al kit ey S 5 & (B ) S5 ae
0/212325 2/23578*10™ VV4/aY s
0/161587 1/70151*10™ 4 /OAS 58
0/16229 1/70891*10" 4+/4A Kl
0/1232 2/42354*101 VA/YO VoSS
0/971846 1/02335*10* OFY/AY Sty 2 J ke
0/4579 4/82169*10" YOF/V Sl s g
0/239653 2/52354*10" VYO sk
0/287262 3/02487*10" VEV/ ¥ o
0/238868 2/51528*10™ YA 035 T
0/229093 2/41235*10" VYA/EY b S e

WYA8 (5531 315 ol Sllons 2 pia

a5l e %LAﬂ%J.LPM}‘S@‘ sl O gsde (F) dsdr 5 (olaBl el
u_.'.‘fg:"‘““ Mﬁ‘ LS‘BJ"‘ ..\.:..sj; st.v CLAJ‘ f‘.’\sjbwﬂa:\.ﬁjﬁ ;MJOL\:AJ J".'.TL;‘ WDML;L}‘Q u..ajl}l.v
(%..w.i)ﬁ‘ LSJJ"" J._:.Sj.: )J CL«A f‘deSMbLSA )‘;5 )L::>-‘ )J o)Lg U'-{‘ )J \) L;LG.JMQ‘ ‘63\.«,&3}‘ uﬁ}-u quw‘

sl dal gt (g i ($/Mw.h) Lo

(EEI") Juo Jaseocom) yasls iy mi-¥-)-¥
A5 3l ST 0T St o e o 315 il 1 o e BT (6551 e o Sl 4y S0 A 5
oz S sy bany Jama SBT3 05 JS sba (6550 i md S 3 Sl LS sla3E
Lis el s ol anals leg e slasble 5 B e slagss Sl e las Shes 5 551 W5 (SSs



PN O 5315 25 (g / e el 3,55 95 3 02l b G (6551 Sidu o S by Ll pals ol s b

L dns e 0L ol Sl kS K a5 sl 1y SIS SIS 15 0o STy 5y 0 43S
o) o 0l OLES (O) J)J&- BE &:)LM[N

G5! alase CL» 8l ey s e ls -0 i
Table 5- Environmental indicators for different energy sources

el e SIS 05 SaNT st £ ) S5 e
P SV (Cele ol (85,
ANV 10™s Y/ATYY Yo¥/88 o
vaar 3/50696*10™ YA 58
Ry 5/17782*10% Yov/ss Sewdle s
Y0 2/20108*10" VO TOFY oS A
VAT 3/50309*10% VA/SO ey Jshe
VAF 3/50309*10% YA/ Sl gt
¥y 1/79414*10" Vs s3b
CIAVE 3/58762*10" ya/) =
VY 3/1766*10" VY/0 0355 S
Y 2/69071*10" VENFYD b S s

WA (5550 M35 ol Sllons 1aa

S5 M S Gl ol e Sl A0 S S AeSIs pm il Gl el 4 phicews Gl

Cb oS b pan 55 53 b e 6331 SANT Jole sl pl 553 e dmilos Sl 53, 0
et 4 el LIS 30 Ol s las Ol 4 SV Ol5s ) oS 553 il L 03 A GEEREPR
S5 M5 ety Aoty (et 55 g pieedl 035 b SV o slel ) shite
e OF 3 550 5l i e s sl sde a a e oo UL a3 5 e K51
Slacst y ol a y Jsdr al sldel 5 &S 0kman (Cils Al Jsa S shame Sl 20 (S ]
i SV Ole it glagss 3l & Jls st oS sl 1) (SuuVT So 01 o iy s

Sy Em il Gl e TV sae ol b ool (5 5l s ssls JUis 4 (g xS

B 2L, sroalp dde Y=Y
Crmd s (o i 4 doms wle yaeass ($ludng ol (Siluang S ) Ol (S ol s al
s SO o 5188 el ol 5L (soaal s laas sozmn s 5l (S0 (e 50l 5 5 ol (S
g olie Jold aS jas fa o b Lyl S Sl el Sobe Ygame i o s ot (552500
LA sl s i e el s e oy bt LU, Galul 65 Sladie .l sddobiasl sla s
03 Sy 5 iyt b G e f351 B 551 W5 0SUS mle shils 5iS S S S 55 L
OIS SLS SLaml 2als [l L B 5 3lid Ol 4 3 bt ol 1 oS 50 51 68 Syl s oo



VEO e TA b ) osles OT oy (Sles 5 A5 Sy ke /5Y

LS)J—"SJ)—} Q‘J_SM&‘JJ b u&a‘ w‘j)ﬂdw C,dlig:,wo: L;]a.ﬂmg:mﬁ)jdbw.;\ ‘Lfﬁ ogv\.ib‘b
2l G 5 S sl s b Ol e (spoael  die SO s SusS L Ll Al

S e

Minz = Z EELi(X)) + Z FIi (X)) () akal,
ST:

Z(X]) =1= Z (Z) xkank

0 < [Xj] < [Tl
EEIi >0 sFIi > 0,TIi > 0,Xj >0

[POH

g oS e 1) g o8yl G (85 WS Sl e e 45 S o s | A5 65 d
(ewli=l2,... ... 10 o8 L CONUPRC SIS [ FPRE) RUA Sy

i=1,2,...... 10 (65 51 e &g «(0) sikor 1] 83 500m0) ool Gbdosliiud (6551 b S s 55 Sl
(el

bjalyl o baine -

e e 0Ll oS50 o s o] 3 5 eslizal Ao s X

58 s w51 SO Sl sl BB (SGSS il cole ol f‘i S5 A e b el T
ol awlee JLuSS (gl (F) dadr 53 plubodess le 5 ol 03ls OLLS (V) Jsd= s eSS e J b
NG

J_.’&J»;‘ﬂ.ljli(,s&jjﬂctﬂwj‘&ﬁjﬁ‘@j .w\rli éjf‘éh%mw’jyu EEI;
S s e ol @IS slas8 ) 5 51 AU oSl o Sage 45 Sl dal i G s las
pls S0 gl asls Olpea | o SeeST6s A5 Olpee LS 5 oS oo 0,0 milie pl Ol K0
2Abidas 5 pdied slas) Sl lm Sl (0) Jsdr 53 0 el el sl 5 (65
sl a3 Sy 50

e Sl 5538 (6531 S el By e sasOlis el el pll (6551 a3l L2t F
el ol 05l OLES (0) J gl s &S sl (5551 ol

= e jlaes S5 01 Ol (g5l JBlus (Il s bl s 4B S s s Ga b s dlie ol s
ol gl Gua o cul (65,51 5 a5 Ol (3 JBlus e s i o5 5 (6551 A58

@‘Cuu_i‘dv\_bg;_w\e.l_«lwbuegjﬂi‘f\' LS‘JJ(Y)JJJ'P')-"*S-’;dﬂJJﬂ-’)J‘)uJG??JW)



O/ LS 5 315 a5 (g / e el 3,55 55 3 02l b G (6551 SiSu o S by Ll pals ol Jas b

Sds cpl () daly ol GOS8 LIS ml ¢ gamms 03 S asiee b lailbalS sla3l8 A 5 b, Bl
S o Ol se 0L 4 Iy

# + EEl K wdle; XKowdle s # + EEl 58 X 58 # + EEl s X =& # (EEl = EEI Min (%) i),

w4 BBl gd) 5 S0l X gy ol + BBl (gl J b X gy 55 sk

#+ EEl sy 5 3 Xods 5 o s+ EEl IX T+ EEl galoX gl

(oS5 K X (oS 5 St +EEL 5o S 03X oo S yes

Coda @U bl B sl slael8 s 0 s aten xSl W 8 dy s Ol J}U;-cu_gp: i GUJJ

Jsbw # +FI Sewdle XKw # JLet FI LS X 58 s+ FI cs X s #(F1 = FIMin - (0) dal,
X ol s+ Fl gady s (S0l X s ol # + Fl gl 2 J b Xy 5=
Rl e Soas X ol S cpmey s+ Flos s G 3 Xod g5 Gy 8+ FI JIX T # + FI L

(57 & m X (oS5 o e

el ol 4 § L5 s S oS5 0 des o e Gl Olsee ez (7) &y () oz siome 3

ol 1y 52 slols S &S el Jaiie b as glaggl il dos g s a3 g cnl 53 53 lea
Sl = et ld 5l gdis s LaX (st sl ps sl ol a § a3 55 (S0) ) ol ameips 5 LS
Bl a8 e OF b et ls Ol 5L e s Ols cps o pdoms 3 il e 51 S
Solme L 558 (] 5550 g 3l edd el mlin Olon o ol i (| SIS a3 30 L ko

s ol gl gy (85ledils ¥
slaaia 5 65 =l G e 5)s> s a.x_;:rL?v_:\ Sl sdae das o 0L iy Olallae w)y
Sty v PR P G PV - Y P PPV P P-L g IS NI
S35 i g b an am s Lol dind g ddaly ol 53 O et 580 5 Comal a5
e U J5e e A a5 (65,50 G mae A5 A1 s (adate Sla pate cptn b oLy
S o5d e ledde Cad s U8 LBolE s an 3 Jsles 5 Je Ll sleslinad b Ll oolgds

S J‘—:JJSJ:‘_')"")J ua@jﬂ; .hwj; L&o%&]j&\mw LSLA)K)L&.U‘ML)JJA djj.l;u)k;l&.lm‘j)w

(Y )



VO Sle A ol @ esled OT o8 (Olles 5 A5 Co e /5F

ARULLS 5 p it mle 516 6550 Mg 18 ST laddls 5 bl Y K8
Fig. 2- Dynamics and loops affecting electricity generation from renewable and non-renewable sources
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Fig. 3- Dynamics and loops affecting electricity generation

et 4 S g =¥

s LaelS s a b 5558 55 wilaalie ¢l slaelSs 15 05 5 st slasl il Ailss 55
La Jsle L e aniad ole ja g pagie 51T IS 5 (1) S5 (R2R2) Ak 3 355 o 035331
Y WIE-S] WIS K PRSP IV P VN Ul - SCIUA PR W\ P

Cwud 9 Lo (4 o —Y-Y-¥
oty ol 3 5 b e SRS OT Sl edB 2 5 S oS g ST S G S SRIBIL
@iy Cad 0l 85,5 555 S a5 rals L s b 5l sl i danlse 5 oS (e
B2, ) i) 353 oa oS e danly 4 55l e Aanlge OF 31 ool 3 5m 5 35500 YU OF 51 (sl =
Lol i 5 355 n 23 5 A esls Lansni Jie 63 pdoma 31 ot s ol s () S5 (B2
AU 50555 S o O ted iS5 G Lol osdle 4l o BLS1 2308 DL Xs,y &) peons
Cio ST pile GV fed R3S 5 e 1G5 0T GLBE 2 G g5 G o 35 2,5
L s 5o it SLAE Gty 5 XS o S |y Gy aris SLOE S (slaind 12,03 e 1
oty a5 LB o S Al (V) JS5 (BL, B'D) itls) e iul 58l cesd Ll 2l
i Sl L (BL B'D) 5 (B2, B2) slaails s () IS 55 S il okt a51 (F) JS 3 asdls

Sl ol MJ:



VEO Sle A ol ) osled OT oy (Sldes 5 A5 Cu e /55

Lol 5 ad,e b of Al 5 cnd —F IS
Fig. 4- Price and its relationship with supply and demand
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Fig. 5- Comparison of technical indicators (sustainability) of different energy sources
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Fig. 6- Comparison of environmental indicators of different energy sources
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Fig. 7- Comparison of economic indicators of different energy sources
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Table 6- Percentage of electricity generation from power plants
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Xgas= 0/2 Xgas= 0/05
Xoil=0/3 Xoil= 0/05
Xcoal=0/1 Xcoal= 0/03

Xsolar cell=0/1 Xsolar cell= 0/15
Xsolar thermal= 0/02 Xsolar thermal= 0/2
Xwind= 0/1 Xwind= 0/15
Xbiomass= 0/03 Xbiomass= 0/2
Xwater= 0/1 Xwater= 0/1
Xgeothermal= 0/05 Xgeothermal= 0/07
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Fig. 8- Behavior of the economic index by allocating the expenditure sector
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Fig. 9- Behavior of the environmental index with the allocation of consumption
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Fig. 10- Historical data and simulation values
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Table 7- Discussion on research results
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Table of equations of state and flow diagrams

CO2 generated by agricultural sector= 34309.6
Units: Ton/day

EEI= INTEG (Increase rate of EEI, 0)

CO2 generated by household, commercial, and general | EEIbiomass =0.72

consumers= 382205
Units: Ton/day

CO2 generated by industrial consumers= 258800
Units: Ton/day

EElcoal=11.741

CO2 generated by refinary sector= 41246.6
Units: Ton/day

EEIconsumer= 365.10

CO2 generated by transportation sector= 406740
Units: Ton/day

EElgas = 7.952

Conversion factor of generated co2 by consumers= 476742
Units: **undefined ses

EEIgeothermal= 0.61

FI= INTEG (Increase rate of FI, 0)

EEloil=8.717

FIbiomass= 0.238868

EElsolar cells= 0.794

Flcoal= 0.16229

EElsolar thermal=0.794

Flconsumers= 365.08

EElwater= 0.814

Flconsumers= 365.08

EElwind= 0.407

Flconsumers= 365.08

Flsolar cells= 0.971846

Flconsumers= 365.08

Flsolar thermal= 0.4579

Flconsumers= 365.08

Flwater =0.287262

Flgas= 0.161587

Flwind=0.239653

Flgeothermal= 0.229093

Floil= 0.212325

Increase rate of EEl= EEIbiomass*Xbiomass+EElcoal*Xcoal+EElgas*Xgas+EElgeothermal*Xgeothermal+EEloil

wXoil+EElsolar cells*Xsolar cells+EElsolar thermalsXsolar thermal+EElwater*Xwater+EEIwind*Xwind+Percentage of carbon

production by consumer sector
*EElconsumers

Increase rate of Fl=

FIbiomass*Xbiomass+FIcoal*Xcoal+Flgas*Xgas+FIgeothermal*Xgeothermal+Floil s

Xoil+Flsolar cells*Xsolar cells+Flsolar thermal

swXsolar thermal+Flwater*Xwater+Flwind*Xwind+Percentage of carbon production by consumer sector

stFlconsumers

Percentage of carbon production by consumer sector=Total CO2 generated by consumers/(100*Conversion factor of generated co2

by consumers)

Xbiomass=0.03 Xcoal=0.1
Xgas=0.2 Xgeothermal0.05=
Xoil=0.3 Xsolar cell=0.1

Xsolar thermal= 0.02

Xwater=0.1

Xwind= 0.1
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