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ARTICLE INFO ABSTRACT

Article History: The increasing emission of greenhouse gases as the most crucial factor
in global warming has made this a global concern in recent years. One
concept proposed to better understand the amount of greenhouse gas
emissions is the carbon footprint. Carbon footprint is the amount of
greenhouse gases produced by a particular product or activity in its

simplest definition. Since the power generation industry is one of the
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most highly emitting sectors, the study of carbon footprint has also
become significant. This is primarily because fossil fuels are still the
number one energy source for electricity generation, and even coal-
fired power plants, which have the highest greenhouse gas emissions,
will be the number one source in the coming years. They will still
have a high share. Therefore, in the present study, while examining the
concept of carbon footprint and its calculation method in the
electricity industry, in a case study of South Khorasan province, the
carbon footprint from steam and combined cycle gas and diesel power
plants has been compared with Tabas coal-fired power plant. The
obtained results show that the site's elevation according to the air
density can have up to 10% impact the carbon footprint of the
combined cycle power plant, and sites with low height should be
chosen as much as possible. Also, the carbon footprint of the coal-
burning power plant with a value of 968 grams per kilowatt hour is far
higher than other fossil power plants with a value of 579 grams per
kilowatt hour.
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society, including the need for energy. Therefore,
the purpose of defining the carbon footprint is to
introduce a tool and measure the amount of carbon
caused by human activities imposed on the
environment.

Introduction

With the growth of industrial activities and the
rapid increase of population in the last few decades,
the investigation of the effects of these activities on
the environment has become important in scientific
and public forums. The issue of greenhouse gas

emissions as one of the effects of human activities
on the environment is also included in this category.
Researchers have presented various definitions and
approaches to evaluate the extent of these effects.
One of these definitions is the concept of
"footprint." This concept indicates how much
physical (environmental) capital has been reduced
on a global scale to meet the internal needs of
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Materials and methods

Since the purpose of the present study is to compare
the coal-fired heating power plant with the
combined cycle and heating power plants built in
South Khorasan province, only relatively effective
parameters have been included in the calculations.
Therefore, the system's boundaries for calculating
the carbon footprint in the current research are from
the fuel refinery (tanks) to the power station of the
power plant. Based on this, the amount of carbon
emission during the transfer of fuel and its
combustion in the power plant is calculated for each


https://ses.ut.ac.ir/
mailto:hajinezhad@ut.ac.ir

Journal of Sustainable Energy Systems, Vol. 1, No. 2, Spring 2022

kilowatt-hour of net electricity produced (taking
into account the parameters affecting the power
plant's production and deducting domestic
consumption).
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Result

Figure 1 shows the carbon footprint of combined
cycle and heating power plants in various South
Khorasan province places.
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Fig. 1. Comparison of the carbon footprint of combined cycle and heating power plants

As can be seen, the combined cycle power plant
in Tabas has the lowest carbon footprint, and the
combined cycle power plant in Sarbisheh has the
highest carbon footprint. This issue is due to the
low altitude of Tabas (711 meters) and the high
altitude (1846 meters) of the Darya plan, which is
caused by the decrease in the production power of
the combined cycle power plant at high altitudes
due to the lower air density.

Discussion and Conclusion
In this research, the concept of the carbon footprint
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was discussed, and the sources of calculation and
the results obtained from it were discussed. Also, as
a case study, the carbon footprint of combined cycle
and gas power plants with fuel gas and diesel in the
Southern province is calculated and compared with
the Tabas coal power plant, which is being built in
Khorasan. The results indicated that, firstly, the
height of the building could have an effect on the
carbon footprint of the combined cycle power plant,
and even if possible, choose sites with a low height.
Secondly, the carbon footprint of coal-burning
power plants is more than other fossil power plants.
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Global Warming Index & Forcing Contributions - updated to Dec 2020
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tc=ec+et M)

tc: Total emission (kg)
ec: Combustion emission (kg)
et: Fuel transport emission (kg)

5 kel e anb ead piiie GRS slaylE S
e (€0) Gl 4 by e il 5 () J&ig e
Ly o ddsl )l (Lal ol ,giS1 5l o elaie ol 4 .00
5 b sla,giSB ) Jgaz 5 398 o o3linal IPCC
Sl ool &l) Calizrs oz gun 3l

o 5l —3U sl )eS13 55 ¥ o ¥V slo Jgam o
a3l i Jam ool 0y il Gilises slo s gos

5 Sy slaolS s, L jow S J5 (5,50 o 50
sz ol il 53 Slast B S 5 S
s oS wlond s Slebe 4o eyl s wcen
Je ol el )l coadyiopl 4 e 38 51 o jeb
obod sl Loy o8 ad Sl by ey )5 S
650 ol el o0t Bl cans] ayline ool 0
3ol G 5o (S sl Al sl e
= Sl 08955 (5 Gy B s gun ((5500) oYL
9 s.,\>9_~.; Ju.;" ‘r,o o\.\_.ué‘j k)")j Q‘).».A ‘&J’“’L‘*" k)"‘
Slge LS o adgs slil oy, 50 oyl Gl ¢ e
0 B L) sy Lalls &g S0 el
(3 S)lae oS 9ol 0 g 2 5o sloyally
dwloe V ddal) 5l ) S 6ls) Jlade e oo Al

3 . Py se
S S 0 Doz sk b leslr sl SS6 55k 5l Y gene )
oy Ve gy d, sy ¥ Lo s Lo Lol bl a5 Carbon Footprint(CF ) =
i issi te(k \
ool g Lo 15 g iy [YA] ] ool total equwalentco,emls_smn _ (kg) (V)
net power produced xtime ~ P’t(kwh)
Ol g Sl pesl S Su s b o5 e il i e feYE
[Y’] Cawl [0 ) (_A.;.) J.a.'jJ.oD 3 pé)
dols (5550 o5l & ilizko S g 3l ! ‘s&U ,es Y Jaus
CO, Joleo & g0 N,O CH, co, s .
(kg/TJ) (kg/TJ) (kg/T9) (kg/TJ) oy &Y
OFVOF/D " \ O - - ks 5
VEYFY -5 ¥ YEY .- sssl8
AAVY /D VD \ AAY- (ol 5Ty K JE5

Wyl b b ciliss gL gu oo 31 (b 5log556 .Y Jgu

C02 JOLM & g0 Nzo CH4 COZ - .

(kg/Mm®) (kg/Mm?) (kg/Mm?) (kg/Mm?) =g
TYAQS - YA« /0 b 8
YIYAQ- - NER £9q. e el

3o yied b 8131 41 (e 323 3 skt ) S b gl b g Joo 31 53 510,356 ¥ Jpor

CO2 Jolw gg0x0 N20 CH4 CO:2 - .
(eg/L) (kg/L) (kg/L) (kg/L) ey
YAYAAD foeeet JERERYN \ARRAAS J3si5




Yevy )LQQ Y SJLO.»:J Al S)’é 5)‘»\.&‘9’ 63)3‘ ‘5Lhw

L &gl oayd o2 ,LS o Wb Julse cpl g0 o 5jls o
D9l paside on)S 5ho; gy Sl anly

Sl 5 it )L i 45 sblas
o &S Cenl S gm JaigJox 005 Sbo) Gl 2 Fge
i Lt s s Lioslr g o) oy bt o b
Sl obwl an Sl 35 soas ai et it sdnl Joca
45 55 ol S o i) L
R U e e L
rg—as 5 el )y JSb 4 Gl ASLs (el
S i a8 Sl ol (B8 5 mle S g g Jem
e Job nlnby 098 oo liul cnl & wlisjo
03jires ¥ Jgazr £ 4o Sl )E g (6l e
Do s

S ol B Gl (o Ldl e Olasie

FaghS VOV VA dga Sag b (g9 > Gl
YO aado V) gam,0 Ve oldlae jloe oy
54z, 00 5 gl bl Jlod (pye 880 A 5 az o
Bt Job AiBs BV gaz o Fr L5 aido VY
e & [ 5 VO] ceul a8 )5 18 s 5 killaas
5 cidisee slaolfis bl s dslie 5 Slalra alo!
o bl (ool glag b ot (05 sbs, Ll
(Ol bl 2l (Bsg®) j53 g pta (it b
A 3 [V T acin o 5 0l e0nlB i o ugo -8
ALl glod peSile Canndg ¥ Jgiz o ailons as S
O DS R R A PR TS S U N
L oo il Lo Iy slas 5 glis | 4yl @y 4z il

5 olwl B livsl (gl luw w4 &S guw JUEST (G ynno Job 9 L et liadiiin .F Jgur

JUS! o (o5 Job e ot 8 Ja s g 31 £ oeSibo sles “

(iossS) @ulo b g (yiogheS) (gl 315 (o) (315 s & 59) o
Yooo Y\Y \AR YY/# Q,.....la
AN FA YYAA y-/f Q|.\,L,.QA
aq. £y AAD 1413 agg
Vel oY+ VoA V4UA s
VYoo A \ovE VAR SH
V5o fA- V-0 VA ol s
VoY oy- yvar VAIY S
Voo fa. \o-f Y R
Vo Ya. VY'Y \VOIY u;ls
N fA- Wy - VIR ol
Yol N VASP \Ayid Al yos

52 obwl B sl (o i (Gl )3 Al Y S



S JUE 5 06 8 b 3T Ay lio g S 35 S 9 5L G058 50 055 S0y L3y SR 5 Ylgmige

Sl 3 ) ol 09 00 (S J3gil5 g 5B slacsgum
SlaolSy s Co g B yan 5l g Oylie s kel slaosls
Sy onl 409 g0 pll £ 5 O lagoz 78 4 j5a8
Pl ae ez LeY (Sl 65l Oliee Al b &S

Dgdise pazda Ol Bpas (e (LSgw 0 )l

L b o S JIe 5 ol i (955 5Ly dunny Lo
Lol le plw ;3 (o IS 9 (55l o5 i

Ol
JSom 5 5550 sleol Sy o0 )5 5o, 9591 sekare 4
Symae Ol 9l (g Gl Ll o (S S

S 2ol g pui bawgsio Wlasine .0 Jaus

iyl 003b 1o B pae = .. .. . " P
Jle 590,555 ae o ) i (lge) g2 AL adg (ol w)ud By g
(KIIKWh) )
\id aAfa \7A8 FYvovoar YAY )b
AY/# AN \IA [ARRYARYATA vy S 5 U
2555 WolSg i wgie (8 puan CS g o 9 (1> 0 F Jaas
(1) S ypao &3l ja0 LHV (kJ/m®) CS g Eg
AN \n7a By
VY YYVa-)) RN

VAY) ek ol sl )l s 4 gao90 ol slazils |
Lg_)e Gla...; )1 Wiy yw (G5 YAYS) (_g‘}fl.g &Lo.:) 9 (8 rw
S 5 U o8y sadg lgs <l 5l Lok as el
conl i el 1S Glee JBs e 4y clelss )l o
e dlyi oo oL SO bl Clsl Laad
OS5 8oy 0eh )5 b, Blie ey ) GlS
uBLﬂ.a 9 009 p.b gS.:QJJ )L—A.AH alises )l:.q le.bolfj).u ).b
olS g, Joe b g Jlal cdluns Judo @ 58 Si>
sbo, Bl IVL alelas )| o oS 5 SIS solSg 0
sl aalgs oellacl bayl s o S

s S o5 6515 g (2,5 sbo) Anmalie sl
Sl JoB (S 5 PS5 531w lrolSg g el
Llod clglSe £ plp adgi ol cad b cojlinl jo Koo
(J=3 slo s Dl oyl gllas ¢ ioren Cuwl ool
Slasloms o Colus el ) g lod iy Jawme Jolse 5
ol ooy Blod (oS 5 S o5 g0 aBly g5
5 &5 sleolSs s (S s, oF IS jloged 5o
Sl liul bz gLkl o oS 5 SIS
odalie 4S5 jobylan .cwl oad ooy Lioled o9
9 rrteS b 50 (S S S oS g 5 5B o0

S Lo, s iy 50 (oS 5 JSew o8y s

0620 S .
Eo.eoo 2 - 5
%:O.SBO sh g QS @L:: §$ N
Eo.sso | s:\: s % ss s s s
5 YN N RN N R RSN
£ 0540 ﬁ § I NN :: N OENEN h
SR RRRRRRR N
S 0520 ML R N N BN N BN N N N
Eo.soo h h \ .Q § ;}' N N :: h
A R A
By JSaw B S 55 JSam

il il SIS s 55 (S 55 S 9 (836502 SB6 35 (3155 (540 Amlio F IS

VeV



Yevy )L@d Y S)LM Al 3)56 5)|JJ“LL ‘53)-;‘ ‘sLbW

2 el pls sl YL Jls e Siw Jlé; o5y (0
°l—?5)—.:-; ‘..\_....»Lu SHo u.»)_f 6l_%.>) Lgsas ‘53')5_@

e Sy god Hlal 4y celie A 5SS Sl
wolaldl sloacs slos cunl o3Y asl> o5, G 6l

Nigd oy 2 Fhe aecin; g

1.200
1.000

0.800

0.579

0.600

0.400

0.200

Carbon footprint (kgCO2/kWh)

0.000

_

S S8 ol8g s (2,8 S1d, B S Hloged 5

S 5 e 5 b5 ol S50 Sl L e b
Glogad Billas .l oo awslie Ko slaollisle
Slog kS 2 )5 VA o Siw Jlé o9 (25 s,
SS9 )b o950 (S0l ()5 5135 9 Sl el
by 9,0l 5l sl celo gl 05 OV (S 5

0.968

% AVG ST+CC mTabas Coal

o S S JL5 0l gy b (pgir Ll s il 53 (oS 55 S 9 (55l (sWolSg i (elso (32,5 51y Al b S

5 s 5| sl Lol 55 15 o>l o)y g
Ll ol ails 1) )Ll oy a8 oS qmncSiw J;
Jos S 0sd o0 Sleiiiy sam laieghy )0 e
5 LeolS s, o0y S sbusy » She Jelss 839 )0 x>
2 oS 6boy 5l Jeols i b mls dslie (rizan

Sy pdaas gleolSy

&b

[1]. Moosavian SF, Borzuei D, Ahmadi A. Energy,
exergy, environmental and economic analysis of
the parabolic solar collector with life cycle
assessment for different climate conditions.
Renewable Energy. 2021;165:301-20.

[2]. Fenner AE, Kibert CJ, Woo J, Morque S,
Razkenari M, Hakim H, et al. The carbon
footprint of buildings: A review of
methodologies and applications. Renewable and
Sustainable Energy Reviews. 2018;94:1142-52.

[3]. Al-Ghussain L. Global warming: review on
driving forces and mitigation. Environmental
Progress & Sustainable Energy. 2019;38(1):13-21.

[4]. Haustein K, Allen M, Forster P, Otto F,
Mitchell D, Matthews H, et al. A real-time
global warming index. Scientific reports.
2017;7(1):1-6.

god 4By )5 6l potde d SRkl 5
350 o1 3l plims Jol s 5 asloe slos S0,
(6950 Aiged Sy lsie A (izren (L85 E
EE g b (S 5SS 5 )b sellg s (05 s,
L g anbne (o9 lal® glal p3 Jdgsl5 5 58
ol st L 0 45 s 5puSins JIE5 oS50
GBS 45 39 o] Sils soeliawsds ol .o duglie
b3y Ol 2 stz B b il e olKis L glis)|
Ol o> L g ol anils oS 5 JSew o8, 0,5
b, pgo 0,5 Olsal ) o5 gl )l b slacglo Wb
hd sloolSy 5l 5L jemSew JIes o595 S
dlie )0 Eon 090 azlpe 4 bl b Lol sl (S50
doe s ol o azgmoar 2o 25 b,
ol A (i3 £95 e 6yl Jelse 5 il
Sl s ol 5l 63,150 5 golatll A 50 (T Sl
J=U 2yl B o sl oo ol (ol &7 3igd (o)
gl oy p i plasl oy 1 (aromelens SIS
Jome Sl Glm ) b bone 0Slgs oo )8 Lo,



S JUE 5 06 8 b 3T Ay lio g S 35 S 9 5L G058 50 055 S0y L3y SR 5 Ylgmige

[5]. Heinonen J, Ottelin J, Ala-Mantila S,
Wiedmann T, Clarke J, Junnila S. Spatial
consumption-based carbon footprint
assessments-A review of recent developments in
the field. Journal of Cleaner Production.
2020;256:120335.

[6]. Borzuei D, Moosavian SF, Ahmadi A, Ahmadi
R, Bagherzadeh K. An Experimental and
Analytical Study of Influential Parameters of
Parabolic Trough Solar Collector. Journal of
Renewable Energy and Environment. 2021.

[7]. Wackernagel M, Rees W. Our ecological
footprint: reducing human impact on the earth:
New society publishers; 1998.

[8]. Onat NC, Kucukvar M. Carbon footprint of
construction industry: A global review and
supply chain analysis. Renewable and
Sustainable Energy Reviews. 2020;124:109783.

[9]. Borzuei D, Moosavian SF, Farajollahi M. On
the Performance Enhancement of the Three-
Blade Savonius Wind Turbine Implementing
Opening Valve. Journal of Energy Resources
Technology. 2021;143(5):051301.

[10]. Imamalipour A, Nazari H, Esmailzadeh M.
A Review on the geochemical distribution of
rare earth elements (REE) in coal, with a view
on lIran's coal. New Findings in Applied
Geology. 2020;14(28):62-9.

[11]. Yousefi GR, Kaviri SM, Latify MA,
Rahmati I. Electricity industry restructuring in
Iran. Energy Policy. 2017;108:212-26.

[12]. Stamford L, Azapagic A. Life cycle
sustainability assessment of electricity options
for the UK. International Journal of Energy
Research. 2012;36(14):1263-90.

[13]. Hondo H. Life cycle GHG emission analysis
of power generation systems: Japanese case.
Energy. 2005;30(11-12):2042-56.

[14]. Kannan R, Leong K, Osman R, Ho H. Life
cycle energy, emissions and cost inventory of
power generation technologies in Singapore.
Renewable and Sustainable Energy Reviews.
2007;11(4):702-15.

[15]. Treyer K, Bauer C. The environmental
footprint of UAE' s electricity sector: combining
life cycle assessment and scenario modeling.
Renewable and Sustainable Energy Reviews.
2016;55:1234-47.

[16]. Ozcan M. Estimation of Turkey’ s GHG
emissions from electricity generation by fuel
types. Renewable and Sustainable Energy
Reviews. 2016;53:832-40.

[17]. Atilgan B, Azapagic A. An integrated life
cycle sustainability assessment of electricity
generation in  Turkey. Energy Policy.
2016;93:168-86.

[18]. Sengiil H, Bayrak F, Kéksal MA, Unver B.
A cradle to gate life cycle assessment of Turkish
lignite used for electricity generation with site-
specific data. Journal of Cleaner Production.
2016;129:478-90.

[19]. Abolghasemi M, Mousavi Reineh M,
Yousefi H. Carbon footprint and its calculation
methods with emphasis on electricity generation
from renewable and fossil sources. Journal of
Renewable and Innovative Energies.
2019;6(2):31-41.

[20]. Dalir F, Motlagh MS, Ashrafi K. A dynamic
quasi comprehensive model for determining the
carbon footprint of fossil fuel electricity: a case
study of Iran. Journal of Cleaner Production.
2018;188:362-70.

[21]. Zheng X, Streimikiene D, Balezentis T,
Mardani A, Cavallaro F, Liao H. A review of
greenhouse gas emission profiles, dynamics, and
climate change mitigation efforts across the key
climate change players. Journal of Cleaner
Production. 2019;234:1113-33.

[22]. Ye J. Fault diagnoses of steam turbine using
the  exponential ~ similarity —measure  of
neutrosophic numbers. Journal of Intelligent &
Fuzzy Systems. 2016;30(4):1927-34.

[23]. Walsh PP, Fletcher P. Gas turbine
performance: John Wiley & Sons; 2004.

[24]. Vozka P, Kilaz G. A review of aviation
turbine fuel chemical composition-property
relations. Fuel. 2020;268:117391.

[25]. Lovell H, Liverman D. Understanding
carbon offset technologies. New Political
Economy. 2010;15(2):255-73.

[26]. Murthy KR, Raju MR. Electrical energy loss
in rural distribution feeders-a case study. Power.
2007;12(12.31):14.1.

[27]. Hammond G. Time to give due weight to
the'carbon footprint'issue. Nature.
2007;445(7125):256-.

[28]. Kim I-W, Jin S-H, Kim T-W, Kim I-T, Yeo
Y-K. A study on reliability analysis and
quantitative risk analysis for liquefied petroleum
gas station. Journal of the Korean Institute of
Gas. 2001;5(4):40-8.

[29]. Khorramdel S, Nassiri Mahallati M, Soltan
Ahmadi A, Hooshmand M, Mostafavi MJ.
Evaluation of Carbon Footprint for Saffron



Yevy )LQ-) Y E)Lo.w Al 3)5»5 ‘)IJJIJ 6))3' duw

Production Systems in Khorasan Provinces. prediction of south Khorasan province during
Saffron agronomy and technology. 2021. 2010-2039 by using statistical downscaling of

[30]. ABBASI F, MALBOUSI S, Babaeian I, ECHO-G data. 2010.
Asmari M, Borhani R. Climate change



