Environmental Sciences (Environ. Sci.) 2024, 22(3):517-536

Original Article

Received: 2024.02.10
Accepted: 2024.05.07

ISSN: 2588-6177

Estimation of Emission Rate, Social Cost, and
Ecological Footprint of Greenhouse Pollutants
Caused by Fossil Fuel Consumption in an Industrial
Company

Mohammadmahdi Khalili,** ~ Hamidreza Jafari,! Milad Kishani Farahani?

1 Department of
Environmental Planning,
Management and HSE,
Faculty of Environment,
University of Tehran,
Tehran, Iran

2 Department of Technical-
engineering, Safety, Health,
and Environment
Engineering (HSE),
Naghshejahan University,
Isfahan, Iran

How to cite this article:
Khalili, M., Jafari, H. and
Kishani Farahani, M., 2024.
Estimation of Emission
Rate, Social Cost, and
Ecological Footprint of
Greenhouse Pollutants
Caused by Fossil Fuel
Consumption in an
Industrial Company.
Environ. Sci. 22(3): 517-536

EXTENDED ABSTRACT

Introduction: Air pollution has been raised as one of the most important risk factors
contributing to citizens’ health and the emergence of environmental problems in recent years.
Determining the emission rate and the costs imposed by fossil fuel pollutants on human health
is an effective approach that can provide a financial estimation from harmful effects of these
compounds for urbanized and industrial managers. This study considered the estimation of
emissions, external costs, and ecological footprints of NOx, SOz, SO3, CO, SPM, COz2, CHya,
and N20 resulting from the consumption of three types of fossil fuels including natural gas,
gasoline, and diesel in an industrial company.

Material and Methods: The scope of study includes an industrial company in the west of
Tehran, Iran. Firstly, data about the consumption of fossil fuels was collected in the main
consumer sectors such as engine rooms, private and industrial vehicles in 1401. Next, the
emission rate of the pollutants was estimated by using the energy balance sheet notified by the
Ministry of Energy and Electricity Deputy in 1399. By having the amount of fuel consumed
from each source and considering basic amount of the social cost of each pollutant, initial
estimation of the social cost of pollutants was calculated. Subsequently, correction factors were
assigned and the costs were updated (based on constant prices in 1381). Ultimately, ecological
footprint was computed with regard to the total amount of fossil fuels consumed in 1401.
Results and Discussion: According to the results, 1943880.64 cubic meters of natural gas were
consumed in the engine room sector. Furthermore, 64435 liters of gasoline and 461482 liters
of diesel were utilized by private and heavy industrial vehicles, respectively. In 1400, the
emission rate of NOx, SO2, SO3, CO, SPM, CO2, CH4 and N2O was 17278.68, 7694.17, 90.34,
25972.46, 6400.79, 88860.01, 187.43, and 78.81, respectively. CO2 pollutant with 4088860.01
kg took into account the highest and SOs pollutant with 90.34 kg had the lowest emission rate
in the year. Based on the emission coefficient obtained from the Iran energy balance in 1399,
the social cost for NOx, SOz, CO, SPM, CO2, CH4 were calculated 437081507, 592005417,
205312306, 1160386931, 1722935861, 1659463 Rials per year, respectively, which shows CO2
and CH4 gases impose the highest and lowest social cost to the environment, respectively.
Moreover, total social cost based on the exchange rate and inflation rate approach was
calculated about 4119381486 and 16383725983 billion Rials, respectively (after the coefficient
factor was considered for constant prices in 1381). The calculations related to the estimation of
the ecological footprint indicate that gasoline with 22.87 and natural gas with 9.33 hectares
have created the greatest and the least ecological footprint. In addition, the total ecological
footprint was calculated approximately 50.93 hectares.

Conclusion: The social cost of pollutants in this study showed different results based on the
volume of their emission. While the engine room had the largest share in greenhouse gas
emissions with the amount of 26655364.69 Kg, the forklift trucks imposed the largest social
cost with the amount of 1808115554 Rials due to the high emission rate of NOx, SPM and SO2
pollutants and also, the higher social cost of these three pollutants compared to the other ones.
This method can be used as a model in calculating the social costs of released pollutants within
industrial companies and the results can be monitored in the context of their environmental
planning so that by identifying the centers of pollution and prioritizing them, correct budgeting
should be set to reduce the amount of emissions and social cost of pollutants.
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K s guw b j isu 5l eanVT jLas! o5
The emission rate of pollutant type | from section type j with fuel type k ERijx
i ooVl el a0
Social cost of pollutant type i PC;
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Table 3. Social cost of pollutant based on prices in 2013

CH, co, SO, NO, co SPM ouiy¥l
Pollutant
1680 80 14600 4800 1500 34400 (2 JbyJl5) elenzl 4o

Social cost (One thousand Rials per ton)
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Table 4. The amount of pollutant and greenhouse gas emissions from industry and transportation sector according to the Iran
Energy Balance 2020 (Ton)

N,O CH, CO, SPM Cco SOs SO, NOx ’ o
Gas/Fuel Section
0.82 4 94655 52 13925 - 60 537 ““’“
Gasoline
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Diesel Industry
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Table 5. Emission coefficient of greenhouse gases (Kg/L) - resource: Iran Energy Balance 2020

N.O CH, Co, SPM co SOs S0, NOy e o
Fuel Section
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Table 6. The rate of energy and carbon released in gasoline and diesel
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Table 7. Fossil fuel data consumed in different sectors of the industry in 2022
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Fig. 2- The proportion of private car in the consumption of
fossil fuel (gasoline) in 2022
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Fig. 2- The proportion of industrial vehicles in the
consumption of fossil fuel (diesel) in 2022
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Table 8. The amount of greenhouse gases released by fuel type and consumer (Kg)

st g N,O  CH, o, SPM co SO, SO, NO, SMSSpa0 EEgw
Total emission Consumer Fuel
2665364.69 474 4743 266054996 3543  167.32 - 8.605 421231 e b
Engine room  Natural gas
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Fig. 4- Emission rate of NO,, SO,, CO, SPM, CO,, CH,, and N,O pollutants due to the consumption of natural gas and diesel in
engine rooms and industrial vehicles in 2022 (the amount of emissions of CH4 and N,O were multiplied in 0.1 and CO, emissions was
multiplied in 1000 for better visualization)
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Fig. 5- Emission rate of NO,, SO,, CO, SPM, CO,, CH,, and N,O pollutants due to the consumption of gasoline in private vehicles in
2022 (for better visualization in the diagram, the amount of emissions of CO, CO,, N,O and CH, were multiplied in 100, 1000, 0.1
and 10, respectively)
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Table 9. The social cost of greenhouse gases by fuel type and consumer (per Rial: 2002)

CH, o, SPM co S0, NO, SIS paa g
Consumer Fuel
79692 212843997 12188171 250983 125639 20219112 4%)535'3 b S
Engine room Natural gas
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Table 10. The social cost of greenhouse gases by fuel type and consumer (per Rial: 2022)

S5 e CHa CO, SPM co S0, NO, aunhraniiib o
Total cost Consumer Fuel
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Mobile crane
STy 58 s
1808115554 422856 382548330 770612266 18328563 416261192 219942343 ) )
Forklift Diesel
285397629 66744 60382416 121635430 2893027 65703741 34716267 O ‘5”f’>'
Heavy vehicle
52762068 118331 11833057 2780345 32640057 1361565 4028710 :
Samand
|
8931580 20031 2003103 470657 5525319 230486 681981 :g
ride
11069434 24825 2482564 583313 6847845 285655 845219 TL:
iba
64797563 145324 14532282 3414566 40085543 1672151 4947694 e
Mazda
55002790 123357 12335588 2898422 34026229 1419389 4199803 Sal ‘-"") bt “"’“
Nissan Gasoline
34858655 78179 7817822 1836908 21564517 899554 2661674 o=
Paykan
1882922 4222 422286 99222 1164827 48590 143772 R
Tondar 90
17590337 39450 3945021 926938 10881863 453932 1343131 2
Peugeot
41290109 92603 9260217 2175820 25543190 1065523 3152755 \‘/35
an
4119381486 1659463 1722935861 1160386931 205312306 592005417 437081507 T@t?l
ota

(0 oyl JS5) Cnlo0gy (Juos cloixl an 0 IS 5
ool jlasl el anse Jlade saslie U
WBlon oyd ;0 )0 ojled Joaz jo a5 sl
s Sk VA (o oo b STiad (slaolSos
eleixl die o o 1) O lus o s (UFF s502)
VY sgam 50 Sled aloo b ladils 950 g aiiily oo |)lo
Oy ST 51 ey (XY 0g02) b, o)Ldee
BRRRTL (S PO L) IRCEL g E S | P D ES RIS WES
Egazmo,s LS| iad 4 Cos Lrails 5350 a5 Conl Jl>
38 S wiles,S by o> o 1) i slallS 8
IS Llosg 0,55l S YEFOYFF/FA laails 9590 3l onisla,
el 035 AYANEY/F+ oS o] gy adl el 58

B s lakl gl o9 SV ggoge ol (el o

el eleszl JS anse Ve ojled oo 4 azgi b
dgaz> 1 V¥V Lo gl s (ol o slalds dlﬁ))‘b’
COz 58 jLecil el oados oz Jb, o Ll TVY
S)lekee VIVY (o0, dhoo 4 oloizl an 30 &5 0 i
ool @YU il £ S e e Caato @ 1, L,
J9o) VE) Jlo 5o 05 Feee ) Gliee @ 0]
Cmnd ) eloizl aisze & 5 28 ) Yh 4 yoie (A oles
JSEY sgu aS g sbas el sais ooVl ple a
SPM el ools plaisl sgz 4y |, claz! slaas o
A ke L) (eleial ange o i CO2 5l
Sgdise leizl anpe JSITYA a5 U, o)Ll VNP
b bzl 4 pm a8 Cosl a5 Il s ol il e s
I E L Jolas e Jly osebes VIFF sgam 50 CHy ,Lazs! 5|

YFeY 50l oF o)led YV 0,90 ¢ oo pole dolilad

oY



vy Sloixl a5 0)3]).3 (slalls Lnga..x;.lY] Sl Olyae Cymedd

sl Lol x99 axlllass jg0 Crio (o aails 9590
slrly eleszlanse (i a5 oo GlalHS slajls
AS o Syl s

b stloixl a i aloes 10 7 o)los aloles jl oolaswl b
8 5 bl (Mol o po jlade 065 7 5 0,50,
sae AFANTAY Lo 5l 655 50 SOb sy oaiiadel
J5 szl anie Ll s cpl o g 04 dalgs Ye/4F
Jby soble VEFAYVYOAATYS sg0> o laeanY
3l 85 9%y Rlr sk g 50 &5 39d e dale
(Central Bank of Iran, 2002-2022) s4; salg>

1800000
1600000
1400000
1200000

1000000

Jby )l e

800000
600000
400000

200000
o I

CH4x0.01

CO:

SPM

5 (o5 5LSOFY - /- ) SOz (o, 5kS ASAF/IVE) NO,
sloanie Yo £y 5 (pSSLSEYD-NVF) SPM
sl ootV il ) s o] d ) selais]
I eyie COp b 5l A 5 A o)led Jsliz)
il Lol sl Lasil lacST 2 b amolie o loailsg3a
JS 50 (V ojlads Jgaz) 55 ol eladzl aje (yos
5 ol Hlasl e a8 SPM YL claix] anse
)‘ (A o)l.o....':: Jju\}) 009y LQ:\.’[})BJ}A )l ).a.m...» LQ;S‘)..JLJ
2 & sise (sloixlan o (8L s o Lol Jelse

CO SO: Nox

Silei 613 1F) Sl oMol s i (yond 43,5 15 53 L CH, (CO; SPM .CO SO, NO, gbrouig¥T celoinl iy jo —§ JSCo

(W‘ X W) )3&3)}}. ﬁ‘ﬁ Yoo CH,4 OM'YT ‘ﬁ)u 4.;.?}5 s)‘é’&}' ) ).LQ)'
Fig. 6- The social cost of NOx, SO,, CO, SPM, CO,, and CH, pollutants with consideration of correction factor in 2022 (social cost of
CH4 was multiplied by 100 for better visualization)
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Fig. 7- The proportion of different sources in social cost (percentage)
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Table 11. Ecological footprintof gasoline, diesel, and natural gas (Hectar)

(OUS) S 5elesT (glo) Hlade
Carbon footprint (Hectare)
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