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Fig. 1- Overview of the industrial wastewater unit of the oil refinery

s (5125 50

laaxly oS Wod oo und $975 4 e Sl0) e
oo il asls o0 1, LCA Ll 0,40 64.:.11)5
o 0wl ey (6 psler 5l anlllans j50 acgazms
sled @0 b g S9d o0 £95 (89, IV A i
O plige g Bl (692l 93 0 pdy o0 L AL
oy Lo ()l 0550 GhRg%y Cal 53 jee Al 5o 5o
&8 iy il gy L ol Cglay ol a8 513
5o ag T ol sled a5 Conlonls (518 g 00 ol
Copde planms Sy Nighoo s Jo G
Sl 0o ooly e ¥ ISE 5o ailewny

&g o CudaS 9SS oLl
o2 PAH clacaS 5 6,5 o5l g oslwoslel (sl
as 2004Christensenetal. ) (g, 3l () Jsa) Sis
sl 005 (655 50 w055 o0 ax3Lis GCIMS 4l
Cr, Ni, Mo, Zn, ssle opuSw slajls 3 JBT opiomen
oolai! Shamuyarira (2014) solpiy 59, ;! etc.
alps Giolej]l mls uizmed (¥ Jgaz) Cawl ool
€9, Olge (9,008 S 5 (Y Jgaz) TCLP
Tolid s Volind aile " It slacaS 5 5 ) 5
B (s 9590 518 5 (sl 5l 090 Sl Blgans

VEo ) sl oY o)led ¢ piess 055 « e psle aslilad

Y¥A



Ly o ks o
waste Process Landfill
i
MIncenaration || Reject
& %
|
sl oy
>, l
materials Eﬁéfg

O, o2Vl (o xio dilewy Sy pie allalis gy 0 - ISS
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GC/MS (35, 4 PAH sloces 5 561-Y Jgor
Table 1. Analysis of PAH compounds by GC / MS method

Test name | B . Test method
(talasl o) Results (z:k) unit (axlg) (GtalasT s))
Naphthalene 5.4
Acenaphthene 45
Fluorene 35
Phenanthrene 11
Anthracene 0.1
Fluoranthene 16.3
Pyrene 1.7
Benz[a]anthracene 0.1 mg/kg Extraction & 1SO 17993
Chrysene 11
Benzo[b]fluoranthene 1.3
Benzo[K]fluoranthene 0.35
Benzo[a]pyrene 1.8
Dibenz[a,h]anthracene 2.9
Benzo[g,h,i]perylene 9.9
Indeno[1,2,3-c, d]pyrene 2.6
Total PAH 52.65

ICP —MS (g, 4 ¢S slosls talesl gulis -¥ Jgar
Table 2. Analysis of heavy metals by ICP - MS method

1225 MMS-01 — ppm

Element Ag Al As Ba Be Bi Ca Cd Ce Co Cr Cs Cu Dy
1225 0.6 78215 2.2 147 0.9 0.4 8155 0.4 14 3.6 98 0.7 99 1.22
Element Er Eu Fe Gd Hf In K La Li Lu Mg Mn Mo Na
1225 0.94 0.3 9628 1.31 0.73 <05 1892 8 22 015 3241 65 23.9 2551
Element Nb Nd Ni P Pb Pr Rb S Sh Sc Se Sm Sn Sr
1225 4.6 3.2 20 4459 84 0.39 11 13219 11 2.8 7.68 1.12 35 105
Element Ta Tb Te Th Ti TI Tm U \Y% w Y Yb Zn Zr
1225 0.33 0.22 <0.1 6.7 613 <0.1 0.26 4 54 <1 8.5 0.6 2325 28

Si5glax o2 TCLP iolosl gl =¥ Jgoor
Table 3. Results of TCLP analysis of biological sludge

ialesl 3,90 diged Unit Ag As Ba Cd Cr Cu Hg Pb Se
Sample

A abai =)

ppm <0.02 <0.05 026 <0.02 013 0.07 <005 <0.05 <0.05
Sewage sludge

(@YL) 50,8las axlg sl5l 4y alisee slogs L 40 oads B pan (55, -F Jga

Table 4. Energy consumed in different scenarios per operating unit (annual)

Y ,g)Lz...: \ ,ub...a ..\>|, Slasie
Scenario 2 Scenario 1 Unit Specifications
330 330 & oy Jode
Ton The amount of waste
Ton x km Fuel consumption (diesel) for transportation
408 408 Jle X 2d oolaiwl 8,90 Olygzns ) (J938) o gun B e
Lit x year Fuel consumption (diesel) in the equipment used
Lit Fuel consumption (diesel) in the incinerator
20 140 JEONK S o9 Joe b oad (b il
Km Distance traveled to burial site
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Table 5. Results of the assessment of environmental impact of industrial sludge in different scenarios in the air sector by CML-
Baseline method

(52) Hl ok gl el
Air — impact category

‘9.&, B Cabuﬁ.“ &‘3 \x)h.m Y,ﬂ)h.m
Emission to air Unit Scenario 1 Scenario 2
a3l 09,5 el s
Impact category Result Result
(oo Glas 3) (s b lio ol " . ;
Abiotic (fossil fuels)
i kg Sb eq 0.002362345 0.208592363
Abiotic
s |
O Sk kg SO2 eq 3.122111307 1748.647801
Acidification
sl
shzlys gl kg PO4--- eq 0.255695143 141.8391618

Eutrophication
@ML‘;\ ol 89y S

53, kg 1,4-DB eq 1.374200099 319092.836
Eco-toxicity
L_eLee b kg CO2 eq 518.5066774 287625.9272
Climate change
bl ww kg 1,4-DB eq 43.63545509 8990963.492
Human toxicity
Ly ol (55, S kg 1,4-DB eq 56775.52 1282596611

Ocean toxicity

Ol ¥ w55 kg CFC-11 eq 2.1362E-05 0.011849947
Ozone layer depletion
lerdisd Glaas]
Photochemical oxidation

S e s, 2o kg 1,4-DB eq 0.252234915 89685.4197
Territory toxicity

kg C2H4 eq 0.026831541 16.11534941

CML-Baseline g, & S oy ;0 calises (glagy lw yo (gaio o5d (st dasms slo o)l gl -# Jau

Table 6. Results of evaluation of environmental impact of industrial sludge in different scenarios in soil section by CML-Baseline

method
(S1) 1 clib glo gzl b
Soil — impact category
S s o Las! sy Y g3 sl ¥ g1l
Emission to soil Unit Scenario 1 Scenario 2
1o 095 b s
Impact category Result Result
(ko B S900) (T b glio S22lS M) 0 .
Abiotic (Fossil Fuels)
et e e el kg Sb eq 0.002362345 0.208592
Abiotic
R |
O Sk kg SO2 eq 3.122111307 1731.897
Acidification
slezly® gl kg PO4-- eq 0.356675143 141.9401
Eutrophication
el B9y e kg 1,4-DB eq 3284.266089 4587.635
Eco-toxicity
. LS
%‘LP' ol kg CO2 eq 518.5066774 287625.9
Climate change
sl Co
© oy kg 1,4-DB eq -327.586149 25177.38
Human toxicity
Ly ol sy, S kg 1,4-DB eq -147160.619 31933968

Ocean toxicity

VEo ) sl oY o)led ¢ piess 055 « e psle aslilad
YOY



CML-Baseline g, 43 S sy o cilisee glogy b 4o sirio oo (g ) Lo sl 31 b3zl -F Jgaz aslsl

Table 6. Cont. Results of evaluation of environmental impact of industrial sludge in different scenarios in soil section by CML-
Baseline method

(SB) Slolib gl sl )l
Soil — impact category

S o ol el asly Y g9 sl ¥ g3 sl
Emission to Soil Unit Scenario 1 Scenario 2
Lb)ﬂ 05; @Uﬁ @lﬁ
Impact category Result Result

catl o 5
0ol ¥ 2 kg CFC-11 eq 2.1362E-05 0.01185

Ozone layer depletion
stlordsid slaa.s]
Photochemical oxidation

S wle 6y S
Toxicity territory

kg C2H4 eq 0.026831541 14.88399

kg 1,4-DB eq -888.297489 -1467.51
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Table 7. Results of evaluation of environmental impact of industrial sludge in different scenarios in the water sector by CML-
Baseline method
(D A olib gla
Water — impact category

uT 39 s’.’abl-”«:;‘ .-\>‘5 \,,ULL-J T”)L....:
Emission to water Unit Scenario 1 Scenario 2
o 53l 03,5 el @l
Impact category Result Result
Abiotic (fossil fuels)
Sy et b a5
ot kg Sb eq 0.000372445 0.206602463
Abiotic
oy |
O S kg SO2 eq 3.122111307 1731.897001
Acidification
lesl
shzlys gl kg PO4--- eq 0.255695143 141.8391618

Eutrophication

Soalal O 59, Coan

3. kg 1,4-DB eq 606965.3618 602465.6176
Eco-toxicity
e e kg CO2 eq 518.5066774 287625.9272
Climate change
ol Sxrogame kg 1,4-DB eq 1757.665519 21973.31161
Human toxicity
R kg 1,4-DB eq 1050500.426 30283970.87
Ocean toxicity
o3l Y S kg CFC-11 eq 2.1362E-05 0.011849947
Ozone layer depletion
1
(stlrosptd slod.S| kg C2H4 eq 0.026831541 14.88398741
Photochemical oxidation
S gl ) Sorn kg 1,4-DB eq 15.65557679 110.8225468

Toxicity territory
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Table 8. Weighing and dimensioning of impact groups in the landfill scenario

CML-Baseline g, Ign S <l
CML-Baseline method Air Soil Water
Slgloog 5 = = @
Impact categories Result Result Result
@'\ o 65150 s
= 1.28E-09 1.57E-08 2.91E-06
Water eco-toxicity
) é gl 2l 3.92149E-10 3.92E-10 2.36E-08
Abiotic
Ly |
O Gk 1.85453E-10 1.85E-10 3.52E-09
Acidification
S e 9.95533E-11 9.96E-11 1.85E-10
Climate change
Ll "
e 8.72709E-11 1.93E-11 1.35E-10
Human toxicity
ooty 093 4e 1.55086E-11 1.55E-11 9.96E-11
Photochemical oxidation
slazlys gl 1.38075E-11 2.09E-12 6.18E-11
Eutrophication
Ot 2l S 6.58242E-12 0 1.55E-11
Water toxicity
SE s S 2.17174E-12 -6.55E-10 1.38E-11
Territory toxicity
ossl ¥ S 2.09348E-12 -3.31E-09 2.09E-12
Ozone layer depletion
s s
ket SEREEp 0.00000E+00 -7.65E-09 0
Fossil fuels
&T t'I 2.08E-09 4.83E-09 2.94E-06 2.94E-06
otal
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Table 9. Weighing and dimensioning the impact groups in the incineration scenario in the incinerator

CML-Baseline g, lg> Sk ol
CML-Baseline method Air Soil Water
Flsleeg S =l = =
Impact categories Result Result Result
o ad ’o_ 2.89E-05 7.19E-07 2.89E-06
Water eco-toxicity
o)t e 2l 1.80E-05 1.03E-07 6.81E-07
Abiotic
O e 1.53E-06 5.52E-08 1.03E-07
Acidification
. L F
Sl e 7.72E-07 5.04E-08 5.52E-08

Climate change

] o gaanne
< T 1.04E-07 3.46E-08 4.39E-08
Human toxicity
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Table 9. Cont.Weighing and dimensioning the impact groups in the incineration scenario in the incinerator

CML-Baseline 2, Igo Sk <l
CML-Baseline method Air Soil Water
Hl slaeg S b b i
Impact categories Result Result Result
tleorByi 393 4a 5.52E-08 2.20E-08 3.43E-08
Photochemical oxidation
lazl,s 3las]
ST S* 3.46E-08 8.60E-09 8.60E-09
Eutrophication
s o Caonn
R 9.31E-09 7.66E-09 7.66E-09
Water toxicity
L e 7.66E-09 1.16E-09 1.16E-09
Territory toxicity
onsl &Y 1.16E-09 0 9.54E-10
Ozone layer depletion
kot slacgm 0 -1.26E-08 0
Fossil fuels
&5 4.94E-05 9.88E-07 3.82E-06 5.42E-05
Total
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Life cycle assessment

2 Cost-effective

3 Toxicity Characteristic Leaching Procedure
4 Membrane reactor

5Screw Press

6 Inorganic substances

" Phosphates

8 Nitrate

9 Weighting

10 Normalization and damage assessment
1L CIA: life cycle impact assessment

12 Antimony

Sl Olgreas 0penLCA ad iy, 1381 o 5 5l oolan]
Sl oy yslaied (LCA) Sl a2 (o) )0
o 009.0.; L_,;:l.:l.o...v SaeS 6.)1..4..9| 9 ru.a) 3 ) Ja.au
il b amie ambiiy slasy, 5 solind
ol 0 CML-Baseline wile (LCIA) ols> a5,
)L......u‘ uﬂ:u dw yO LQ)." ‘ssl.s))l Sl 00 I e
L aS el W )l—A-A-A.A-’ J)‘}a > u] “9.0 S a
L JelS obay oads a8 )90 gaiow I (5 ke
Slasl 5 SO0 lads g el oo oaus YL Slu >
Alie ol o Sllisl sled gaame sl ond Ll
R 9 Al 8590 9 e jl33l e p3 S sl
90 S o 2 53 ke Sl O)lge 5l (S 28513
wlolis jo 380 o slaiole;] 5l eolanul a8 )5
U‘MASW‘ obyo.?c])o bP}&)«aL&ijwS).:
Sl 48 Slale )3 oS 5 onl Gl 55 (25>
039 Uhay 3l oolital Cpeizman el 03,5 Wyl 1y Y
bome byl Clab 5l S s 00,8 a2y B0
Oop Ol a4 aag b lag )l o Sladl g (e

Slool gy jlw duslin ;o coge & 0wl Cwody slacl

VEo) SLls oY 0)lad sy 050 o slansns pole aslilad

YOO



e o @30 aul ) lase sla Sl ey

Adu, G.A. and Eshu, IF. 2014. “Life
Assessment for Environmental Product Declaration
of Tropical African Mahogany (Khaya) Lumber

Cycle

Produced in Ghana”, International Tropical
Timber Organization (ITTO).
EMEP-EEA, 2019. Air Pollution Emission

Inventory Guidebook. Publications Office of the
European Union, Luxembourg.

Cea-Barcia, G., Carrére, H., Steyer, J.P. and
Patureau, D., 2013. “Evidence for PAH removal
coupled to the first steps of anaerobic digestion in
sewage sludge”. International Journal Chemistry
Engineering. 2013.

Christensen, N., Batstone, D.J., He, Z., Angelidaki,
I. and Schmidt, J.E., 2004. “Removal of polycyclic
aromatic hydrocarbons (PAHs) from sewage
sludge by anaerobic degradation”. Water Science
Technology. 50, 237-244.

Di Noi, C., Ciroth, A. and Srocka, M., 2017,
“OpenLCA manual version 1.7”. GreenDelta
GmbH, Berlin, Germany.

Fijalkowski, K., Rorat, A., Grobelak, A. and
Kacprzak, M.J.,, 2017. “The presence of
contaminations in sewage sludge — The current
situation”. Journal Environmental Management.
203, 1126-1136.

Haight M, 2004. solid waste
management model (Technical report)”.

“Integrated

ISO 14044, 2006. “Environmental Management—L.ife

Cycle Assessment Requirements and guidelines”.

Houilon, G. and Jolliet, O., 2005. “Life cycle
assessment of processes for the treatment of
wastewater urban sludge: energy and global
warming analysis”. Journal of Cleaner Production.
13, 287-299.

&l
International Organization for Standardization
(1SO 14040), 2006. “Environmental Management-
life Cycle Assessment-general Principles and
Framework”.

Goedkoop, M.J., 2015. “Eco-indicator 99,
Methodology report”. Ministry of Housing, Spatial
Planning and the Environment, Netherlands.

Kazemi Moayed, H., Panahi, M., Jalili Ghazizade,
M., Abedi, Z.and Ghaffarzadeh, H., 2020,
“Removal of PAH compounds from refinery
industrial sludge as hazardous environmental
contaminants through anaerobic
International Journal of Environmental Science

and Technology.

digestion”.

Kheiralipour, K., 2021, “Environmental Life cycle
assessment”. Elam University Publication.

Kwon, E.E., Lee, T., Ok, Y.S., Tsang, D.C.W.,
Park, C. and Lee, J., 2018. “Impact of calcium
carbonate on pyrolysis of sewage sludge”. Energy
153, 726-731.

Mario, T., Patrizia, B. and Lorenzo, M., 2007. “An
environmental LCA of alternative scenarios of
urban sewage sludge treatment and disposal”.
Journal of Physical Therapy Science. 11, 153-164.

Mulchandani, A. and Westerhoff, P., 2016.
“Recovery opportunities for metals and energy
from sewage sludges”. Bioresource Technology.
215, 215-226.

Otero, M., Calvo, L.F., Gil, M. V., Garcia, A.l. and
Moran, A., 2008. “Co-combustion of different
sewage sludge and coal: A non-isothermal
thermogravimetric kinetic analysis”. Bioresource
Technology. 99, 6311-6319.

Park, J.M., Lee, S.B., Kim, J.P., Kim, M.J., Kwon,
0.S. and Jung, D. I.1., 2009. “Behavior of PAHs

VEo ) sl oY o)led ¢ piess 055 « e psle aslilad

Yor



from sewage sludge incinerators in Korea”. Waste
Management. 29, 690-695.

Shahnazary, M., Jalili Ghazizadeh M. and
Shahbazi, A., 2017. “Investigation of Different
Alternatives on Municipal Solid Waste Disposal
by Using Life Cycle Assessment (LCA) Approach
(Case Study: Ramsar)”. Journal of Civil and
Environmental Engineering. 47(2), 29-38.

Shamuyarira, K.K. and Gumbo, J.R., 2014.
“Assessment of heavy metals in municipal sewage
sludge: A case study of Limpopo Province, South
Africa”. International Journal Environmental
Research and Public Health 11, 2569-2579.

Vahidi, H. and Rastikerdar, A., 2018. “Evaluation
of the Life Cycle of Household Waste
Management Scenarios in Moderate Iranian Cities;

Case Study Sirjan City”. Environmental Energy
and Economic Research. 111-121.

Xiao, H. and Liu, K., 2010. “Co-combustion
kinetics of sewage sludge with coal and coal
gangue under different atmospheres”. Energy
Conversion and Management. 51, 1976-1980.

Yang, J., Hao, Y. and Chen, S., 1999. “Application
of the life-cycle analysis in the selection of sludge
treatment and disposal processes”. Pollution
Prevention Technologies. 12, 204-206.

A

W ae

A% ¢
-
b

VEo) SLls oY 0)lad sy 050 o slansns pole aslilad

Yav



Environmental Sciences Vol.20 / No.2 / Summer 2022

245-260
Original Article

Investigation of environmental impact of oil refinery industrial sludge
disposal process by life cycle assessment approach using CML-Baseline
Impact assessment model

Hanieh Kazemi Moayed,* Mahdi Jalili Ghazizade,?* Mostafa Panahi,* Zahra Abedi ‘and Hamid Reza
Ghaffarzade*

! Department of Environmental Economics, Faculty of Natural Resources and Environment, Science and
Research Branch, Islamic Azad University Tehran, Iran
2 Department of Environmental Technologies, Environmental Science Research Institute, Shahid Beheshti
University, Tehran, Iran

Received: 2022.02.05 Accepted: 2022.04.17

Kazemi Moayed, H., Jalili Ghazizade, M., Panahi, M., Abedi, Z. and Ghaffarzade, H.R., 2022.
Investigation of environmental impact of oil refinery industrial sludge disposal process by life cycle assessment
approach using CML-Baseline impact assessment model. Environmental Sciences. 20(2): 245-260.

Introduction: The sludge produced in the oil refinery is very harmful due to the significant volume and
complexity of the compounds, and its reasonable disposal is very important for environmental protection and
sustainable development. During the effluent treatment process in the oil refinery, contaminated industrial
sludge containing toxic substances is produced, which contains polyaromatic hydrocarbon compounds and is
classified as hazardous wastes.

Material and methods: In this study, the life cycle evaluation of disposal methods in two scenarios of landfill
and incineration on industrial sludge of oil refinery in Iran has been investigated. Using life cycle assessment
software and open LCA with CML-Baseline Impact Assessment Model, different environmental impact
categories were examined and using weighting and dimensionless method of each effect class in the two
defined scenarios, the best scenario has been identified in terms of the environment.

Results and discussion: The results from 11 categories including acidification, climate change, reduction of
abiotic resources, related to both fossil fuels and factors affecting final reserves, toxicity drinking water,
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seawater, and soil, eutrophication, human poisoning, ozone layer depletion, and photochemical oxidation have
been evaluated. The results showed that the least environmental effects on indicators of human and plant
species health are related to the landfill scenario. The sludge incineration scenario, which is sent directly to the
incinerator, has been selected as the worse scenario with the highest emissions of carbon dioxide, methane and
nitrogen oxides into the environment.

Conclusion: The results of dimension lessness in the two studied scenarios showed that Scenario 1 (Landfill)
with a value of 2.94 x 10 -6 and Scenario 2 (waste incineration) with a number of 5.42 x 10 - had the most and
the least destructive effect on the environment, respectively.

Keywords: Life cycle assessment, openLCA software, CML-Baseline index, Environmental impact, Oil
refinery industrial sludge.
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