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1. Casing Head Spool

2. Gate Valve Body

3. Composite Tree Block(Y-Block)
4.Y - Tubing Spool

5. Stabilizer

6. Casing Head Housing

7. Drill Collar

8. Upper Master Block
9.Flange in625
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11. Technology Need Assessment-TNA
12. Technology Action Plan-TAP
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1. PIPE HANDLER

2. TORQUE WRENCH

3. TWO HYDRAULIC POWER UNITS
4. GEAR BOX & SWIVEL

5. MAIN AC MOTOR

6. MAIN MOTOR COOQOLING SYSTEM

7. SERVICE LOOP MANIFOLD

8. 1IBOP VALVE (KELLY VALVE)
9. KELLY VALVE ACTUATOR

10. GUIDANCE SYSTEM FOR PTD

11. GUIDE DOLLY

12. SAVER 5UB

NTS_500 41,3 O 35 S liadeiins r

13. WIRE LINE RUNNING ADAPTER

14. MUD PIPE, GOOSENECK, WA SH PIPE
15. ELEVATOR LINKS

16. LIFTING BAIL

NTS_500 5,5 ubu.éuba::uu,,

Length (Dnlling) 5600 mm
Length (Tripping) 6300 mm
Width 1950 mm

Hoisting Capacity

500 short tons

Power Rating

860 KW (1150 HP)

Gear ratio

1:12.5

Main shaft

6 5/87REG APIr h. Box ID:76mm (37)

Working pressure

350 bars (5000 ps1)

Max. Continuous Torque 59600 Nm
Speed at max. Torque 0-140 rpm
Max. Continuous Speed 208 rpm
Torque at max. Speed 40100 Nm
Torque in Spin mode 6800 Nm
Speed in Spin mode 15 rpm
Make up/Break out Torque 81000 Nm
Weight 12500 kg
Torque Tube Length 42m
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Figure 5 - Cable Injactor - Front and Top View
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drinking water

Electro-diakysis
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filtration

INano-filtration 5=10 0.3-05 .

Brackish RO 10 =20 0.5- 1.0

Seawater RO 50-90 i-4 -
Distillation - 1-4 160 M)/ m?
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Ref.; AWWA, 2021, Seawater Reverse Osmosis Desalination,
Assessmentand Pretreatment of Fouling and Scaling.
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Assessmentand Pretreatment of Fouling and Scaling.
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2. Precooling

3. Intercooling

4. Inversion Temperature
5. Cryogenic refrigeration
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6. Displacement compressor

7. Reciprocating compressor
8. Rotary compressor
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Figure 6. Ethylene production during ethane steam
cracking as a function of DSO concentration as an inhibitor

After sulfur enters the cracking, it neutralizes the active
radicals that cause coke formation. At the beginning of the
process, the coil surface is an active site for coke formation.
Then, by creating a coke layer on the metal surface, the
formed coke layer is considered the active radical of coke
formation. At each experiment stage, the amount of H2S
outputis also measured. According to the results shown in
Figure 7, increasing the amount of DSO injection into the
cracking process produces more H2S, which leaves the
reactor with other products without positively affecting the
coke formation.
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Figure 7. The rate of H2S production as a function of DSO
concentration as an inhibitor

4. Conclusion

The results show DSO is not a suitable alternative for
DMDS. Using DSO as an inhibitor will always have a higher
amount of coke deposition in the ethane steam cracking
process in different concentrations than DMDS. In
addition, DSO does not affect ethylene production.

However, if the DSO sample is refined in two steps and a

high purity DMDS composition is extracted, it can be an
excellent alternative for DMDS. By refining DSO and
extractingDMDSfromit,anindustrialapplicationiscreated
for DSO andits environmental damages can be prevented.
Studies also show that although we need sulfur to reduce
coke formation in the cracking process, the type and
amount of sulfur selected are critical. In cases where DSO
enters the process at high concentrations, the H2S is
produced by it without effect on coke deposition. It only
increases the sulfur content of the output product.
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3.2. Extraction of DMDS from DSO

Extraction of DMDS from DSO isdonein two steps using
the distillation set-up. The DSO sample is heated by a
digital balloon shuffle (500 cc), and since DMDS has a
lower boiling point than DEDS and MEDS (Table 3), it is
mainly collected from the top of the column and is
named Ext1.Inthesecondstep, Ext1isusedasafeedin
the distillation set-up and Ext 2 is collected at the top of
the distillation column. The two samples Ext 1 and Ext 2
are analyzed and theamountoftheir sulfurcompounds
are givenin Table 3. With two stages of refining DSO, the
amountof DMDS increases from42.99%to 74.17% and
the amount of the heavier component DEDS also
decreases.

Distillation 2

Distillation 1

\L@

Figure 3. Schematic of DSO refiningin steps

Table 3. Composition of DSO sample and its refined product

Component Bgilirlg m'\g(sjlsa(é/ Sfrrs;gle Ext Ext2
point(°C) mol) (%wt) (%wt) (%wt)

DMDS 110 94.19 42.99 60.48 74.17
MEDS 132 108.23 43.58 35.93  24.84
DEDS 152 122.25 12.44 3.51 0.87

3.3.Cracking test

DSO and its refined samples are used in ethane’s
steam cracking, and the amount of coke formation in
the presence of these sulfide-based compounds is
determined. The amount of coke deposition in the
presence of these compounds is compared with
DMDS. As shown in Figure 4, in the presence of DSO,
the amount of coke formation is much higher than
DMDS, and Ext 1, which has a higher concentration of
DMDS andthelower concentration of DEDS and MEDS
compounds, has a more effective influence on
declining coke formation.

Coke formation {mg/'m*Ls)

i3e
ni
T
g
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Figure 4. Amount of coke formation during ethane steam
crackinginthe presence of DSO, Ext1 and Ext2

Due to the fact that DSO is a source of sulfide and according to
previous studies, sulfide compounds reduce the coke deposition
and CO production in the steam cracking process, here DSO with
different concentrations in steam cracking of ethane is used to
find the optimized concentration of DSO with the best effect on
coke formation. As shown in Figure 5, with increasing DSO
concentration from 50 ppm to 90 ppm, the coke formation
decreases and then has a sharp increase rate. Also, at no
concentration, itcanreduce therate of coke formationasmuch as
DMDS inthe concentration of 110 ppm. Although DSO is a sulfide
source, because the decomposition conditions of different
compounds are different and various products are produced
after decomposition, their effect on reducing coke formation is
alsodifferent. Inaddition, accordingto Figure 6, itcan be seenthat
DSO at low concentrations does not have a significant effect on
the production of ethylene. Still, whenits concentration increases
due to the formation of higher coke, ethylene production is
decreased. Increasing coke formation causes a pressure drop,
clogsin furnaces, and reduces ethylene production.
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Figure 5. Rate of coke formation during ethane steam
cracking as a function of DSO concentration as an inhibitor



collection balloon, Vigreux column and distilling adapter.
The mostimportant conditions required for this separation
are complete and continuous contact between the vapor
and liquid phases in the column, maintaining a proper
temperature drop along the column, sufficient column
length and sufficient difference at the boiling point of the
liquid mixture components. Therefore, the distillation
column is covered with insulation and the Vigreux column
makes adequate contact between the two phases.

Figure 2. Schematic of distillation apparatus for separating
valuable compounds of DSO

2.3.Procedure

Before feeding the ethane/diluent mixture to the reactor,
the reactor’s temperature was raised to 1123K under a
nitrogen atmosphere. A thermocouple was inserted into
the reactor until it touched the top of the reaction bed to
controlthetemperature. Theamountofprecipitated cokeis
defined as the difference in the weight of a small coupon
located inthe reactor before and after coking experimental
tests with a microbalance (0.1 mgaccuracy).

The couponswere cutfromtheinternal surface ofindustrial
tubes (HP40) into small flat rectangles (2x11x14.8 mm).

Then the specimens are polished to have similar surface
roughness in all cases. The surface roughness of the
material strongly influences the rate of coke formation.
Beforeplacingcouponsinsidethereactor,itwassuccessively
washed in a soap solution, rinsed with acetone and
deionized water.

Basic HP alloy is a nickel-chromium-iron alloy withup to 1 %
silicon. This composition makes the HP alloy resistant to
oxidizingandcarburizingatmospheresathightemperatures
and provides high stress rupture properties in the range
1800-2000 F. It is used for ethylene pyrolysis tubing, steam
methane reformer tubing, heat-treating fixtures and
radiant tubes.

Under the same cracking conditions, three coking tests
were repeated, and the mean value of the mass of coke
deposited onthe specimenfor three trials was employed as
thefinal result.

Also, compounds of DSO have different boiling points, so
they can be separated using the fractional distillation
method. Then these compounds are used in the cracking
process as aninhibitor in the same method as before.

3. Results and Discussion

3.1.ldentify DSO composition

Inthis article, four different DSO samples are used (Table1).
To accurately identify the compounds in DSO, GC-MS
analysisis performed, and the results are shown in Table 2.
As can be seen, DSO consists mainly of three compounds
DMDS, DEDS and MEDS. The differencesin the composition
of the DSO sample are due to various feed and operating
conditions of the mercaptan removal process from the
hydrocarbons. The higher amount of sulfur in the feed
cause more amount of sulfurinthe DSO sample. According
to Table 1, the amount of sulfur in the sample (lll) is higher
than other samples and mainly comes from DMDS and
MEDS.

Table 2. GC-MS analysis of different samples of DSO

Peak

Number Sample (1) Sample (Il) Sample (Ill) Sample (IV)
Area% Compounds Area% Compounds Area% Compounds Area% Compounds
1 17.25 DMDS 14.27 DMDS 42.99 DMDS 32.46 DMDS
2 36.16 MEDS 40.3 MEDS 43.58 MEDS 43.79 MEDS
3 43.21 DEDS 41.29 DEDS 12.44 DEDS 19.63 DEDS
4 1.2 Dimethyl 0.84 Dimethyl 0.49 Dimethyl Trisulfide 0.48 Dimethyl
Trisulfide Trisulfide Trisulfide
5 0.32 2-Hydroxy-5- 0.06 Isopropyl alcohol 1.67 Disulfide, methyl (methylthio) 1.66 Disulfide, methyl
nitropyridine
6 1.1 5-chloro- 0.29 Ethanethiol, 2,2'-thiobis 0.29 Ethanethiol,
benzofuran 2,2'-thiobis
7 2.03 Thieno-(3,2b)- 0.28 Ethane, 1,1-bis(methylthio) 0.35 1,4-dimethyltetrasulfide
thiophene
8 0.11 Dimethyl 0.35 1,4-dimethyltetrasulfide 0.16 Phenol, 4-bromo-

tetrasulphide
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(DSO) is a by-product of the mercaptan removal process
from hydrocarbons, acombination of trisulfides and dialkyl
disulfides[14]. This sulfur-based compound pollutes the
environment. There is currently no practical use for this
waste material, soitis either burnedintheflaresorinjected
into the ground. Burning DSO produces sulfur oxides,
causes air pollution, and injecting it into the earth causes
soil pollution[15]. Furthermore, DSO»s exact physical and
chemical properties are not available, but various analyses
have beenperformed onDSO productionsources[14]-[16].
In fact, DSO»>s composition relies upon feedstock quality in
mercaptan removal and operating conditions.

DSO mainly consists of three compounds: DMDS, DEDS, and
EMDS. This substance is also highly flammable, with low
solubility in water and high vapor pressure, and is a yellowish
liquid at room temperature and highly toxic[14]. Margott et
al.[16] investigated hazards of DSO and using GC-MS showed
that their sample of DSO consists of 90.3 %wt disulfides and
trisulfides. They measured physical and chemical properties
using ASTM and DIN standard methods and estimated
environmental fate parameters from the EPI suite. DSO has
variable composition, so the clear DSO environmental fate was
unavailable.However,detectingallavailableevidencedisplayed
that DSO is extremely hazardous to aquatic organisms with
medium environmental continuity. In addition, Khorami et al.
[15]investigated theinfluence of adding DSOto gas condensate
and examined the surface tension, viscosity, density and other
properties of DSO and its mixture with gas condensate.
Thisarticleinvestigates the possibility of replacing DSO with
DMDS as an inhibitor in the steam cracking of ethane and
extracting DMDS from DSO to make practical use of this
worthlessby-product. Therefore, analyses GC-Mass, atomic
absorption spectroscopy (AAS), density, sulfur content and
water content have been performed on various DSO
sources. Also, DMDS has been used as an inhibitor in the
cracking process and finally, the possibility of separating
DMDSfrom DSOby partialdistillationhasbeeninvestigated.

2. Experimental Section

2.1. Material

Several DSO sources have been analyzed, and the
specifications are givenin Table1.

Table 1. Properties of the various sample of DSO sample

Component Sample Sample Sample Sample
() (1) (1) (V)
Density (g/cm?) 1.03 1.07 1.02 1.04
sulfur content (%wt) 43.0006  49.5179  51.4519 45.1058
water content (ppm) 624 916 570 1023

2.2.Set-up

The setup is designed and constructed for the experiments
of ethane steam cracking is shown schematically in Fig 1. It
consists of three sections: feed section, cracking section
and analysis section, each of whichincludes different parts.
Feed section: flow rate of ethane (99.9% purity) as
hydrocarbon feed in steam cracking is set by Brooks mass
flow control. Dejonized water is introduced as a diluent for
ethane to minimize coke formation by a syringe pump. The
syringe pumpis calibrated usinga Volumetric flask (+0.1 ml)
and stopwatch. Two bubble flow meters in the decoking
process adjust the nitrogen and air flow rates. There are
needle valves and pressure gauges on gases line.

Cracking section: distilled water and ethane with flow rates
of 0.7 and 1700 mL/min enter a preheater. The preheater
consists of copper coils that are heated electrically and an
electronic control system controls its temperature. The
feed and steam are then introduced to a spiral mixer fitted
inthe end section ofthe preheaterto ensure proper mixing.
The output stream of the preheater with a temperature of
873K is then conveyed to the reactor. The tubular reactor
placedverticallyinsideanelectricalfurnacewasconstructed
0fSS304.Atemperaturecontrollercontrolsthetemperature
ofthe system.

Analysis section: the gas product is passed from a water-
cooled condenser to separate the steam. The pyrolysis gas
was analyzed by gas chromatography. The calibration gas
calibrated the concentration of each component and He

was the carrier gas.

1°/=

Feeding section Reactor section Analysis section
Figure 1. Experimental apparatus for studying of the
influence of coke inhibitor additives in ethane steam

cracking

The fractional distillation method is used to separate
valuable compounds from DSO, the general schematic of
which is given in Figure 2. It consists of a digital balloon
shuffle (500 ml balloon), thermometer, condenser, product
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ABSTRACT

Disulfide oil (DSO) is a by-product of refineries obtained by
removing mercaptans from hydrocarbon compounds and
has many adverse environmental effects. In this paper, we
try to replace this base sulfide compound with the valuable
DMDS, which is used in cracking furnaces for olefin
production as a coke and CO inhibitor and evaluate the
refining of this material to extract beneficial sulfide
compounds such as DMDS in it. After extracting DMDS, it
can be used directly in steam cracking of hydrocarbons.
DEDS and MEDS are significant components of DSO and
cannot reduce coke formation as much as DMDS due to
their different decomposition temperature compared to
DMDS. Also, each of them releases various free radicals
after decomposition. Therefore, refining DSO and
separating the DMDS from it, which is more valuable than
other compounds, could make a suitable source of inhibitor

for the olefin plants.

1.Introduction

Olefins production with steam cracking of hydrocarbons is
one of the most crucial chemical industry fields. Steam
cracking is performed at high temperatures (800-900°C) in
tubular reactors made of heat-resistant iron-nickel-
chromium alloyslocatedverticallyinside afurnace. Product
yield depends on feed (ethane, propane, butane, gas oil,
light and heavy naphtha) and operating conditions
(temperature, pressure andresidence time). Most ethylene
production is when ethane feed is used and heavier
feedstockshavelowerethyleneproduction. Cokeformation
in a steam cracking furnace is one of the unfavorable
products whose production is inevitable. Coke deposition
on the inner surface of the cracking coil causes a pressure
drop by plugging the coil and reducing heat transfer. Either
of these effects must eventually lead to the shutdown of the
furnace. Performing the offline decoking process reduces

the run length of cracking furnaces. Also, CO formation is
knownascatalystpoisonindownstreamsections. Generally,
toreducethe production of CO and coke additives are used.
The most common additives used are phosphorus-
containing compounds[1]-[4] and sulfur-containing
compounds[1], [5]-[12]. This additive could influence the
rate of coke formation, reduce CO production, and increase
the conversion of desired hydrocarbons. Sulfur prevents
CO and coke formation by creating a metal sulfide layer on
the surface of coils. Different sulfur compounds have
different effects on coke formation, which depends on the
substance’s decomposition temperature and nature.
During the last two decades, many efforts have been made
to find the appropriate inhibitors of coke formation. In
addition to decreased formation of coke and CO, a suitable
inhibitor must not affect the product yields and not cause
corrosioninthe coil.

Tan and Baker [12] studied the effect of different sulfides
(DMDS, DMS, H2S) on the rate of coke formation on nickel-
iron particles. Also, Olahava et al.[13] investigated the
thermal decomposition of sulfide compounds such as CS2,
DMDS, DMS and DMSO and their effect on the rate of coke
deposition and CO production during the heptane steam
cracking process. It should be mentioned that DMDS has
been the best sulfide inhibitor used in olefin furnaces, and
other sulfide materials are less efficient. Its effect strongly
depends on the usage method and its amount. This article
seeks to find a cheap and affordable alternative similar to
DMDS.

Naturally, thereis ahighly corrosive and odorous substance
called mercaptan in gas refinery products with the formula
R-SH. Mercaptans are one environmental pollutant, so
purification processes are needed to remove the
contaminants in these products. Merox is a well-known
process for removing mercaptans and hydrogen sulfide

from LPG, light naphtha, kerosene and jet fuel. Disulfide oil
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cost of renewable energies, so to achieve the net zero
emission purpose, the developed countries must export
the technology, required for cheaper generation of
renewable energies to be employed for reduction of the
consumption from fossil fuels.
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Figure 8. Acomparison for cost of energy, generated by
various fossil and renewable fuels [35].

6. Conclusion

Unwelcomed natural disasters due to climate change are
concerned by many researchers, who recommend urgent
action of countries against GHG emissions. IEA has
determined some strategies to limit carbon emission by
various sectors, that some relies on replacement of oil and
coal by natural gas, for generation of energy and production
of petrochemicals. Iran by owning the second largest
resourcesof naturalgasintheworldcanaidtoachievethese
objectives. In this paper, the opportunities for Iran’s South
Pars Zone where produces 75% of the required energy for
the country using natural gas, to reduce emission, were
investigated, relatedtoincreaseofefficiencyinconsumption
of fuel by industrial and transportation sectors and
contribution to plastic recycling. Also, the potential of the
regionforgeneration of renewable energieswas estimated.
The available reports denote existence of good opportunity
for producing of renewable energy by solar panelsand wind
turbines in the region, so by cancellation of the sanctions
against the nation, itis estimated that export of natural gas
and inefficient consumption of the fossil fuels by the
industry and transportation sectors to be increased and
using higher technology, a high capacity for generation of
renewable energies to be created in the region.

References

H. Ritchie, M. Roser. “Emissions by sector.” Our World in Data, 2020.

M. R.Mansouri Daneshvar, M. Ebrahimi, H. Nejadsoleymani. “An overview of
climate changein Iran: facts and statistics”. Environ Syst Res, vol. 8(7), 2019.
S. Ashraf, A. Nazemi, A. AghaKouchak, “Anthropogenic drought dominates

groundwater depletioninlran”. SciRepvol. 11, pp. 9135,2021.
R.Zahedi,A.Zahedi, A. Ahmadi. “Strategic Study for Renewable Energy Policy,
Optimizations and Sustainability in Iran”. Sustainability, vol. 14, pp. 2418,
2022.

“Iran’s petrochemical industry yearbook”. Iran National Company of
Petrochemical Industry, 2020 (In Persian).

L. Moosmann, H. Neier, N. Mandl, K. Radunsky, “Implementing the Paris
Agreement - New Challenges in view of the COP23 Climate Change
Conference”. European Parliament, Policy Department for Economic and
Scientific Policy, Brussels, 2017.

S.T. Dye. “Geoneutrinos and the radioactive power of the Earth”. Reviews of
Geophysics, vol. 50(3), pp. 3,2012.

“The Future of Petrochemicals, towards more sustainable plastics and
fertilisers”. OECD/IEA, 2018.

T. A. Boden, G. Marland, R.J. Andres. “Global, Regional, and National Fossil-
Fuel CO2 Emissions”. Carbon Dioxide Information Analysis Center, Oak Ridge
National Laboratory, U.S. Department of Energy, U.S.A, 2017.

J.G.J. Olivier,]J.A.H.W. Peters. “Trend in Global CO, and GHG Emissions - 2020
Report”. PBL Report, forthcoming, 2020.

M. Crippa, D. Guizzardi, M. Muntean, E. Schaaf, E. Solazzo, F. Monforti-
Ferrario, ].G.J. Olivier, E. Vignati. “Fossil CO, emissions of all world countries
- 2020 Report”. EUR 30358 EN, Publications Office of the European Union,
Luxembourg, 2020.

M. Mirzaei, M. Bekri. “Energy consumption and CO, emissionsin Iran, 2025".
Environmental Research, vol. 154, pp. 345-351, 2017.

M. R. Lotfalipour, M. A. Falahi, M. Ashena. “Economic growth, CO, emissions,
and fossil fuels consumptioniniran”. Energy, vol. 35(12), pp. 5115-5120, 2010.
R. Alizadeh, M. Majidpour, R. Maknoon, S. S. Kaleibari. “Clean development
mechanism in Iran: does it need a revival?”. International Journal of Global
Warming, vol. 10(1/2/3), p. 196, 2016.

S. R. Ersoy, J. Terrapon-Pfaff. “Sustainable transformation of Iraqg's energy
system: development of a phase model”. Friedrich-Ebert-Siftung Jordan &
Iraq,2021.

S. R. Ersoy, J. Terrapon-Pfaff. “Sustainable transformation of Egypt's energy
system: development of a phase model, Friedrich-Ebert-Siftung, 2021.
“Short-Term Energy Outlook”. U.S. Energy Information Administration,
International Energy Statistics, 2020.

IMF Country Reports No. 17/62 and No. 18/93, Islamic Republic of Iran IMF
Country Report, 2018.

M. D. Coady, I. W. Parry, L. Sears, B. Shang. “How large are global energy
subsidies?” International Monetary Fund, 2015.

S. Moshiri. “The Effects of the Energy Price Reform on Households
Consumptioninlran”. Energy Policy, vol. 79, 2015.

H. Mirshojaeian Hosseini, F. Rahbar. “Evaluation of the national and regional
strategies for development of the petrochemical industry in the country”.
Seasonally Journal of Economy and Energy, vol. 21, pp. 29-65, 2009 (In
Persian).

C. D. Elvidge, M. D. Bazilian, M. Zhizhin, T. Ghosh, K. Baugh, F. C. Hsu. “The
potential role of natural gas flaring in meeting greenhouse gas mitigation
targets”. Energy Strategy Reviews, vol. 20, pp. 156-162, 2018.

0. Saheed Ismail, G. Ezaina Umukoro. “Global Impact of Gas Flaring”. Energy
and Power Engineering, vol. 4, pp. 290-302, 2012.

https://skytruth.org/

G. Gaulier, S. Zignago. “BACI: International Trade Database at the Product-
Level”. CEPIl Working Paper, N°2010-23,2010.

A. Milovanoff, H. C. Kim, R. De Kleine, T. J. Wallington, I. D. Posen, H. L.
MacLean. “A Dynamic Fleet Model of U.S Light-Duty Vehicle Lightweighting
and Associated Greenhouse Gas Emissions from 2016 to 2050". Environ. Sci.
Technol, vol. 53(4), pp. 2199-2208, 2019.

B. Mousavi,N.S. A. Lopez,]. B. M. Biona, A. S. F. Chiu, M. Blesl. “Driving forces
of Iran’s CO, emissions from energy consumption: An LMDI decomposition
approach”. Applied Energy, vol. 206, pp. 804-814,2017.

IPCC, “Guidelines for National Greenhouse Gas Inventories”. Report of the
Intergovernmental Panel on Climate Change, vol. 2, 2006.

H. F. Lund. “Recycling hand book”. McGraw-Hill Publisher, 1993.

M. Chanda, S. K. Roy. “Plastics Fabrication and Recycling”. Taylor & Francis
Group, LLC, 2009.

https://nipc.ir/

https://globalsolaratlas.info/download
https://globalwindatlas.info/download/maps-country-and-region

N. Ghorbani, A. Aghahosseini, C. Breyer. “Assessment of a cost-optimal
power system fully based on renewable energy for Iran by 2050 - Achieving
zerogreenhouse gasemissionsand overcomingthe water crisis”. Renewable
Energy, vol. 146, pp. 125-148,2019.

“Renewable Power Generation Costsin 2021". Irena, 2022.



produce plastic bags and second grade PE pipes. Also
knowing existence of a high demand for polystyrene in the
construction industry, supply of appropriate waste plastics
to produce second grade polystyrene seemsto have a good
market.

Nowadays, trade ofwasteplasticshasalarge marketvolume
worldwide with various materials, so the countries can
choosetheirrequired plastics according to the stock. Figure
6 shows the main exporter and importer countries in the
waste plasticmarket. Thelargestimporters ofwaste plastics
areMalaysia, Chinese-TaipeiandVietnam. Thisfigure shows
that some high income countries such as USA and Canada
have active role in both import and export in favor of their
benefits for production of the recycled plastics. By
appropriate selection of a waste plastic stock from this
market, some countries

(a)

Thadland | ===

Figure 6. (a) mainimporters of waste plastics, (b) main
exporters of waste plastics, (c) main exporters of bags and
sacks of polymers of ethylene [25]. (data for 2020)

like Thailand, Vietnam and Turkey with less hydrocarbon
resources, produce alarge amount of second grade plastics
and took a good share from downstream petrochemicals
market, asis seenin Figure 6(c).

5. Generation of renewable energies

As shown in Figure 1, 73.2% of GHG emission takes place
through burning fossil fuels for energy uses, thus its
replacementbyrenewable energieswillinfluence mainly on
reduction of emission. In addition to its large resources of
fossil fuels, Iran is one of the best regions in the world to
producerenewableenergies, forexample consideringlarge
number of sunnydayswith highirradiationto producesolar
power [32, 33], and enough speed of wind to produce

electricity by wind turbines, however the nation encounters
some difficulties for development of renewable energies
suchaslackofexpertiseintechnologyandenoughfinancing,
which limit the share of non-hydro renewable energies to
0.1%. By experiencing water shortage in the recent years
and reduction of hydro energy, the significance of other
renewable energies has been better understood. Figure 7
shows high potential of South Pars Zone to develop
renewable energies, considering high solar irradiation and
high speed of wind, beside great potential to exploit from
thermal solar energy.

Figure 7. Effective parameters to estimate potential of
renewable energy generationin Iran’s South Pars Zone, (a)
horizontal irradiation [32] (b) mean wind speed [33].

Amainreason for less attempt of developing countries with
large fossil fuel resources, is related to high subsidies given
by government to the fossil fuels, when generation of
renewable energies is expensive [34], so neither industries,
nor people are not motivated to replace fossil fuels by
renewable ones. Since existence of sanctions has created
barriers against export of fossil fuels by government, there
is no serious attempt to decrease high domestic
consumption and increase the export.
international price for fossil fuels in spite of reducing price
of renewable energies, rationalize development of
renewable energies, progression of
technologies has decreased the cost of renewable energies
according to Figure 8. Nowadays by the aid of new
technologies, generation ofenergybysolarpanelsandwind
turbines costs less than generation of energy using fossil
fuels. Figure 8 shows the influence of higher technology for

Increase of
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CNG? and LNG can also be used in aircrafts and ships, with
considerablereduction of fuel priceand GHGemission. Due
to its more efficiency for long distances, LNG is offered for
more heavy and suburbanvehicles, however CNGis offered
for those that stay within aregion. Due to existence of large
complexes for refineries and petrochemicals in South Pars
Zone, large road and marine transport fleets exist in this
region which cause large emission, however based on
supply of enough natural gas in the region, the government
can make useful regulation in favor of natural gas fueled
vehicles. Regarding the large consumption of tankers from
fossil fuels, there is an international trend by ship building
companies to manufacture LNG fueled ships and tankers.
Iran has the largest tanker fleetin the world and can reduce
the emissionin this sector, by conversion of the fuel system
to LNG fueled system.

4. Recycling of waste plastics

Duetovicinity of Iran'sSouth ParsZonetothelargestnatural
gas reservoir in the world and establishment of several
refineries in the region, several large petrochemical
complexes were set up in this hub, which consume natural
gas for both feedstock and fuel, thus accounted for large
carbon emission. IEA estimates the future of the carbon
emission up to 2050 [9], by two scenarios as CTS® and RTS,
when first scenario is related to the emission if global
agreements against climate change will be respected and
the second one is related to the current rate of emission,
however a significant strategy which influences the
transition from RTS to CTS, is related to recycling of plastics
instead of production of virgin plastics. Because knowing
that the demand for oil is estimated to grow 10 times
between2017and2030,whileproductionofpetrochemicals
is blamed for 30% of this increase, by noimplementation of
plasticrecycling strategy, production of plasticsis estimated
to consume 20% of the crude 0ilin 2050 [9], however by CTS,
production of second grade plastics should reach aathird of
total plastic production. By expansion of plastic recycling
not only consumption of plastic for production of virgin
plastic decreases, butalso further emission due to disposal
of more plastics reduces. Recycling of plastics though takes
place now, its rate equal to 18%, is considerably less than
recycling rate for other materials such as paper and steel,
because of expensive processes required for cleaning,
sorting and omission of impurities. One of the disposal
methods in addition to incineration and landfill in some
countriesisrelatedtoemissiontothe oceans,whichleadsin
due to long-term

many environmental problems

2. Compressed Natural Gas
3. Clean technology scenario
4. Reference technology scenario

decomposition of the plastics. In spite of large amount of
wastes emitted to oceans by Asian counties (equal to 81% of
the total waste emissions to oceans), this disposal method
in Iran is refrained, but instead, a large part of wastes is
landfilled, which in turn, pollutes the water resources and
space and occupies large lands.

Regarding the existence of petrochemical complexes in
Iran’s South Pars Zone, there is an easier way to constitute
the recycling units in this region. The government also, can
determine tax incentives and other supports to motivate
the large plants to constitute recycling units. Although, to
investigate feasibility of an investment plan, it is necessary
to estimate lots of features comprised of market research,
availability of the primary resources and supply chain, here
the objective limits to a rough estimation of the potentials
for production of second grade plastics by the large
complexes. Itisworthyto note thatfor productionofsecond
grade plastics, the melted waste material beside some
amountofavirgindenserplasticismixedinbiaxialextruders
tocompose ahomogenous plastic[29, 30]. For example, for
recycling of HDPE®, some virgin PP®is added to produce the
second grade HDPE.

Table 1 shows the main petrochemical complexes in Iran’s
South Pars Zone and Figure 5 shows the main products in
MTY. As shown in Figure 5, there is a minor share of LDPE
beside considerable production of HDPE in the region, so
production of second grade LDPE seems a good offer,
applicableto

Table 1. Main petrochemical complexes in Assaluyeh hub.
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sector. To understand the influence of the technology on
reduction of emission, it is enough to consider the reports
that demonstrate reduction of the emissions by 40%
throughimplementing energy efficiency measures[15, 17].
The energy demand per capitain Iranis around twice of the
global average [17] and 80% above average for the Middle
East[18], and there is no serious intention to decrease this
consumption, considering that government pays largest
subsidies for fuel in the world [19]. The intensity of energy
consumption per industrial production in Iran has been
estimated four times of that used by Europe and almost
nine times of that used by Japan. The reports [20] show that
dueto existence of low technology inthe industry, thereisa
low chance for reduction of fuel consumption by this sector,
if the subsidies are
Furthermore, reduction of emissionisrarelyregardedinthe
expansion plans for the industry [21].
Duetoexistence of naturalgasrefineriesand petrochemical
plantsinSouth ParsZone, thisregionaccountsforgasfaring
in the country according to Figure 4, when some reports
demonstrate thatflaring accounts for 10%-19% of

reduced by the government.

Figure 4. Flaring locations in the regions around Persian
Gulfin 2021 [24].

the total carbon emission by Iran [22, 23]. Figure 4 indicates
that in spite of its large share in energy generation in the
country, less gas flaring locations are seen in this region.
Althoughtherearesomefundinginternationalorganizations
in the world to mitigate from gas flaring by developing
countries, they are not opened to Iran due to sanctions.
Reduction offlaringisfromthe prioritiesin the federal plans
to reduce emissions by the country, if there is enough
investment.

The above descriptions for emission sources of industry
sectorinlranindicatelack ofadvancedtechnologytoreduce
consumption of fuels, especially when the largest part of
energyisgenerated by natural gas, whichmaybe consumed

more efficiently to increase its export to other countries
with less resources. As a matter fact, regarding the large
resources of natural gasinlran, andinternational strategies
to replace other fossil fuels by natural gas in favor of less
emission, the country should use this opportunity for
expansion of its export, according to practices by other
countries. For example, Australia owning 1% of the natural
gas resources, exports 18% of this fuel [25] and Qatar has
employed the largest fleet of LNG' carriers in the world to
export its natural gas worldwide. Although, to reduce
carbon emission, nowadays, it is recommended to expand
renewable energies, regarding the involvement of main
strategies by IEA with replacement of other fossil fuels by
natural gas, expansion of production is recommended for
the countries with large resources like Iran. One of the main
plans to achieve this goal is development of the plants for
production of LNG in South Pas Zone.

3. Degrading of emission by transportation sector
Transportation sector is a main emitter of GHG emission,
and it was blamed for 16.2% of the GHG emission in the
world,in2016. So, thevehiclemanufacturerstrytodecrease
the fuel consumption in the vehicles, by employing more
efficient engines or decrease the weight, for example
manufacturers in USA are trying to decrease weight of the
vehiclesby30%and 50%in2030and 2050, respectively[26].
Another remedy is replacement of fossil fuels by renewable
ones as appliedinthe electricvehicles.

High emission of carbon by transportation sector in Iran,
which equals to a fifth of the entire emission [27], indicates
low efficiency of the vehicles in consuming fuels, however
due to low price of the fuels, high consumption of the
vehicles is neither concerned by customers, nor by
manufacturers of the vehicle in Iran. Inefficiency in fuel
consumption take place when high amount of various
pollutants emitted by the vehicles creates many problems
anddiseasesagainstthehealthofpeople.Sothegovernment
has some plans to reduce emission of pollutants by this
sector such as manufacture of natural gas fuel vehicles,
upgrading the public transport fleet, promotion of policies
for urban traffic management and making mandatory
regulations for manufacturers to implement European
standards for fuel consumption [28]. There were around
five million natural gas vehicles in Iran in 2019, which
achieved second place in number of the natural gas fueled
vehicles after China. Due to less price of natural gas,
especially by increase of the price of oil and gasoline, many
logistic fleets, shippers and public transit systems plan to
convert the engine of their vehicles to be compatible with
natural gas fuel.

1. Liquefied Natural Gas
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lower than Euro IV standard [4]. Iran is the second country
with largest natural gas resources. Since regarding its less
pollutants, natural gas is known as the future fuel, it is
appropriate to devise special plans for the regions where
contain natural gas resources.

In this paper, some potential plans for carbon reduction by
the industrial and transportation sectors as the in main
emitters in Iran’s South Pars Zone are proposed. Figure 2
shows the geographical location of this region, where is the
closest region of the country to the largest gas field in the
world, so a large capacity for gas refineries was established
in this region, which produce 75% of the total natural gas
required byallsectorsinthe country[5]. Inthe following, the
existed opportunity for recycling of plasticin the region due
to existence of petrochemical complexes is investigated
and in the latter part of the paper, the potential renewable
energiesto be generated in this region are discussed, when
due to non-efficient domestic consumption of natural gas,
the amount of consumption in the near future is estimated
to proceed the production capacity.

SALD
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Figure 2. Geographical location and fossil fuel resourcesin
Iran’s South Pars Zone.

2. Degrading of emission by industry sector
Consumption of fossil-fuel to generate energy accounts for
more than 90% of the GHG emission [6] in Iran, where 94%
of electricity is generated using the fossil fuels, though,
consumption of coal as the largest emitter from fossil fuels
is less than 0.2% in Iran. To understand significance of
natural gas for energy sector in Iran, it must be noted that
around 65% of the total energy and around 70% of the
electricity in 2020 has been generated using natural gas,
however the latter ratio is around 24% in the world. Since
Natural gas emits carbon-dioxide per joule when burning,
25-30% less than that of oil, and 40-45% than that of coal [7],
itis estimated that generation of electricity in Iran emitsless
CO, than the world average emission by this energy,
regarding larger share of oil and coal for generation of
electricity in the world.

Another potential emitter of carbon in South Pars Zone is
related to existence of many petrochemical complexes in
the region, knowing that petrochemical industry consumes
14% of oil and 8% of natural gas in the world. To achieve net
zero emission by 2050, IEA proposes some main strategies
in petrochemical industry [8] comprised of CCUS (carbon
capture, utilize and storage), conversion of feedstock from
coaltonaturalgasand moreefficientutilization of energy by
shares equal to 35%, 25% and 25%. As seen, replacement of
oil and coal by natural gas plays a significant role in these
plans role, so when considering that all hydrocarbons
consumed by this industry in Iran comprise of 75% gas and
25% oil in comparison to larger shares of oil and coal
consumed by this industry in the world, if ignoring the
influence of efficiencyandflaring, lessemissionisestimated
by this industry in Iran. With these regards, here the causes
for high rank of Iran in carbon emissionis investigated.
Figure 3 shows the amount of emissions by various sectors
(with incomplete data for emission by land-use) in Iran
between 1995-2016, compared to variation of GDP per
capita. According to this figure, thoughin
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Figure 3. Emissions by various sectorsin Iran, compared to
variation of GDP per capita [9-13].

most part of the graph, GDP of the country increases when
the amount of emission increases, there is a larger rate for
increase of emission and in the latest part of this period,
GDP decreases (partly due to sanctions of Iran) when the
amount of emission is growing. In the other words, when
during 2007-2016 the emissions by power, industry and
building sectors increase, there is an inverse influence on
GDP, which indicates low efficiency of consumption from
fuels by these sectors. Although reduction of GDP by these
years partly is attributed to reduction of exports due to
sanctions, the reports say that there are other factors
blamed for increase of emission such as lack of long-term
plans and enough finance to decrease fuel consumption by
various sectors [14]. To reduce the consumption, it is
necessary to update the technology of operation in each
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ABSTRACT

Fast change of climate in the recent years, knowing that the
influence of GHG emission is not excluded to the emitter
regions, requires for commitment of all countries to
implement carbon emission reduction plans. When a main
strategy of IEA to mitigate more emission relates to
replacementofoilandcoalbynaturalgas, theregionswhere
own large natural gas resources like Iran’s South Pars Zone
can take part in this plan by increase of the efficiency in
consumption of fuel and expansion of the exports. In this
paper, considering the emission shares by various sectors,
the opportunities for reduction of emission by various
sectorsisinvestigated, and the barriers for development of
renewable energies according to the high potential of the
region are identified. The results denote that by access of
the country to high technology, the cost for generation of
renewable energies will decrease to be preferred instead of
using fossil fuels.

GHG: Greenhouse gas

1.Introduction

Nowadays there is a global agreement that emission of
greenhouse gas (GHG)is a main factor for occurring climate
change, globalwarmingand natural disasterssuch asflood,
drought, deserting and soil corrosion which reduce
agricultural products and food resources, increase poverty
insocietiesand damage urban andruralinfrastructure. The
primary greenhouse gases in Earth’s atmosphere are water
vapor (H,0), carbon dioxide (CO,), methane (CH,), nitrous
oxide (N,0), and ozone (O,), however their increase leads in
climate change, where most of thisincrease takes place due
to human impact. For example, combustion of fossil fuels,
manufacturing of cement and fertilizers and deforestation
aresomeofthemainfactorsblamedfor CO,emission[1].To
understand the influence of energy uses on GHG emission,
itis enough to see Figure 1 which shows thatitis blamed for
73.2% of the emissionin 2016.
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Figure 1. GHG emissions by sector [1].

The research shows that not only the impacts of emission
are not limited to a region, but also maybe a region is
exposedtomore severimpacts ofthe climate change dueto
emissionsinanotherregion[1],soclimatechangeisaglobal
problem and should be opposed by all countries of the
world. To mitigate emission, there are some international
agreements such as Kyoto and Paris, between the world's
countries who accepted to implement the plans for
reduction of carbon emission. In these plans, usually some
dates are targeted to verify suitability of the measures, for
example 2050, known as net zero, in which the emission
equals to consumption of CO,.

Iransuffersfromclimate change problems, suchasdrought,
large floods and dust storm although the nation itself
accounts for eighth largest emitter of GHG in 2015 [2]. The
reports show that 97% of the country experiences drought
conditionandsignificantloss of agricultural productsdueto
climate change [3]. To mitigate carbon emission, the
government targeted to increase the share of renewable
energiesto 5% of the total energy generation, cutgasflaring
by 90%, decrease absolute energy consumption in the
building sector by 5% and refrain production of the vehicles
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