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ABSTRACT

Iran ranks first in terms of natural gas reservesang the world's countries. According to statispesvided by the
World Bank in 2011, Iran ranks third in the worlddaranks first in the flared in the Middle EastheTvolume of
gas production in South Pars Gas Complex will becheed 720 million cubic meters per day until 20R@duced
flaring in refineries is of great importance in s of wasted energy and producing environmentdutamits. In
this regard, the study of reduced flaring in gasngpoessor station in the fourth refinery in the $oBtrs has been
made with the start reform process and launch efm®ns turbocompressors(SGT-600). As a result efstiieme,
by reducing the start of each turbocompressor drotn about one hour to about 25 minutes, the flgrin
5,290,264cubic meters in per hour will reach toazéar a period of one year, and the loss of $158&87well as
the release of environmental pollutantsCO2,SOXNMOX will be prevented per year.
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INTRODUCTION

Iran ranks first in terms of the world's naturak gaserves (BP, 2014) and South Pars, the woddjgdt gas field
was discovered in 1990(U.S. Energy Information Aaistration (EIA), 2015). Gas reserves of the figidiude
about7.5 percent of the world gas reserves andoajppately half of the gas reserves of the coun®P@GC,
2014).The gas production of South Pars Gas Complbe increased 720 million cubic meters per dayil

2017)(National Iranian Gas Company, 2015).

According to the latest World Bank in 2011, morarthl40 billion cubic meters of natural gas burnfldanes. In
2011, Iran produced about4.11billion cubic metdnsatural flare gas in the world and ranked thirdhe world and
has been ranked first in the Middle East(The W&idahk, 2015).

The amount of flare gas in Assaluyeh, Iran is MMIZTWM0.09(Rahimpour, jamshidnejad, Jokar, & Karin@i12).

In 2013, Hosseinzadeh and Ehsaninejad by providlirg right strategy to reduce the consumption of igas
sweeping gas in the main grid of flare avoided thening of 3.0 million standard cubic meters on the
day(Hosseinzadeh & Ehsaninejad, 2013).

Also through the studies of Davodi et al., it wésac that the primary source of flaring in phase @ the gas
returning from the demercaptanization unit and lages 2 and 3, sweeping gas and in phases 4 aabilived
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flared gas, which in phase one with the recircatatf gas in mercaptan removal unit, flaring carrdshiced by 55
percent (Davoudi, Rahimpour, Jokar, Nikbakht, & Abfard, 2013).

In 2014, M. Saidi et al., among the flare ga®vecy methods in South Pars, announced elegtpecdduction,
GTL, compression and wells injection and the prdéidncof solid oxide fuel cells as the most econmahivay after
compression to produce cells solid oxide fuel gaghis way the recovered flare gas must be sweeiSaidi,
Siavashi, & Rahimpour, 2014).

Until the end of 2017, South Pars Gas Complex plamseduce its flaring to 6/2million cubic metensthe week. To
achieve this goal requires the implementation dfoacplans to reduce flaring involved in processta(Mational
Iranian Gas Company, 2015).

Many solutions have been proposed to manage tredhs that is more based on a process unit refdompressor
stations in refinery gas, due to high pressuregs®@nd high volume of gas flow, are one of thegssing units
with high flaring.

As a result, the case study of the fourth refingag compressor station has been studied as orfee dargest
refineries in South Pars Gas Complex for the mamagé and reduction of flare gas. One of there conteé
appropriate solutions is to reduce flaring at tteatsand operation of Siemens turbo compressoiheénfourth
refinery gas compressor stations.

In the process units, especially chemical planemyfacilities and equipment are used to providger conditions
for chemical reactions.

Turbo compressor is one of equipment used witteddfit technologies and dimensions. It is compa$edrbine
and compressor words. Gas turbine is a rotary ddhiat operates on energy from the combustion (ASkisnedia
Foundation, 2015).

Compressor can be used to increase gas pressunelen to provide the appropriate operational cooag in
process plants for a variety of uses, or transfieoin one place to another.

With increasing pressure and decreasing volumetutti® compressor increases the kinetic energhefltiid flow
and then converts kinetic energy into potentiakrgpén static pressure(Sorokes, 2013).

In gas turbine, Siemens holds the second sharedralb market. Siemens competition for gas turbirerket takes
place through two sections: power generators (SierP®wer Gen (Power Gen) and oil and gas Siemdr& Gas
(SOG). Siemens share in the oil and gas sec&Risthroughout the world(McCoy Power Reports, 2015

In Iran, 207 turbo compressors have been installetioperated by OTC company (OIL TURBO COMPRESSOR)
or are being set up.

As can be seen in figure, SGT-600 is made of dosihét.

The reason for the use of separate shaft in thmtaompressor is to prevent the mechanical effeicpgocessing
gas compressor on the gas turbine. One shaft belemghe gas turbine and the other for the progess
compressor(Siemens Industrial Turbo machinery AR 7).

Gas turbine is consisted of three parts. An air p@ss or to compress air, a combustion chambeffufelr
combustion and air and a turbine to convert eneragy the high-pressure gas from combustion chamber.

Context

Based on the preliminary design of the fourth mfingas compression unit, during the initial stait, of the
processing routes, such as inputs and outpudsropressor, inlet and outlet of knock out drumpatiand input of
external coolers, anti-surge valve should be plitgeprocessing gas. Gas purge is defined as sea@tions or
the discharge and cleaning equipment by gas thestechthe loss of a significant amount of sour gaslyced by
refinery processing units, and wasting energy amis&ons of environmental pollutants, so in ordereéduce
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flaring in the South Pars gas complex, we decidestidy the logic of the START process and to ckaihg quo
status and improve it.

(Gas generator section ; Power turbine section

Combustion i
chamber

Starter

Compressor

Gas i .
Shaft generator IOL'\fCr 51l | cenerator
turbine i | turbine

Air intake : Exhaust

Figure 1. Schematic of turbo compressor with two shafts (Almasi, 2011)

Table 1: Composition of sent flare gasesto South Parsrefinery based on a design of Total Company

H20 3/83 | 97/152
N2 2/8¢€ 0/211
CO2 0/847 | 0/094
H2S 0/044 | 0/139
C1l 73/11 | 2/058
C2 5/98 0/148
C3 8/92 0/629
i-C4 1/59 | 0/0126
C4 1/08 | 0/0198
i-C5 0/284 | 0/800
C5 0/234 | 0/00718
C6 0/143 | 0/0117
C7 0/210 | 0/00629
C8 0/135 0/0
C9 0/93 0/0
C10 0/0 0/0
COS 0/0 0/0
Toluene 0/0 0/0126
Benzene 0/0 0/0307
Xylene 0/0 0/024
Cyclohexane| 0/0 0/0

Table 2 shows the analysis of emissions from thatliorefinery developed by the laboratory. A sigmht
percentage of this gas is consisted of valuablepoamds like 87 percent methane and 5 percent ethise
mentioned before, this gas is used for purginggssdn the units that leads to the high-value gases
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Table 2: Compounds of emitted and sent gasesinto compressor station in thefourth refinery

Composition | Spec| Unit Export Gas
1[N, Mole% 149223
2 | CO Mole% 2/1646
3 | H:S Mole% 0/3881
4 | C Mole% 87/4146
511G Mole% 5/3113
6 | C Mole% 0/9480
7 | i-Cs Mole% 0/1020
8 | n-G Mole% 0/1243
9 | i-Cs Mole% 0/220
10 [ -G Mole% 0/0144
11 [ CeS Mole% 0/008¢
12 | Benzen Mole% 0/0010
13 [ GS Mole% 0/0032
14 | Toluene Mole% 0/0006
15 | Cg' Mole% 0/001
16 | H/C Dew <-10 [ DegC 42/3
17 | HYO Dew <-10 | DegC 25/0
18 | Molecular wt g/mole 18/3
19 [ SP.GR 0/6321
20 | GHV MJI/IM? 37/¢
21 | RSE Ppmmo 13/C

The process of increasing the gas pressure in titetakes place as follows: firstly, refined sagas from
processing unit enters into the first stage of c@sgpor station (106) with 40 bars and then by 66 lmathe second
stage (551). Imported gas to any stage passesck kiut drum and after compression in the compres#b air
coolers is cooled and entered into the pipeline.

In the facilities mentioned, in 106 units, fitebo compressors in arrangement 4 + 1 and fivbo compressors
in arrangement 4 + 1lin 551 units have been irstdlly the transmission capacity of 75 million cutvieters.

Each compressor in the fourth refinery comprestatios is driven by a gas turbine unit manufactusg®iemens -
SGT-600 model. Design conditions for the startadheturbo compressor are in such a way thatyfiratl routes
of refined sour gas are purged by sour gasthed the desired unit is compressed and turbo oesspr is
started.

All of these steps are guided and commissioned ®F tlrbine. According to figure 2, purge operadiamh the start
of turbo compressor are as follows:

1. First, purge is related to knock-out drum disgkacaused by the drain valve (1).

2. Second, purge is related to process compresstes where closure of valve 1 is done and thengkealve is
opened.

3. The third phase is related to the bypass (BYBABSir coolers that is done with the closure afve 1 and
opening of 3 and 5 valves purge operations is domaigh the valve 5.

4. The fourth phase is related to the purge otaiditioners 3 that takes places by valve numban® opening
valve 4through valve 5.

The operation of each turbo compressor takes abmitilites.In all the time(except for the start ofbtoe for
10minutes) the purgegas is directed to the flaseya@l as in emergency conditions and unplannepssichen the
unit is in need of quick starts, the mentioned toaases wasting of gas.

By examining the logic of turbo compressors, figldestigations were begun. In order to maintaire safnditions

for equipment and personnel due to the sensitiver@aof the situation in the respective compressation, the
following strategies are proposed to reduce flainmthe station.
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Figure 2: The gas purge phasesin compression station

Solutions

1. Change the timer on the compressor discharge presgstem
2. Compression of compressor in downtime

3. Change the logic of compressor start stages

In the first strategy, by examining the relevarbgic, we reached to the conclusion that an in@easpressure
compressor timing of the drainage system only cemease up to 24 hours and after this period tessprre is
discharged and has no significant effect in redum¢hre duration of flaring. Therefore, this solutimas excluded
from the study.

In the second solution with studies of mechanicalmenance group, we found that compression otdmepressor
by sour gas damages to compressor seals (exhaudtoga the fourth refinery is not sweetened andoittains
hazardous and corrosive compounds such as H2S).

Damages to the compressor seals are higher compattedhe flared gas. So the second proposed approas
excluded from the study.

In the third solution, by accurate evaluation & thgic of starting phase, some conditions aretecehy instrument
maintenance, and compressor stations operatoefitteca system command face plate so that the mperan start
the process by two methods.

First, completely follow the start process (basege-defined start and setup).

Second, start the purge of the content and sysésterfand pass the start phase faster and withewéas purge
operation.

In the second method, the start of each unit (8® @ normal and uninterrupted start), is abouh@ur reduced to
about 25 minutes by removing the purge processes.

65



Mohammad Jeddi and Ali Eskandari J. Chem. Pharm. Res,, 2016, 8(2):61-67

It is felt more when the unwanted stop preventednab activity of compression station.

In the case of an emergency stop, all the prodaretslirected to flare when they were over 3 milsteindard cubic
feet per day.

In cooperation with various groups of operatioriegaand maintenance of the refinery, steps ofueatatg change,
deletion and change process are conducted oneébgrahby writing the preliminary flowchart. Aftehanges and
pilot testing on one of the units, the projech@erned was completed with the through removalasfrfy at the
start process and significant reductions were &eliat start time.

2.2 Estimated financial savingsin the plan
The flared gas is calculated according to the I@=d conditions for each unit start to the m "H388000 cubic

meters per hour.

This flaring is calculated due to technical caltiolas of opened valve and through the analysisasfressure for a
Siemens compressor unit. Through the studies ohabstart and emergency stop statistics in a yeargonsider
the number of starts per unit per year at leasetim for every compressor unitand6Otimes for 10mSies
compressor units which is equivalent to 5280000ccoieters flaring per hour.

The number of sudden and emergency stops for tive station was considered 15 times that aboirm®d led to a
purge unit to the 84950 cubic meters per day (3ionilcubic feet per day) at the station 17698 cubiters per
hour (424,750 cubic meters per day). By lowering $kart of the unit in the range of 35 minutesiiria will be
reduced to 25 minutes at a rate of 10264 cubters@er hour.

The total flaring (at the normal start and set ugstart and operation in emergency and unintendegsktis
5,290,264 cubic meters per hour.

By examining the price of gas and the world in reogears and the price fluctuations of 30 to 60tsger cubic
meter (US Energy Information Administration (EIA015)), 30 cents rate was considered for per cuolgiters of
sour gas (Natural Gas Europe, 2014) and was csbcugjual to $ 1,587,079.

Table 3: Theamount of CO2 emissions by the Middle East (Tons per year)

2013 | 2012 | 2011 | 2010 | 2009 | 2008 | 2007 | 2006 | 2005 Country Row
0 0 0 0 0 0 0 0 0 Bahrain 1
30/2¢ | 31/2Z | 30/57 | 3C/44 | 29/14 | 30/86 | 28/81 | 29/06 | 22/0¢ | Iran 2
22/6Zz | 21/81 | 17/0< | 1342 | 12/38 | 10/65 | 12/76 | 13/65 | 14/01 | Irag 3
0 0 0.05 | 0.05| 0.05 | 0.05 | 0.05| 0.05| 0.03 | Israil 4
0 0 0 0 0 0 0 0 0 Jordan 5
39/0 | 41/0 | 38/0 | 38/0 | 35/0 | 35/0 | 44/0 | 1.59 | 1.77 | Kuwait 6
0 0 0 0 0 0 0 0 0 Lebanon 7
2/7¢ 2/3¢€ 1/63 2/2¢ 2/5¢8 2/4¢ 2/4¢€ | 2/5: 1/7¢ | Omar 8
0 0 0 0 0 0 0 0 0 Palestin 9
1/34 | 1/27 | 1/08 | 5/40 | 7/66 | 6/94 | 6/18 | 5/98 | 7/53 | Qatar 10
0 0 0 0 0 0 35/0 | 12.0 | 35/05| Saudi Arabia.| 11
0 0 42/.0 | 26/6 | 26/0 | 26/0 | 26/0 | 43/0 | 49/0 | Syria 12
1/85 1/85 1/78 1/76 1/80 1/78 1/62 1/72 1/58 | Emirates 13
56/C 56/C 56/C | 94/C 1/42 85.5 1/13 0 0 Yemer 14
59/88 | 60/50 | 53/50 | 54/98 | 55/64 | 54/26 | 54/12 | 55/18 | 49/57 | The Middle East

2.3 Estimated reduction of environmental pollutants

Natural gas, propane, ethylene, propylene, butadséerd Bhutan make up more than 95 percent of #re fjas
(Kahforoushan, Bezaatpour, & Fatehifar, 2014). Bttdy understand the composition of flare gases,can see
table 1 which has been designed based on the dartgbany design and according to the documents.

Flaring produces a lot of environmental pollutiarcls as NOX, SOX and greenhouse gases such as QGD2@n
and unburned hydrocarbons (BOTT, 2007). Also itseauclimate change and local and regional enviratahe
problems such as acid rain effects on agricultiarests, and other associated physical infrastraqtBaheed Ismail
& Ezaina Umukoro, 2012).
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CO2 and CH4 cause about 80 percent of global wsar@jugwo, 2013). Table 3 shows that Iran holdsrenthan
50% of CO2 emissions from natural flare gas in Middle East (US Energy Information AdministratioBIA),
2015).

Considering that for every million cubic metersgzfs, 60 tons carbon dioxide is produced on averagemay
prevent from emission of 8/316 tons of carbon diexior 5280000 cubic meters per hour(The World B&Gi5).

RESULTSAND CONCLUSION

This plan can be implemented at all compresdatiosis, including Siemens turbo compressors ahdrdturbo-
compressors in compressor station that use gae jati the start and set up of turbo compressors.

Through changes on the logic of SGT turbo congmes600-, the loss of capital at the initial startl operation
can be reduced (loss of 88000 cubic meters of gatiqur in per unit) and prevent sudden and emeygstop and
the production of greenhouse gases.

Reduced start time can decrease operating hoursarase efficiency in turbo compressors.

Since Siemens turbo compressors are constructedssednbled in the country and use of oil and gaxigasing,
capital losses can be reduced and productivitybegimcreased in the project.
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