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INVENTORY AND MODELING OF ATMOSPHERIC VOC EMISSIONS
FROM MAJOR SOURCES IN ALIAGA, iZMiR

ABSTRACT

The objective of this study was to calculate the amount of NMVOCs coming from
industrial facilities in the Aliaga and to estimate their effects in atmosphere under
meteorological and topographical conditions of the region. With this aim, at the
beginning, the required information of industrial facilities in Aliaga were collected,
then NMVOC emissions were calculated by using these information, with the help of
emission factors from literature and a software of USEPA, called TANKS. As a
result of these calculations, it was approximately found that nine thousand seven
hundred tons per year NMVOC emissions had been emitted to atmosphere from
industrial facilities in Aliaga. The highest contributions to these emissions were
coming from petrochemical, oil refining and liquid fuel storage and loading activities
with thirtynine, thirtyfour and nine percentiles respectively. When the results were
assessed according to emission types, it could be seen that the highest NMVOC
emissions had come mainly from storage tanks (thirtyfour percentile), equipment
leaks (twentyeight percentile), liquid loading (twenty percentile), process (seventeen
percentile) and combustion (one percentile). As a second step, contributions of
calculated emissions to air quality of the study area was estimated by using ISCST-
Three dispersion model of USEPA. According to model results the highest pollution
concentrations were found around the petrochemical, oil refinery and fuel loading
and storage facilities; maximum values were about six hundred micrograms per cubic
meter there. A significant NMVOC concentration dispersion could not be seen

around the iron and steel plants because of low emission release from facilities.

Keywords: Aliaga; emission inventory; industrial facilities; non-methane volatile
organic compounds (NMVOCs); TANKS; ISCST-Three.



iZMIiR’iN ALIAGA ILCESI iCiN TEMEL KiRLETICi
KAYNAKLARDAN ATILAN ATMOSFERIK UOB EMiSYONLARININ
ENVANTERI VE MODELLEMESI

0z

Bu calisma ile amaglanan, Aliaga’daki sanayi tesislerinden kaynaklanan ugucu
organik bilesiklerin (UOB) miktarin1 hesaplamak ve boélgenin meteorolojik ve
topografik kosullart altinda hava kalitesine katkilarini tahmin etmektir. Bu amagla
once Aliaga’daki sanayi tesislerine ait bilgiler toplanmis; daha sonra bu bilgiler
kullanilarak, literatiirden emisyon faktorleri ve USEPA’nin TANKS yazilimi yardimi
ile UOB emisyonlar1 hesaplanmistir. Bu hesaplar sonucunda Aliaga’da sanayi
tesislerinden yillik yaklasik dokuzbinyediyliz ton UOB emisyonunun atmosfere
verildigi bulunmustur. Bu emisyonlara en yiiksek katkilar sirastyla yiizde otuzdokuz,
otuzdort ve dokuzluk oranlar ile petrokimya, rafineri ve sivi akaryakit depolama ve
dolum  aktivitelerinden  gelmektedir. Sonuglar emisyon tiirlerine  gore
degerlendirildiginde ise, en yiikksek UOB emisyonlarmin sirasiyla depolama
tanklarindan (yilizde otuzdort), baglanti ekipmanlarindan (ylizde yirmisekiz), dolum
kollarindan (ylizde yirmi), proseslerden (ylizde onyedi) ve yanmadan (yiizde bir)
kaynaklandig1 goriilmiistiir. ikinci asama olarak, hesaplanan emisyonlarin c¢alisma
alaninin hava kalitesi iizerindeki etkileri, USEPA’nin ISCST-Ug adli dagilim modeli
kullanilarak tahmin edilmistir. Model sonuglarina gore en yiiksek kirlilik
konsantrasyonlari petrokimya,rafineri ve akaryakit dolum ve depolama faaliyetleri
cevresinde bulunmustur ki oradaki maksimum degerler altiyliz mikrogram bdli
metrekiip mertebelerindedir. Demir-gelik tesislerinden atilan UOB emisyonlari ¢ok
diisiik seviyelerde oldugundan, buralarda kaydedeger bir UOB konsantrasyon

dagilimi bulunmamastir.

Anahtar sozciikler : Aliaga; emisyon envanteri; sanayi tesisleri; ugucu organik

bilesikler (UOB); TANKS:; ISCST-Us.
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CHAPTER ONE
INTRODUCTION

The hydrocarbon gases and vapours in the air which have a vapour pressure
between 0.13 and 101.3 kPa at ambient temperature and pressure are called volatile
organic compounds (VOCs) (Derwent, 1995). They are one of the most important air
pollutants because of causing undesired ozone formation, promoting the global
greenhouse effect and having toxic effects on human health. VOC inventories are
useful devices to determine the pollutant concentrations, their sources and effects on
earth.

Izmir is one of the most developed cities of Turkey with its industrial activities,
besides the commercial, economical, and social facilities. There are several industrial
areas in the city which contribute to air quality significantly. Aliaga is one of these
areas, even the most important one (Miiezzinoglu et al., 2000), because of having the
most important heavy industrial facilities like an oil refinery, a large petrochemical
industry, a lot of iron and steel plants, fuel and LPG storage and loading facilities,
chemical plants and much more other industrial facilities in its boundaries.
Moreover, it is a popular ever-growing area that, much more industries are planned
to be established here. So that, air quality management studies are very important and

required for this region.

Volatile organic compounds (VOCs) are one of the most important pollutants in
Aliaga (Miiezzinoglu et al., 2000), because of being emitted in large quantities
mainly from oil refining (crude oil processing), petroleum storage and distribution,
solvent usage, chemical processes, metals industries, stationary combustion,
landfilled wastes, food manufacture and agriculture (Derwent, 1995; Passant, 1995),

and Aliaga has the large part of these industrial sectors.

In the previous years, several studies were carried out to determine the
concentration levels of VOCs in Aliaga atmosphere (Eryigit, 2000; Andig, 2008;
Civan et al., 2008; Dogan et al., 2008; Dumanoglu et al., 2008; Elbir et al., 2008).



However these studies included either a few types of VOCs or a few industrial
plants. A detailed study on concentrations of total volatile organic compounds and
for the Aliaga region was not achieved by this time. This study was prepared to
overcome an important deficiency on emission levels and sources of nonmethane
volatile organic compounds (NMVOCs) and their dispersion movements under
certain meteorological and topographical conditions in Aliaga region. With this aim,
at the beginning, the required information of industrial facilities in Aliaga were
collected by the help of the questionnaries and the emissions were calculated. After
the emission calculations, the dispersion of emission values were modeled by using
the ISCST3 Dispersion Model of United States Environmental Protection Agency
(USEPA).

The objectives of this study were;

1. to estimate the NMVOC emissions from industrial facilities in Aliaga
industrial region,
2. to investigate the contribution of these emissions to the air quality under

the meteorological and topographical conditions of the study area.



CHAPTER TWO

LITERATURE REVIEW

2.1 Volatile Organic Compounds (VOCs)

Pollutants can be categorized into two as primary and secondary pollutants.
Primary pollutants are the pollutants that are emitted directly to atmosphere from a
source, while secondary pollutants are the pollutants which come out as a result of
some atmospheric reactions of primary pollutants (Miiezzinoglu, 2003). The most
important secondary pollutant in the literature is ozone and VOCs (volatile organic
compounds) is one of the most important primary pollutants which cause ozone

formation as a result of several chemical reactions in the atmosphere.

There are various definitions about volatile organic compounds in the literature.
The hydrocarbon gases and vapours in the air are generally called volatile organic
compounds in a simple definition. Their vapour pressure at ambient temperature and
pressure are between 0.13 and 101.3 kPa (Derwent, 1995).

According to EPA, the term volatile organic compounds (VOC) defines any
compound of carbon, excluding carbon monoxide, carbon dioxide, carbonic acid,
metallic carbides or carbonates, and ammonium carbonate, which participates in
atmospheric photochemical reactions (USEPA, 2010c). There are some compounds
that have negligible photochemical reactivity. These compounds are mostly
chlorofluorocarbons and also in spite of being important organic compounds,
methane and ethane are not considered as VOC because of their properties of low
reactivity. For this reason, in this study the emissions of only nonmethane volatile
organic compounds were considered and this point forward, the term NMVOC was

used to define the volatile organic compounds emissions.

NMVOC formation can be investigated in two different categories. The first one
has natural origin, which comes from plants, trees, wild animals, natural forest fires

and anaerobic processes in bogs and marshes (Derwent, 1995). The second one is



anthropogenic origin, which includes evaporation of petrol vapours from vehicle
exhausts, oil refining (crude oil processing), petroleum storage and distribution,
solvent usage, chemical plants, metals industries, stationary combustion, landfilled

wastes, food manufacture and agriculture (Derwent, 1995; Passant, 1995).

NMVOC emissions from oil refining, petroleum (liquid and gaseous) storage and
distribution facilities, steel making facilities, chemical processes, petrochemical
activities and some other various industrial facilities and stationary combustion

emissions from all of these facilities are mainly considered in this study.

The term NMVOC defines a large number of pollutants, and all effects of all of
them can not be explained here in detail. But there are some common effects of these
compounds, which can be found in the literature. These common effects can be

b 1Y

discussed under five main headings; “stratospheric ozone depletion”, “ground level
photochemical ozone formation”, “toxic or carcinogenic human health effects”,
“enhancing the global greenhouse effect”, and “accumulation and persistence in the

environment” (Derwent, 1995).

Many organic compounds can reach to stratosphere from atmosphere and as a
result of photolysis and hydroxyl radical destruction, stratospheric ozone depletion
occurs. This is also known as ozone hole formation and is a serious threat for both

humans and natural life balances.

In the ground level, organic compounds take part in photochemical ozone
formation by reacting with the hydroxyl radical in the lack of the NOyx compounds. If
there are enough NOx compounds in the ground level, the hydroxyl radical prefers to
react with NO. But if the hydroxyl radical prefers to react with NMVOC as a result
of lack of NOXx, ozone formation occurs in the atmosphere. This is an undesired case,

because ozone has toxic effects in the lower layers of atmosphere (Eryigit, 2000).

NMVOCs not only effect the humans by ozone formation, but also have

dangerous and harmful effects on people. They can cause cancer and genetic



problems besides developmental disorders and problems on reproductive functions
(Miiezzinoglu, 2003).

Some organic compounds can accumulate in the troposphere and absorb solar or
terrestrial infrared radiation. This causes the greenhouse effect (these organic
compounds are called radiatively active gases). But many compounds act as
secondary greenhouse gases, that means they cause greenhouse effect indirectly. If a
compound reacts to produce ozone in the troposphere or the same compound
increases or decreases the tropospheric hydroxyl radical distribution, it can be
classified as a secondary greenhouse gas (Derwent, 1995).

2.2 Emission Inventories and Preparation Methods

The term emission defines the mass flow rate of a pollutant which is released to
atmosphere from an identified pollutant source. EPA describes the same term as the
gases and particles which are emitted by various sources (USEPA, 2010b). Based on
those definitions, EPA defines the term emission inventory as the quantities of
pollutants measured over a certain period (USEPA, 2010b). It can also be defined as
the list of emission estimates for sources of air pollution in a certain area for a
specified time period is called emission inventory (BAAQMD, 2010). They are
detailed studies which help to identify the main sources of pollutants such as
combustion, industrial processes, product use, agricultural facilities, waste control

facilities, natural sources, etc. (EEA, 2009).

Emission inventories are useful and required tools for both scientific researches
and decision mechanisms of local authorities about air quality management
strategies. Emission maps which show the geographic distribution of emissions, can
be plotted as a result of emission inventories and these maps help in case of land use
planning (Hutchinson, 1997). Hutchinson (1997) also points out that, “Emission
inventories can be used in conjuction with an atmospheric dispersion model to assess

trends in air quality”. According to study, it is also possible to evaluate possible



future scenarios for air quality in the study area, by changing the input data of the

model study.

The emission data are required for the following purposes (Obermeier, Seier,
Friedrich, & Vop, 1992):

¢ identification of main sources of pollutants

e quantification of the objectives of pollution control

e establishment of a basis for evaluation of optimal emission reduction
strategies

e creation of input data for models of transport and chemical transformation

of air pollutants.

To sum up, the existing pollution levels in an area (e.g., country, city, town or
zone) can be determined by using emission inventories. The potential pollutant levels
for the years ahead can be estimated by using various mathematical models or
computer softwares using emission data in inventories. Then prevention strategies
and techniques can be developed by local authorities in association with the
researchers to reduce the emission values and reach the desired air quality levels for
health.

The USEPA reported that (USEPA, 1980; USEPA, 1997), there are mainly four
stages which can be followed to prepare an emission inventory. The first stage is
planning. The purpose of the inventory study and the planned end use should be
explained at the beginning. After this, the pollutants, emission source categories (i.e.,
point, area, line sources) and geographical boundaries of the study area should be
designated. Then a work plan should be prepared to determine the steps for the
creation of the intended inventory. Source category coverage, selection of emission
estimation methods and data management and reporting strategies should be included
in the work plan. A work plan is very important for an emission inventory study to

study systematically and solve the possible problems during the study easily.



The second stage of an emission inventory study is data collection. After planning
the study, the data collection can be started. At this stage, according to type of the
emission source (i.e, point, area, line), questionnaries are prepared and distributed or
meetings with the relevant institutions (e.g., industrial plants and governmental
institutions) are organized to have the required information clearly. The necessary
information are mainly composed of nature of facility, production capacity, raw
material and fuel consumption data. Furthermore, if there is a control device in the

plant to reduce the emissions, it should also be noted in this stage of the study.

The third stage is composed of the analysis of data collected and the development
of emission estimates. In this stage, the collected data should be arranged and
evaluated to use in emission estimations. The emission estimations can be done in
three different ways; the source test method, material balance method and emission
factors method. In source test method, the process conditions and emission
concentrations are reported as a result of direct measurements or monitoring service.
In material balance method, the emissions from solvent evaporation are estimated;
but to achieve this method, the inputs and outputs must be known for each point of
the flow diagram of the process. In emission factors method, some coefficients which
were created in different previous studies as a result of source test or material
balance methods done previously are used to estimate emissions. In fact, in recent
years, emission estimation models (computer softwares) and various calculation
methods are also used to determine the emissions from point, area or line sources. In
this study,emission factors were mainly used to estimate industrial emissions, and
besides them a software, which was produced by USEPA, was also used to estimate

emissions.

The fourth and the last stage of generating an emission inventory is reporting. In
this stage, the results of emission inventory should be expressed clearly with the help
of tables and graphics also. Emission inventories are the tools which can be used
while making researches on air quality of a region, estimating the possible pollution
levels in further years and improving pollution prevention strategies for the region.

This means, different people from various institutions can make benefit of the results



of the mentioned inventory, so that it is very important to present the study results
clearly.

2.2.1 Using Emission Factors to Estimate Emissions

One of the most frequently used emission estimation methods is determining
emissions using emission factors from literature. Emission factors are the coefficients
which are prepared as a conclusion of various emission measurement studies done
before, and they define the amount of pollutants given to the atmosphere per an unit
of activity by a definite source. A general equation for emission estimation with an

emission factor can be seen below (USEPA, 2009).
ER
E=AXEFx(1--23) (2.1)

E :emissions
A activity rate
EF : emission factor

ER : overall emission reduction efficiency (%).

In the literature, there are several reliable emission factor databases which were
generated by USEPA (United States Environmental Protection Agency), EEA
(European Environment Agency), IPPC (European Commission Integrated Pollution
Prevention and Control) and IPCC (Intergovernmental Panel on Climate Change).
There are a huge number of emission factors for various situations in these databases

and they are updated regularly depending on the developments in technology.
2.2.2 Using a Computer Software to Estimate Emissions

Storage tanks are one of the most important constituents of NMVOC emissions in
industrial plants. Although the tanks, which are used for storage, are sheltered not to
exude the contents out, fugitive emissions can be occured from tanks. This cause a

common and important emission problem for industries which have tank farms. So,



The United States (US) Environmental Protection Agency’s (EPA) Office of Air
Quality Planning and Standards (OAQPS) developed a software, called TANKS 4.0,
to determine the fugitive emissions arising from tanks. The working principle of this
software belongs to the emission factors method (USEPA, 1995c¢) and it was created

to accelerate the emission calculation studies.

According to the software, there are 3 tank types; fixed roof tanks, external

floating roof tanks and internal floating roof tanks.

Fixed roof tanks (Figure 2.1) are made up of a cylindrical steel shell and a flat or
dome or cone shaped stationary roof. The tank can have a breather
(pressure/vacuum) vent or can be freely vented. There can be very small changes in
liquid level, temperature or pressure in the tank, and if the system has a breather
vent, these changes do not cause the vapor release from the tank. This is an
advantage of a tank with a breather vent when compared with a freely vented tank.
Fixed roof tanks are also the most economic tank type when compared with the other

tank types in the software.

Breather vent (open or P/V type)

Float gauge conduit —_—

Tank roof and shell
(not insulated)
Gauge-hatch/ o
sample well N X ¥
Roof manhole B 5 1 H P

N [ il— 4
No floating roof >
Stable (nonboiling) ——11 | p,
stock liquid Lo

o
y

Figure 2.1 Fixed roof tank (USEPA, 1995c)
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There are two types of emissions from fixed roof tanks according to the software.
They are storage and working losses. When there is a change in temperature and
barometric pressure, the vapor in the tank expands or contracts, so that a part of this
vapor leaves the tank. This is called standing storage loss (breathing loss). It should
be considered that there is not a significant change in liquid level in the tank in case
of storage loss. There are also other losses which come into existence during liquid
filling and emptying activities and the total of these losses is called working loss.

There is a liquid level change in the tank in this case, opposite of the storage loss.

Emissions from fixed roof tanks can vary according to vessel capacity, vapor
pressure of the stored liquid, utilization rate of the tank and atmospheric conditions at
the tank location (USEPA, 1995c).

The total emission value is composed of storage losses and working losses in
fixed roof storage tanks and it is calculated in the software as shown below (USEPA,
1995¢).

Lr : total losses, Ib year™
Ls :standing storage losses, Ib year™

Lw : working losses, Ib year™

LS = 365 VVWVKEKS (23)

Ls :standing storage loss, Ib year™

Vy : vapor space volume, ft®

Wy : stock vapor density, Ib ft*

Ke : vapor space expansion factor, dimensionless
Ks :vented vapor saturation factor, dimensionless

365 : constant, the number of daily events in a year, (year)™
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Here, Vv is the function of the tank diameter and effective height of tank; Wy is
the function of molecular weight of vapor, pressure of vapor at daily average liquid
surface temperature. Kg is the function of vapor temperature, ambient temperature,
solar insolation or the function of vapor temperature, vapor pressure, breather vent
pressure, atmospheric pressure and average liquid surface temperature; one of these
two functions can be selected according to the values of true vapor pressure of the
liquid in the tank and the breather vent settings (pressure/vacuum values). Finally, Ks
is the function of vapor pressure at liquid surface temperature and heights of tank and

liquid.

LW - 0.0010 MV PVA Q KN KP (24)

Lw : working loss, Ib year™

My : vapor molecular weight, Ib (Ib mole)™

Pva : vapor pressure at daily average liquid surface temperature, psia
Q :annual net throughput, bbl year™

Ky : working loss turnover factor, dimensionless

Kp : working loss product factor, dimensionless

Here, Kp is a constant that changes according to the liquid type. Ky is a function
of turnovers per year. Q is the annual net throughput and it is calculated by the
multiplication of tank capacity and annual turnover rate. Py times My is equal to the
multiplication of Wy, the idle gas constant (R) and daily average liquid surface
temperature (T_a).

Floating roof tanks have two different types; external (Figure 2.2) and internal
(Figure 2.3) floating roof tanks. Although their construction mechanisms are
substantially same, there are some differences between them. Both of them are made
up of a cylindrical steel shell and a floating roof on the liquid content. The floating
roof goes up and down according to the change of liquid content level in the tank.
The tank system also contains a deck, fittings and rim seal system. The deck is in
contact with the tank wall with the rim seal system. The purpose of the floating roof
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and the rim seal system is to reduce the evaporative loss of the stored liquid. The
difference is the fixed roof above the floating roof which is available in internal
floating roof tanks, while the external one has an open-top. Also, the internal floating
roof tanks have a lighter floating deck than the external one; this is also another
difference (USEPA, 1995c).

Open top (no fixed roof)

Overflow drain Access hatch
Gauge hatch/
Deck leg sample port
Solid guidepole
(unsk )
Vacuum breaker
Gauge float
Rim seal
(mechanical-shoe) I

Tank shell

Rim vent

Figure 2.2 External floating roof tank (USEPA, 1995c¢)

Emissions of external and internal floating roof tanks are composed of withdrawal
losses and standing storage losses. When the floating roof goes down depending on
the decrease of liquid level in the tank, a part of liquid remains on the inner part of
the tank wall (on the upper part) and this liquid remains evaporate. This is called
withdrawal losses. Rim seal, deck fitting and deck seam losses are the constituents of
standing storage losses. There is also a little amount of breathing losses which occur
during the pressure and temperature changes, that can be considered under the

standing storage losses. The total emissions of a floating roof tank are the sum of the
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withdrawal and standing storage losses and their calculation equations are described
below (USEPA, 1995c).

Peripheral roof vents Fixed-roof center vent

Fixed roof
(column-
supported)

Rim seal M i < Tank shell
(vapor-mounted) 2 & i i
Sampie port
Vacuum breaker-
Ladder '——— Gauge float
Deck leg Fixed-roof
support column
Access hatch Deck drain

Figure 2.3 Internal floating roof tank (USEPA, 1995c¢)

Floating roof tank emissions are estimated for two different conditions; the first

one is normal operation and the second one is roof landing situation.

For normal operation;

LT = LR + LWD + LF + LD (25)

Lr :total loss, Ib year™

Lg :rimseal loss, Ib year™
Lwo: Withdrawal loss, Ib year™
Lr : deck fitting loss, Ib year™
Lo :deck seam loss, Ib year™
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Lp is considered for bolted internal floating roof tanks only. In the study, all of the
internal floating roof tanks are acknowledged as welded. So the emissions are always

equal to zero in the study.
LR = (KRa + KRb Un) D P* MV KC (26)

Lr :rimseal loss, Ib year™

Kra : zero wind speed rim seal loss factor, Ib-mole (ft year)™

Kro : Wind speed dependent rim seal loss factor, Ib-mole ((mph)"ft year)™
v :average ambient wind speed at tank site, mph

n :seal-related wind speed exponent, dimensionless

P~ :wvapor pressure function, dimensionless

D :tank diameter, ft

My : average vapor molecular weight, Ib (Ib-mole)™

K¢ : product factor depending on the stored liquid type

Here, P” is a function of atmospheric pressure and vapor pressure at liquid surface
temperature. Kgra, Kgrp and n factors can be taken from a table in which the factors
alternate according to the rim-seal system type. Average ambient wind speed (v) and
tank diameter (D) are requested directly by the software to be entered by the user.
My is taken from the related table depending on the stored liquid. Finally, K¢ is a

constant value which alternates according to the liquid.

Luyp = (0.943) Q CsW, 2.7)

D
Lwo: withdrawal loss, Ib year™
Q :annual throughput, bbl year™
Cs : shell clingage factor, bbl (1,000 ft?)*
W, : average organic liquid density, Ib gal™
D :tank diameter, ft
0.943 : constant, 1,000 ft* gal bbl™
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Here, Q is the multiplication value of tank capacity and annual turnover rate. Cs is
a factor which can be read from a table, and alternates depending on the stored
product (like gasoline or crude oil) and shell condition (light rust, dense rust or
gunite lining). W\ is selected from the related tables according to the stored product

and finally D is entered to the software by the user.
LF = FF P* MV KC (28)

Le : the deck fitting loss, Ib year™

Fe :total deck fitting loss factor, Ib mole year™
P" : vapor pressure function, dimensionless
My : vapor molecular weight, Ib (Ib mole)™

K¢ : product factor depending on the stored liquid type

Here, Kc, My and P™ are known from the previous equations. Fr is a new

definition and calculated as below;
Frp = [(NFl Kp1) + (Npz Kpz) + -+ + (Nan Kan )] (2.9)

Ng : number of deck fittings of a particular type (i =0,1,2,...,nf), dimensionless
Kr : deck fitting loss factor for a particular type fitting (i = 0,1,2,...,nf), Ib mole
year!

ne : total number of different types of fittings, dimensionless

For roof landings;

Ly, = Lg + Lpyg (2.10)
Ly, : total losses during roof landing, Ib per landing episode

Ls. : standing idle losses during roof landing, Ib per landing episode

Lr_ : filling losses during roof landing, Ib per landing episode



16

When the storage tank is emptied, the roof no more floats on the surface of the
liquid and it lands on deck legs. During the drop of liquid and landing on deck legs
(with a little liquid in the tank, this is also called liquid heel), a vacuum condition
arises. This is a dangerous situation, because of the vacuum the roof can collapse. To
avoid the danger, an equilibrium should be created in pressure; so a breather vent
must be used. This vent remains open while the roof is landed. The vapor that occurs
in this time period goes out of the tank by using this breather vent and is called

standing idle loss (Figure 2.4).

% I Standing Idle
== with a Liquid Heel
P
_ Depth of
Daily liquid heel
breathing is sufficient
expels vapors to continue
from under to support
the deck.—\\ breathing loss
Sy

Figure 2.4 Standing idle with a liquid heel in floating tanks
(Troxel, 2009).

In external floating roof tanks with a liquid heel, the wind affects the emission
releases from the tank. Because the wind causes the liquid vapor to go out of the tank
and the liquid produces vapor again to fill the space under the roof (Figure 2.5)
(USEPA, 1995¢).

LSLwind = 0.57 ng D pP* MV (211)
LsLwind  daily standing idle loss due to wind, Ib day™

Ng : number of days that the tank is standing idle, days

D : tank diameter, ft

= > a vapor pressure function, dimensionless

My : stock vapor molecular weight, Ib (Ib mole)™
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I Wind Effect
on EFRT

Standing 1dle
loss from an
EFRT with a
liquid heel 1s
accelerated
by wind.

e a=gpe
S| T
Figure 2.5 Wind effect on external floating rood tanks (Troxel,
2009).

Ly = (52 My (Cor 5) (2.12)

Lr_ : filling loss during roof landing, Ib

P :true vapor pressure of the liquid within the tank, psia

Vv : volume of the vapor space, ft*

R :ideal gas constant, 10.731 psia ft* (Ib mole °R)™*

T :average temperature of the vapor and liquid below the floating roof, °R

My : stock vapor molecular weight, Ib (Ib mole)™

Cs : filling saturation correction factor, dimensionless

S :filling saturation factor, dimensionless (0.60 for a full liquid heel; 0.50 for a

partial liquid heel)

Here, S is a dimensionless factor that alternates according to the liquid heel to be
full or partial. Cy is calculated as a function of standing idle losses with and without
the wind effect.

A group of data should be entered into the software in four main steps. These are
identification, physical characteristics, site selection and tank contents. At the
beginning, an identification number should be given for the tank that will be defined,
and the definitive notes should be added in the identification step. In physical

characteristics step, tank dimensions, shell and roof characteristics and breather vent
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settings should be entered. In the other step, the location of the tank must be defined
and the meteorological properties of the location should be described into the
software. Finally the liquid in the tank should be selected from the list in tank
contents step or if it does not exist in the list, it should be defined in the software
with its specific characteristics like density, molecular weight, vapor pressure for
different temperatures and etc.

2.2.3 Using an Emission Factor Based Method to Estimate Emissions

Petroleum and petrochemical liquid loading facilities are also an important source
of volatile organic compound emissions to the atmosphere. These emissions from
loading facilities are called loading losses. Loading losses can occur at three stages.
While the liquid in the tank is being emptied, it evaporates at the same time; this is
the first type of emission. There are always liquid residues in the tank after a liquid is
being emptied, and in spite of being empty, an evaporation occurs in the tank; this is
the second type emission. Finally, while the new liquid is being loaded within the
tank, the third type of evaporation occurs. These three type of evaporations constitute
the total loading losses.

There are two types of loading methods; splash loading and submerged loading.
In splash loading (Figure 2.6), a pipe is swung into the tank and the liquid is loaded
into the tank from above. A liquid turbulence comes into existence while the liquid is
loaded and a vapor-liquid contact occurs in this type of loading; vapor generation and

losses are relatively higher.

Figure 2.6 Splash loading method (USEPA, 1995d)
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In submerged loading, there are two methods; submerged fill pipe (Figure 2.7) and
bottom loading (Figure 2.8). The pipe is swung into the tank from above again in
submerged fill pipe method, but it’s different from splash loading because the end of
loading pipe is almost at the bottom of the tank and after a short while it is
submerged by the liquid. In bottom loading method, there is a fixed pipe under the
tank and the liquid is loaded from that pipe. Both submerged loading methods cause

less emissions than splash loading method.

VAPOR EMISSIONS /- FILL PIPE

CARGOD TANK

Figure 2.7 Submerged fill pipe method (USEPA, 1995d)

VAPOR VENT
T0 RECOVERY
OR ATMOSPHERE

HATCH CLOSED

CARGO TANK

Figure 2.8 Bottom loading method (USEPA, 1995d)

Emissions from liquid loading facilities can be estimated as explained below by
the reference of USEPA (1995d).

SPM

L, = 12.46 (2.13)

L. : loading loss, pounds per 1000 gallons (Ib (10° gal)™) of liquid loaded
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: a saturation factor

: true vapor pressure of liquid loaded, psia
- molecular weight of vapors, Ib (Ib mole)™

: temperature of bulk liquid loaded, °R
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Here, T should be known. M and P can be selected from Table 2.1 and Table 2.2

and S should be selected from Table 2.3.

For marine vessels, for products other than gasoline and crude oil, the saturation

factor (S) can be selected from Table 2.2. If there is a marine loading of gasoline,

emission factors from Table 2.4 should be used to estimate the NMVOC emissions.

If the product is crude oil, equations 2.14 and 2.15, and Table 2.5 should be used.

Table 2.1 Properties of selected petrochemicals.

_ Mole_cular Liquid Density Vapor
Petrochemical Name Weight 1 Pressure
Ib (b moley™ | "0 (@) osi
Acrylonitrile 53.06 6.8 5.2
Benzene 78.11 7.4 4.2
Paraxylene 106.20 7.2 6.2
Monoethylene glycol 62.07 9.3 5.2
Diethylene glycol 106.12 9.3 5.2
Ortoxylene 106.20 7.2 6.2
Vinyl chloride 62.5 7.7 5.2
Hexane 86.2 5.9 5.2
Heptane 100.20 5.9 5.2
Acetic Acid 60.05 8.8 9.6
Propylene 42.08 4.4 5.2
Butadiene 54.70 5.1 5.2
Toluene 92.14 7.3 4.2
Ethylene 28.05 4.7 3.4
Ammonia 17.03 5.7 34




Table 2.2 Properties of selected petroleum liquids (USEPA, 1995c)

Vapor Liquid True Vapor Pressure, Py (psi)
Molecular Densit
Petroleum Weight At 60"151
Liquid At 60°F, W 40°F 50°F 60°F 70°F 80°F 90°F 100°F
My 1 (ga®
Ib (Ib mole)

Crude oil
P 5 50 71 18 23 28 3.4 40 48 57
Distillate 130 71 0.0031 0.0045 0.0065 0.0090 0.012 0.016 0.022
fuel oil No. 2
Gasoline
g 68 56 23 2.9 35 43 5.2 6.2 74
gf‘fg';”g 68 56 25929 3.2079 3.9363 4.793 5.7937 6.9552 8.2952
gf‘f;'g”g 68 56 27888 3.444 4.2188 5.1284 6.1891 7.4184 8.8344
Gasoline
2UP 10 66 56 3.4 42 5.2 6.2 7.4 8.8 105
Gasoline
2UP 115 65 56 4.087 4.9997 6.069 7.3132 8.7519 10.4053 12.2949
Gasoline
UP 13 62 56 47 57 6.9 8.3 9.9 117 138
Gasoline
D 135 62 56 4.932 6.0054 7.2573 8.7076 10.3774 12.2888 14.4646
Sffg'igeo 60 56 5.5802 6.774 8.1621 9.7656 11.6067 13.7085 16.0948
Jet kerosene 130 70 0.0041 0.0060 0.0085 0.011 0.015 0.021 0.029
Jet naphtha
0Pt 80 6.4 08 1.0 13 16 1.9 24 27
El‘;s'g“a' oil 190 7.9 0.00002 0.00003 0.00004 0.00006 0.00009 0.00013 0.00019

T¢
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Table 2.3 Saturation (S) factors for calculating petroleum liquid loading losses (USEPA, 1995d)

Cargo Carrier Mode of Operation S Factor

Tank trucks and rail tank cars | Submerged loading of a clean cargo tank 0.50
Submerged loading: dedicated normal service 0.60
Submerged loading: dedicated vapor balance 1.00
service
Splash loading of a clean cargo tank 1.45
Splash loading: dedicated normal service 1.45
Splash loading: dedicated vapor balance service 1.00

Marine vessels* Submerged loading: ships 0.2
Submerged loading: barges 0.5

*For products other than gasoline and crude oil.For marine loading of gasoline, factors from Table 2.4

should be used. For marine loading of crude oil, Equations 2.14, 2.15 and Table 2.5 should be used.
CL = CA + CG (214)

C. : total loading loss, Ib (10° gal)™ of crude oil loaded

Ca : arrival emission factor, contributed by vapors in the empty tank
compartment before loading, Ib (10° gal)™ loaded

Cc : generated emission factor, contributed by evaporation during loading, Ib
(10° gal)™ loaded

Cs = 1.84(0.44 P — 0.42) =~ (2.15)

Ce : generated emission factor, contributed by evaporation during loading, 1b/10°
gal loaded

P :true vapor pressure of loaded crude oil, psia

M : molecular weight of vapors, Ib (Ib mole)™
G :vapor growth factor = 1.02 (dimensionless)
T

- vapor temperature, °R, (°F + 460)

Ca and Cg factors are for total organic carbons. NMVOC factor can be calculated
by multiplication of Ca and Cg factors with 0.85 (USEPA, 1995d).
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Table 2.4 Volatile organic compound (VOC) emission factors for gasoline loading operations at

marine terminals (USEPA, 1995d)

Vessel Tank Previous Ships/Ocean Barges Barges
Condition Cargo mg I"* Ib (10° gal)™ mg I Ib (10° gal)™*
Transferred Transferred Transferred Transferred

Uncleaned Volatile 315 2.6 465 3.9

Ballasted Volatile 205 1.7 - -

Cleaned Volatile 180 15 - -

Gas-freed Volatile 85 0.7 - -

Any Nonvolatile 85 0.7 - -

condition

Gas-freed Any - - 245 2.0
Condition

Typical Any 215 1.8 410 3.4

overall Condition

situation

Table 2.5 Average arrival emission factors (Cp), for crude oil loading emission equation (USEPA,

1995d)
Ship/Ocean Barge Tank Previous Cargo Arrival Emission Factor,
Condition Ib (10° gal)™
Uncleaned Volatile 0.86
Ballasted Volatile 0.46
Cleaned or gas-freed Volatile 0.33
Any condition Nonvolatile 0.33

2.3 Dispersion Modeling

Creating an emission inventory is the first step of an air quality assessment. The
emission inventory can give an idea about the amount of a pollutant; but its
dispersion with meteorological conditions on air, corresponding pollutant
concentrations and effects on air quality can be estimated by using special dispersion
models. Activating a mathematical simulation which is used to simulate the
behaviour of air pollutants in the ambient atmosphere under certain meteorological
conditions is defined as dispersion modeling. The dispersion models achieve the
estimation of downwind concentrations of air pollutants emitted from various
sources (e.g., industrial, domestic or traffic based). There are many special computer

programs, achieving dispersion modeling (i.e., BLP, CALINE3, CDM2, ISCST3,
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MPTER, PTPLU, etc.) created by various organizations. In this study the Industrial
Source Complex Short Term Model (ISCST3) of USEPA was used to estimate the
dispersion of industrial based NMVOCs on Aliaga; because it was a widely-used

program in similar previous studies.

Modeling is a cheap and easy way to comment on air quality of an area when
compared with air quality monitoring activities. Monitoring activities require special
and long periods of time, special devices and money correspondingly. But modeling

can be realized any time in anywhere in which a computer exists.

Dispersion modeling is an easy way of estimating the concentrations of a
pollutant under various meteorological and geographical conditions. The most
widely used models are based on Gaussian distribution (Godish, 1997). ISCST3 is
also a steady-state Gaussian plume model that can be used to estimate pollutant
concentrations from various sources (e.g., stacks, storage tanks, liquid loading
pipelines and pipeline equipments in this study) of an industrial facility. The model
calculates the concentrations according to the following equation of Gaussian
distribution given below with equation number 2.16 (Cooper, & Alley, 1994,
USEPA, 1995b). The coordinate systems, used in Eq. 2.16, are applied as shown in
Figure 2.9.

exp (— Y ){exp [— (Z_H)Z] + exp [— (ZZJ;ZIZ)Z]} (2.16)

Coey.zmy = 20,7 20,2

2mucy, oy

C : steady-state concentration at a point (x,y,z), pg m™

Q :emissions rate, ug s™

oy, oz . horizontal and vertical spread parameters, m (the functions of distance, X,
and atmospheric stability)

u :average wind speed at stack height, (m s™)

y : horizontal distance from plume centerline, m
z :vertical distance from ground level, m
H

. effective stack height (the sum of physical stack height and plume rise), m
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The assumptions about Eq. 2.16 are given below;

e the turbulence is the same for anywhere,

e oyand o, are the functions of distance, X,

e the wind speed and wind direction are constant at the plume layer,

o the plume dispersion is a Gaussian distribution. oy and o, are the standard,
deviation values of plume concentration distribution in lateral and vertical
directions,

¢ the total reflection occurs in the ground surface; a storage in this surface or

a reaction with this surface are not possible.

z Plurme
[ certerline

Pollut arit

Hz = &ctual stack height
Hea = Effective stack height
= polutant release height

= Hg + &ih
fh = plume rise

Figure 2.9 Coordinate systems for Gaussian plume model.

2.4 Previous Studies

Emission inventories have been prepared for different areas all over the world for
many years. Elbir (1997) treated the emission inventories for different scales of
important organizations and project teams those had been carried out till the year
1997 in his study. Generation methods, similarities and differences of different
emission inventories were investigated by exploring the important inventories of
OECD-MAP, CEC-CORINAIR, ECE-EMEP and much more in this study. Elbir

mentioned a local scale emission inventory study in his work. The aim of that study
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which was achieved by Miiezzinoglu, Elbir, Bayram, & Seyfioglu (1997), was to
identify the major air pollution sources and emission levels of Izmir for the year
1996. In the study, emissions from industrial facilities, domestic heating and traffic
were considered. The emissions were estimated by the use of emission factors
together with the fuel consumption values for each source. The emission factors were
taken from Corinair and USEPA’s databases. At the end of the study, it was found
that, in Turkey, 9% of SOx, 6% of NOx, 3.5% of NMVOC and 3.5% of CO
emissions were originated from Izmir. When these values were evaluated according
to only industrial pollution, 30% of SOx, 18% of NOx and 52% of CO were
originated from Izmir. It was specified in the study results that, this was because of
the use of poor quality fuels and inappropriate technology use in industrial facilities.
According to the study, industries were the main pollutant sector for SOx and
NMVOC, while for NOx and CO traffic was the main pollutant sector in Izmir in
1996.

The same project group (Miiezzinoglu et al., 2000) created a regional emission
inventory for the Aegean Region in Turkey then, as a follow up study. In that study,
the same approach was used to estimate industrial, domestic and traffic emissions;
the fuel consumptions and emission factors were used together for seven cities in the
region. At the end of the study, Izmir was found to have the highest emissions for
both industrial and domestic heating sectors. Specialized result for Aliaga in that

study was 10,645 tons year* NMVOC emissions.

In 2004, again Elbir & Miiezzinoglu (2004) published an article which reports the
emission values of izmir, for the year 2000; coming from point (industrial), line
(vehicular) and area (domestic) sources. In that article, it was specified that SO, was
the major pollutant with 84,271 ton year™ total emission value in Izmir and the most
pollutant sector for this pollutant was the industry with 74,443 ton year™. For PM,
the most polluting sector was domestic heating with 14,697 ton year™ and for NOX,
the most polluting sector was the traffic with 29,711 ton year™. According to the
study results, the petroleum refinery and the petrochemical industry were found as

the largest sources of air pollution.
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When looked at national scale, the study of Agagayak (2007) can be viewed. In
this study, an emission inventory was prepared for Turkey by considering the
emissions coming from mobile sources, small combustion processes, large
combustion plants and the most important industrial processes. Study results showed
that, Istanbul, Ankara and Izmir had the highest pollution levels. NOx was the most
emitted pollutant from mobile sources. PMj, emissions came from industrial
combustion processes and cement production at first. Power plants were the main

contributories of SO, emissions with a percentage of 67% of all pollutant sectors.

Another country based emission inventory was prepared for Thailand by Pham,
Manomaiphiboon, & Vongmahadlek (2008). In this study, emissions from power
plants and industrial facilities were estimated using fuel consumptions. In the
inventory, the examined pollutants were nitrogen oxides (NOx), sulfur dioxide (SO5),
carbon monoxide (CO), non-methane volatile organic compounds (NMVOC),
ammonia (NHs;), organic carbon (OC) and black carbon (BC). Emissions were
calculated by the multiplication of activity rates (i.e., fuel consumption values) and
emission factors. The emission factors were selected from different sources; from
USEPA, IPPC, and different previous studies of other scientists. At the end of the
study, the total annual NMVOC emissions of power plants due to fuel consumption
were found as 6.1x10° tons. For industrial facilities this number was found as
33.4x10° tons NMVOC emissions (due to fuel consumption), and 76.0x10° tons
NMVOC emissions due to industrial processes. It was reported that the Central and
Eastern regions of the country emitted the 70%-80% of the national emissions from
industrial facilities and the largest emissions came from Food and Beverage,
Chemical and Non-Metal industries. Large NMVOC emissions were seen in Food
and Beverage industry and large CO emissions were seen in Paper industry.
Petroleum facilities also emitted large amount of NMVOC, i.e., it was approximately

equal to half of NMVOC emissions from total industrial processes.

In another study, Srivastava & Majumdar (2010) prepared an inventory of
evaporative non-methane hydrocarbons for four metro cities (Delhi, Mumbai,
Chennai and Kolkata) in India for the time period of April 2003 to March 2004. The
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evaporative emissions from activities of dry cleaning, architectural surface coating,
automobile refinishing, newspaper printing, petrol loading, petrol refuelling,
computer printers, commercial consumer product, graphic art applications, and also
emissions from transit losses and fuel evaporation losses from vehicles during
different conditions were considered in the study. Various emission factors were
accepted for these activities by making assumptions in line with related information
taken from the relevant institutions. Finally, it was found that, evaporative emissions
existed highest to lowest in Delhi, Chennai, Mumbai and Kolkata respectively. The
total evaporative emissions of hydrocarbons were calculated as 3.7683 Gg year™ at
these four metros. The highest emission values in these cities were from vehicular
activities; with a value of approximately 96% of the total evaporative emissions.
Also surface coating, consumer products, graphic art printing, petrol refuelling,
loading/unloading and dry cleaning activities were the major responsible of these

emissions.

When the literature is examined, a detailed emission inventory of total NMVOCs
for Aliaga can not been found; although there are several measurement studies of
different organic compounds for the town. The first study about NMVOC
concentrations in Aliaga (Eryigit, 2000) includes the measurements of benzene,
toluene, xylenes with gas chromotography, using the sampling method of activated
carbon adsorption, and formaldehyde with two different colorimetric methods. The
results were found as 101-180 pg m™ for formaldehyde while 0.8-35.5, 0.4-100.7,
7.3-25.6, 5.6-97.1 and 5.6-28.8 pg m™ were detected for benzene, toluene, p-xylene,
m-xylene and o-xylene respectively. The second study (Andig, 2008) is a passive
sampling study of twenty-three different volatile organic carbons. Four of them,
called BTEX (i.e., benzene, toluene, ethyl benzene and xylene) were also examined
in detail because of having harmful effects on human health. As a result, it was
found that styrene, 2-methylhexane and toluene were respectively the most abundant
compounds in Aliaga and the highest NMVOC concentrations were detected around
the refinery and petrochemical industry. In other studies (Civan et al., 2008; Dogan
et al., 2008; Dumanoglu et al., 2008) passive and active sampling methods were

applicated to determine the NMVOC concentrations in Aliaga. These studies indicate
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that, highway traffic and domestic heating are effective on NMVOC pollution, but
the highest concentrations come from industrial facilities in the region, and mainly
from refinery and petrochemical industry. From this point of view, Elbir and
colleagues (2008) examined the NMVOC emissions from storage tanks and liquid
loading facilities of petroleum refinery in Aliaga. The NMVOC emissions from
storage tanks were found as 85 tons year™, while the emissions from liquid loading
were 1,162 tons year™. In the study, NMVOC concentrations were measured also

near five different tanks and the values changed between 229 to 3577 ug m=.



CHAPTER THREE
MATERIALS AND METHODS

3.1 Study Area

Aliaga is a town of Izmir which is located in the northern part of the city with its
surface area of 412.5 km?. It is surrounded by Manisa on the East, Bergama and
Dikili on the North, Menemen on the South and Foga on the Southwest directions.
The West border is Aegean Sea. There are Dumanli and Yunt (~1000 m) Mountains
around the town. Giizelhisar is the only watercourse within the town boundaries with
an average flowrate about 3.71 m® s (Aliaga Municipality, 2009). There is also a
dam on this brook, called Giizelhisar Dam, which was constructed by Petkim
Petrochemical Company and managed by DSI (General Directorate of State
Hydraulic Works) to supply the water demand of Petkim and other industrial plants
in the zone besides drinking and other usage demands. The dam has a volume

capacity of 158 million m®.

The dominant climate type is the mild Mediterranean climate in Aliaga. This
means that winters are mild and rainy, and the summers are hot and arid. In winter,
northerly winds are dominant in the town but in summer, the breeze comes from
West and refreshes the environment. The average temperature in Aliaga in winter is
about 10°C and the coldest month is January while the average temperature is
between 24 — 27 °C in summer. The dominant vegetation is compatible with the

climate type; so it has very few forests but lots of maquis shrublands.

Aliaga has a human population of 63,503 according to 2009 population census
(TUIK, 2010). 51,108 people of this value live in the centre of the town and 12,395
people live in the surrounding villages (TUIK, 2010). The ratio of men population to
women is approximately 1.02 in the town (TUIK, 2010).

Aliaga is one of the most developed towns of Izmir in terms of industrial

facilities. The first industrialisation activities started at seventies with establishments

30
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of the refinery and the petrochemical industry. Several liquified gas filling and
storage facilities, arc furnaces and rolling industries were established later. In the
town, private sector investments are established in eighties, and especially in the
second half of the nineties, they became accelerated. Today, there are a lot of iron
and steel industries, gas and liquid fuel filling, storage and sale facilities, ship
breaking facilities, paper and fertiliser industries, rolling mills and other various
industries in Aliaga besides the refinery and the petrochemical industry (Figure 3.1).
There are also 3 power plants, using natural gas, which have installed powers of 250
MW, 180 MW and 1532 MW (Aliaga Municipality, 2009) in the town.

SHIP-BREAKING
FACILITIES AREA
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LPG LOADING
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LiE@E
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Figure 3.1 Study area and the industries in Aliaga town.
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In Aliaga, there are 15 iron and steel plants; 10 of them have only rolling mills,
and the others have both steel mills and rolling mills. In steel mills, the scrap iron is
melted in electric arc furnaces with the help of carbon electrodes and NMVOC
emissions come out during this process. In rolling mills, hot rolling technology is
used to produce billets and various steel profiles from steel ingots. The ingots are
heated in reheating furnaces and then passed through the cylinders. The lubricating
oil between the cylinders become evaporated while the steel ingots are passing and

this cause NMVOC emissions during the process.

There is an important oil refinery in Aliaga which was established in 1972 and
now have a crude oil processing capacity of 11 million tons per year. The main
NMVOC sources in the refinery are storage, product loading and handling facilities,
fugitive emissions from pipeline equipment (e.g., valves, flanges, etc.) and flare

systems.

Aliaga is an inviting place for liquid fuel loading and LPG loading facilities
because of the refinery in the region. There are 5 liquid fuel loading and 7 LPG
loading plants in the town. Liquid fuel loading plants emit NMVOC from storage
tanks, liquid loading activities and leaks from equipment like valves, flanges and etc.
Also, LPG loading facilities cause NMVOC emissions from equipment leaks and
bottle painting; but there is not any emissions from storage tanks, because of being

pressurized and not having breathers.

The petrochemical industry is also an important NMVOC emissions source in the
region. The volatile organic emissions come from almost every product’s
manufacture (i.e, aromatics, ethylene, propylene, polyethylene, polypropylene,
terephtalic acid, acrylonitrile, vinyl chloride monomer and ethylene dichloride).

There are also 5 plants in the region which emit NMVOC emissions in remarkable
levels as a result of chemical processes. They work generally about paint or other

chemicals manufacture.
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In addition, there is a solvent reclamation plant in the region. A reclamation plant
have several steps, which causes volatile organics, like solvent storage and
condensation. Also fugitive emissions from loading and spillage are available.
Additively, equipment leaks are available in spite of not having a special emission

factor in the literature.

There are also 8 coal screening plants in Aliaga. In 4 of them, coal drying which is
one of the processes that causes NMVOC emissions, is applied besides the breaking

and screening processes.

Besides these plants, there are also other various industrial activities in Aliaga like
ship breaking, mineral oil, paper production, etc. which are also considered in the
study. It was assumed that, there was no evaporation in mineral oil facilities because
of using heavy oils, so there were no NMVOC emissions. Emission factors for ship
breaking facilities could not be found in the literature, so this industry type was
neglected in the study. The literature (EEA, 2009; IPPC, 2009; USEPA, 2009) points
out that paper industries had the considerable VOC emissions from pulp production.
But the paper factory in Aliaga does not produce pulp, they buy the pulp from an
other company; so these emissions were neglected in the study. The NMVOC

emissions from printing units were also neglected in the study.

3.2 Emission Estimations

Eight different industrial sectors were mainly considered as NMVOC sources in
the town. These were oil refinery, petrochemical, chemical, iron and steel, liquid fuel
storage and loading, LPG storage and loading, coal drying, and electricity production
sectors. Besides these, there were also other various facilities in Aliaga like ship
breaking, mineral oil, paper, and etc. production subjects which were also considered

in the study. They were counted under “others” title as a ninth sector in the study.

NMVOC emissions were calculated in five different classes. These were

emissions from process, combustion, storage tanks, liquid loading facilities and
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equipment leaks (Table 3.2). Process emissions referred to NMVOC emissions those
came into being during the main process of the facility. As an example those could
be the NMVOC emissions while the scrap iron was melted in the arc furnace in iron
and steel industries. Combustion emissions referred to the emissions from boilers in
plants. There was an exception for electricity production plants that their emissions
were considered as process emissions although they came from combustion; because
it was the main process of these plants. On the other hand, combustion emissions
referred to the emissions from small boilers generally for heating. Both of these
emissions (i.e., process and combustion) originated from almost every plant. But
emissions from storage tanks, liquid loading and equipment leaks came only from oil
refinery, petrochemical industry, liquid fuel storage and loading facilities and a few
chemical plants. LPG storage and loading facilities had only equipment leak
emissions besides the bottle painting emissions. There was not a different emission
class for bottle painting emissions; they were considered as process emissions for
LPG storage and loading facilities in this study.

In the study, process, combustion and equipment leak emissions were calculated
by using emission factors from the literature (EEA, 2009; IPPC, 2009; USEPA,
2009). Emissions from storage tanks were calculated by using a software, called
TANKS 4.0, which was produced by USEPA and liquid loading emissions were
calculated by using a special method (USEPA, 1995d) from USEPA again (Table
3.1).

Table 3.1 Methods used in emission estimations.

o Computer Emission Factors
Emission Factors o
Software Based Liquid
Method .
(TANKS 4.0) Loading Method
Process Emissions
Combustion Emissions
Storage Tanks Emissions X
Liquid Loading Emissions X
Equipment Leaks Emissions X
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Table 3.2 Classification of emissions according to industrial sectors.

Sources of Emissions

Sectors _ Storage Liquid Equipment
Process | Combustion .
Tanks Loading Leaks

Chemical Processes X

Coal Drying

Electricity Production

X| X| X| X

Iron and Steel Production

Liquid Fuel Storage and
Loading

LPG Storage and Loading X

Petrochemical Production

Oil Refinery

Other

3.2.1 Combustion Emissions of an Oil Refinery and a Petrochemical Plant

There were 2 major plants in Aliaga; an oil refinery and a petrochemical plant
which promoted the town to be an important industrial zone. Both of them had large
amount of working capacities with a vast number of process flows. Upon their
requests, stack emissions coming from combustion activities in the facilities were
measured by Air Pollution Laboratory staff of Dokuz Eylil University
Environmental Engineering Department in the past. The emission measurement
methods, used in those studies, based on the Turkish standard called TS EN 13649
(TSE, 2003). According to this standard, the sample was taken from the stack by
using a sorbent tube which had activated carbon as an adsorbent in itself. Then in the
laboratory, the sample was desorbed and analyzed in the gas chromograph. Both
studies were very detailed and reliable studies; so that their emission results were
considered as combustion emissions of those industries instead of new calculations in

this study.
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3.2.2 Emission Estimations Using Emission Factors

In the study, related documents of IPPC (European Commission Integrated
Pollution Prevention and Control), USEPA (United States Environmental Protection
Agency), EEA (European Environment Agency) and IPCC (Intergovernmental Panel
on Climate Change) were examined. The emission factors were taken mainly from
EEA EMEP/Corinair and USEPA AP-42 databases and Industrial Air Pollution
Control Turkish Regulation.

Emission factors were used in the study to estimate emissions from process,
combustion and pipeline equipment leaks. All of these factors, used in the study,
were tabled below in Tables 3.3 to 3.8.

Table 3.3 Process emission factors for the industries in Aliaga.

. NMVOC
Industrial Sector Process Name . Source
Emission Factor
. 0.046
Electric Arc Furnace 1 EEA, 2009
Iron and Steel kg ton™ steel produced
Production 0.007
Hot Rolling Mills 1 EEA, 2009
kg ton™ steel produced
Coal Dryin Coal Dryin 019 USEPA, 2009
ying ying kg ton™ coal '
Paint, ink 11.00
. 1 EEA, 2009
production kg ton™ product
Chemistry
. . 10.00
Chemicals production 1 EEA, 2009
kg ton™ product
0.010
Storage tank vent 1 i EEA, 2009
kg ton™ reclaimed solvent
1.650
Condenser vent 1 . EEA, 2009
) kg ton™ reclaimed solvent
Solvent Reclamation
Fugitives-spillage 0.100 EEA, 2009
g piiiag kg ton™ reclaimed solvent '
. . 0.360
Fugitives-loading 1 . EEA, 2009
kg ton™ reclaimed solvent
. 0.001
Gas turbines 1 EEA, 2009
Electricity and Heat kg GJ™" natural gas
Production 0.046
Reciprocating engines 1 EEA, 2009
kg GJ™ natural gas
L — Industrial paint 1o ;
Painting Applications application 400 kg ton™ paint applied EEA, 2009




Table 3.4 Combustion emission factors for the industries in Aliaga (EEA, 2009).
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Fuel Name NMVOC Emission Factor
Coal 88.80 g GJ*

Fuel Oil 10.00 g GJ*

Diesel 10.00 g GJ*!

LPG 10.00 g GJ*!

Natural Gas 2509 GJ?!

Table 3.5 Some properties of fuel types used in the study (USEPA, 2009).

Fuel Name Heating Value (kcal m™) * Density (ton m®)
Coal 3,990,000 -

Fuel Oil 9,120,000 0.944

Diesel 9,120,000 0.845

LPG 6,250,000 0.550

Natural Gas 9,350 -

*Unit of coal heating value is kcal ton™, the other fuels’ are kcal m™.

Table 3.6 Equipment leak emission factors for refinery and liquid fuel loading facilities (USEPA,

1996; SKHKKY, 2009).

Emission Factor

Equipment Type Service (kg (hour source)™)

Gas 0.02680
Valves Light Liquid 0.01090

Heavy Liquid 0.00023
pump Seals Light Liquid 0.11400

Heavy Liquid 0.02100
Compressor Seals Gas 0.63600
Pressure Relief Valves Gas 0.16000
Connectors All 0.00025
Open-Ended Lines All 0.00230
Sampling Connections All 0.01500
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Table 3.7 Equipment leak emission factors for LPG loading facilities (USEPA, 1996; SKHKKY,

2009).

Equipment Type

Emission Factor (kg (hour source)™)

Valves 0.00560
Safety Valves 0.10400
Open-Ended Lines 0.00170
Connectors 0.00083

Table 3.8 Equipment leak emission factors for petrochemical industry (USEPA, 1996; SKHKKY,

2009).

Emission Factor

Equipment Type Service (kg (hour source)™)
Gas 0.00597
Valves Light Liquid 0.00403
Heavy Liquid 0.00023
pump Seals Light Liquid 0.01990
Heavy Liquid 0.00862
Compressor Seals Gas 0.22800
Pressure Relief Valves Gas 0.10400
Connectors All 0.00183
Open-Ended Lines All 0.00170
Sampling Connections All 0.01500

3.2.3 Emission Estimations Using TANKS 4.0 Software

In this study, Version 4.0 of TANKS Software (TANKS 4.0) was used to
calculate the NMVOC emissions for tank farms and single tanks of liquid fuel

storage and loading facilities, petrochemical industry and oil refinery. The software

is installed from TANKS Software Web Site (USEPA, 2010a) and the working

principle is studied from both the User’s Manual of the software and “Compilation of

Air Pollutant Emission Factors, Volume I: Stationary Point and Area Sources” (AP-

42), Section 7.1, Organic Liquid Storage Tanks (USEPA, 1995c).




39

The meteorological data of Aliaga which were obtained from Turkish

Meteorological Data Archive System (TUMAS, 2010) were presented in Table 3.9.

These data were required to run TANKS 4.0 and calculate the emissions from

storage tanks. Table 3.10 showed the same data converted to the units used in the

software. Other required data like dimensions, shell and roof characteristics and

breather vent settings of the tank, and the properties of the tank liquid were obtained

from questionnaires for mentioned plants. Default values of the software were used

instead of the missing data.

The NMVOC emissions from storage tanks were estimated for an annual period

using the software. The results were in Ibs year™ unit; then converted to tons year™.

Table 3.9 Meteorological parameters of Aliaga according to the months of year 2009. (TUMAS,

2010)

Average Minimum Maximum Average Average Solar

Months monthly monthly monthly wind pressure Insolation
temperature | temperature | temperatures speed (mBar) Value*
(°C) (°C) (°C) (ms?) (hour day™)

January 9.2 3.0 14.9 3.3 1013.4 4.2
February 9.0 4.3 16.8 3.7 1008.3 3.8
March 10.7 5.6 17.9 2.9 1010.1 6.0
April 147 11.0 17.8 24 1010.9 74
May 19.9 155 24.0 2.7 1011.3 11.3
June 24.7 19.7 284 3.2 1008.3 12.7
July 273 252 29.5 35 1006.6 12.8
August 26.2 23.2 28.6 3.9 1007.8 12.2
September 21.8 18.5 254 2.9 1010.8 9.1
October 19.7 135 234 2.8 1010.9 7.2
November 13.8 9.2 18.9 25 1014.1 6.3
December 12.2 6.5 17.8 3.2 1008.6 2.6

*These values belong to Dikili station, because DMI (Turkish State Meteorological Service) does not

measure this parameter in Aliaga station.
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Table 3.10 Meteorological parameters of Aliaga according to the months of year 2009 in British unit

system.
Average Minimum Maximum Average .
. Average | Solar Insolation
monthly monthly monthly wind
Months pressure Value*
temperature | temperature | temperatures speed . ) L
(psi) (Btu (ft° day) ™)
F F A (mph)
January 48.6 374 58.8 7.4 14.7 1332.3
February 48.2 39.7 62.2 8.3 14.6 12054
March 51.3 42.1 64.2 6.5 14.7 1903.3
April 58.5 51.8 64.0 5.4 14.7 23473
May 67.8 59.9 75.2 6.0 14.7 3584.5
June 76.5 67.5 83.1 7.2 14.6 4028.6
July 81.1 77.4 85.1 7.8 14.6 4060.3
August 79.2 73.8 83.5 8.7 14.6 3869.9
September 71.2 65.3 1.7 6.5 14.7 2886.6
October 67.5 56.3 74.1 6.3 14.7 2283.9
November 56.8 48.6 66.0 5.6 14.7 1998.4
December 54.0 43.7 64.0 7.2 14.6 824.7

* These values belong to Dikili station, because DMI (Turkish State Meteorological Service) does not

measure this parameter in Aliaga station.

3.2.4 Emission Estimations Using Liquid Loading Method

The emission calculation method in the document of “Compilation of Air
Pollutant Emission Factors, Volume |: Stationary Point and Area Sources, (AP-42),
Section 5.2, Transportation and Marketing of Petroleum Liquids (USEPA, 1995d)”
was used in the study to estimate the NMVOC emissions from liquid loading
facilities of oil refinery, petrochemical industry and liquid fuel storage and loading
plants. The information about amounts of loaded liquids and the types of loading
were obtained from questionnaires for some plants; and the others were taken from
previous studies achieved by Dokuz Eyliil University Environmental Engineering

Department.
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3.3 Dispersion Modeling

The second part of this study contained the dispersion modeling of the emissions
calculated in this study. One of the objectives of this study was to investigate the
contribution of the calculated emissions to the air quality under the meteorological
and topographical conditions of the study area. With this objective, the Industrial
Source Complex Short Term Model (ISCST3) of USEPA was used to estimate the
dispersion of industrial based VOCs on Aliaga in this study. The required input data
were obtained from questionnaires again. The geographical coordinates of the plants
and the lengths of area source borders were identified by using Google Earth and
previous studies of DEU Environmental Engineering Department. The topographical
data were prepared from a digital map of Aliaga town. As the meteorological data for
the model, data of Aliaga Horozgedigi meteorological station which had been used

before in previous studies of DEU, was used.

The model was run for an area of 30 km x 30 km with a spatial resolution of 1 km.

The hourly emissions were estimated for a whole year.



CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 Results of Emission Inventory

At the beginning of the study, several lists from different corporations (i.e. Aliaga
Municipality, Izmir Provincial Environmental Directorate and Chamber of
Commerce of Aliaga) which included the industrial facilities in Aliaga were
compared. Some facilities in the town, not emitting NMVOC emissions according to
literature (Derwent, 1995; Passant, 1995) were ignored in the study. The required
information of others were obtained by using questionnaries. Some missing
information of the considered facilities after having the questionnaries back, were
estimated by comparing the related information of similar plants. Besides this, for a
few plants no information could be obtained; these plants were also ignored in the

study.

The number of considered facilities was 50 in this study. Their calculated
NMVOC emissions were given in Table 4.1 without specifying the names of the
companies. As a result of calculations, the value of total NMVOC emissions from
industrial facilities in Aliaga was 9,700 tons year™. In a previous study (Miiezzinoglu
et al., 2000) NMVOC emissions were found as 10,650 tons year™ in Aliaga from 18
industrial plants. When that study was achieved, industrial plants in Aliaga were
using heavy fossil fuels instead of natural gas; so that the value is greater than our
value, although the considered plant number is higher in our study.

According to Table 4.1, the highest value of NMVOC which come from only one
plant was 3,741.41 tons year" from Petrochemical Plant. Second highest value
belonged to Oil Refinery with 3,254.34 tons year™, and the third one is Chemical
Plant-1 with 540.44 tons year™. Similarly, the lowest value belongs to Other Plant-8
with 4.4E-5 tons year™. This plant has a very small boiler and no emissions from

process, so that the emission values are so small.
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Table 4.1 Calculated NMVOC emissions of industrial facilities in Aliaga.
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Plant Name NMVOC Emissions
(tons year™)

Chemical-1 540.44
Chemical-2 0.59
Chemical-3 23.07
Chemical-4 63.06
Chemical-5 141.40
Coal drying-1 1.88
Coal drying-2 16.93
Coal drying-3 7.84
Coal drying-4 36.29
Iron and Steel-1 1.40
Iron and Steel-2 1.63
Iron and Steel-3 0.12
Iron and Steel-4 34.61
Iron and Steel-5 1.27
Iron and Steel-6 95.37
Iron and Steel-7 1.75
Iron and Steel-8 117.73
Iron and Steel-9 67.24
Iron and Steel-10 1.16
Iron and Steel-11 0.65
Iron and Steel-12 2.23
Iron and Steel-13 1.97
Iron and Steel-14 34.94
Iron and Steel-15 0.51
Liquid loading-1 184.27
Liquid loading-2 79.01
Liquid loading-3 85.49
Liquid loading-4 355.30
Liquid loading-5 217.28
LPG loading-1 4.26
LPG loading-2 102.59
LPG loading-3 18.56
LPG loading-4 79.58
LPG loading-5 33.21




Table 4.1 Calculated NMVOC emissions of industrial facilities in Aliaga (continue).
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NMVOC Emissions

Plant Name

(tons year™)
LPG loading-6 49.55
LPG loading-7 21.55
Oil Refinery 3,254.34
Petrochemical 3,741.41
Power plant-1 126.29
Power plant-2 5.61
Power plant-3 86.59
Other-1 0.09
Other-2 3.28
Other-3 0.11
Other-4 0.21
Other-5 0.03
Other-6 0.02
Other-7 14.08
Other-8 4.4E-5
Other-9 1.14
TOTAL 9,657.91

The results can be assessed by distributing the emissions according to industrial

sectors as shown in Figure 4.1. According to this chart, the highest NMVOC

emissions come from petrochemical industry with 39% (3,741.41 tons year™). Oil

refinery follows it with a percentage of 34% (3,254.34 tons year). The third highest

value belongs to the liquid fuel storage and loading sector with 9% (921.34 tons year

1) and plants with chemical processes followed them with 8% (768.56 tons year™ ).

Others had very small percentiles compared with these four sectors (Figure 4.1).

As mentioned in Chapter 3, there is a solvent reclamation plant in Aliaga. But its

NMVOC emissions were too small to be categorized separately so that it was added

to “other” sector.
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Figure 4.1 Percentage distribution of NMVOC emissions according to different industrial sectors in

Aliaga.

During the calculations, NMVOC emissions were divided into 5 parts according
to their sources. These were emissions from process, combustion, storage tanks,
liquid loading and equipment leaks. At the end of the calculations, storage tanks were
found to be the most important NMVOC emitters with 3,250 tons year™. Equipment
leaks (2,750 tons year™), liquid loading (1,925 tons year™), process (1,650 tons year
1) and combustion (95 tons year™) emissions followed storage tanks respectively
(Figure 4.2).

The main contributor of storage tanks emissions was the petrochemical industry
with 2,600 tons year™ and oil refinery followed it with 350 tons year™ (Figure 4.3).
There was a big difference between these two large industries, because organic
chemicals released much more VOC than the petroleum distillates according to the
TANKS Software. The main storage liquids were organic liquids in petrochemical
industry, while in refinery they were petroleum distillates. So, the emissions from
storage tanks were higher in petrochemical industry than the oil refinery.
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Figure 4.2 Distribution of NMVOC emissions in tons year™, according to pollution sources considered

in the study.

When the equipment leaks emissions, which was the second highest category, was
examined, the oil refinery was the main contributor with 2,000 tons/year that
equalled to 70 percentile (Figure 4.4). Petrochemical industry followed it with 700
tons/year. The difference was because of the high equipment (i.e, valves, flanges and

etc.) numbers in oil refinery.

Liquid Fuel
Storage and
Oil Refinery Loading
11% 8%

Figure 4.3 Distribution of storage tanks emissions
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and Loading Loading
1% /— 2%

Figure 4.4 Distribution of equipment leaks emissions

The third highest emission class was liquid loading with an approximate total
value of 2,000 tons year™. 51 percent of this value belonged to oil refinery; 32
percent belonged to liquid fuel loading and storage facilities, and the remainder came

from petrochemical industry (Figure 4.5). The sequence was directly proportional to
loaded liquid volumes.

Liquid Fuel

Storage and

Loading
3 0,

Figure 4.5 Distribution of liquid loading emissions
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An emission map (Figure 4.6) was also created with the estimated emissions by
using a geographical information system (GIS) software, called ArcGIS. In that map,
the total emissions were presented in a spatial resolution of 250 m. According to
Figure 4.6, the maximum emissions per grids were seen in a few points in ALOSBI,
but mainly in the peninsula of oil refinery, petrochemical industry and fuel loading
facilities. The maximum value per a grid was 541 tons year™.

VOC Emissions (Tons/Year) X

Jo Ee-vo M zs-s0 I 1o1-250 01000 2000 4000 4*»
O elers

15 [ 1125 [N 1 - 100 [N 251 - s /

Figure 4.6 Map of estimated emissions coming from grids of 250 m to 250 m.
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4.2 Results of Dispersion Modeling

As the second part of the study, after the calculations, the emission values were
put into the ISCST3 Model, and under the certain meteorological and topographical
conditions, the dispersion of the emissions in the atmosphere, and the effects on air

quality of Aliaga were estimated.

When the data were evaluated in annual period, the highest concentration was
found as 859.7 ug m™ in the X, Y coordinates of (495000, 4292000) and according
to the Figure 4.7, the maximum concentrations were around that point, as a result of
the presence of oil refinery, petrochemical industry, liquid and LPG fuel storage and
loading facilities there. The smaller polluted area, on the right side of the map,
pointed at Aliaga Organized Industrial Site (ALOSBI). There were several important
chemical processes which were available there. The NMVOC concentrations there

were also significant and about 200 pg m™,

When the national regulation (SKHKKY, 2009) was examined, two different
types of limit values could be seen; those were short-term limit values (KVS) and
long-term limit values (UVS). There short-term limit values referred to the hourly
and daily values, while long-term limit values referred to the annual values. When
the SKHKKY (2009) was examined, there were two important UVS values for
NMVOC concentrations in our study. One of them was the value of 500 pg m™
which was determined for the inside area of oil refineries, petrochemical industries
and fuel storage facilities; and the other one was the value of 90 ug m™ which
indicated the NMVOC concentrations in the influence area of the same industrial

sectors.

When Figure 4.7 was evaluated according to SKHKKY, it could be seen that the
limit value of 500 pg m™ was exceeded in some areas. When the influence area was
considered as a 2 km distance from the plants, the concentration values were again
exceeded the limit value of 90 pg m™. There, the values were about 200 pg m?

according to the Figure 4.7.
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Figure 4.7 Map of model results, annual average NMVOC concentrations in Aliaga

atmosphere.

In Figure 4.8, the emissions and their dispersions could be seen. The emissions of
the refinery and petrochemical industry were the highest, so the concentrations were
very high in that peninsula. The dominant wind directions were southeast and
eastsoutheast (Figure 4.9); so a large part of emissions dispersed in those directions.
But also there were winds in north directions, so a smaller part of emissions also
dispersed in those directions. For ALOSBI also the same comments could be made.
In the same figure, it could also be seen that there were emissions from iron and steel
plants. But their emissions were in low values compared with the emissions in the
peninsula; so their dispersion concentrations were about 10-20 pg.m™; so they could
not be seen on the figure.
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Figure 4.8 Emissions and their dispersions in the study area

Figure 4.9 Wind rose of
Horozgedigi meteorological data
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In an ongoing study, passive sampling measurements were achieved to determine
the NMVOC emissions in a similar study area in Aliaga (DEU, 2010). When those
results (Figure 4.10) were compared with Figure 4.6, it could be seen that the
highest NMVOC concentrations were measured around the petrochemical industry
and oil refinery as they were found in our study, as a result of modeling study. The
concentration values in both studies were found similar. That means the emission

calculations and modeling studies in our study were reliable.

N
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- :
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Figure 4.10 Results of passive sampling measurements of an ongoing study
(DEU, 2010)



CHAPTER FIVE

CONCLUSIONS

This was an emission inventory preparation study for nonmethane volatile organic
compounds (NMVOCSs) which were emitted from industrial facilities in Aliaga. With
this scope, three calculation methods (i.e., emission factors, TANKS software and
petroleum products loading method of USEPA) were used to calculate NMVOC
emissions from various types of industrial facilities. After the generation of the
inventory, a simple dispersion modeling study was also achieved by using ISCST3
model of USEPA.

In the study area there were 50 industrial plants which emitted NMVOC
emissions in significant amounts. These plants were grouped under 9 industrial
sectors; chemical processes, coal drying, electricity production, liquid fuel storage
and loading, iron and steel production, LPG storage and loading, petrochemical

production, oil refinery and others.

The total NMVOC emissions from this 50 plants were calculated as 9,700 tons
year. The highest NMVOC emissions were coming from petrochemical production,
oil refining and liquid fuel storage and loading sectors. The model results also
pointed that conclusion by exceeding the limits in national regulation around those
industrial facilities. Petrochemical production and oil refining industries generated
73% of total NMVOC emissions together with their emissions from stacks, storage

tanks, liquid loading facilities and equipment leaks.

The highest NMVOC emissions were coming from storage tanks with a value
above 3,000 tons year™. The main sectors in charge were petrochemical production
and oil refining here. Then the equipment leaks and liquid loading emissions
followed them respectively with emission values approximately 2,750 and 2,000 tons
year’. Fuel storage and loading sectors (i.e., both liquid and gaseous fuels)

contributed to these emissions besides the petrochemical and oil refining industries.
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In the study the emission factors were selected with an assumption that the
industries did not have any emission control systems; so that the real emission values

could be lower than the calculated values.

According to ISCST3 model results, the highest pollution concentrations occured
around the petrochemical and oil refining facilities. The liquid and gaseous fuel
storage and loading facilities were also around that area. Also the facilities which had
chemical processes like various chemicals and paints production, located in the
organized industrial region (ALOSBI), contributed negative impact on air quality.
The effects of iron and steel plants were so small compared with the other sectors

that their concentrations were not seen in the dispersion map.

For possible further studies, the advices which are given below can be considered.

e The emissions coming from ship breaking activities can be added.

e The recent process and emission information of industries can be
available in governmental agencies.

e National emission factors for various industrial processes for “controlled”
situations can be created.

e A more comprehensive inventory can be prepared to see the change of
emissions in shorter time periods (e.g., monthly or seasonal changes in

emissions).
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ALIAGA CEVRE DURUM TESPIiTI PROJESI
SANAYICI ANKETI

ENVIRONMENTAL ASSESSMENT PROJECT OF ALIAGA
INDUSTRIALIST QUESTIONNAIRE

1. Genel Bilgiler/General Information

TESIS ADI/ PLANT NAME  C. oo
FAALIYET TURU/SEKTORU / TYPE OF ACTIVITY & ..
ADRES / ADDRESS &

TESISIN COGRAFi KOORDINATLARI / GEOGRAPHICAL COORDINATES OF
THE PLANT(M) & oo

SORUMLU KiSi / CONTACT PERSON T
E-Posta/ E-mail @ .. ..o

TELEFON / TELEPHONE : ... .
FAX  TELERAX &

2. Uretim Bilgileri / Production Information

TESISIN KURULUS TARIHI / ESTABLISHMENT DATE OF PLANT : .................

TESISIN URETIM TURU / PRODUCTION TYPE OF PLANT : .. ..o

MEVCUT CALISMA KAPASITESI / WORKING CAPACITY & ...............o .

TESISIN CALISMA SURELERI / WORKING PERIODS

Giinliik (saat/giin) / Daily (hour/day) @ ... ...
Haftalik (giin/hafta) / Weekly (day/week) @ ... ... ...

Yillik (giin/y1l) / Annual (day/year) @ ... ..o
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TESISTE CALISAN PERSONEL SAYISI / PERSONNEL NUMBER OF THE PLANT

Vardiyasiz personel sayisi / Number of shiftless personnel :

l.vardiya/1shift ... saatlerinde / hours .................... kisi / person
2.vardiya/ 2.shift ... saatlerinde / hours .................... kisi / person
3.vardiya/3.shift ... saatlerinde / hours .................... kisi / person

URETIM MIKTARLARI / AMOUNTS OF PRODUCTION

Uriin tipi / Uretim miktari /
Type of Product Production Amount

KULLANILAN HAMMADDELER VE TUKETIM MiKTARLARI /
RAW MATERIALS AND CONSUMPTION AMOUNTS

Hammadde / Tiiketim miktar: /
Raw Material Consumption Amount

KULLANILAN ENERJi MIKTARLARI / ENERGY CONSUMPTIONS

Tesiste Kullamilan Elektrik Enerjisi Miktar: /
Electrical Energy Consumption of Plant

Giinliik / Aylik / Yillik / Birim {iriin bagina /
Daily Monthly Annual Per unit product

PROSES AKIM SEMASI / PROCESS FLOW DIAGRAM
(liitfen tesisin proses akim semasim ankete ekleyiniz/ please attach the process flow
diagram of the plant to the questionnaire)
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Tesisin “Sanayi Kaynakh Hava Kirliliginin Kontrolii Yonetmeligi”
ile ilgili Bilgileri / Information About “Industrial Based Air Pollution
Control Regulation”

Yonetmelik kapsaminda “Izne Tabi Tesis” ise Yonetmelik Ek-8 listesindeki yeri / Location
in the list of Appendix-8 of the regulation, if the plant “subjects t0 permission” according to
TNE QUL ON .o e

Tesisin yonetmelikte yer alan Ek-5 listesindeki yeri/yerleri / Location of the plant in the list

of Appendix-5 of the regulation: ........ ...

Emisyon Izni varsa tarihi / The date of Emission Permission if it is available: .................

KULLANILAN YAKMA TESISINE AiT BILGILER / INFORMATION ABOUT
COMBUSTION SYSTEM

Giinliik Yakit
Yakma Yak_ma Yakit Yakma Tesisi Giicii / titketimi / Cal
Tesisi tesisi | tiirii / Power of Comb. System Daily Fuel ansma
No / Ttlpl/ . 't:U9| Consumption (S;:tr/ezn)
Combust. gg;g ype Is1l gii¢ / Kcal/ | Buhar Miktar / | Birim Workgin
System No Systerﬁ Heating saat ton/saat | Amount |/ Unit erio dg
power (Kcal/ | Vapor (hgur/da)
MW hour) | tons/ 4
hour
1
2
3
4
5

Yakma tesisi tipleri / Types of combustion system:

1: Kalorifer / Central heating; 2: Buhar kazani / Steam boiler; 3: Kizgin yag kazani / Hot
oil boiler, 4: Kojenerasyon / Cogeneration

Yakat tiirleri / Types of fuel:

1: Koémiir / Coal; 2: Fuel oil / Fuel oil; 3: Motorin / Diesel; 4: LPG/LPG ; 5: Dogal gaz /

Natural gas; 6: Pirina / Olive pomace; 7: Diger / Other

Not: Varsa yakit analiz belgesini ankete ekleyebilirsiniz.
Note: If it is available, you can attach your certificate of fuel analysis to the questionnaire.




BACA OZELLIKLERI / STACK PROPERTIES
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Bacanin
Baglh
Baca ¢ikisi Atik Gaz Kontrol .
. .. Gaz ¢ikig . Oldugu
Baca Baca i¢ cap1/ debisi sicakliz / teknolojisi Kazan no
No / yiksekligi / | Stack outlet (Nm?*/saat) Gas eii ¢ (varsa) / ada proses /
Stack | Stack height inner Waste gas Control y .p
. temp. Boiler or
No (m) diameter flow o technology
(m) (Nm/hour) (O | (it available) | Process
name of the
stack
1
2
3
4
5
6
7

Baca gazlari icin kullanilan kontrol teknolojisi / Available control technology for stack

gases.

1: Siklon / Cyclone
4: Elektrostatik filtre

2: Islak tutucu / Wet collector
| Electrostatic filter

3: Torba filtre / Bag filter

EMIiISYONLARLA iLGiLi BILGILER / INFORMATION ABOUT EMISSIONS

Emisyonlarin kiitlesel debileri (kg/saat) /

Baca No Mass flows of emissions (kg/hour)
/ Stack Toz/
No co SO, NOx Particulate | VOC Diger / Other

Matter

1

2

3

4

5

6

7

Not: Daha fazla sayida bacaniz varsa ekleme yapabilirsiniz.
Note: You can attach if there are more stacks.



DEPOLAMA TANKLARI ANKETI
STORAGE TANKS QUESTIONNAIRE

Tesis Ad1/ Plant Name :

1. Tesisteki Depolama Tanklarma Ait Bilgiler / Information About
Storage Tanks in the Plant

Tesisteki Tank Sayis1 / Number of Tanks in the Plant

Tank Adi/ Tank Name

Uriin Ad1/ Liquid Name

Tank Tipi (Sabit tavanli(ST)/Yiizer Tavanli(YT))
Tank Type (Fixed roof(ST)/Floating Roof(YT))

ST i¢in Cat1 Tipi (Konik(1)/Kubbe(2))
Roof type for ST (Cone(1)/Dome(2))

YT i¢in Tank Insas1 (Kaynakli(1)/Perginli(2))
Tank Constrct. for YT (Welded(1)/Riveted(2))

YT igin Sizdirmazlik Sistemi (Tek/Cift)
Rim-seal system for YT (Single/Double)

Tank Kapasitesi / Tank Capacity (m®)

Tank Cap1 / Tank Diameter (m)

Tank Yiiksekligi / Tank Height (m)

Ort. Stv1 Yiiksekligi / Aver. Liquid Height
(m)

Maks. Siv1 Yiiksekligi / Max. Liquid Height
(m)

Di1s Cephe Boya (Beyaz(B)/Gri(G))
Ext. Shell Paint (White(B)/Grey(G))

Di1s Cephe Bakim Durumu(lyi(i)/Korozyon(K))
Ext. Shell Condition (Good(l)/Poor(K))

Basing — Vakum Ayari (Ventili) (psig)
Pressure-Vacuum Settings (Breather Vent)
(psig)

Yillik Doldur-Bosalt Sayist
Turnovers per year

Tankin Bulundugu Yer / Location of the
tank

(Toprak alti(TA)/Toprak iisti(TU)) /
(Underground(TA)/Ground level(TU))

Tank Isitiliyor mu? (Evet(E)/Hayir(H))
Is tank heated? (Yes(E)/No(H))




2. Dolum Kollar ile ilgili Bilgiler / Information About Liquid Loading

Tesis icinde KARA DOLUM yapiliyorsa / In case of LAND LOADING in the facility;
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Dolum Yapilan Uriin Adi/
Liquid Name

Yillik Dolum Miktar (litre)

Annual Loading Amount (liter)

Dolum Tiirii

Sivi igine daldirma-Alttan doldurma(l) /
Yukaridan Dokme(2)

Loading Type

Submerged-Bottom Loading(1) /

Splash Loading(2)

Tesis igcinde LIMANLARDA dolum yapiliyorsa / In case of loading in MARINE
TERMINALS in the facility;

Dolum Yapilan Uriin Ad1/
Liquid Name

Yillik Dolum Miktar (litre)
Annual Loading Amount (liter)

Tasit Tiri (Gemi(G)/Mavna(M))

Vehicle Type (Ship(G)/Barge(M))
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3. Uriin Iletim Hatlan ile Tlgili Bilgiler / Information About Liquid

Pipelines
Baglanti Elemam Cesidi / Uriin Tipi / Baglanti Elemam Sayis1 /
Equipment Type Product Type Number of Equipments
Gaz / Gas

Vana/ Valves

Hafif Siva / Light Liquid

Agir Sivi / Heavy Liquid

Pompa Sizdirmazlik Elemani /

Hafif Siv1/ Light Liquid

Sampling Connections

Pump Seals Agir Sivi / Heavy Liquid
Kompresor Sizdirmazlik Elemant /

Gaz / Gas
Compressor Seals
Basing Kontrol Vanas1 /

. Gaz / Gas

Pressure Relief Valves
Flans / Connectors Timii / All
Agik Uglu Hat / Open-Ended Lines | Tiimii / All
Numune Alma Cikis1 /

Timii / All

Not: Hafif Stvi, 68 F sicaklikta 0,044 psia’dan daha biiyiikk buhar basincina sahip olan sivilari

tanimlamaktadir. Ayni sicaklikta 0,044 psia veya daha kii¢iik buhar basincina sahip olan sivilar ise

Agir Sivilar olarak kabul edilmektedirler.

Note: Light Liquid defines the liquids which have a vapor pressure greater than 0.044 psia at 68 °F.

The liquids having an 0.044 psia or smaller vapor pressure at the same temperature are accepted as

Heavy Liquids.
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1. OUTPUTS FOR LIQUID LOADING-1 PLANT

TANKS 4.0.9d
Emissions Report - Brief Format
Total Emissions Summaries - All Tanks in Report

Emissions Report for: Annual

Tank Identification Losses (Ibs)
119/0001 Vertical Fixed Roof Tank , 32.211,75
119/0002 Vertical Fixed Roof Tank , 4,57
119/0003 Vertical Fixed Roof Tank , 27,62
119/0004 Vertical Fixed Roof Tank , 0,58
119/0005 Vertical Fixed Roof Tank , 60,34
119/0006 Vertical Fixed Roof Tank , 34.702,00
Total Emissions for all Tanks: 67.006,85

0.



2. OUTPUTS FOR CHEMICAL-3 PLANT

TANKS 4.0.9d
Emissions Report - Brief Format
Total Emissions Summaries - All Tanks in Report

Emissions Report for: Annual

Tank Identification Losses (Ibs)
159/0001 Vertical Fixed Roof Tank , 1,070.37
159/0002 Vertical Fixed Roof Tank , 5,698.34
159/0003 Vertical Fixed Roof Tank , 1,212.01
159/0004 Vertical Fixed Roof Tank , 275.16
159/0005 Vertical Fixed Roof Tank , 5,933.41
159/0006 Vertical Fixed Roof Tank , 1,057.30
159/0007 Vertical Fixed Roof Tank , 3,456.42
159/0008 Vertical Fixed Roof Tank , 2,733.59
159/0009 Vertical Fixed Roof Tank , 1,096.21
159/0010 Vertical Fixed Roof Tank , 275.16
159/0011 Vertical Fixed Roof Tank , 273.09
159/0012 Vertical Fixed Roof Tank , 1,212.01
Total Emissions for all Tanks: 24,293.06

1.



3. OUTPUTS FOR LIQUID LOADING-3 PLANT

TANKS 4.0.9d
Emissions Report - Brief Format
Total Emissions Summaries - All Tanks in Report

Emissions Report for: Annual

Tank ldentification Losses (Ibs)
122/0001 Internal Floating Roof Tank , 15,62
122/0002 Internal Floating Roof Tank , 59,67
122/0003 Internal Floating Roof Tank , 4.363,20
122/0004 Vertical Fixed Roof Tank , 467,35
122/0005 Vertical Fixed Roof Tank , 467,35
122/0006 Vertical Fixed Roof Tank , 467,35
122/0007 Internal Floating Roof Tank , 4.363,20
122/0008 Vertical Fixed Roof Tank , 467,35
122/0009 Vertical Fixed Roof Tank , 467,35
122/0010 Vertical Fixed Roof Tank , 31.028,41
122/0011 Vertical Fixed Roof Tank , 51,56
122/0012 Vertical Fixed Roof Tank , 122,05
122/0013 Internal Floating Roof Tank , 72,32
122/0014 Internal Floating Roof Tank , 3.107,00
122/0015 Internal Floating Roof Tank , 87,78
122/0016 Internal Floating Roof Tank , 11,55

[



122/0017 Internal Floating Roof Tank , 11,55

122/0018 Vertical Fixed Roof Tank , 74,95
122/0019 Vertical Fixed Roof Tank , 0,07
122/0020 Vertical Fixed Roof Tank , 232,71
122/0021 Vertical Fixed Roof Tank , 232,71
122/0022 Vertical Fixed Roof Tank , 232,71
122/0023 Vertical Fixed Roof Tank , 156,30
122/0024 Vertical Fixed Roof Tank , 156,30
122/0025 Vertical Fixed Roof Tank , 73,08
122/0026 Vertical Fixed Roof Tank , 73,08
Total Emissions for all Tanks: 46.862,60

4. OUTPUTS FOR PETROCHEMICAL PLANT

TANKS 4.0.9d
Emissions Report - Brief Format
Total Emissions Summaries - All Tanks in Report

Emissions Report for: Annual

Tank Identification Losses (Ibs)
151/0001 Horizontal Tank , 0,02
151/0002 Vertical Fixed Roof Tank , 0,05
151/0003 Vertical Fixed Roof Tank , 0,01

17



151/0004

Vertical Fixed Roof Tank

1.395.588,55

151/0005

Vertical Fixed Roof Tank

0,01

151/0007

Vertical Fixed Roof Tank

0,01

151/0008

Vertical Fixed Roof Tank

1,54

151/0009

Vertical Fixed Roof Tank

16.181,88

151/0010

Vertical Fixed Roof Tank

16.181,88

151/0011

Vertical Fixed Roof Tank

16.181,88

151/0012

Vertical Fixed Roof Tank

16.181,88

151/0013

Vertical Fixed Roof Tank

277.685,50

151/0014

Vertical Fixed Roof Tank

277.685,50

151/0015

Vertical Fixed Roof Tank

8.327,48

151/0016

Vertical Fixed Roof Tank

8.327,48

151/0017

Vertical Fixed Roof Tank

805,16

151/0018

Vertical Fixed Roof Tank

805,16

151/0019

Vertical Fixed Roof Tank

16.181,88

151/0020

Vertical Fixed Roof Tank

16.181,88

151/0021

Vertical Fixed Roof Tank

16.181,88

151/0022

Vertical Fixed Roof Tank

16.181,88

151/0023

Vertical Fixed Roof Tank

302.216,04

151/0024

Vertical Fixed Roof Tank

302.216,04

151/0025

Vertical Fixed Roof Tank

302.216,04

151/0026

Vertical Fixed Roof Tank

113.872,83

151/0027

Vertical Fixed Roof Tank

113.872,83

151/0028

Vertical Fixed Roof Tank

17,56

151/0029

Vertical Fixed Roof Tank

46,58

151/0030

Vertical Fixed Roof Tank

42,99
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151/0031 Vertical Fixed Roof Tank 7.480,63
151/0032 Vertical Fixed Roof Tank 46,58
151/0033 Vertical Fixed Roof Tank 6.782,75
151/0034 Vertical Fixed Roof Tank 6.819,80
151/0035 Vertical Fixed Roof Tank 2.514,40
151/0036 Vertical Fixed Roof Tank 1.261,06
151/0037 Horizontal Tank 5.249,19
151/0038 Vertical Fixed Roof Tank 10.941,23
151/0039 Vertical Fixed Roof Tank 10.941,23
151/0040 Vertical Fixed Roof Tank 13,08
151/0041 Vertical Fixed Roof Tank 46,50
151/0042 Vertical Fixed Roof Tank 0,03
151/0043 Vertical Fixed Roof Tank 1.588,12
151/0044 Vertical Fixed Roof Tank 2.998,98
151/0045 Vertical Fixed Roof Tank 0,00
151/0046 External Floating Roof Tank 61.463,20
151/0047 Vertical Fixed Roof Tank 312,78
151/0048 Vertical Fixed Roof Tank 2.998,98
151/0049 Vertical Fixed Roof Tank 9.688,00
151/0050 Vertical Fixed Roof Tank 50.512,75
151/0051 Vertical Fixed Roof Tank 6,85
151/0052 Vertical Fixed Roof Tank 6,85
151/0053 Vertical Fixed Roof Tank 4,61
151/0054 Vertical Fixed Roof Tank 120.906,11
151/0055 Vertical Fixed Roof Tank 139,71
151/0056 Vertical Fixed Roof Tank 644,01

Gl



151/0057

Vertical Fixed Roof Tank

1.127,55

151/0058

Vertical Fixed Roof Tank

867,45

151/0059

Vertical Fixed Roof Tank

0,88

151/0060

Vertical Fixed Roof Tank

112.429,44

151/0061

Vertical Fixed Roof Tank

112.429,44

151/0062

Vertical Fixed Roof Tank

1,58

151/0063

Vertical Fixed Roof Tank

1.930,75

151/0064

Vertical Fixed Roof Tank

1.629,23

151/0065

Vertical Fixed Roof Tank

1.585,93

151/0069

Vertical Fixed Roof Tank

22,62

151/0070

Vertical Fixed Roof Tank

0,06

151/0071

Vertical Fixed Roof Tank

32,18

151/0072

External Floating Roof Tank

7.394,98

151/0073

Vertical Fixed Roof Tank

15,52

151/0074

External Floating Roof Tank

7.394,98

151/0075

Vertical Fixed Roof Tank

15,52

151/0076

Vertical Fixed Roof Tank

4.937,41

151/0077

Vertical Fixed Roof Tank

1,75

151/0078

Vertical Fixed Roof Tank

1,75

151/0079

Vertical Fixed Roof Tank

3,62

151/0080

Vertical Fixed Roof Tank

137.618,07

151/0081

Vertical Fixed Roof Tank

137.618,07

151/0082

Vertical Fixed Roof Tank

1,00

151/0083

External Floating Roof Tank

29.920,45

151/0084

External Floating Roof Tank

29.920,45

151/0085

Vertical Fixed Roof Tank

75.093,15
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151/0086

Vertical Fixed Roof Tank

75.093,15

151/0087

Vertical Fixed Roof Tank

57,71

151/0088

External Floating Roof Tank

16.709,61

151/0089

Vertical Fixed Roof Tank

65,77

151/0090

External Floating Roof Tank

16.709,61

151/0091

Vertical Fixed Roof Tank

65,77

151/0092

External Floating Roof Tank

16.709,61

151/0093

External Floating Roof Tank

16.709,61

151/0094

Vertical Fixed Roof Tank

18.911,32

151/0095

Vertical Fixed Roof Tank

6,75

151/0096

Vertical Fixed Roof Tank

6,75

151/0097

Vertical Fixed Roof Tank

8.829,79

151/0098

Vertical Fixed Roof Tank

2.442,61

151/0099

Vertical Fixed Roof Tank

3.856,03

151/0100

Vertical Fixed Roof Tank

5.330,81

151/0101

Vertical Fixed Roof Tank

19.446,69

151/0102

Vertical Fixed Roof Tank

19.446,69

151/0103

Vertical Fixed Roof Tank

19.446,69

151/0104

Vertical Fixed Roof Tank

7.202,76

151/0105

Vertical Fixed Roof Tank

7.202,76

151/0106

Vertical Fixed Roof Tank

0,26

151/0107

Vertical Fixed Roof Tank

2,25

151/0108

Vertical Fixed Roof Tank

2,25

151/0109

Vertical Fixed Roof Tank

515,35

151/0110

Vertical Fixed Roof Tank

0,01

151/0111

Vertical Fixed Roof Tank

0,04
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151/0112

Vertical Fixed Roof Tank

1.689,60

151/0113

Vertical Fixed Roof Tank

0,00

151/0114

Vertical Fixed Roof Tank

0,79

151/0115

External Floating Roof Tank

6.651,57

151/0116

External Floating Roof Tank

6.651,57

151/0117

Vertical Fixed Roof Tank

175.933,95

151/0118

Vertical Fixed Roof Tank

175.933,95

151/0119

Vertical Fixed Roof Tank

153.695,95

151/0120

Vertical Fixed Roof Tank

153.695,95

151/0121

Vertical Fixed Roof Tank

7.518,83

151/0122

Vertical Fixed Roof Tank

7.518,83

151/0123

Vertical Fixed Roof Tank

20.040,47

151/0124

Vertical Fixed Roof Tank

20.040,47

151/0125

External Floating Roof Tank

7.749,15

151/0126

External Floating Roof Tank

7.749,15

151/0127

Vertical Fixed Roof Tank

202.867,93

151/0128

Vertical Fixed Roof Tank

202.867,93

151/0129

Vertical Fixed Roof Tank

676,81

151/0130

Vertical Fixed Roof Tank

676,81

151/0131

Vertical Fixed Roof Tank

9.547,38

151/0132

Vertical Fixed Roof Tank

9.547,38

151/0133

Vertical Fixed Roof Tank

516,52

151/0134

Vertical Fixed Roof Tank

516,52

151/0135

Vertical Fixed Roof Tank

1.217,16

151/0136

Vertical Fixed Roof Tank

1.217,16

151/0137

Vertical Fixed Roof Tank

64.992,99
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151/0138 Vertical Fixed Roof Tank , 64.992,99
151/0139 Vertical Fixed Roof Tank , 8.879,40
Total Emissions for all Tanks: 5.766.701,51

5. OUTPUTS FOR LIQUID LOADING-4 PLANT

TANKS 4.0.9d
Emissions Report - Brief Format
Total Emissions Summaries - All Tanks in Report

Emissions Report for: Annual

Tank Identification Losses (Ibs)
140/0001 Vertical Fixed Roof Tank , 173,60
140/0002 Vertical Fixed Roof Tank , 71.440,49
140/0003 Vertical Fixed Roof Tank , 57.700,80
140/0004 Vertical Fixed Roof Tank , 148,72
140/0005 Vertical Fixed Roof Tank , 1.006,38
140/0006 Vertical Fixed Roof Tank , 1.006,38
140/0007 Vertical Fixed Roof Tank , 1.178,99
140/0008 Vertical Fixed Roof Tank , 931,52
140/0009 Vertical Fixed Roof Tank , 931,52
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140/0010

Vertical Fixed Roof Tank

1.061,92

140/0011

Vertical Fixed Roof Tank

183.393,08

140/0012

Vertical Fixed Roof Tank

543,35

140/0013

Vertical Fixed Roof Tank

613,73

140/0014

Vertical Fixed Roof Tank

1.083,16

140/0015

Vertical Fixed Roof Tank

34.415,65

140/0016

Vertical Fixed Roof Tank

160,61

140/0017

Vertical Fixed Roof Tank

39.141,81

140/0018

Vertical Fixed Roof Tank

343,60

140/0019

Vertical Fixed Roof Tank

405,46

140/0020

Vertical Fixed Roof Tank

186,89

140/0021

Vertical Fixed Roof Tank

2.043,91

140/0022

Vertical Fixed Roof Tank

1.478,69

140/0023

Vertical Fixed Roof Tank

1.478,69

140/0024

Vertical Fixed Roof Tank

50,76

Total Emissions for all Tanks:

400.919,71
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6. OUTPUTS FOR LIQUID LOADING-5 PLANT

TANKS 4.0.9d
Emissions Report - Brief Format
Total Emissions Summaries - All Tanks in Report

Emissions Report for: Annual

Tank ldentification Losses (Ibs)
121/0001 Internal Floating Roof Tank , 9.644,18
121/0002 Internal Floating Roof Tank , 50,72
121/0003 Internal Floating Roof Tank , 7.305,23
121/0004 Internal Floating Roof Tank , 88,13
121/0005 Vertical Fixed Roof Tank , 4.041,02
121/0006 Internal Floating Roof Tank , 39,74
121/0007 Vertical Fixed Roof Tank , 2.617,56
121/0008 Internal Floating Roof Tank , 146,98
121/0009 Vertical Fixed Roof Tank , 887,78
121/0010 Internal Floating Roof Tank , 5.684,82
121/0011 Internal Floating Roof Tank , 5.684,82
121/0012 Internal Floating Roof Tank , 4.229,98
121/0013 Internal Floating Roof Tank , 4.273,06
121/0014 Internal Floating Roof Tank , 26,53
121/0015 Internal Floating Roof Tank , 114,87
121/0016 Vertical Fixed Roof Tank , 13.460,21
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121/0017 Vertical Fixed Roof Tank 27,96
121/0018 Vertical Fixed Roof Tank 31,90
121/0019 Vertical Fixed Roof Tank 33,71
121/0020 Vertical Fixed Roof Tank 26,82
121/0021 Vertical Fixed Roof Tank 31,90
Total Emissions for all Tanks: 58.447,92

7. OUTPUTS FOR OIL REFINERY

Emissions Report for: Annual

TANKS 4.0.9d
Emissions Report - Brief Format
Total Emissions Summaries - All Tanks in Report

Tank Identification

Losses (Ibs)

124 /0001

Vertical Fixed Roof Tank

0,14

124 /0002

Vertical Fixed Roof Tank

0,21

124 /0003

Vertical Fixed Roof Tank

43,47

124/ 0004

Vertical Fixed Roof Tank

4,87

124/ 0005

Vertical Fixed Roof Tank

673,19

124/ 0006

Vertical Fixed Roof Tank

298,70

124 /0007

Vertical Fixed Roof Tank

76,46

124 /0008

Vertical Fixed Roof Tank

2.053,57

124 /0009

Vertical Fixed Roof Tank

1.825,09
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124 /0010

Vertical Fixed Roof Tank

0,01

124 /0011

Vertical Fixed Roof Tank

4,82

124 /0012

Vertical Fixed Roof Tank

4,83

124 /0013

Vertical Fixed Roof Tank

155,80

124 /0014

Vertical Fixed Roof Tank

8.102,33

124 /0015

Vertical Fixed Roof Tank

134,46

124 /0016

Vertical Fixed Roof Tank

1,49

124 /0017

Vertical Fixed Roof Tank

3,43

124 /0018

Vertical Fixed Roof Tank

357,96

124 /0019

Vertical Fixed Roof Tank

358,03

124 /0020

Vertical Fixed Roof Tank

358,10

124 /0021

Vertical Fixed Roof Tank

357,90

124 /0022

Vertical Fixed Roof Tank

358,10

124 /0023

Vertical Fixed Roof Tank

360,15

124 /0024

Vertical Fixed Roof Tank

367,17

124 /0025

Vertical Fixed Roof Tank

360,29

124 /0026

Vertical Fixed Roof Tank

259,19

124 /0027

Vertical Fixed Roof Tank

259,19

124 /0028

Vertical Fixed Roof Tank

361,91

124 /0029

Vertical Fixed Roof Tank

246,75

124 /0030

Vertical Fixed Roof Tank

90,41

124 /0031

Vertical Fixed Roof Tank

197,57

124 /0032

Vertical Fixed Roof Tank

175,69

124/ 0033

Vertical Fixed Roof Tank

175,21

124 /0034

Vertical Fixed Roof Tank

175,21

124 /0035

Vertical Fixed Roof Tank

175,04
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124/ 0036

Vertical Fixed Roof Tank

175,04

124 /0037

Vertical Fixed Roof Tank

175,43

12470038

Vertical Fixed Roof Tank

175,16

124 /0039

Vertical Fixed Roof Tank

357,76

124 /0040

Vertical Fixed Roof Tank

360,87

124 /0041

Vertical Fixed Roof Tank

1,44

124 /0042

Vertical Fixed Roof Tank

38,36

124 /0043

Vertical Fixed Roof Tank

38,82

124 /0044

Vertical Fixed Roof Tank

201,25

124 /0045

Vertical Fixed Roof Tank

201,32

124/ 0046

Vertical Fixed Roof Tank

321,32

124 /0047

Vertical Fixed Roof Tank

321,22

124 /0048

Vertical Fixed Roof Tank

580,00

124 /0049

Vertical Fixed Roof Tank

648,79

124 /0050

Vertical Fixed Roof Tank

534,15

124 /0051

Vertical Fixed Roof Tank

534,15

124 /0052

Vertical Fixed Roof Tank

223.590,20

124 /0053

Vertical Fixed Roof Tank

447,13

124 /0054

Vertical Fixed Roof Tank

509,37

124 /0055

Vertical Fixed Roof Tank

283,02

124/ 0056

Vertical Fixed Roof Tank

319,19

124 /0057

Vertical Fixed Roof Tank

169,68

124 /0058

Vertical Fixed Roof Tank

187,08

124 /0059

Vertical Fixed Roof Tank

154,77

124 /0060

Vertical Fixed Roof Tank

6,89

124 /0061

Vertical Fixed Roof Tank

6,89
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124 /0062

Vertical Fixed Roof Tank

6,89

124 /0063

Vertical Fixed Roof Tank

6,89

124 /0064

Vertical Fixed Roof Tank

2,68

124/ 0065

Vertical Fixed Roof Tank

2,68

124/ 0066

External Floating Roof Tank

10.908,86

124 /0067

External Floating Roof Tank

8.181,07

124 /0068

External Floating Roof Tank

7.147,98

124 /0069

External Floating Roof Tank

10.911,09

124 /0070

External Floating Roof Tank

10.910,25

124 /0071

External Floating Roof Tank

7.148,47

124 /0072

External Floating Roof Tank

12.271,41

124 /0073

External Floating Roof Tank

6.058,39

124 /0074

External Floating Roof Tank

6.058,48

124 /0075

External Floating Roof Tank

6.058,39

124 /0076

Vertical Fixed Roof Tank

0,30

124 /0077

Vertical Fixed Roof Tank

0,31

124 /0078

Vertical Fixed Roof Tank

0,52

124 /0079

External Floating Roof Tank

15.990,23

124 /0080

External Floating Roof Tank

5.067,71

124 /0081

External Floating Roof Tank

5.067,01

124 /0082

External Floating Roof Tank

5.213,62

124/ 0083

External Floating Roof Tank

5.214,10

124 /0084

Vertical Fixed Roof Tank

1.339,03

124 /0085

Vertical Fixed Roof Tank

1.341,27

124 /0086

Vertical Fixed Roof Tank

1.087,26

124 /0087

External Floating Roof Tank

10.429,26
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124 /0088

External Floating Roof Tank

6.021,63

124 /0089

External Floating Roof Tank

10.381,18

124/ 0090

External Floating Roof Tank

19.878,97

124 /0091

External Floating Roof Tank

19.876,94

124 /0092

External Floating Roof Tank

19.878,97

124 /0093

External Floating Roof Tank

19.878,97

124 /0094

External Floating Roof Tank

19.876,94

124/ 0095

External Floating Roof Tank

19.873,57

124 /0096

External Floating Roof Tank

20.077,39

124 /0097

External Floating Roof Tank

20.071,31

124 /0100

Vertical Fixed Roof Tank

3.197,47

124 /0101

Vertical Fixed Roof Tank

3.194,87

124 /0102

External Floating Roof Tank

117,02

124 /0103

External Floating Roof Tank

, 117,02

124 /0104

Vertical Fixed Roof Tank

3.257,09

124 /0105

External Floating Roof Tank

32.039,74

124 /0106

External Floating Roof Tank

284,31

124 /0107

External Floating Roof Tank

317,03

124 /0108

External Floating Roof Tank

32.039,74

124 /0109

Vertical Fixed Roof Tank

3.244,72

124 /0110

Vertical Fixed Roof Tank

3.241,54

124 /0111

Vertical Fixed Roof Tank

2.896,71

124 /0112

Vertical Fixed Roof Tank

2.899,69

124 /0113

Vertical Fixed Roof Tank

3.194,83

124 /0114

Vertical Fixed Roof Tank

2.968,20

124 /0115

Vertical Fixed Roof Tank

3.217,50
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124 /0116

Vertical Fixed Roof Tank

11.853,86

124 /0117

Internal Floating Roof Tank

317,92

124 /0118

Internal Floating Roof Tank

267,27

124/0119

Vertical Fixed Roof Tank

11.450,55

124 /0120

Vertical Fixed Roof Tank

11.450,55

124 /0121

Vertical Fixed Roof Tank

31,21

124 /0122

Vertical Fixed Roof Tank

31,24

124 /0123

Vertical Fixed Roof Tank

31,17

124 /0124

Vertical Fixed Roof Tank

2.175,32

124 /0125

Vertical Fixed Roof Tank

2.282,26

124 /0126

Vertical Fixed Roof Tank

74,66

124 /0127

Vertical Fixed Roof Tank

74,65

124 /0128

Vertical Fixed Roof Tank

38,42

124 /0129

Vertical Fixed Roof Tank

74,62

124 /0130

Vertical Fixed Roof Tank

17.626,38

124 /0131

Vertical Fixed Roof Tank

17.569,46

124 /0132

Vertical Fixed Roof Tank

27.025,09

124 /0133

Vertical Fixed Roof Tank

16,65

124 /0134

Vertical Fixed Roof Tank

16,65

124 /0135

Vertical Fixed Roof Tank

66,44

124 /0136

Vertical Fixed Roof Tank

1.228,82

124 /0137

Vertical Fixed Roof Tank

502,31

124 /0138

Vertical Fixed Roof Tank

66,07

124 /0139

Vertical Fixed Roof Tank

4,61

124 /0140

Vertical Fixed Roof Tank

4,61

124 /0141

Vertical Fixed Roof Tank

770,79
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124 /0142

Vertical Fixed Roof Tank

770,79

124 /0143

Vertical Fixed Roof Tank

179,61

124 /0144

Vertical Fixed Roof Tank

3,49

124 /0145

Vertical Fixed Roof Tank

3,46

124 /0146

Vertical Fixed Roof Tank

13,28

124 /0150

Internal Floating Roof Tank

3.314,00

124 /0151

Internal Floating Roof Tank

3.240,91

124 /0152

Vertical Fixed Roof Tank

1.020,18

124 /0153

Vertical Fixed Roof Tank

790,33

Total Emissions for all Tanks:

771.571,21
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