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Work Environment:

Location Type of | Present Law Removal
pollutant levels 4/94 Efficiency
mg / m3 %
Limits
mg / m3
SSP plant( Bradley mills) Dust 36 10 75
Phosphoric acid plant Dust 57 10 70
Luplco Mills HF 7 3 57
(Phosphoric acid plant)
TSP Plant (Neuman Mills) Dust 50 10 90
Stack Emmisions:
Location Type of Present levels Law Removal
pollutant mg / m3 4/94 Efficiency %
Limits
mg / m3
SSP plant( Bradley mills) Dust 150-200 50 66-75
Phosphoric acid plant Dust 150 50 66
Luplco Mills HF 43-50 15 65-70
(Phosphoric acid plant)
TSP Plant (Neuman Mills) Dust 100-150 50 50-66
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EMISSION ESTIMATION TECHNIQUE MANUAL
FOR
MANUFACTURING PHOSPHATE FERTILIZERS

1. INTRODUCTION:

The Egyptian Pollution Abatement Project (EPAP II) will be implemented from 2007-
2012 with a loan and grant facility to industry of approximately US$160 million from
the World Bank, European Investment Bank, Japan Bank for International
Cooperation and the French Development Agency.

The overall objectives of EPAP Il are to: 1) assist EEAA and the Egyptian Industry
initiate the necessary investments to meet legal requirements on effluent and air
emissions, ensure sustainable economic development, protect citizens from health
risks linked to toxic pollution of air, water and soil; and 2) enable the Egyptian
environmental public authorities to efficiently manage EPAP II and similar pollution
abatement projects.

As part of the EPAP II program, sub borrowers are eligible for a 20% grant
component provided that designated pollutant levels are reduced by at least 50% and
become compliant with the law. Thus, monitoring and subsequent verification of the
50% reduction in pollution load will be essential for sub-borrowers to obtain the 20%
grant.

In this context, these guidelines are adapted from the relevant references, including:
USA-EPA "Emission Inventory Improvement Program-EIIP", Australia "National
Pollution Inventory-NPI" and Europe "Emission Inventory Guidebook".

As an example, the adapted guidelines are herein tested for the case of Abo-
Zaabal for Fertilizers and Chemicals Company. A one-day visit was conducted
on January 8, 2008, where the available data was collected. The collected data,
within the timeframe for this assignment, was employed to test the applicability
of the presented emission estimation tourniquets, based on real data. In order to
obtain better and accurate estimates for emission loads, more data need to be
collected and/or verified to minimize the uncertainty level of emission estimates,
based on the recommendations presented at the end of this report.




2. PROCESS DESCRIPTION

The following section of the adapted manual presents a brief description of the
Phosphate Manufacturing industry and identifies the likely emission sources.

2.1 PROCESS DESCRIPTION

Phosphate fertilizers are classified into groups of chemical compounds. Two of these
groups are known as super phosphates and are defined by the percentage of
phosphorus as phosphorus pentoxide (P205). Normal (single) super phosphates (SSP)
contain between 15 and 21 percent phosphorus as P205 whereas triple super
phosphate (TSP) contains over 40 percent phosphorus.

In the case of Abo-Zaabal for Fertilizers and Chemicals Company, the production mix
includes SSP and TSP. In addition, the company produces sulfuric and phosphoric
acids, mainly to be used for the production of SSP and TSP.

Fertilizer grade phosphoric acid is manufactured by treating rock phosphate with
excess sulfuric acid, a process that produces considerable amounts of waste calcium
sulfate (gypsum).

2.1.1 Normal (Single) Super phosphate

Normal super phosphates are prepared by reacting ground phosphate rock with
sulfuric acid. The abated manual includes a generalized flow diagram of normal super
phosphate production (see abated manual).

In Abo-Zaabal, SSP is produced using three production lines. The production process
comprises the feeding of phosphate rock after grinding into a mixer where it is
thoroughly mixed with a controlled amount of 70% sulfuric acid. The two old lines (1
and 2) use the outdated “Broad Field Den” technology whereas line 3 uses the more
modern “Kolman Process” technology. In lines 1 and 2 the acid and rock are fed
continuously in a semi-automatic manner into a continuous den conveyor, where a
horizontal shaft with mixing blades (in the trough) advances the material to the other
end. Then a disintegrator slices the solid mass of crude product so that it may be
conveyed to pile storage for curing and completion of the conversion.

Line 3 uses the “Kolman Process” technology, which differs in the mechanical design
from the den and moving conveyor. The continuous den is enclosed so that fumes do
not escape into the working environment. These fumes are scrubbed in a water
scrubber to remove acid and HF before being exhausted to the atmosphere.

There are 2 granulation units for the single super phosphate. The granulation process
consists of conveying the produced SSP to a granulation cylinder where steam and
water are added. The produced granules are then dried and transferred using a belt
conveyor to the screen area where the desired granule size is obtained. The over-size
portion is crushed and recycled to the dryer. The exhaust gases are fed to cyclones to
separate the fine particles and then treated in a water scrubber.




2.1.2 Triple Super-phosphate (TSP)

The adapted manual describes the commonly used processes to produce high analysis
super phosphate e.g. (TSP). Abo-Zaabal produces the triple super phosphate TSP
which contains nearly three times the amount of P,Os. The production process
consists of grinding of phosphate rock and mixing with phosphoric acid in a reactor
then the slurry is pumped to complete the reaction. The slurry is sprayed onto a
granulator and the product is then dried and screened. The over- size is crushed and
recycled back to the dryer, cooled and sent to bulk storage. The exhaust gas from the
dryer and cooler are fed to cyclones to separate and recycle the fines whereas, the
exhaust gases are scrubbed with water to remove acid and HF.

2.1.3 Sulfuric and Phosphoric Acids

In addition to SSP and TSP, Abo-Zaabal produces sulfuric and phosphoric acids. The
adapted manual for "Inorganic Chemical Manufacturing” contains generic process
description on phosphoric and sulfuric acids manufacture, emissions and the
techniques for estimating the associated emissions.

In Abo Zaabal, the produced phosphoric acid is mostly used in the fertilizer
preduction. The phosphoric acid is produced by grinding phosphate rock and reaction
in a reactor with sulfuric and phosphoric acid. Cooling air jets are used to control
reaction temperature. The exhaust gases are scrubbed by water to remove the liberated
SiF4to form HaSiFs which, is concentrated to obtain a 15% waste H,SiFg acid.

Sulfuric acid is produced in two units, where unit #5 utilizes the single absorption
technology and unit #6, uses the double absorption double catalysis technology. In
general, the production process consists of melting sulfur using steam then; the
molten sulfur is burned to produce SO; gas, which is converted to obtain SO; using
V105 catalyst. SO; is then absorbed in concentrated H;SO, where, the concentration is
adjusted to the 98%. The acid is cooled and pumped to the acid storage tanks.

2.2 EMISSIONS TO AiR

The adapted guidelines categorize air emissions as either fugitive or point source
emissions.

Fugitive Emissions

These are emissions that are not released through a vent or stack. Examples of
fugitive emissions include dust from stockpiles and materials handling as well as
equipment leaks. This type of emissions is dominating in the work environment at
Abo Zaabal.

Point Source Emissions

These emissions are exhausted into a vent or stack and emitted through a single point
source into the atmosphere. In this context, Abo Zaabal Company comprises a number
of point sources of emissions (stacks), as explained later.




2.3 EMISSIONS TO WATER

In general, emissions of substances to water can be categorized as discharges to:
e Surface waters (e.g. lakes and rivers) ;
o (Coastal or marine waters; and
¢ Storm water

In the past, Abo Zaabal was discharging wastewater to the near surface water. Since
1999, as indicated by the plant management, the plant is not discharging wastewater
to the neighboring surface water. Also, plant management provided no information on
the current practices for wastewater discharges, as it is not within the scope of the
future interventions with EPAP-II.

3. EMISSION ESTIMATION TECHNIQUES

This section presents equations and examples of calculations for estimating emissions
of particulate matter, as the primary pollutant from phosphate manufacturing at Abou
Zaabal Company.

In general, there are four types of emission estimation techniques that may be used to
estimate emissions including;

e Sampling or direct measurement;

e Mass balance;

e Fuel analysis or other engineering calculations; and

e Emission factors.

In the current case, the available data was utilized to estimate the annual emission
loads using stack sampling, mass balance and emission factors. Detailed examples of
the calculations are herein presented.

3.1 USING SAMPLING OR DIRECT MEASUREMENT

The data made available by EEAA covered air emissions from the main process (17
stacks). The data included the emissions flow rates as well as the concentrations of
particulates (TSP), Fluoride compounds (HF) and sulfur compounds (SO5).

3.1.1 Emissions to Atmosphere

Particulate Matter (TSP) Emissions: The stack sampling test reports often provide
emissions data in terms of kilograms per hour or grams per cubic meter (dry
standard). Annual emissions can be calculated from this data. Stack tests should be
performed under representative or normal operating conditions.

Abou Zaabal company submitted the test data shown in Table 1 that cover the three
production lines for SSP (SSP-1, SSP-2, SSP-3) as well as the three granulation units
(G-200, G-400), G-600). The table includes two source parameters i.e. particulates
(TSP) concentration in mg/m’ and the volumetric flow rate (m>/hr).



Table 1. Stack measurement for Particulates Emissions (PM)

Units | SSP-1 [ SSP-2  {SSP-3 [G-200 [G-400 | G-600
Qq m>/hr 24000 | 24000 [ 24000 | 100000 | 120000 | 110000
Crp | mg/m’ 695 586 718 670 240 40

Assuming that flow rates were measured under dry conditions and no correction for
moisture content is required, the following equation can be utilized in estimating stack
emissions.

Ersp= Crsp * Q,* 10°°

Where:

Ersp= hourly emissions of PM, kg/hr

Cpm = concentration of PM or gram loading, g/m3

Qq = stack gas volumetric flow rate, m*hr, dry

10 = kg/mg

The following example illustrates the application of the abovementioned equation to
calculate stack emission load for SSP-1, in kilograms per hour (kg/hr).

Etsp. b= Crsp* Qa* 107

Ersp, nr= 695 (mg/m’) * 24000 (m*/hr) * 10 (kg/mg)

Ersp,he=16.68 kg/hr

Thus, annual emissions (ton/y) could be estimated by multiplying the hourly
emissions (kg/hr) by the number of working hours (24 hr/day) and the annual working
days (330 day/y), as follows:

Ersp,y= 16.68 (kg/hr) * 24 (hr/day) * 330 (day/y) * 107 (tone/kg)

Ersp,y= 132 tonely

Similarly, the emission loads for other stacks could be estimated, as shown in Table 2.

Table 2. Estimated hourly and annual emissions of particulates (PM)

Units SSP-1 SSP-2 SSP-3 G-200 G-400 G-600

Qu: Volumetric

flow rate m*/hr 24000 | 24000 24000 | 100000 | 120000 | 110000
CTspZ TSP

concentration mg/m’ 695 586 718 670 240 40
Epm, nee Hourly

emissions kg/hr 16.7 i4.1 17.2 67.0 28.8 4.4
Ergp,y: Annual

emissions tone/y 132 111 136 531 228 35
Ersp,v: Annual emissions (tone/y) 1174




Gaseous Emissions: The main gaseous emissions include SO, from the stacks of
sulfuric production lines (8-5, §-6, §7), as well as HF from the production lines of
phosphoric acid (Phos.), TSP and.SSP (SSP-1, SSP-2, SSP-3). Sampling test data
regarding these stacks are presented in Table 3 and Table 4, respectively.

Table 3. Stack measurement for sulfur dioxide (SO;)

Units S-5 S-6 S-7
Qq m’/hr 50000 70000 110000
Cso2 | mg/m’ 3750 1450 1000

Table 4. Stack measurement for Hydrogen Fluoride (HF)

Units | Phos. | TSP SSP-1 | SSP-2 [ SSP-3 | G-200 [ G-400 [ G-600
Qq m’hr | 45000 | 235000 | 24000 [ 24000 | 24000 | 100000 | 120000 | 110000
Cur | mg/m’ 90 14 290 290 290 14 12 12

Similarly, and based on the previous assumptions and equations, the hourly and

annual emission loads could be calculated. The estimated emissions for SO, and HF
are presented in Table 5 and Table 6, respectively.

Table 5. Estimated hourly and annual emissions of (SO,)

Units 8-5 §-6 S-7
Qu m’/hr 50000 70000 110000
Csoz mg/m’ 3750 1450 1000
E S02. v tone/y 1485 804 871
Ersp,y: Annual emissions (tonefy) 3160

Table 6. Estimated hourly and annual emissions of (HF)

Units | Phos. | TSP SSP-1 | SSP-2 | 8SP-3 | G-200 | G-400 | G-600
Qa m>/hr | 45000 | 235000 | 24000 | 24000 | 24000 [ 100000 | 120000 | 110000
Cur mg/m’ 90 14 290 290 290 14 12 12
Eur e | kg/hr 4.1 3.3 7.0 7.0 7.0 1.4 1.4 1.3
Eur y tone/ly 32 26 55 55 55 11 11 10
Enr, ! Annual emissions (tone/y) 224

In conclusion, the annual stack emission loads of particulates (TSP), SO, and HF,
using the available data is in the order of 1174 tones, 3160 tones and 224 tones,
respectively. This emissions estimation is based on the following assumptions:

3.1.2 Emissions to Water

The submitted test data is representing the annual averages
The flow rates were measured in dry conditions
No correction for moisture contents is considered, as it is not a requirement by
the Executive regulations of Law #4, 1994). For comparison with other test

data, measurements of exhaust gas temperatures have to be provided.

No data on wastewater pollution was provided by the plant because it is not the focus
of the intended new projects, as indicated by plant management. Also, the auditing

report for the company skipped wastewater pollution. However, if wastewater
monitoring data is made available, the equations included in the adapted manual can
be used to calculate annual emissions, as follows:



Eipy.i= Ci* Vw * OpHrs / 1000000

Where:

Eipyi = emissions of pollutant i, kg/yr

Ci= concentration of pollutant i in wastewater, mg/L

V.= hourly volume of wastewater, L/hr

OpHrs = operating hours per year for which data apply, hr/yr
1000000 = conversion factor, mg/kg

Thus, in order to estimate wastewater pollution loads, it is important to monitor
wastewater volume discharges as well as concentrations of the pollution parameters
e.g. TSS, BOD and COD. In this context, monitoring data should be averaged and
only representative concentrations can be used in emission calculations.

3.2 USING MASS BALANCE

A mass balance identifies the quantity of substance going in and out of an entire
facility, process, or piece of equipment. Emissions can be calculated as the difference
between input and output of each substance. Accumulation or depletion of the
substance within the equipment should be accounted for in the calculation.

In the case of Abo Zaabal, mass balance technique can be utilized in estimating the
plant overall losses of raw materials including fugitive emissions. As an example, the
loss of P2Os as the main constituent in phosphate raw material is herein calculated
using the following equation (see the adapted manual).

Expy,i= (Amount in)i— (Amount out)i

Where:

Expy,i = emissions of pollutant i, kg/yr

(Amount in)i = amount of pollutant i entering the process, kg/yr

(Amount out)i = amount of pollutant i leaving the process as a waste e.g. gypsum,
kg/yr

A thorough knowledge of the different fates for the pollutant of interest is necessary
for an accurate emissions estimate to be made using the mass balance approach.

The amount of a particular substance entering or leaving a facility is often mixed
within a solution as a formulation component or as a trace element within the raw
material. To determine the total weight of the substance entering or leaving the
process, the concentration of the substance within the material is required. Using this
concentration data, the following equations can be applied as a practical extension of
the previous equation.

Ekpy,i = [Qm * Cin - Qpr * Cpr - Qrec * Crec — Qwasle * Cwaste]

Where:
Expy.i = emissions of pollutant i, tone/y




Qin, Qpr, Qrec, Qwaste = quantity of raw material, product, recycled material or waste
respectively, that is processed annually, tone/y.

Cin, Cpr, Crec, Cwaste = concentration of substance i in the raw material, product,
recycled material or waste respectively, %

As an example, Abo Zaabal Company manufacturer phosphate fertilizers using
phosphate rock as a raw material in the production of SSP, TSP. The rock contains an
average of 27% of P,0s. According to the audit report, the annual consumption of
phosphate rock is 450000 tones. On the other hand, the annual production of the
facility includes 400000 tones of SSP, 40000 tones of TSP, 20000 tones of phosphoric
acid (PA) and 7000 tones of animal feed. In addition, gypsum is produced at a rate of
about 200000 tones per year. The concentration of P,Os in SSP, TSP, PA, animal feed
and gypsum is about 17%, 40%, 20%, 26% and 2%, respectively. Assuming that the
entire PA is consumed in the production of fertilizers (SSP, TSP), no P,0s is lost to
wastewater and there are no recycling activities taking place, annual emissions to air
of P,Os could be determined as follows:

Expy= [Qm * Cin— Qpr * Cpr — Qwaste * Cwastc]
= [450000 * 0.27 - (400 000 * 0.17 + 40000%0.48 + 7000%0.26) — 200000*0.02]
= 38030 tone of P»Os per year.

As the concentration on P,Os in the rock is 27%.
Thus, the losses of phosphate rocks can be calculated as follows:
Losses of raw material (phosphate rock) = 38030/0.27 = 141037 tones/y

3.3 USING EMISSION FACTORS

An emission factor is a tool that is used to estimate emissions to the environment. In
the adapted guidelines, it relates the quantity of substances emitted from a source to
some common activity associated with those emissions. Emission factors are obtained
from US, European, and Australian sources and are usually expressed as the weight of
a substance emitted divided by the unit weight, volume, distance, or duration of the
activity emitting the substance, e.g. kilograms of PM,, emitted per tones of phosphate
fertilizer. A set of such emission factors is listed in the adapted manual.

In general, estimating emissions by applying emission factors can be calculated by the
following equation:

Ekpy,i = [A * OpHrs] * EFi* [1 - (CEi/100)]

Where:

Ekpy,i = emission rate of pollutant i, kg/yr

A = activity rate, t/hr

OpHrs= annual operating hours, hr/yr

EFi = uncontrolled emission factor of pollutant i, kg/t
CEi = overall control efficiency for pollutant i, %




Emission control technologies, such as ESP, fabric filters or baghouses, and wet
scrubbers, are commonly installed to reduce the concentration of particulates in
process off-gases before stack emission. Where such emission abatement equipment
has been installed and where emission factors from uncontrolled sources have been
used in emission estimation, the collection efficiency of the abatement equipment
needs to be considered.

As an example, fluoride emissions from the curing building of SSP can be estimated
using an emission factor of 1.9 kg of fluorides for each tone of normal super
phosphate produced (SSP), without a control device in place.

Expy.fluoride = [A] * EF fluoride
Where,
A = 400000 tones/yr
EFfluoride = 1.9 kg of fluorides per tone SSP
Thus, the annual emission load of fluoride can be estimated as foliows:
EFfiueride = 400000 (tone SSP/y) * 1.9 kg/tone SSP * 1073 (tone/kg)
= 760 tone fluoride/y

Emission factors for some other pollutants and/or processes are available in the
adapted manual.
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4. CONCLUSIONS

The application of the adapted guidelines on the case of Abo Zaabal revealed the
following conclusions:

1. The adapted guidelines include the process flow diagrams that can reasonably
describe the actual case of manufacturing phosphate fertilizers including the
single (normal) super phosphate SSP and the triple (high analysis) super
phosphate TSP.

2. In reality, the emission sources as presented in the guidelines include three
production lines for SSP, a production line for TSP, three granulation units,
phosphoric acid production unit and three units for sulfuric acid production.

3. The emissions calculation techniques presented in the adapted guidelines have
been utilized to estimate annual emissions of the primary air pollutants
characterizing this industry e.g. TSP, SO2 and HF, as follows:

o Stack sampling: Assuming dry conditions sampling, the available
sampling data resulted in estimating the annual emission loads of TSP
(1174 tones), SO; (3160 tones) and HF (224 tones).

© Mass Balance: This technique was employed to estimate the overall
emissions of P05 which resulted in about 38030 tones per year.
Accordingly, an overall loss of about 141037 tones per year of
phosphate rock was estimated.

o Emission factor: As an example, fluoride emissions from the curing of
SSP were estimated at 760 tones/y.

4. Comparison between the various estimation techniques indicate the following:

o Sampling data are applicable for estimating stack emissions of dust,
SO, and HF. However, more data is needed to employ such technique
¢.g. exhaust gas temperature and moisture content. This would enable
calculating and comparing emissions at standard conditions.

o Estimating emissions using emission factors is applicable for specific
processes where the relevant "International” emission factors are
available. Due to the involved high level of uncertainty and
considering EPAP-II objectives, this technique is not recommended. In
other words, this emission factors could be utilized in estimating
emissions from the processes out of EPAP-II scope.

o The mass balance technique is useful in identifying the overall
production efficiency of specific product(s) e.g. super phosphates.
Applying such technique would be more beneficial in the cases were
the plant is planning to implement a variety of interventions for the
production processes. Thus, the overall losses of the key raw materials
could be considered as a good indicator for the improvement of the
plant performance, including environmental emissions.

o Use of engineering equations to estimate emissions from phosphate
fertilizer manufacturing is a more complex and time-consuming
process. However, this technique is not recommended for Ab Zaabl,
because such engineering equations require more detailed data inputs,
which can not be easily developed. Such data may include chemical
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5.

and physical properties of the materials involved (e.g. vapor pressure
and vapor molecular weight), operating data (e.g. the amount of
material processed and operating hours) and the physical properties
and dimensions of the emission source (e.g. tank color and diameter),

Fugitive Emissions: Many of the engineering equations presented in the
adapted guidelines are to be applied to estimate emissions of organic
compounds while, there is little information currently available for estimating
fugitive emissions of inorganic compounds. If necessary, comprehensive data
is needed, as explained in the adapted manual.

5. RECOMMENDATIONS

In order to obtain reliable estimations of emission loads for fertilizers manufacturing
plants involved in EPAP 11, the following activities are recommended based on the
findings of this case study:

1.

Prior to establishing self-monitoring programs, EPAP-II should focus on
collecting detailed and accurate data on the inputs and outputs of the processes
under consideration. Such data should be identified based on a through
investigation of the processes to develop the proper models that can describe
the material balance for each process and/or product. Thus, an acceptable
bascline emissions data can be developed.

In addition, establishing such baseline data would require an identification of
the operation profile as well as the associated emissions. Operation profile
should be based on production records. Then, emissions profiles could be
developed using stack sampling tests over time periods that can reasonably
represent the operating conditions, including the abnormal conditions.

After identifying and planning the sampling program, the sampling tests
and/or analyses should be conducted by a credible and preferably certified
"Third Party", under the supervision of EPAP-II, in coordination with the
plant management.

Based on the identified emissions profile, a self-monitoring program should be
established, considering the timing and frequency considerations, as explained
in the report on self-monitoring.

While implementing the intended improvement, it is recommended to upgrade
the monitoring and recording system for the inputs/outputs that are needed to
update the results of the material balance models for the considered processes.

A reliable self-monitoring program has to be established considering the aspects
presented in the self-monitoring report. Most importantly, the decision on specific
level of data quality has to be optimized considering a variety of constraints
including the objective of the estimation, the available resources, timeframe and
the relevant technical aspects.
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