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__Consultant Information

A. Company or Other Legal Name: Trinity Consultants

B. Company Official Contact Name: Raghu Soule

Title: Managing Consultant

Mailing Address: 1001 West Loop South, Suite 640

City: Houston

State: TX

ZIP Code: 77027

Telephone No.: 713-552-1371 x206

Fax No.: 713-552-1374
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1.3.1. Local Map
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1.3.2. Regional Map
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production, Using a catalyst, ammonia synthesis will be carried out in a closed loop process. Other than a small
recycle stream, the ammonia formed will be condensed, separated, and fed to an ammonia storage tank which is
part of the existing INVISTA facilities.

Low temperature cooling duty will be provided by a refrigeration unit that is a part of the ammonia unit. Liquid
ammonia will be used as a refrigerant and vaporized in order to cool the ammeonia produced in the closed loop
process.

A closed loop process will be used for ammonia production. As such, a continuous flow will be purged from the
loop process in order to keep inert components at a constant concentration. The gas that is separated (flash gas)
will be fed to an absorption-desorption process to recover ammonia, The offgas from the absorption-desorption
process, called ammonia fuel gas, will be used as a fuel gas for the reformer within the hydrogen unit,

1.4.4, Air Separation Unit

The air separation unit will produce nitrogen as well as oxygen at a high purity level. The majority of the nitrogen
will be used in the ammonia unit, while excess nitrogen and pure oxygen will be exported to the existing INVISTA's
facilities for further use,

1.4.5. Associated Support Equipment

1.4.5.1. Cooling water system

The new cooling water system wili consist of a cooling tower and cooling water pumps. Losses due to evaporation
inside the cooling tower will be replaced by cooling water make-up.

1.4.5.2. Instrument and plant air

The new instrument and plant air system will serve the demand of several air consumers inside the new
hydrogen/ammonia unit. An air compressor and air drying unit will be used to provide necessary air for air-
driven instruments. Connections to the existing instrument air systems will provide backup instrument air.

1.4.5.3. Water treatment system

The main purpose of the new water treatment system is to provide boiler feed water for use inside the
hydrogen/ammonia unit. The water treatment system will use steam condensate coming from the new
hydrogen/ammonia unit, as well as boiler feed water and reverse osmosis water from the existing INVISTA
facilities.

INVISTA S.a r.l. Victoria | Combined Hydrogen/Ammonia Unit PSD Permit Application for GHG
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1.4.6. Process Flow Diagram
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1.4.7. Plot Plan
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EPN Emission Unit Description CO; CH4 N20 Fotal COzet
(tpy) (tpy) (tpy) (tpy)
06V802-MSS | Ammonia Flare MSS 9,17 <0.01 <0.01 9,17
FUG-PSA Fugitives ~ PSA Offgas 8.23 2.25 55.4
FUG-HBOG | Fugitives - High-Btu Offgas 0.17 0.15 3.37
FUG-NG Fugitives - Natural Gas 0.29 50.75 --- 1,066

2.1.1. Reformer (EPN 03V901)

The reformer converts methane and water to hydrogen, carbon monoxide and carbon dioxide. Annual emissions
are based on 8760 hours of operation per year. For natural gas, the CO; emissions factor is based on EPA’s
technical support document for hydrogen plants, page 9, Table H5, while the Methane and Nitrous Oxide emissions
factors are based on 40 CF.R, Part 98, Subpart C, Table C-2. For High-Btu Off-gas, the GHG emission factors are
based on site-specific data for this gas. Detailed emission calculations are provided in Appendix A.

2.1.2. Reformer Maintenance, Startup, and Shutdown (MSS) (EPN 03V901-MSS)

MSS for the reformer is defined by the period from first combustion of fuel in the reformer burners until the point
when the reformer stack SCR {(NOx control) is engaged. Itis expected that due to temperature requirements prior
to engaging the NH3 injection for the SCR NOx control that a minimum bed temperature must be reached. This
temperature is estimated to be approximately 40% of the total heat input load of the reformer. The emission
calculations for MSS emissions from the reformer are based upon less than 300 hours per year, The CO; emission
factor is based on EPA's technical support document for hydrogen plants, page 9, Table H52 CHjs and N0
emissions factors are from 40 C.ER. Part 98, Subpart C, Table C-2. Detailed emission calculations are provided in
Appendix A,

2.1.3. Start-up Heater (EPN 08B001})

The start-up heater is fueled solely by natural gas and is used for starting up the ammonia converter, Annual
emissions are based on less than 1300 hours per year. C0O; emissions are based on emission factors from Table
C-1 of 40 C.F.R. Part 98, Subpart C for combustion sources, N20 and CH4 emissions are based on emission factors
from Table C-2 of 40 C.F.R. Part 98, Subpart C for combustion sources. Detailed emission calculations are provided
in Appendix A,

2.1.4, Hydrogen Flare (EPN 06V801)

The hydrogen flare utilizes continuous pilots as part of the design of the flare. Normal operation will consist of
pilot flaring. Annual emissions are based on 8760 hours of operation per year. GHG emissions from normal
operation of the flare are from natural gas pilot flaring, and emission factors are based on Table C-1 and C-2 of 40
C.F.R. Part 98, Subpart C for combustion sources, Detailed emission calculations are provided in Appendix A,

2.1.5. Hydrogen Flare MSS (EPN 06V801-MSS)

Non-ammonia gas streams released from the hydrogen/ammonia unit during malfunctions and planned MSS are
routed to the hydrogen flare, The hydrogen flare aiso has the potential to flare H during product demand changes
or when the system is not balanced. Annual emissions are based on the frequency and duration of each activity,
as shown in Appendix A. GHG emissions resulting from planned MSS and product demand change flaring are

2 “Technical Support Decument for Hydrogen Production: Proposed Rule for Mandatory Reporting of Greenhouse
Gases” Office of Air and Radiation U.S. Environmental Protection Agency, August 5t 2008,

INVISTA S.a r.l. Victoria | Combined Hydrogen/Ammeonia Unit PSD Permit Application for GHG
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calculated based on the total carbon flow rate to the flare. Detailed emission calculations ave provided in Appendix
A,

2.1.6, Ammonia Flare (EPN 06V802)

The ammonia flare utilizes continuous pilots as part of the design of the flare. During normal operation, the
natural gas pilots and dry gas seals emissions will be flared. Annual emissions are based on 8760 hours of
operation per year. The dry gas seals composition is mainly hydrogen and nitrogen, with a negligible amount of
carbon and some ammonia, Therefore dry gas seals are not included in the GHG emissions for the flare, GHG
emissions from normal operation of the flare are a result of natural gas pilot flaring, and emission factors are
based on Table C-1 and C-2 of 40 C,F.R. Part 98, Subpart C for combustion sources. Detailed emission calculations
are provided in Appendix A,

2.1.7. Ammonia Flare MSS (EPN 06V802-MSS)

Gas streams containing ammonia released from the hydrogen/ammonia unit during malfunctions and planned
MSS are routed to the Ammonia Flare, Annual emissions are based on the frequency and duration of each planned
MSS activity, as shown in Appendix A. GHG emissions resulting from planned maintenance, startup and shutdown
are calculated based on the total carbon flow rate to the flare, Detailed emission calculations are provided in
Appendix A,

2.1.8. PSA-Offgas Fugitives (EPN FUG-PSA)

PSA-offgas fugitive emissions are calculated using the methodology described in the TCEQ document entitled “Air
Permit Technical Guidance for Chemical Sources: Equipment Leak Fugitives, October 2000”, using emissions factors
based on SOCMI without ethylene and control factors based upon the 28VHP program. Annual emissions are
based on 8760 hours of operation per year. Detailed emission calculations are provided in Appendix A.

2.1.9, High-Btu Offgas Fugitives (EPN FUG-HBOG)

High-Btu offgas fugitive emissions are calculated using the methodology described in the TCEQ document entitled
“Air Permit Technical Guidance for Chemical Sources: Equipment Leak Fugitives, October 2000", using emissions
factors based on SOCMI without ethylene and control factors based upon the 28VHP program, Annual emissions
are based on 8760 hours of operation per year. Detailed emission calculations are provided in Appendix A.

2.1.10. Natural Gas Fugitives (EPN FUG-NG})

Natural gas fugitive emissions are calculated using the methodology described in the TCEQ document entitled “Air
Permit Technical Guidance for Chemical Sources: Equipment Leak Fugitives, October 2000”, using emissions factors
based on SOCMI without ethylene and control factors based upon the 28VHP program. Annual emissions are
based on 8760 hours of operation per year. Detailed emission calculations are provided in Appendix A.

2.1.11. Associated Support Equipment

There are no GHG emissions from any associated support equipment, i.e, the cooling water system, the instrument
and plant air system, and the water treatment system,

INVISTA S.a 1.k, Victoria | Combined Hydrogen/Ammonia Unit PSD Permit Application for GHG
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Particularly in the area of Carbon Capture and Sequestration (CCS), analyzed below, it is important to note that
emerging control technology installations designed primarily for research and development, or as demonstration
projects for a particular process unit, do not represent technologies that are necessarily both available and
applicable to all similar process units,

The NSR Manual also states "availability” is fact specific:

[T}he applicant should make a factual demonstration of infeasibility based on commercial
unavailability and/or unusual circumstances which exist with application of the control to the
applicant’s emission units, Generally, such a demonstration would involve an evaluation of the
pollutant-bearing gas stream characteristics and the capabilities of the technology.?*

Applicable contro! technologies. The NSR Manual describes an “applicable” control technology as fotllows:

Technical judgment on the part of the applicant and the review authority is to be exercised in
determining whether a control alternative is applicable to the source type under consideration.
In general, a commercially available control option will be presumed applicable if it has been or
is soon to be deployed (e.g., is specified in a permit} on the same or a similar source type. Absent
a showing of this type, technical feasibility would be based on examination of the physical and
chemical characteristics of the pollutant-bearing gas stream and comparison to the gas stream
characteristics of the pollutant-bearing gas stream characteristics of the source types to which
the technology had been applied previously. Deployment of the control technology on an existing
source with similar gas stream characteristics is generally sufficient basis for concluding technical
feasibility barring a demonstration to the contrary.

For process-type contro! alternatives the decision of whether or not it is applicable to the source
in question would have to be based on an assessment of the similarities and differences between
the proposed source and other sources to which the process technique had been applied
previously., Absent an explanation of unusual circumstances by the applicant showing why a
particular process cannot be used on the proposed source the review authority may presume it is
technically feasible,16

With respect to the applicability of GHG controls, EPA provided additional guidance in 2011.17 With respect to
carbon capture and sequestration {CCS), EPA wrote:

EPA recognizes the significant logistical hurdles that the installation and operation of a CCS
system presents and that sets it apart from other add-on controls that are typically used to reduce
emissions of other regulated pollutants and already have an existing reasonably accessible
infrastructure in place to address waste disposal and other offsite needs. Logistical hurdies for
CCS may include obtaining contracts for offsite land acquisition (including the availability of land},
the need for funding {including, for example, government subsidies), timing of available
transportation infrastructure, and developing a site for secure long term storage. ... Based on
these considerations, a permitting authority may conclude that CCS is not applicable to a
particular source, and consequently not technically feasible, even if the type of equipment needed

15 jd. at B.19.

16 Id. at B.18.

17 ENVT'L PROT. AGENCY, PSD AND TITLE V PERMITTING GUIDANCE FOR GREENHOUSE GASES, EPA-457/B-11-001
(March 2011} [hereinafter, "GHG Guidance”},
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to accomplish the compression, capture, and storage of GHGs are determined to be generally
available from commercial vendors.18

A recent decision of EPA’s Environmental Appeals Board illuminates the interplay between the concepts of
“demonstrated” and “available and applicable” in the context of a GHG PSD permit. In the case of In re: Pio Pico
Energy Center,}® the permitting authority defined the “source type” under review narrowly for purposes of the
Step 2 “demonstrated” analysis, concluded that the proposed contro! technology was not demonstrated for that
source type, and then conducted an availability /applicability analysis. In response to a challenge to the narrow
definition of source type used by the permitting authority, the EAB wrote:

The fact that a step 2 technical feasibility analysis has two parts is an important consideration in
determining what the appropriate scope for selecting “source type” should be. Because the
analysis is two-fold, if the permitting authority concludes that a control technology is not
“demonstrated,” the inquiry does not end there. Thus, even if “source type” is defined on the
narrower side of the spectrum, the permitting authority will still need to consider whether that
control technology is “available” and "applicable.” Defining “source type” more narrowly does not,
therefore, allow applicants or permit issuers to pave an “automatic BACT off-ramp” for a control
technology .... It merely places the control technology into the second part of the step 2 analysis,
where the applicant and permit issuer will have to perform a detailed assessment of the
technology's availability and applicability.

Conversely, if “source type” is defined too broadly, a control technology will automaticaily be
shunted into steps 3 and 4, thereby bypassing the detailed consideration of its technical feasibility
that part 2 of step 2 would have required. Because step 4 considerations do not typically include
technical feasibility, a control technology that is not truly feasible for a particular source could
end up being inappropriately selected as the top control option in step 5.

The present case demonstrates how the two-part step 2 analysis works. Here, even though the
Region concluded that [the proposed controls] were not a ""demonstrated” control technology,
the Region still performed a detailed consideration of [the proposed controls] in its “applicability”
determination, 20

Relying on this two-part structure of the Step 2 analysis, the EAB concluded that defining the source type
somewhat narrowly for purposes of the “demonstrated” analysis is not fatal to the top-down approach, because
the availability /applicability step will “recapture” technologies that may fall out at the “demonstrated” stage. The
structure of the Step 2 analysis will be compromised only where the narrowness of the source category definition
is unfair—for example, when the source under review becomes a “category of one.”

3.2.3. Step 3 - Rank Remaining Control Technologies by Control Effectiveness

All remaining technically feasible control options are ranked based on their overall control effectiveness for the
pollutant under review.

Collateratl effects are usually not considered until step four of the five step top-down BACT analysis and could
result in rejection of a favorable control option at step 3. As a result, top-down BACT does not necessarily drive
an integrated manufacturing site {o lowest emissions of GHG, and particularly CO;. For example, a carbon dioxide
capture system is a large energy user. That energy is most often supplied by a fossil fuel powered energy source.

18 /d. at 36 (emphasis added).
192013 WL 4038622, PSD App. Nos, 12-04, 12-05, and 12-06 (Envt'l App. Bd,, Aug. 2, 2013),
20 [, § VIII{E}(4)(b).
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As a result, that power source generates C0y, partially offsetting the amount captured. INVISTA has identified
several instances in which careful consideration of collateral effects are warranted. Those instances are presented
within this document to clearly indicate where the collateral effects have influenced the evaluation,

3.2.4. Step 4 - Evaluate Most Effective Controls and Document Results

After identifying and ranking available and technically feasible control technologies, the economic, environmental,
and energy impacts are evaluated to select the best control option, If adverse collateral impacts do not disqualify
the top-ranked option from consideration, it is selected as the basis for the BACT limit. Alternatively, in the
judgment of the permitting agency, if unreasonable adverse economic, environmental, or energy impacts are
associated with the top control option, the next most stringent option is evaluated, This process continues until a
control technology is selected.

With regard to CCS, EPA recognizes in its BACT guidance for GHGs that “[e]ven if not eliminated at Step 2 of the
BACT analysis, on the basis of the current costs of CCS, we expect that CCS will often be eliminated from
consideration in Step 4 of the BACT analysis, even in some cases where underground storage of the captured CO;
near the power plant is feasible.,”2* Moreover, EPA recognizes:

With respect to the evaluation of the economic impacts of GHG control strategies, it may be
appropriate in some cases to assess the cost effectiveness of a control option in a less detailed
quantitative {or even qualitative) manner. For instance, when evaluating the cost effectiveness of
CCS as a GHG control option, if the cost of building a new pipeline to transport the CO; is
extraordinarily high and by itself would be considered cost prohibitive, it would not be necessary
for the applicant to obtain a vendor quote and evaluate the cost effectiveness of a CO; capture
system. As with all evaluations of economics, a permitting authority should explain its decisions
in a well-documented permitting record.22

Note that the GHG BACT assessment presents a unigue challenge with respect to the evaluation of COz and CH4
emissions. The technologies that are most frequently used to contrel emissions of CH4 in hydrocarben-rich
streams (e.g., flares and thermal oxidizers) actually convert CH,s emissions to COz emissions. Consequently, the
reduction of one GHG {/.e, CHa) results in a simultaneous increase in emissions of another GHG (i.e,, CO2).

Permitting authorities have historically considered the effects of multiple pollutants in the application of BACT as
part of the PSD review process, including the environmental impacts of collateral emissions resulting from the
implementation of emission control technologies. To clarify the permitting agency’s expectations with respect to
the BACT evaluation process, states have sometimes prioritized the reduction of one pollutant above another. For
example, technologies historically used to control NOx emissions frequently caused increases in CO emissions.
Accordingly, several states prioritized the reduction of NGOy emissions above the reduction of CO emissions,
approving low NO, control strategies as BACT that result in elevated CO emissions relative to the uncontrolled
emissions scenarie, In this BACT analysis, there are instances of weighing the effectiveness of a control in
reducing a GHG emission against the collateral impacts of that control,

According to 40 C.F.R. §52.21{b)(49)(if), COze emissions must be calculated by scaling the mass of each of the six
GHGs by the gas’ associated global warming potential (GWP), which is established in Table A-1 to Subpart A of 40
C.F.R. Part 98. Therefore, to determine the most appropriate strategy for prioritizing the control of C0; and CHs
emissions, INVISTA considered each component’s relative GWP. As presented in Table 2-1, the GWP of CHs is 21

21 GHG Guidance at 17

22 Id, at 42, Accord In re: City of Palmdale, 2012 WL 4320533 § VII(B)(2)(b), PSD App. No. 11-07 (Envtl. App. Bd.

Sep. 17, 2012) {recognizing EPA’s different treatment of cost-effectiveness in GHG contexts by noting the acceptability
of a tess rigorous or qualitative comparison of the capitai costs of CCS and the capital costs of the proposed project).

INVISTA S.a r.t. Victoria | Combined Hydrogen/Ammenia Unit PSD Permit Apptication for GHG
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GHG Emission
Reduction
Measure

Description

Alternative Fuels

The potential on-site reduction in CO; emissions that may be realized by switching
from a traditional fossil fuel to a biomass fuel is based on the specific emission factor
for the fuel as related to its caloric vaiue. Pure biomass fuels include animal meal,
waste wood products and sawdust, landfill gas and sewage sludge,

Design Energy
Efficiency Measures

Measures that may be included in the design of the reformer to increase combustion
efficiency or enhance the recovery of available heat energy.

Operational Energy
Efficiency Measures

Methods of operating the reformer so as to maintain optimal energy efficiency and
energy recovery.

Energy efficiency measures have the potential to reduce €O CH4, and N0 emissions from the reformer by
reducing fuel usage. The available design and operational energy efficiency measures are outlined in the tables

below.
Table 3-2. Potential Design Energy Efficiency Measiures
Design Energy -
Efficiency Measures Description

Process Integration
and Process Control

Process integration is an efficiency analysis method wherein heating and cooling
needs throughout the plant are matched with sources of the same, Process
integration that is used both in the design phase as well as the operational phase of
the project can minimize energy consumption, Advanced process control systems can
be installed to allow the production process to be more efficient by supporting
control strategies adapted to specific operating scenarios.

Minimize excess air

Larger volumes of nitrogen absorb more heat, thereby decreasing energy efficiency.
Some excess air must be present to ensure complete combustion, Energy efficient
burners can minimize excess air by providing the proper air-to-fuel mixture
throughout the full range of firing rates, without constant adjustment.

Air preheating
(economizers and air
heaters}

By capturing and reusing the flue gas to preheat the combustion air, fuel usage
requirements are reduced. However, air preheating will result in higher NO,
emissions due 1o increased flame temperature,

Rearrange the
convection coils and

Convection coils can be rearranged and additional surface area can be added to
increase heat conservation.

add additional

surface area

Low temperature Using desulfurization catalysts that operate at a lower temperature can use low
desulfurization temperature steam to heat the feed gas, instead of direct firing, which reduces NOy

emissions from the unit.

Hydrogen recovery
from purge gas of
ammonia synthesis
loop

Purge gas must be extracted from the ammonia synthesis loop to remove inerts from
the process, Various technologies including cryogenic separation, membrane
technology, and pressure swing absorption can be used to recover and purify

hydrogen while reducing energy loss.

INVISTA S.a r.k. Victoria | Combined Hydrogen/Ammonia Unit PSD Permit Application for GHG
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Table 3-3. Potential Operational Energy Efficiency Measures

Operational Energy
. Description
Efficiency Measures riptior
Good Combustion Good combustion practices include periodic burner tuning, proper equipment
Practices maintenance and operation, good fuel/air mixing in combustion zone, proper fuel

gas supply system design and operation, and sufficient excess air, These measures
will increase efficiency, Because GHG emissions are a direct result of the amount of
fuel fired (for a given fuel), the more efficient the process, the less fuel is required,
which results in less GHG emissions, As well as increasing efficiency, good
combustion practices will ensure complete combustion, minimize instability of fuel
gas during load changes, and increase the life of the reformer,

3.3.2. Eliminate Technically infeasible Options (Step 2}

3.3.2.1. Carbon Capture and Sequestration
In its 2011 GHG Guidance, EPA stated:

Assuming CCS has been included in Stepl of the top-down BACT process . . . it now must be
evaluated for technical feasibility in Step 2. CCS is composed of three main components: CO;
capture and/or compression, transport, and storage, CCS may be eliminated from a BACT analysis
in Step 2 if it can be shown that there are significant differences pertinent to the successful
operation for each of these three main components from what has already been applied to a
differing source type. For example, the temperature, pressure, pollutant concentration, or volume
of the gas stream to be controlled, may differ so significantly from previous applications that it is
uncertain the control device will work in the situation currently undergoing review. Furthermore,
CCS may be eliminated from a BACT analysis in Step 2 if the three components working together
are deemed technically infeasible for the proposed source, taking into account the integration of
the CCS components with the base facility and site-specific considerations {eg., space for COz
capture equipment at an existing facility, right-of-ways to build a pipeline or access to an existing
pipeline, access to suitable geologic reservoirs for sequestration, or other storage options).2s

TECHNICAL FEASIBILITY OF CARBON CAPTURE AND COMPRESSION

Carbon capture and compression is not a demonstrated technology. As previously stated, a control option is
“demonstrated” if it “has been installed and operated successfully on the type of source under review.”26 The type
of source here under review is a privately-financed, combined hydrogen-ammonia unit with a steam methane
reformer (SMR) that will emit approximately two million tons per year of COze, and which wili be designed to
achieve a very high level of reliability between four-year planned maintenance turnarounds. The high reliability
is a critical design feature of the project, as the reliability must be high enough to justify the project.

In our review of the relevant technical documents, we have been unable to find another privately-financed, large
volume source on which carbon capture and compression has been installed and successfully operated with high
reliability, over a thirty year life of the project. In the facility that maost closely resembles the Project, Air Products
in Port Arthur, Texas has installed carbon capture and compression at two SMRs located at the Valero Port Arthur

25 GHG Guidance at 36.
26 NSR Manual at B.17.
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Reflnery as part of a National Energy Technology Laboratory (NETL) demonstration project2? There are,
however, significant differences between the INVISTA Project and the Air Products demonstration project.

First and foremost, carbon capture and compression system at the Air Products facility in Port Arthur was
installed not due to a BACT determination, but as part of a Department of Energy (DOE) research and development
project. The Air Products project design basis is only for a three year trial run, until September 2015,28 after which
Air Products kas no cbligation to continue operation of the system.

Further, the Air Products carbon capture and compression demonstration facilities have only commenced
operations in early 2013, as such it has not yet demonstrated the high reliability required by the INVISTA Project.
In comparison, the INVISTA Project would require that carbon capture and compression operate with a very high
degree of reliability over the multi-decade life of the Project. The level of reliability and length of operation
required by the INVISTA Project have not been demonstrated.

Second, the Air Products project has no enforceable emission limitation on the amount of CO that could be emitted
into the atmosphere in the event of the unavailability of a capture or compression system. On the other hand, a
determination that carbon capture and compression is BACT for the INVISTA Project would result in the
imposition of stringent, continuous emission limitations. Where carbon capture and compression technology has
not yet been installed and operated successfully at a similar source type in a situation that includes at least some
level of enforceable emission limitations, the technology cannot be described as “demonstrated.”

Last, the majority of the cost of the Air Products project is funded by the DOE2% On the other hand, the INVISTA
Project will be entirely privately financed. Significant public financing of all the operating projects in the United
States that capture and compress large volumes of anthropogenic CO; shows that there is still significant project-
related risk {ie., risk that carbon capture and compression at these volumes may not be operated successfully
over the long term at regulatory levels of reliability) that must be borne by public financing.

Another demonstration project, the Archer Daniels Midland CCS demonstration project in Decatur, Hlinois, has
not demonstrated carbon capture and compression at sufficiently high volumes (317,000 tons per year
demonstrated) to conclude that the technology in use there is applicable to the INVISTA Project {1.7 Million tons
per year design).

Altogether, these considerations support the conclusion that carbon capture and compression technology is not
demonstrated for privately-financed, large volume sources that demand high reliability like INVISTA's.

Carbon capture and compression is a generally available technology. Monoethanolamine (MEA) and
Monodiethanolamine (MDEA) systems by which CO2 may be captured from the reformer process and reformer
stack, along with large-scale CO2 compressors are generally available from commercial vendors, Accordingly,
INVISTA concludes that these are available technologies.

Carbon capture and compression is not an applicable technology. As discussed above in Section 3.2, EPA
States:

“Based on these considerations, a permitting authority may conclude that CCS is not applicable to
a particular source, and consequently not technically feasible, even if the type of equipment

27 http:/ fwww.netl.doe.gov/publications/factsheets /project/FE0002381.pdf.
28 iq.
29 g,
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Because of the injection volume limitations of these projects, along with the uncertainty associated with the fate
of CO; so injected, long-term geologic sequestration has not been successfully applied to the type of source under
review in this application (ie., a high-volume, privately-financed, anthropogenic CO source requiring a highly
reliable CCS system), Accordingly, permanent geological sequestration is not a demonstrated technology for
purposes of the application.

Permanent geological sequestration of CO: is not an available technology. The large-scale CO: storage
projects identified by NETL have not yet reached the licensing and commercial stage of development. Indeed,
these projects are being undertaken in public-private partnership arrangements, with significant financial
support being provided by the Department of Energy. Moreover, the stated purpose of the large-scale projects is
to "validate that CCUS can be conducted at a commercial scale.”* In fact, the relatively small storage capacities of
these projects (the largest of which is only 3.4 million metric tons) suggests that they are being conducted at a
pilot scale, relative to the volume of CO: that would be emitted by INVISTA’s Project. Technologies in the pilot
scale testing stages of development are not considered “available” technologies. Because these pilot scale projects
have not yet reached the licensing and commercial stage of development, permanent geological sequestration of
CO; is not an available technology.

Permanent geological sequestration of CO; is not an applicable technology. The large-scale CO; storage
projects identified by NETL are incapable of accepting the large volumes of COz that would be produced by the
INVISTA Project. NETL itself is assessing whether these projects have capacity to reliably store CO; long-term
without adverse human health or environmental impacts, and so without firm findings and conclusions in this
area, INVISTA cannot rely on these projects to provide permanent sequestration of its COz.

Some of the NETL projects involve sequestration of CO; in EOR applications. While such projects are undoubtedly
important in researching the feasibility of carbon capture, use, and sequestration, there are significant issues
surrounding €Oz ownership, short- and long-term monitoring, the type of injection wells to be used in EOR
applications, and the permanence of sequestration in these fields.

Furthermore, one of the key economic drivers for the Project is its need for very highly reliable air pollution
control systems, Any sequestration option that cannot reliably guarantee the acceptance of some 1.9 million tons
per year of CO; will have profound impacts on the economics of the Project. Accordingly, it is important to note
that INVISTA is unaware of any user of CO; for enhanced oil recovery that is, at this time, willing to provide
INVISTA firm pricing for a highly-reliable, 30-year commitment to accept approximately 2 million tons per year
of CO; from the Project. Without such a commitment, EOR sequestration of COz is not demonstrated, not available
and therefore not applicable to the Project.

TECHNICAL FEASIBILITY OF CO; TRANSPORTATION

CO, transportation to permanent geological sequestration sites is not a demonstrated technology. For the
source type here under review (i, a high-volume, privately-financed, anthropogenic CO; source requiring a
highly reliable CCS system), there is no CO; pipeline that has been installed and operated successfully connecting
a high volume anthropogenic CO; source o a permanent geologic sequestration site with sufficient capacity to
reliably accept such volumes. And even if such a hypothetical pipeline were to be identified, it certainly has not
been successfully operated in such a way as to support highly-reliable operation of the anthropogenic source,
particularly a source subject to stringent, continuous COz emission limitations,

34 1d,
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CO: transportation to permanent geological sequestration sites is an available technolegy. Materials to
construct pipelines capable of reliably transporting large volumes of CO; are generally available from commercial
vendors. Accordingly, INVISTA concludes that CO; pipelines are an available technology.

CO2 transportation to permanent geological sequestration sites is not an applicable technology. The
inescapable fact is that because there are no technically feasible, large-capacity, reliable, permanent geological
sequestration sites, any CO; pipeline from INVISTA’s proposed facility would be a “pipeline to nowhere.”
Moreover, even if one of the large-scale carbon sequestration projects in NETL's 2012 Atlas were hypothetically
capable of serving the INVISTA facility, the logistical hurdles of constructing, owning, and operating a high-
capacity CO; pipeline to one of those sites are high. For example, the closest non-EOR sequestration site noted by
NETL would be the Mt. Simon Sandstone project in Illinois, some 1,000 miles away. lIssues such as obtaining
contracts for offsite land and right of way acquisitions (including the availability of land} and the timing of when
the new pipeline would be available relative to the startup of the proposed project would be extraordinarily
difficult to overcome. Moreover, INVISTA is unaware of any user of CO; for enhanced ofl recovery that is, at this
time, willing to provide INVISTA firm pricing for a highly-reliable, 30-year commitment to accept approximately
2 million tons per year of COz from the Project. Without such a commitment, even transportation to EOR-based
injection of CO; is not applicable to the Project. '

TECHNICAL FEASIBILITY OF CARBON CAPTURE, COMPRESSION, TRANSPORTATION, AND STORAGE

Assessed individually, carbon capture, compression, transportation, and permanent geological sequestration of
COz are technically infeasible, Assessed together as suggested in EPA’s GHG Guidance,?5 there is no question that
CCS is neither demonstrated, nor available and applicable to the type of source here under review. Accordingly,
INVISTA concludes that CCS is technically infeasible as a BACT control. Nevertheless, INVISTA will voluntarily
include a hypothetical, best-case, Step 4 cost-effectiveness analysis for CCS in this application.

3.3.2.2. Use of Alternative Fuels

EPA has not required applicants to change the “fundamental scope” of the project in considering what is
“available.”3% Natural gas is the lowest GHG-emitting fossil fuel that could be used for this reformer, which
requires a gaseous fuel. INVISTA is also proposing to utilize a vent gas stream as an additional fuel stream for the
reformer. The use of this vent gas stream (High BTU off-gas) for energy recovery increases the overall energy
efficiency of the INVISTA Victoria facility. Additionally, natural gas serves as the ammonia process feedstock, and
the simultaneous production of steam and conversion of several natural components for ammonia production is
a fundamental aspect of the production process, Consequently, using alternative fuels and raw materials for the
reformer would disrupt the basic business purpose for the proposed hydrogenf/ammonia unit. Therefore,
alternative fuel firing with a lower carbon impact is inherently infeasible for the reformer.

3.3.2.3. Design Efficiency Measures

All of the design energy efficient measures listed in above are considered to be technically feasible,

35 GHG Guidance at 36 ("Furthermore, CCS may be eliminated from a BACT analysis in Step 2 if the three components
working together are deemed technically infeasible for the proposed source.”).
36 Old Dominion 3 EA.B. 779 {1992)
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Due to routing to an existing CO; pipeline, permanent geologic storage capital costs of approximately $60 million
have not been included in this economic analysis. A detailed capital cost analysis is provided in Appendix B.

Capital Costs

The capital cost of CO; capture, compression, and transport to the Denbury pipeline has been estimated at $740
million, including $500 million for carbon capture and compression, and $240 million for transport. The total
capital cost would exceed the approximately $600 million capital cost of the entire hydrogen/ammonia unit.

The capital cost of CO; capture, compression, and transport to the Denver City Hub has been estimated at $1.27
billion, including $500 million for carbon capture and compression, and $770 million for transport. The total
capital cost would exceed the approximately $600 million capital cost of the entire hydrogen/ammonia unit.

Economic Infeasibility

Because of the high absolute capital cost of CCS and the high capital cost of CCS relative to the capital cost of the
Project, the Project would not be constructed if CCS were selected as BACT. Therefore, consistent with EPA’s NSR
Manual, GHG Guidance, and recent administrative decisions set forth in more detail in Section 3.2.4, CCS is notan
economically feasible control option for the Project.

Energy and Environmental Impacts

A CCS system would also cause significant adverse energy and environmental impacts. The system used to capture
CO; emissions would consume large amounts of energy. A large quantity of steam would be required to regenerate
the solvents. Generating that steam would create additional emissions of GHGs, increase criteria air pollutants
from the Project, and would consume natural gas. Also, additional water would be required for steam production
and for cooling the compression systems resulting in greater water consumption and treatment.

3.3.4.2. Design Energy Efficiency Options

Process Integration and Process Control

The design of the unit has been optimized to maximize energy efficiency, The different operating scenarios are
described in Section 2,1, As detailed in Section 2.1, there are three different steam production cases: maximum,
normal, and minimum, The unit will operate such that steam production is maximized whenever possible, ie.,
heat recovery is maximized. In addition, INVISTA will use an advanced process control system, allowing the
production process to be more efficient,

Minimize excess air
Energy efficient burners will be used to minimize excess air,

Air Preheating

Excessive air preheating can result in an increase in thermal NO, emissions due to increased flame temperature.
Because of this reason, optimum preheating of the air will be performed to minimize the increase in thermal NOy
emissions,

Good Design of convection coils and add additional surface area
As part of the project, the preheat coil will be designed to increase energy efficiency and throughput. This energy
efficiency methed is considered to be feasible and is proposed to be implemented,

Hydrogen recovery
Pressure swing absorption (PSA) will be utilized to recover hydrogen in an energy efficient manner. As well as
being energy efficient, PSA also helps to produce a higher purity hydrogen product,

INVISTA S.a r.l. Victoria | Combined Hydrogen/Ammonia Unit PSD Permit Application for GHG
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GHG Emission

Reduction Description

Measure

Lowest Carbon INVISTA has selected natural gas as the fuel for the start-up heater. Natural gas has the

Fuel lowest carbon intensity of any available fuel for such combustion units, Biomass cannot
be used due to process design,

Design Energy Measures that may be included in the design of the heater to increase combustion

Efficiency efficiency or enhance the recovery of available heat energy,

Measures

Operational Methods of operating the heater so as te maintain optimal energy efficiency and energy

Energy Efficiency | recovery.

Measures

Energy efficiency measures have the potential to reduce CO3, CHy, and N0 emissions from the heater by reducing
fuel usage. The available design and operational energy efficiency measures are outlined in the tables below.

‘Fable 3-2. Potential Design Energy Efficiency Measures

Design Energy
Efficiency Measures
Minimize excess air | Heater efficiency decreases as excess air increases, because larger volumes of
nitrogen absorb more heat. However, some excess air must be present to ensure
complete combustion. Energy efficient burners can minimize excess air by providing
the proper air-to-fuel mixture throughout the full range of firing rates, without
constant adjustment.

Air Preheater By capturing and reusing the flue gas to preheat the combustion air, fuel usage
requirements are reduced. However, air preheating results in higher NO, emissions
due to increased flame temperature.

Insulation Significant heat loss can occur through the heater shell, Proper insulation is
important to keep these losses to a minimum and improve thermal efficiency.
Improving thermal efficiency results in decreased supplemental natural gas
requirements and decreased GHG emissions.

Description

Table 3-3. Potential Operational Energy Efficiency Measures

Operational Energy
) D -
Efficiency Measures escription
Instrumentation & Process control technologies monitor and control heater operating parameters such
Controls as excess oxygen, carbon monoxide, pressure, combustion air flow, fuel flow, and

temperature to optimize heater energy efficiency.

Reduce air leakages | Air infiltration occurs as a result of the large temperature difference between the hot
combustion gases and ambient air temperature. The resulting impact of air leakage is
similar to operating the heater with too much excess air; it is a source of energy loss
due to the unnecessary air being heated and wasted. The sources for air leaks can
range from small openings to actual cracks in heater casings or ductwork. Indicators
of excessive air leakage include high 0; levels measured at the outlet of the heater, as
well as fuel consumption and gas temperatures. Good maintenance procedures in
combination with operationai monitoring can reduce air leakages.
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Operational Energy

Efficiency Measures Description
Good Combustion In addition to the design energy efficiency measures described above, good
Practices combustion practices include periodic burner tuning, proper equipment maintenance

and operation, good fuel/air mixing in combustion zone, proper fuel gas supply
system design and operation, and sufficient excess air. These measures will increase
efficiency. Because GHG emissions are a direct result of the amount of fuel fired (for a
given fuel), the more efficient the process, the less fuel is required, and the less GHG
emissions. As well as increasing efficiency, good combustion practices will ensure
complete combustion, minimize instability of fuel gas during load changes, and
increase the life of the heater.

3.4.2. Eliminate Technically Infeasible Options (Step 2)

Carbon Capture and Storage

There are no known installations where the post-combustion capture of C0:z has been installed and operated
successfully on natural gas-fired boilers/heaters used exclusively for start-up purposes. The start-up heater has
a dilute CO; stream and is operated less than 1300 hours per year, so the GHG emissions are minimal, According
to U.S, EPA, "an applicant is generally not required to undergo extensive delays and expense to research and test
unproven technologies as part of the BACT process.” Further, the agency has held that “technologies in the pilot
scale testing stages of development would not be considered available for BACT review."+?

In EPA’s March 2011 GHG BACT guidance, EPA takes the position that, “for the purpose of a BACT analysis for
GHGs, EPA classifies CCS as an add-on pollution control technology that is "available” for large COz-emitting
facilities including fossil fuel-fired power plants and industrial facilities with high-purity CO; streams.” However,
the start-up heater does not fit into either of these categories. The EPA guidance document provides little specific
guidance on whether or how to consider CCS in situations outside of the above quoted examples. However, some
guidance specific to medium-sized natural gas boilers appears in its guidance document which presents an
example GHG BACT analysis for a 250 MMBtu/hr natural gas fired boiler. In this EPA boiler example, carbon
capture is not listed nor considered in the BACT analysis as a potentially available option. The start-up heater,
with a maximum firing rate of 50 MMBTU/hr, is smaller than this EPA example.

Based on EPA’s guidance, a CO; capture system for small to medium size combustion systems, such as the start-
up heater, is not a reasonable BACT option. This is understandable because the capture of the CO; from the start-
up heater is significantly more difficult than from the types of industrial gas streams that EPA references as having
potential for CCS. The increased difficulty is due to four predominant factors: the start-up heater exhaust’s low
COz concentration, low pressure, low quantity of CO; available for capture, and the high variability of load, Natural
gas combustion exhaust streams have relatively low COz concentrations (6-9% versus 12-15% for coal-boilers
and >309% for high concentration industrial gas streams). This means that for a natural gas boiler a very large
volume of gas needs to be treated to recover the CQ, Additionally, the low concentration and low pressure
complicate the absorption and desorption of the C0O3, which increases the energy required. Also, a low pressure
absorption system creates a low pressure COz stream which requires a very high energy demand for compression
prior to transport. All these factors make the application of CO; capture on any natural gas combustion exhaust
extremely difficult,

Based on the information reviewed for this BACT determination, INVISTA concludes that the use of post-
combustion CO; capture is not a technically feasible option for the start-up heater.

40 NSR Manual at B.18.
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Lowest Carbon Fuel
Use of the lowest carbon fuel available is a technically feasible option. Methane is the lowest carbon fuel available
since biomass cannot be used due to the process design.

Design Efficiency Measures

All of the design energy efficient measures listed in above are considered to be technically feasible, with the
exception of external insulation. Due to planned intermittent use of this source and the concern for potential
corrosion under insulation (CUI), external insulation is not feasible for this source,

Operational Energy Efficiency Measures
All of the operational energy efficient measures listed in above are considered to be technically feasible,

3.4.3. Rank Remaining Control Technologies (Step 3)

As explained in Section 3.4,2, CCS is not technically feasible for the start-up heater. Nevertheless, INVISTA
voluntarily ranks it here and addresses the associated economic, energy, and environmental impacts in the next
section. If CCS were technically feasible, it would be the most effective control for GHG emissions with an
estimated 90% CO; capture efficiency. The next most effective control options are lowest carbon fuel, design
energy efficiency measures, and operational energy efficiency measures.

3.4.4. Evaluation of Most Stringent Controls (Step 4)

The remaining control options are evaluated starting with the most effective cantrol option, carbon capture and
storage.

3.4.4.1. Carbon Capture and Storage

Because of the matters discussed above under technical feasibility, a qualitative statement regarding cost
effectiveness is sufficient; the economic cost ineffectiveness of the CO; stream from the reformer process and
reformer stack set forth in Section 3.3.4.1 is negatively compounded by the addition of another carbon capture
system that will capture only a very small amount of CO; {approximately 3,600 tons per year).

Economic Infeasibility

As shown in Section 3.3.4.1 for the reformer, CCS is not an economically feasible control option. The costs
associated with implementing CCS for the start-up heater, comprising of the C0; scrubber and compressor, wouid
be on the same scale than the costs associated with the reformer, due to the factors set forth in Section 3.4.2.
Therefore CCS is not an economically feasible control technology for the start-up heater.

Energy and Environmental Impacts

A CCS system would also cause significant adverse energy and envirenmental impacts. The system used to capture
€Oz emissions would consume large amounts of energy. A large quantity of steam would be required to regenerate
the solvents, Generating that steam would create additional emissions of GHGs, increase criteria air pollutants
emissions, and would consume natural gas. Also, additional water would be required for steam production and
for cooling the compression systems resulting in greater water consumption and treatment. Therefore, INVISTA
has determined that CCS is not BACT for the startup heater.

3.4.4.2. Lowest Carbon Fuel

INVISTA will use natural gas to fuel the start-up heater. Natural gas has the lowest carbon intensity of any
available fuel for the start-up heater.
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€Oz (0.01 Ib CH4 x 21 COze/CH4 + 2.72 1b CO; x 1 CO2e/CO; = 2,93 Ib COze), and therefore, on a COze emissions
basis, combustion control of CH4 is preferable to venting CH4 without control. In an addition to reducing CHs
emissions, flares are an important safety device; flaring is necessary to safely and efficiently combust process
gases,

The hydrogen flare utilizes continuous pilots as part of the design of the flare, MSS emissions (including Hp during
product demand changes) will be flared.

The hydrogen flare will emit the following GHG pollutants: €Oz, CHy, and N20. CO; emissions from flaring gas
streams are produced from the combustion of carbon-containing compounds (€O, VOCs, CHs) present in the pilot
fuel and MSS streams. CH; emissions from the flare are due to incomplete hydrocarbon combustion from the flare
pilots. Minimal amounts of N0 will also be formed during the combustion process. GHG emissions from
Hydrogen Flare MSS consist of C0O; emissions from combustion of carbon compounds within gas streams related
to MSS activities,

3.5.1. Identification of Potential GHG Control Technologies (Step 1)

The following potential CO» control strategies for the flare were considered as part of this BACT analysis.
Relevant RBLC search results are provided in Appendix C.

Table 3-4, Summary of Available GHG Emission Reduction Measures

GHG Emission

Reduction Description

Measure

Use of lowest Natural gas has the lowest carbon intensity of any available fuel for flares.
carbon fuel for

pilots

Flare gas recovery | Flaring can be reduced by installation of commercially available equipment to construct
arecovery system, including recovery compressors, flow controls and piping systems.
The recovered gas is then utilized by introducing it into the fuel system to suppiement
the normally used fuels, or recycled into the process.

Good flare design | Assures high reliability of flare and high destruction efficiencies. Good flare design can
be employed to destroy large fractions of the flare gas. Much work has been done by
flare and flare tip manufacturers to assure high reliability and high destruction
efficiencies. Good flare design includes pilot lame monitoring and monitoring/control
of waste gas heating value,

Good combustion | Good combustion practices for flares include appropriate maintenance of equipment
practices {such as periodic flare tip maintenance) and operating within the recommended heating
value and flare tip velocity as specified by its design. Although good combustion
practices do not themselves necessarily directly reduce GHG emissions, using good
combustion practices results in longer life of the equipment and more efficient
operation. Therefore, such practices indirectly reduce GHG emissions by supporting
operation as designed and with consideration of other energy optimization practices.

3.5.2. Eliminate Technically infeasible Options (Step 2)

Use of clean fizel for pilots
Natural gas is considered a technically feasible fuel for the pilots.
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Table 3-5. Summary of Available GHG Emission Reduction Measures

GHG Emission

Reduction Description

Measure

Use of lowest Natural gas has the lowest carbon intensity of any available fuel for flares.
carbon fuel for

pilots

Flare gas recovery | Flaring can be reduced by installation of commercially available equipment to construct
a recovery system, including recovery compressors, flow controls and piping systems.
The recovered gas is then utilized by introducing it into the fuel system to supplement
the normally used fuels, or recycled into the process.

Good flare design | Assures high reliability of flare and high destruction efficiencies. Good flare design can
be employed to destroy large fractions of the flare gas. Much work has been done by
flare and flare tip manufacturers to assure high reliability and high destruction
efficiencies. Good flare design includes pilot flame monitoring and monitoring /control
of waste gas heating value,

Good combustion | Good combustion practices for flares include appropriate maintenance of equipment
practices (such as periodic flare tip maintenance) and operating within the recommended heating
value and fiare tip velocity as specified by its design. Although good combustion
practices do not themselves necessarily directly reduce GHG emissions, using good
combustion practices results in longer life of the equipment and more efficient
operation. Therefore, such practices indirectly reduce GHG emissions by supporting
operation as designed and with consideration of other energy optimization practices.

3.6.2, Eliminate Technically Infeasible Options (Step 2)

Use of clean fuel for pilots
Natural gas is considered a technically feasible fuel for the pilots.

Flare Gas Recovery

Dry gas seals are primarily nitrogen containing streams that contain minimal carbon so it is not feasible to recover
these streams and hence they will be flared. Recovery of pilot gas is not feasible as it is required to ensure the
pilots remain lit. Due to the sporadic nature of the MSS emissions controlled by the flare, it is technically infeasible
to re-route MSS gases to the process fuel system and hence, these gases will be combusted by the flare for control.
In addition, the total COze emissions for the ammonia flare are only around 2,200 tpy, whereas COze emissions
from a flare at a refinery or ethylene plant are typically an order or two of magnitude higher. Given the relatively
low GHG emissions from the ammonia flare, it would not be cost effective to implement flare gas recovery.

Good flare design
Use of a good flare design with appropriate instrumentation and control is a demonstrated and available option.

Good Combustion Practices
Use of good combustion practices is considered technically feasible.

3.6.3. Rank Remaining Control Technologies (Step 3)

INVISTA proposes to implement ali the remaining feasible control technologies (selection of natural gas for the
pilots, good flare design, and good combustion practices), so Step 3 is not necessary.
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options and results in 30% control of both COz and CHs. Use of high quality components does not have a
measurable control efficiency and, while INVISTA plans to utilize, this option will not be evaluated further as
BACT,

3.7.4. Evaluation of Most Stringent Controls (Step 4)

Leakless Technology Components

Because of their high cost, these specialty components are, in practice, selectively applied only as absolutely
necessary for toxic or hazardous components. Thus this technology is generally considered cost prohibitive
except for specialized service. GHG emissions from fugitives are minimal so implementing ieakless technology
would not be cost effective.  Therefore, use of leakless technology components is considered economically
infeasible for control of GHG emissions from fugitive components.

Instrumented LDAR

LDAR programs are typically used to control VOCs and can achieve up te 97% control of VOC emissions. The
hydrogen/ammonia unit will have VOC emissions greater than 25 tpy. Based on TCEQ Tier I BACT for equipment
leak fugitives at chemical sources, the appropriate control is implementation of TCEQ’s 28VHP leak detection and
repair program, as shown in Table 3-11. Although not specifically designed for GHG emissions, LDAR programs
can be used to control GHGs since GHGs are generally present in the same components that would be included in
an LDAR program for VOC. TCEQ’s 28VHP LDAR program will be implemented for control of fugitive VOC
emissions, and this LDAR program will result in co-control of fugitive GHG emissions. Itis assumed that the same
control factors for VOC emissions can be applied to GHG emissions, Instrumented LDAR is the second most
effective control after leakless technology components. Since leakless technology has been ruled out, INVISTA
will select TCEQ's 28VHP LDAR program as BACT for GHG fugitive companents,

Table 3-7. TCEQ Chemical Sources Current BACT Requirements for Equipment Leak Fugitives

Year | Source Pollutant Minimum Acceptable Controel Efficiency or
Type Contrel Details
2011 | Equipment | Uncontrolled VOC None
Leak emissions < 10 tpy
Fugitives 10 tpy < uncontrolled 28M leak detection and repair | 75% credit for 28M
VOC emissions < 25 tpy program
Uncontrolied VOC 28VHP leak detection and 97% credit for valves,
emissions > 25 tpy repair program 85% for pumps and
COMPIESSOrs
VOC vp < 0.002 psia No inspection required No fugitive emissions
expected
Approved odorous Audio/Visual/Olfactory Appropriate credit for
compounds: NH3, C12, (AVO] inspection twice per AVO program
H2S, etc. shift

LDAR with remote sensing
LDAR with remote sensing is a less effective control than instrumented LDAR, therefore instrumented LDAR is

chosen as BACT over LDAR with remote sensing.

AVO

AVO is rejected as BACT since the higher ranked instrumented LDAR program will be adopted for control of

fugitive GHG emissions.
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3.7.5. Selection of GHG BACT (Step 5)

GHG BACT for the fugitives is to implement a leak detection and repair program equivalent to the TCEQ 28VHP
LDAR program. Any leaking component will be repaired and recorded as required in the 28 VHP program. The
gas detector shall conform to requirements listed in Method 21 of 40 C.F.R,, Subpart 60, Appendix A. The gas
analyzer shall be calibrated with CHsand have a response factor no less than 10 for the pollutant or combination
of poliutants being measured. Replacements for leaking components will be remonitored when placed back in
service,
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.3, ANALYSIS OF CLASS | AREA IMPACTS

Emissions from the project of non-GHG, NSR-regulated pollutants will have no impact on the nearest Class I area,
Big Bend Nationai Park, which is located approximately 575 km from the site,
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...5: ADDITIONAL IMPACTS ANALYSIS

This application does not include an assessment of impacts from GHGs in the context of an additional impacts
analysis or area analysis, consistent with EPA's “PSD and Title V Permitting Guidance for Greenhouse Gases,”
which states:

“Furthermore, consistent with EPA's statement in the Tailoring Rule, EPA believes it is not
necessary for applicants or permitting authorities to assess impacts from GHGs in the context of
the additional impacts analysis or Class 1 area provisions of the PSD regulations for the following
policy reasons. Although it is clear that GHG emissions contribute to global warming and other
climate changes that result in impacts on the environment, including impacts on Class | areas and
soils and vegetation due to the global scope of the problem, climate change modeling and
evaluations of risks and impacts of GHG emissions is typically conducted for changes in emissions
orders of magnitude larger than the emissions from individual projects that might be analyzed in
PSD permit reviews, Quantifying the exact impacts attributable to a specific GHG source obtaining
a permit in specific places and points would not be possible with current climate change modeling.
Given these considerations, GHG emissions would serve as the more appropriate and credible
proxy for assessing the impact of a given facility. Thus, EPA believes that the most practical way
to address the considerations reflected in the Class I area and additional impacts analysis is to
focus on reducing GHG emissions to the maximum extent. In light of these analytical challenges,
compliance with the BACT analysis is the best technique that can be employed at present to satisfy
the additional impacts analysis and Class | area requirements of the rules related to GHGs.”

INVISTA has focused on addressing the reduction of GHG emissions in the BACT analysis section of this
application,

For the reasons set forth above, INVISTA believes that a Section 52.21(0) analysis is not required for this permit
application, For the same reasons, Section 52.21(k}, (m), and (p) analyses are not required this permit application.
Nevertheless, and without waiving or otherwise compromising this position, INVISTA provides the following
Section 52.21(o} analysis.

1. Impairment to visibility, soils, and vegetation. “The owner or operator shall provide an analysis of the
impairment to visibility, soils and vegetation that would occur as a result of the source or modification
and general commercial, residential, industrial and other growth associated with the source or
modification. The owner or operator need not provide an analysis of the impact on vegetation having no
significant commercial or recreational value,” 40 C.F.R. § 52.21(0)(1}.

All construction and operation associated with the proposed project will be within the existing facility and
will not impact soils or vegetation having any commercial or recreational value, The project is designed
to replace the current importation of ammonia and provide steam to the balance of the existing facility.
No general commercial, residential, industrial, or other growth will occur as a direct result of this project.
The impacts will be below the respective Significant Impact Level for all criteria pollutants for which there
is an increase in allowable emissions due to this project. As such, there is no impact to visibility, soils, or
vegetation from this project,

2. Growth analysis. “The owner or operator shall provide an analysis of the air quality impact projected for
the area as a result of general commercial, residential, industrial and other growth assaciated with the
source or modification,” 40 CF.R, § 52.21(0)(2).
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The project is designed to replace the import of ammonia and provide steam to the balance of the existing
facility. Although construction and operation—and in particular, increases to the local tax base—of the
facility will create important, generalized economic benefits in the region, the relatively small number of
incremental jobs to be added by the project is not projected to result in significant incremental industrial,
commercial, or residential source growth that the region does not already have the capacity to
accommodate. Therefore, there will not be any resulting emissions nor air quality impacts from general
commercial, residential, industrial or other growth due to this project.

3. Visibility menitoring. "The Administrator may require monitoring of visibility in any Federal class | area
near the proposed new stationary source for major modification for such purposes and by such means as
the Administrator deems necessary and appropriate.” 40 C.F.R. § 52.21(0)(3).

Visibility monitoring is not required for this project because emissions from the project of non-GHG, NSR-
regulated pollutants relevant to a visibility analysis will have no impact on the nearest Class I area, Big
Bend National Park, which is located approximately 575 km from the site.

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

INVISTA S.a r.l. Victoria | Combined Hydrogen/Ammonia Unit PSD Permit Apptication for GHG
Trinity Consultants 6-2




ININWND0A IAIHDOYEY vYd3 SN



ININWND0A IAIHDOYEY vYd3 SN



agency that may adversely affect any essential fish habitat identified under [the MSAL” 16 U.S.C. § 1855({b)(2}).
NMFS has identified essential fish habitat {EFH) to include the Victoria Barge Canal, which is adjacent to the
INVISTA Victoria site.

The MSA regulations define “adverse effect” to mean:

[A]ny impact that reduces quality and/or quantity of EFH. Adverse effects may include direct or
indirect physical, chemical, or biological alterations of the waters or substrate and loss of, or
injury to, benthic organisms, prey species and their habitat, and other ecosystem components, if
such modifications reduce the quality and/or quantity of EFH. Adverse effects to EFH may result
from actions occurring within EFH or outside of EFH and may include site-specific or habitat-wide
impacts, including individual, camulative, or synergistic consequences of actions.

50 C,F.R, § 600,810,

As part of the consultation process, Federal agencies should provide early notice to NMFS of federal actions with
a reasonably foreseeable adverse effect on EFH, 50 C.F.R, 600,920(a}(3), and must provide NMFS with a written
EFH Assessment. 50 C.F.R. § 600.920(e). According to INVISTA's initial evaluation, it is not reasonably foreseeable
that the project will result in adverse effects on EFH, including, but not limited to, effects from vessel traffic or
from wastewater or stormwater discharges to the Victoria Barge Canal. To the extent its initial evaluation
changes, INVISTA will prepare an EFH Assessment consistent with the requirements of MSA. INVISTA does not at
this point intend to initiate contact with NMFS,
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... APPENDIX A: EMISSION CALCULATIONS
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INVISTA S.ar.l. Victoria Site

Hydrogen and Ammonia Manufacturing Project

Victoria, Texas

Source co2 CH4 N20 CO2e
tonfyr ton/fyr tonfyr ton/yr

Reformer - Normal Operations 1,679,987 0.03 0.02 1,679,987
High-Btu Offgas 194,312 1.98E+00 194,314
Reformer Stack Total 1,874,299 2.01 0.02 1,874,301
Reformer - MSS 5,255 2.08E+00 3.07E+00 5,260
WPH Boilers - Demand Increase MSS only 799 3.17E-01 4.67E-01 800
NH3 Piant Startup Heater 3,608 1.43E+00 2.11E+00 3,612
Fugitives - PSA Offgas 8.23 47.21 - 55.4
Fugitives - High-Btu Offgas 0.17 3.20 - 3.37
Fugitives - Natural Gas 0.29 1065.70 - 1,066
H2 Plant Flare - Normal 2,225 8.81E-01 1.30E+00 2,227
H2 Piant Flare - M558 14,820 — - 14,820
NH3 Plant Flare - Normal 222492 8.81E-01 1.30E+00 2,227
NH3 Plant Flare - MSS 9.17 --- e 9.17
Total - CO2¢ Basis {tpy) 1,904,380

Totals - Annual GHG
10f10 9/13/2013




Source Data Units

Hydrogen Plant Total NG Usage 3118000 scfh
Reformer NG to Bummers 743511 scfh
NG to Duct Burmer 90363 sefh
Natural Gas Heat Value {HHV] 1035 Btu/scf
Hours of Operaticn 8760 hrsfyr
GHG Emissions
Polivtant Factor Annual Emissions GWP CO2e Emissions
tpy tpy
o2 0.05306 tonnes (O2/total mmBtu 1,679,987 1 1,679,987,
N20 0.0001. kg_/mthu Fuel S.49E-05 310 2.94E-02]
[cra 0.001 kg/mmBty Fuel 9.45E-04 21 1.99€-02]
Tatal 1,679,987

Example Calculation

COZ Emissions
3118000 scf . 1035 Btu - I mmity < 0.05306tonnes CO2 8760 hryg * 112ton ™ i = 1679987 tons CO2e
hr sef 1000000 Btu mmBtu yr tonne [GwP)} yr
Notes:

1. Reformer NG Feed is from Heat and Material Balance Case I-A-NG, stream No. 99-001. Note - based upon total plant natural gas at BL consisteni
with 40 CFR 98 Subpart P calculation basis. This approach captures both feed and fuel carbon, as well as PSA tailgas and flares.

2. Reformer NG to bumers is from Heat and Material Balance Case 1-A-NG, stream No. 03-008 and is used solely for calculated fuel based emissicns.
3. Duct bumer NG is from Heat and Material Balance Case 1-A-NG, stream No. 03-010,

3. CO2 emissions factor from EPA's technical support document for hydrogen plants, page 9, Table HS, Factor is based upon the total of feed and fuel,
4. Methane and Nitrous Oxide emissions factors from 40 CFR 98 Subpart C, Table -2,
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INVISTA S.a r.l. Victoria Site

Hydrogen and Ammonia Manufacturing Project
Victoria, Texas

Reformer Max firing rate [1] 1560.31 MMBtu/hr
MSS NG firing rate [2] 624.12 MMBtu/hr
NG flowrate 603017 scfh
Heating Vaiue {3] 1035  Btu/scf
Operating time [4] 144 his/yr
Annual CO2e
Pollutant Emisston Factor Emissions GWP emissions
kg/MMBtu tpy tpy
€02 [5] 53.06 5255 1 5,255
N20 (6} 1.00E-04 9,90£-03 310 31
CH4 [6} 1.00E-03 9.90E-02 21 2.080
CO2e - - - 5,260

Data provided by INVISTA: reformer max firing rate is based upon H&MB Case 1-A-NG Total Firing Rate

MSS natural gas firing rate is 40% of the maximum firing rate
Naturat gas heating value is a site-specific factor for INVISTA's Victoria Site.
Operating time is based on expected humber of events per year {6 events) and duration of each event {12 hours).

€02 emissions factor from EPA's technical support document for hydrogen plants, page 9, Table H5. Factor is

based upon the total of feed and fuel.

Methane and Nitrous Oxide emissions factors from 40 CFR 98 Subpart C, Table C-2.

3of10
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Souree Data Unies
PSA Offgas Firing Rate 750.77 mméBtushr
PSA Offgas Fuel Flowrate 3240874 scfh
High BTU offgas Fiting Rate 72850 mmBtu/hr
High 8T offgas to Burners 24729348 seth
High 8TU offgas to Burners 52984 thfhr
High BTU Offgas Heating Value 300 Btu/sef
Pia Offgas Heating Value 264 Btu/sef
Hours of Qperation 8760 hesfyvr
SCR NOx Removal Efflelency W
NOx Emissions
Factor .
Fuel Hourly Emissions. Antual Emizsions
IfmmBtu Ib/ramset ib/hr oy
High BTU Offgas - Average 0.338 - — 107.8%
iHigh 87U Offgas - Maximum Haurly 0.507 e 36.95] —
PSA Offgas Fuel Firing — 31 10,85] 47 .54
Total 47.80 155.43
€02 Emissions « High BTU Offgas Only
Pollutant Factor Annual Emissions Glebal Warming {02e Emksiens
lbs/ih Fuel tpy Potential tpy
CO2 0.8373 194312 1 194,31
CHA 4,06E-07 9482502 21 L9BE+00
Yotal 194,314
Example Calculation
NOx - High BTU Offgas
28293 st 200 B 1memby L3lb 8760 hrs
hr scf 1000000 Bty mmBtu ¥t
Notes:

1. Refarmer High BTU offgas firing rate Is calculated as the difference between the maximun total reformer firing rate and the PSA tallgas firing rate provided by Uhde

2. The reformer High ATU offgas flow to the burners it cakulated using the firing rate and the heatirng value. The flowrate is converted 1o a mass flow using a density of 0.0219 ib/sct
3. NOxfactor for High BTU offgas Is fram site specific source testing, consistent with WPH basiz. Max hourly emissions are bazed upen an expected 50% increase as worst case

4, NOx factor for supplemental fuel firing is from EPA's AP-42 Table 1.4-1, ratloed for stream heat value

5. CO2 emissions factor from High BTU offgas firing is based upon site specific factor,

6, Methane ernissions factor is based upon site speacific data for the High BT offgas,

7. €O2 emissions are based upon enly the High BTU offgas firing as supplemental fuel firing Is acceunted for in the refermer CO2 emissions basis.
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INVISTA S.A r.l. Victoria Site
Hydrogen and Ammonia Manufacturing Project

Victoria, Texas
Normal Operation [19]
NG flowrate [1] 4200 scfh
Heating Value [1] 1035 Brufect
Operating time [1] BIGD hrafyr
Anpual
Pollutant Emission Factor | Emksslons Gwp  [COReemissions
kg/MMBtu Ty oy
£02 [ 53.02 2225 1 2224.923
N20 3] 1.00E-04 4,20£-03 310 1301
CH4 [3] 1.00E-03 4.20E-02 21 0.881
CO2e - - - 2227
MSS
Natural Gas Flowrate 110,827 ibmalfyr
Hydrogen flowrate 7,410,443 femolfyr
High Btu Offgas Flowrate 345 Tbmoalfyr
PSA Feed Gas Flowrate 1,536,770 lbmolfyr
PSA Offgas Flowrate 252,085 tbmolfyr
Synthesis Gas Flowrate 3,435,245 Tbmolfyr
Carbon
Naturai Gas Hydrogen High BTU Offgas PSA Food Gas. PSa, Offgas Synthesis Gaz Total #ot 1l
Constituents Carbon
Composition 9] |  Flowrate | Composition[8]| Flowrate | Compositon1s] | A Composition [9] {  Fh [ Mion (9] | Flowrate |Composition [91]  Flowrate Ibmol/yr atoms | tbmolfyr
mol¥% Ibmolfyr mol%. Tomolfyr mol% bmolfyr mols Ibmol/yr otk tbmol/yr ol thmolfyr
CH4 91.88% 101828 0.033 741 1,06% 4 5.25% 80680 15.78% 35775 0.01% 344 22.3.3';& 1 223376
C2HE 2.20% 2538 2,538 2z 5076
C3HR 0.42% 465 455 3 1,396
FCAHIG 0.10% 111 131 4 433
n-CAHI0 0.09% 100 100 4 339
RCSHIZ 0.07% 78 78 5 388
n-C6H14 0.08% 29 ) [ 532
Compaund with one corbon atem 0.13% 0.45 0.45 1 0.45
Compound with two carbon atoms 0.13% 0.45 0.45 2 0.90
O 0.00065% 48 13.47% 46,43 0.48% 7376 1.44% 3630 0.0005% 17 11,118 1 11,118
co2 0.97% 1075 0.00065% 48 1.19% 4.10 18.72% 287683 56.36% 142075 430,886 1 430,886
H2 99.90% 7403033 74.96% 1151963 24.83% 62553 74.95% 2574715 11,192,305
N2 1.22% 1352 G.09% 5669 0.30% 4610 0.71% 1750 25.03% BSIBAZ 874,263
At 1] 344 344
02 T 0.0003% 10 | 16
H20 0% | 0.29% 4457 0.88% 2218 | 6675

Total C Flowrate (Bomolfyr) 673,615
Yol COZ Flowrate (tpy) 14,820

Data provided by INVISTA: NG flowrate |s from Uhde gaseous emissions table rev. 3 line 3, assumes NG flow to flares is split squally between the H2 flare and the NM3 flare. Natural gas heating value Is a site-specific factor for INVISTA'S Victorla $ite, Operating time assumes
continuous operation

COR emissions factor Is fram Table C-1 of 40 CFR 98, Subpart € for combustion sources.

N20 and CH4 emissions factors are from Table C-2 of 40 CFR 98, Subpart C for combustion sources,

Data provided by INVISTA, from Udhe gaseous emissions table. Inchudes Desulfurization Vessel Flaring, Desulfurization Vessel Depressurization, and Desulfurization Veszel Clearing

Data provided by INVISTA, from Udhe gaseous emissions table, Inchudes Syngas Flaring and PSA Vessel Clearing.

Data provided by INVISTA, from Udhe gaseous emissions table, Inchydes P5A foed flaring.

Data provided by INVISTA, from Udhe gazeous emissions table, Includes PSA offgas flaring.

Data provided by INVISTA, from Udhe gaseous emissians table. includes M2 Preduct Raring, H2 Product Dernand Changes, and H2 Plant Clearing.

Data provided by INVISTA, from Udhe gaseous emissians table.

Mormal operation consists of natural gas pliets plus dry gas seals flaring, However, the dry gas seals compaosition is mostly H2 and N2, with negligible amaounts of carbon in the stream. Therefore, for purposes of GHG
from the flare are just based on natural gas pllot faring.

normal o lon GHG

H2 plant flare GHG
Sof10 9/13/2013



INVISTA S.3 r.l. Victoria Site
Hydrogen and Ammonia Manufacturing Project

Victoria, Texas
Normal Operation [5]
NG flowrate [1] 4200 scth
Heating Value [2] 1035 Btu/scf
Operating time [1} 8760 hrsfyr
Annval €02e
Poliutant Emigsion Factor | Emlssions GWP emissions
kg/MMBtu tpy tpy
CO2[2] 53.02 2225 3 222492
N20 3] L.OCE-04 4,20E-03 310 130
CH4 [3] 1.00E-03 4.20E-02 21 Q.88
Coze - - - 22FT
Mss
Synloop 62,112 tbmolfyr
NH3 Fuelgas 4,553 lbmolfyr
NH3 Flashgas 5.682 Ibmoifyr
Compressor Casing Clearing 14,666 lhmolfyr
O7FO04 Line Purge 5,581 Ibrmolfyr
Carbon
Synloop NH3 Fuelgas NH2 Flashgas Compressor Casing Clearing 07F004 Line Purge Total flowrate | Molecular Weight # of Corbon flowrate
Constituents
Compesition [5}] | P ¢ 51} Flowrate | Composition [5]}  Flowrste Flowrate Flowrate Tomolfyr (Ib/Tb-mof) mtoms Ibmolfyr
molk Ibmolfyr ) fomol/fyr moly lbmolfyr ol fyr tamelfyr
CH4 0.40% 248 1.85% 8% 1.03% 59 0.01% 1 0.40% 24 417 16.04 1 417
H2 69.68% 43279 55.27% 2971 48.67% 2766 74.95% 10992 $9.68% 4158 64,176 2.02
N2 24.91% 15472 31.80% 1448 22.91% 1302 25.03% 3671 24.91% 1490 23,382 28,03
Ar 0.45% 28C 1.05% 48 0.70% 40 0.01% 1 0.45% 27 395 35.048
NH3 4.56% 2832 0.0200% 1 26.69% 1517 4.56% 273 4,623 17.031
H20 ] 18.02
Totaf C ffowrate {Ibmeol/fyr) 417
Total CO2 flowrate (tpy) 9.17

(1 Data provided by INVISTA: NG flowrate s from Uhde gaseous emissions table rev. 3 line 3, assumes NG flow to flares Is split equally between the HZ flare and the NH3 flare. Natural gas heating value is a site-specific factor for INVISTA's Victoria Site, Operating time assumes
continuous operation

12 CO2emissions factor is from Table C-1 of 40 CFR 98, Subpart C for combustion sources.,

{3} W20 and CHA emissions factors are from Table C-2 of 40 CFR 98, Subpart € for combustion sources.

{4}  Data provided by INVISTA, from Udhe gaseous emissions table.

{s} Data provided by INVISTA, from Udhe gaseous emissions table.

| Normal operation consists of natural gas pllots pius dry gas seals flaring, However, the dry gas seals composition fs mostly H2 and N2, with negligible amounts of carbon i the stream. Therefore, for purposes of GHG emission caleulations, normal operation GHG emissions from
the flare are just based on natural gas pilot flaring,
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Source Data Units

Heater Max Firing Rate 49.57 mmBtu/hr
Natural Gas Heat Value (HHV} 103% Btu/sef
Hours of Operation 1248 hrsfyr
Criteria Emissions
Pollytant Factor Hourly Emissions Annual Emissions
ib/mmscf liyfhr tpy
PM, PM10 & PM2.5 7.6 0.36 0.23)
NOX 50 2.39 1.43]
co 84 4.02 2514
Iso2 0.6 0,03 £.018]
fvoc 55 _D0a2s o.16]
Q2 Emissions
Polluzant Factor Annual Emissiens Global Warming £02e Emisslons
kg/mmBtu TRy Potential tpy
02 53.02 3,608 1 3,608]
N2G 1.00E-04 5.80E-03 310 2.11E+00)
(g 1.00E-03 5,80E-02 21 1.43E+00)
Total 3,612

Sxample Caleulation

NOx
49,57 mmBtu * 1000000 By * 1scf . 1 mm: - 50.01b - 1248 hrs - lton = 1l49tons
hr mmBtu 1035 Btu 1080000 scf mmscf yr 2000 b yr
Notes:

Heating maximum firing rate and hours of operation provided by Uhde.

PM factor is from EPA's AP-42 Table 1.4-2, PM (Total] value, This conservatively assumes that ali PM Is PM10 and PM2.5.
NOx factor s from EPA's AP-42 Table 1.4-1 for small bollers (< 100 mmBut/hr) with low NOx burners.

CC factor is from EPA's AP-42 Table 1.4-1.

502 factor s from EPA's AP~42 Table 1.4-2, Assumes pipeline grade natural gas sulfur joading of 2000 gralns/mmsef,
VOC factor i from EPA's AP42 Table 1.4-2.

€02 emissions factor Is from Table C-1, of 40 CFR 98, Subpart C for combustion sources.

N20 angd CH4A emisslons factors are from Table C-2 of 40 CFR 98, Subpart C for combustion sources.

R S




US EPA ARCHIVE DOCUMENT

Hours of Operation B7E0 hesfyr

Fugitive Emission Calcutations:
Hydrogen Plant PSA Offgas

Emission Source
Uncontrolled Hourly
Component | Emissions Factor? | Controf | Emissions
Count! {ib/hr-source) Factor’ {lofhr)
Valves - Gas 500 £.0089 9% 0.13f
Valves - Gas {DM]} 0.0089 75% 0,001
WValves - Light Liguid £.0035 7% 0.008
Valves - Ught Liquid {DM) 0.0035 75% 0.004
IValves - Heavy Liquid 0.8007 % 0.004
Pumnps - Light Liquid 0.0386 B5% 0.001
Pumps - Heavy Liquid 0.0161 0% 3,004
Flangas - Gas 1488 0.0029 30% 3.00;
Flanges - Light Liquid 0.0005 30% 0,00
Fianges - Heawy Liquid 000007 30% 0.00
Complessors 2 0.5027 85% 0.358
Pressure Reief Valves 20 0.2292 100% 0.00}
Sampting Connections 10 0.033 97% 0.01}
Total Hourly Emissions 330
Component Speciation: Mole %
CH4 15.56%
H2 25,29%
N2 &65%
o 1.48%
coz 56.98%

£missions Speciation

Hourly Emission -~ Annual Emission Annual CO2e
Rate Rate _Emlssions Rate

Confaminant fibfhr} ttonsfyr) GWP ftonsfyr)

Methane 0.51 2.25 21 47.21

co 0.05 0.21 - -

co2 1.88 8.23 1 8.23
Totat 55.44

Notes:

1. Component counts are based upon s similar sized hydrogen production facility provided by Trinity or preliminary P&IDs by Uhde, whichever Is greater.

2. The emissions factors used are SOCMI without ethylene factors from the TCEQ Fugitive

Guldance Document dated October 2800,

3. The control factors ase based upon the 28VHP program from the TCEQ Fugitive Guidance Document
dated October 2000, Difficult to monitor {DM) sources are monitored at least annualiy.

4, Relief valves are either routed 1o a flare for controt or zre equipped with a rupture disk upstream of the

relief device as required by TCEQ BACT requirements.
5. Component composition is based upon the PSA tallgas composition from the Heat and Materia’
Bazlance, page 7, stream No. §6-102.
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Hours of Operation

Fugitive Emlssion Calculations:

High BTU Offgas

8760 hrsfyr

Emlssion Source
Uncontroited Hourly
Component E£mlssions Factor? | Control Emissions
Count Hibfhr-source) Factor’ {lb/hr}
alves - Gas 560 0.008% 97U 0.15%
Valves - Gas (OM) 0.0089 75% 0.00}
bvalves - Light Liqulg 100 06035 97% 0.01%
Valves - Light Liguid (DM} 0.0035 75% ©.00%
WValves - Heavy Liquid 0.0007 0% .00
Pumps - Light Liquid 2 0.0386 B5% .01
Pumps - Heawy Liqulid 0.0161 13 .00
flanges - Gas 1480 0.0029 3% 3.00
Flangas - Light Liquid 240 0.0005 30% 0.084
Flanges - Heavy Llquid 0.00007 0% 6.000
[Compressors 0.5027 85% 600
{Pressure Rellef Vaives 10 0.2293 10056 .00
{sampling Connections 20 0,033 97% 0.02
Total Hourly Emissions 3.28
Cemponent Speciation: Mole %
CHA 106%
fus] 13.47%
oz 1.19%
Emissions Speciation
Houty Emission  Annual Emission Annual CO2e
Rate Rate Emissions Rate
Contaminant libfir} {tonsfyr} [ {tonsfyr)
CH4 0.03 €15 21 3.20
s} .44 1.94
o2 0.04 9.17 1 0.17
Total 3.37
Notes:

1. Component counts are based upon a simifar sized hydrogen preduction facllity provided by Feinity or preliminary P&(Ds by Uhde, whichever is greater.
2. The emissions fackers used are SOCMI without ethylene factors from the TCEQ Fugitive

Guidance Document dated Octoher 2000.
3. The controt factors are based upon the 28YHP program from the TCEQ Fugitive Guidance Document
dated October 2000. Gifficult to monttor (DM} sources are monitored at least annually.

4. Relief valves are either routed to a flare for control or are equipped with a rupture disk upstream of the
rellef device as reguired by TCEQ BACT requirements.
5. Component composition is based upon the offgas compesition from the Heat and Materizl
Balance, page 1, stream No. §9-021.



Hours of Operation 8760 hrsfyr

Fugitive Emission Calculations:

Natural Gas
Emission Source
Uncontrolled Hourly
Component | Emlsslons Factor® | Control | Emissions
Count' (Ibfhr-saurce) | Factor® tib/hr)

Walves - Gas 1950 0.0089 97 $.524
Valves - Gas {DM} 0.0089 75% 0.00
Ivalves - Light Liquid 30 Q.0035 97% £0.04]
[Valves - Light Liquid {DM) 0.0035 75% £.00
IValves - Heavy Liquid 0.0007 0% 0.008

Purnps - Light Liquid 0.0386 85% .00

Purnps - Heavy Llquld 0.0161 0% .00

Flanges - Gas 5650 0.0029 30% 11.47|

Flanges - Light Elguld 130 0.0085 30% .05
Flanges - Heavy Liquid 0.00007 0% .00
Compressors 0.5027 85% 0.0
gPressure Relief Valves 30 0.2293 100% 0.001
BSamp!ing Connections 10 0.033 97% 0.01
Total Hourly Emissions 12105
Lomponent Speciation: Mole %

CH4 86.12%

C2He 2.40%

C3IH8 0.35%

i-C4H1G 0.10%

n-C4H10 0.08%

|-C5H12 0.06%

n-C6H14 0.09%

N2 0.25%

Loz 0.55%

Emlssions Speciation

Hourly Emlssion Annual Emission Annual CGZe
Rate Rate Emissions Rate
Contaminant {Ib/hr} {tons/yr} GWP {tons/yr}
Methane 1159 50.75 21 1065.70
(€47 0.67 9.29 1 0.29
Totat 1065.99

Notes:

1. Component counts are based bpon a similar sized hydrogen production facllity provided by Trinity or preliminary P&IDs by Uhde, whichever is greater.
2. The emissions factors used are SOCMI withouk ethylene fatiors from the TCEQ Fugitive

Guidance Dotument dated October 2000,

3. The control factors are based upon the 28VHP program from the TCEQ Fugitive Guldance Bocument

dated Octaber 2000, Difficiit to monitor {DM) sources are monitored at least annuatly.

4. Relief valves are elther routed to a flare for control or 2re equipped with a rupture dlsk upstream of the

relief device as required by TCEQ BACT reguirements.

5. Component composition is based upon the #5A taligas composition from the Heat and Material

Balance, page 1, strean: No, 99-001.
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......APPENDIX B: CCS COST EFFECTIVENESS
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INVISTA S.ar.l. Victoria | Combined Hydrogen/Ammonia Unit PSD Permit Application for GHG
Trinity Consultants B-1
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Appendix B
INVISTA Victoria Combined Hydrogen/Ammonia Unit
Carbon Capture and Sequestration Capital Costs Summary

Line No. Description Units Denbury Case Denver City Case
1 C02 Captured Tons/Yr 1,686,871 1,686,871
2 Pipeline Miles 120 350
3 CO2 Capital SMM $500 $500
4 Pipeline Capital SMM $240 $770
5 Total CO2 Capital SMM 5740 $1,270
Notes:

1. The CO2 capital costs have been estimated consistent with the approach found in the

U.S. Department of Energy National Energy Technology Laboratory document "Assessment of Hydrogen
Production with CO2 Capture Volume 1: Baseline State-of-the-Art Plants."

2. Pipeline capital costs have been estimated consistent with the approach found in the

U.S. Department of Energy National Energy Technology Laboratory document "Estimating Carbon Dioxide
Transport and Storage Costs" document.
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RBLC Search Results for Fugitives GHG

RBLCID FACILITY NAME CORPORATE OR FACILITY FACILITY PERMIT PERMIT FACHATY DESCRIPTION PROCESS NAME POLLUTANT CONTROL METHOD DESCRIPTION EMISSION { EMISSION | EMISSION LIMIT 1 {CASE-BY-CASE OTHER
COMPANY NAME COUNTY STATE NUM ISSUANCE LIMIT1 LIMIT1 AVG TIME BASIS APPLICABLE
DATE UNIT CONDITION REQUIREMENTS
. € Tl £ LOUISIA ERY
o -
LA-0263 PLAQUEMINES LA PSD-LA-760 FUGITIVES {2291- Equivalent ! 0 BACT-PSD
REFINERY COMPANY ACT MAKE HYDROGEN NEEDED TO PRODUCE ULTRA LOW SULFUR £F. FUG 0026 (€026} MONITORING FOR TOTAL HYDROCARBON
DIESEL. ! ) CONTENT iNSTEAD OF VOC
SABINE PASS LNG, LP A liquefaction section of the terminal which will include 24 Carbon Dioxide
SABINE PASS LNG -LA- i
LA-0257 TERMINAL & SABINE PASS CAMERON LA : ga'D(t\.L;:.) 12/?\6&?011 compressor turbines, two generator turbines, two generator | Fugitive Emissions Equivalent conduct 2 leak det::ugnmand repair (LOAR) 89625 TONS/YR n?:x?;fj:zl BACT-PSB
LIQUEFACTION, LL engines, flares, acid gas vents, and fugitives {CO2e) pice
FUGHTIVE
RUMPKE EMISSIONS FROM
RUMPKE SANITARY -
OH-0281 SANITARY ULAND FILL INC HAMILTON CH 111 35;8221’ 06/:0({5004 HAMILTON COUNF;’RL(;\;IS;:;:‘VITH LANDFILL GAS LANDFILL AND GAS Methane 45029 TR BACT-PSD NSPS, $iP
LANDFIEL, INC ! COLLECTION
SYSTEM

INVISTA S.ard. Victoria Site

Summary for Fugitives xisx Combined Hydrogen/Ammonia Plant iofl
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RBLC Search Results for Flares GHG

RBLCID FACIUTY NAME CORPORATE OR FACILITY | FACELITY PERMIT PROCESS NAME PREMARY FUEL THRQUGHPUT | THROQUGHPUT POLLUTANT CONTROL METHOD DESCRIPTION| EMISSION | EMISSION |  EMISSION CASE-BY- OTHER EMISSION | EMISSION | EMISSION LIMIT
COMPANY NAME COUNTY STATE {ISSUANCE PATE UNIT LIMIT DL LIMiT X LIMIT £ AVG [CASE BASIS APPLICABLE LiMIT2 LMIT 2 2 AVGERAGE
UNIT TIME REQUIREMENTS UNIT TIME CONDIFION
CONDITION
POINT THOMSON EXXON MORBIL NORTH 08/20/2012 \ L .
AK-0076 PRODUCTION FACILITY CORPORATION SLOPE AK ACT Combustion (Flares) fuel Gas 35 PMMscfyr Carbon Dioxide Good Combustion Practices 0 BACT-PSD 4]
HOOSIER ENERGY REC INC.|HOOSIER ENERGY REC INC. COAL BED METHANE-FIRED OTHER /12 12 MONTH
IN-0135 - MEROM GENERATING MEROM GENERATING SULLIVAN IN 11/?{{;011 STANDBY FLARE W/PROPANE ::;;if:: 25 MMBTU/H Carbon Bioxlde ngg gggf,iﬁS:::::;’?:;LC:S 3235 LB/MW-H CASE-BY- NfA 4852 CONSEC CONSECUTIVE
STATION STATION FIRED PILOT CASE MONTHS PERIOD
HOOSIER ENERGY REC INC.IHOOSIER ENERGY REC INC. COAL BED METHANE-FIRED OTHER T/12 12 MONTH
IN-0135 = MEROM GENERATING MEROM GENERATING SULLIVAN IN 11/1:({5011 STANDBY FLARE W/PROPANE ;f;_?;iii 25 MMBTU/H Methane Gg:g sﬁoxi{;i;ff::x:glccss 0.06 LB/MW-H CASE-BY- /A 0.08 CONSEC CONSECUTIVE
STATION STATION FIRED PILOT CASE MONTHS PERIOD
HOOSIER ENERGY REC INC.|HOOSIER ENERGY REC INC. COAL BED METHANE-FIRED OTHER
(b} i i E!
(N-0135 | - MEROM GENERATING | MEROM GENERATING | SULLvAN | IN 1 fC/Tzon STANDSY FLARE W/PROPANE :ﬁ;izE 2% MMBETU/H N'":’:;;’"de Gﬁgg g:&iﬁi’ﬁ:ﬁ:ﬁé S oos | amawen CASE-BY- NIA 0.08 TR figﬁ'ﬂf i‘:ﬁlgg‘g
STATION STATION FIRED PHLOT CASE
SABINE PASS NG, 1P & proper plant operations and
SABINE PASS LNG ’ 12/06/2011 R Carbon Dioxide maintain the presence of the ANNUAL
LA-Q257 TERMINAE SABINE PASS CAMERON LA ACT Marine Flare natural gas 1590 MMBTU/H Equivalent {CO2e} | flame when the gas is routed to 29059 TONS/YR MAXIMUM BACTF-PSD 4]
EEQUEFACTION, EL
the flare
SABINE PASS LNG. P & proper plant operations and
SABINE PASS LNG 4 12/06/2011 Carbon Dioxide maintain the presence of the ANNUAL
1A-0257 E D Fl. 4 § 0.2 MMBTU/H 133 TONS/YR BACT-PSD
025 FERMINAL SABINE PASS CAMERON A ACT Wet/Dry Gas Flares {4} naturat gas 6 uf Equivalent {CO2e)] flame when the gas is routed to 3 ONS/y MAXIMEIM 0
LIQUEFACTION, LL
the flare
RUMPKE SANITARY RUMPKE SANETARY 12/23/2008
OH-0330 LANDEIEL LANDFILL BROWN OH ACT CANDLESTICK FLARE {5} 1ANDFILL GAS Methane FLARE IS CONTROL 25 LB/H N/A NSPS, SIP 109.45 /YR
RUMPKE SANITARY RUMPKE SANITARY 12/23/2008
QOH-0330 LANDFILL LANDEIEL BROWN OH ACT OPEN FLARE EANDFILL GAS Methane FLARE IS CONTROL 25 LB/H N/A NSPS, SIP 108.45 TR

INVISTA S.3 ¢l Victoria Site

Combined Hydrogen/Ammonia Plant loft

Sumenary for Flares.xlsx




