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[bookmark: _Toc100735240]Introduction
The Alaska LNG Project (Project) would be subject to Prevention of Significant Deterioration (PSD) permitting under Alaska Administrative Code. Permitting under these regulations would require the Project to install Best Available Control Technology (BACT) on the permitted equipment at the Liquefaction Plant, located in Nikiski, and at the Gas Treatment Plant (GTP) on the North Slope. BACT is determined following the United States Environmental Protection Agency (EPA) “Top-Down” analysis approach, which identifies each control technology, and then considers in the evaluation the technical feasibility, commercial availability, costs, and site-specific factors to ultimately make a control technology determination. BACT determinations are always evaluated on a case-by-case basis.
To support the design for the Alaska Liquefaction Plant, the Pre-Front End Engineering Design (Pre-FEED) and Optimization phase included a BACT analysis for various project options and driver selections. This report provides the BACT analysis for the mechanical drive compression turbines, the power generation turbines, vent gas disposal (flares and thermal oxidizer), as well as for the emergency compression ignition (diesel) engines for firewater and air. This analysis provides a review of the possible technologies and emissions limits that could be imposed as BACT for these devices. The information provided in this analysis will be used to support Liquefaction Plant design decisions regarding emission control technologies and BACT emission limits.
The analysis focuses on the following pollutants: nitrogen oxides (NOx), sulfur dioxide (SO2), carbon monoxide (CO), particulate matter (PM – in all of its forms), volatile organic compounds (VOCs) and greenhouse gases (GHGs). Emission controls for each of these pollutants are evaluated and a BACT determination is made following the EPA “Top-Down” approach. Based on the information considered in the analysis, the presumptive BACT determinations are shown in Table 1, Table 2, Table 3, and Table 4 below.
[bookmark: _Toc100735241]Compression Turbines
Relative to nitrogen oxides (NOx),  the Best Available Control Technology (BACT) analysis did not find thatthe installation of Dry low NOx (DLN) plus Selective Catalytic Reduction (SCR) was cost-effectivevoluntarily identified as the control measure to reduce NOx emissions below 9 2 parts per million by volume (ppmv). The cost-effectiveness of this control option was approximately $15,000 per ton of NOx, which is in excess of the Alaska Department of Environmental Conservation (ADEC)-recommended upper bound cost-effectiveness threshold of $10,000 per ton.
The Alaska LNG Project’s (Project) proposal to install a catalyst bed to control carbon monoxide (CO) emissions achieves the most stringent level of control for this pollutant. BACT determinations for comparable gas compression and liquefied natural gas (LNG) facilities have set emission limits at 10 ppmv CO and lower, thus requiring a catalyst bed.
The BACT determination for sulfur dioxide (SO2), particulate matter (PM) or volatile organic compounds (VOCs) is based on use of pipeline-quality natural gas and good combustion practices achieve the most stringent level of controls for these pollutants (Table 1). 
The greenhouse gas (GHG) BACT determination relies upon efficiency improvement measures to reduce overall fuel use, which in turn results in lower GHG emissions. One GHG control strategy addressed in the analysis relates to alternative driver selections, such as the use of turbines of an aero-derivative design over modern light high-efficiency industrial turbines such as the compression turbine model evaluated here. Note, the evaluated model has achieved 38 percent (%) efficiency, which is only slightly lower that an aero-derivative machine. The analysis found that while aero-derivative turbines achieve thermal efficiencies greater than comparable industrial turbines, adopting the option as BACT was not cost-effective as compared to current and projected cost benchmarks for carbon pollution. The use of aero-derivative turbine technology would only be considered cost-effective for mitigating GHG emissions at fuel costs of approximately $7.50 per million British thermal units (MMBtu) and greater.
[bookmark: _Toc100735426]Table 1:	BACT Determination for the Compression Turbines
	Pollutant
	BACT Determination

	NOx
	Installation of ultra-dry low NOx (UDLN) plus Selective Catalytic Reduction (SCR) technology on the turbines to achieve 9 2 ppmv NOx @ 15% oxygen (O2) 

	SO2
	Good Combustion Practices/Clean Fuels

	CO
	Installation of CO catalyst to achieve 10 ppmv CO or lower @ 15% O2

	PM
	Good Combustion Practices/Clean Fuels

	VOC
	Good Combustion Practices/Clean Fuels

	GHGs
	Use of low-carbon fuel (i.e., natural gas) and implementation of energy efficiency measures (e.g., good combustion practice, periodic burner tunings, instrumentation and controls to optimize fuel gas combustion, etc.)



[bookmark: _Toc100735242]Power Generation Turbines
For NOx, the BACT analysis did not find that installation of SCR was cost-effective to reduce NOx emissions below 9 ppmv. The cost-effectiveness of this control option was approximately $28,000 per ton of NOx, which is in excess of the ADEC-recommended upper bound cost-effectiveness threshold of $10,000 per tonthe installation of Dry low NOx (DLN) plus Selective Catalytic Reduction (SCR) was voluntarily identified as the control measure to reduce NOx emissions below 2 parts per million by volume (PPMV)..
For CO, catalyst controls are recommended given the prevalence of this technology employed at other Alaska and comparable liquefaction facilities.
The same BACT observations made for the compression turbines for SO2, PM and VOC apply to the power generation turbines. 
The GHG BACT determination reflects the most stringent measures implemented by other comparable sources (Table 2).
[bookmark: _Toc100735427]Table 2:	BACT Determination for the Power Generation Turbines
	Pollutant
	BACT Determination

	NOx
	Installation of UDLN plus SCR technology on the turbines to achieve 9 2 ppmv NOx @ 15% O2

	SO2
	Good Combustion Practices/Clean Fuels

	CO
	Installation of CO catalyst to achieve 10 ppmv CO or lower @ 15% O2

	PM
	Good Combustion Practices/Clean Fuels

	VOC
	Good Combustion Practices/Clean Fuels

	GHGs
	Use of combined cycle turbine using low-carbon fuel (i.e., natural gas) and implementation of energy efficiency measures


[bookmark: _Toc100735243]Vent Gas Disposal (Flare / Thermal Oxidizer)
The BACT determination found that proposed waste gas minimization techniques proposed by the Project meet current BACT (Table 3). The waste gas minimization techniques minimize not only VOC and GHGs, but also combustion contaminants (e.g., NOx, CO, SO2, and PM).
[bookmark: _Toc100735428]Table 3:	BACT Determination for Vent Gas Disposal (Flare / Thermal Oxidizer)
	Pollutant
	BACT Determination

	VOC
	Waste gas minimization, waste gas recovery and flare/thermal oxidizer design

	GHG
	Waste gas minimization, waste gas recovery and flare/thermal oxidizer design


[bookmark: _Toc100735244]Compression Ignition Engines
The United States (U.S.) Environmental Protection Agency (EPA) has established emissions standards for internal combustion engines. Manufacturers are required to produce engines that meet the EPA Tiered Emission Standards. Meeting EPA standards constitutes current BACT for all pollutants. BACT determination for the compression ignition engines is provided in Table 4.
[bookmark: _Toc100735429]Table 4:	BACT Determination for the Compression Ignition Engines
	Pollutant
	BACT Determination

	NOx
	Good Combustion Practices/Clean Fuels
Compliance with 40 CFR New Source Performance Standards (NSPS) Subpart IIII or 40 Code of Federal Regulations (CFR) Part 1039, as applicable

	SO2
	Good Combustion Practices; use of ULSD

	CO
	Good Combustion Practices/Clean Fuels
Compliance with 40 CFR NSPS Subpart IIII or 40 CFR Part 1039, as applicable

	PM
	Good Combustion Practices/Clean Fuels
Compliance with 40 CFR NSPS Subpart IIII or 40 CFR Part 1039, as applicable

	VOC
	Good Combustion Practices/Clean Fuels
Compliance with 40 CFR NSPS Subpart IIII or 40 CFR Part 1039, as applicable

	GHGs
	Good Combustion Practices/Clean Fuels


[bookmark: _Toc512266366][bookmark: _Toc512266367][bookmark: _Toc100735245]Purpose and Scope
Per Alaska Administrative Code (AAC) Title 18, Section 50.306 (Prevention of Significant Deterioration [PSD]), evaluation of a stationary source that requires a PSD permit prior to construction must include a control technology review, as required by the CFR Title 40, Section 52.21(j), incorporated by reference per 18 AAC 50.040(h). 40 CFR 52.21(j)(2) specifies that “[a] new major stationary source shall apply best available control technology for each regulated New Source Review pollutant that it would have the potential to emit in significant amounts.” BACT analyses are case-by-case evaluations and include consideration of cost, technical feasibility, commercial availability, and site-specific factors. EPA requires a “Top-Down” BACT analysis approach be used in these evaluations.
This report provides the BACT analysis for the mechanical drive compression turbines, the power generation turbines, waste gas mitigating devices (flare and thermal oxidizer), as well as for the emergency compression ignition (diesel) engines. This analysis provides a review of the possible technologies and emission limits that could be imposed as BACT for these devices. The information provided in this analysis would be used to support Liquefaction Plant design decisions regarding emission control technologies and permit emission limits that constitute BACT.
This BACT analysis addresses NOx, SO2, CO, PM – including fine particulate (known as PM10) and ultrafine particulate (known as PM2.5), VOCs) and GHG emissions. The following key assumptions and boundary conditions were used to prepare this analysis:
This BACT analysis is based on the Project design and equipment emissions at the time of this report’s development.
Vendor cost data were used to the extent feasible in this analysis. Where vendor data were unavailable, data from the EPA Air Pollution Control Cost Manual, Sixth Edition, January 2002 were used. The bases for all cost figures are documented in this analysis.
NOx and CO emissions control limits and expectations for performance are based on vendor quotes, as given for Liquefaction Plant operating conditions.
Technical data and costs from Study 12.3.4 – Liquefaction Compressor Driver Selection Study Report (USAL-CB-PRTEC-00-000009-000, Revision 1) were relied upon in the analysis.
Preliminary guidance provided by ADEC during a May 2016 meeting to discuss Project BACT issues was incorporated into this analysis (See Appendix D)
[bookmark: _Toc100735246]BACT Methodology
BACT is defined in the Federal PSD regulations at 40 CFR 52.21(b)(12) as:
...an emission limitation, including a visible emission standard, based on the maximum degree of reduction for each pollutant subject to regulation…which would be emitted from any proposed major stationary source or major modification which the Administrator, on a case-by-case basis, taking into account energy, environmental, and economic impacts and other costs, determines is achievable for such source or modification…
This BACT analysis follows the “Top-Down” methodology described in the EPA New Source Review Workshop Manual.[footnoteRef:1] The “Top-Down” process involves the identification of all applicable control technologies according to control effectiveness. The “top”, or most stringent, control alternative is evaluated first. If the most stringent alternative is shown to be technically infeasible, economically unreasonable, or if environmental or other impacts are severe enough to preclude its use, then the next most stringent control technology is similarly evaluated. This process continues until the emissions control method under consideration is not eliminated by technical, economic, energy, environmental, or other impacts.  [1:  DRAFT New Source Review Workshop Manual, EPA, Office of Air Quality Planning and Standards, October 1990.] 

The five steps of a Top-Down BACT Analysis are described in the following steps, below:
Identify all available control technologies with practical potential for application to the specific emission unit for the regulated pollutant under evaluation.
Eliminate all technically infeasible control technologies.
Rank remaining control technologies by control effectiveness and tabulate a control hierarchy.
Evaluate most effective controls and document results.
Select BACT, which will be the most effective practical option not rejected, based on economic, environmental, energy and other impacts.
A further summary of each step is provided below.
Step 1
Identify potential control technologies for the LNG Plant based on information found on the EPA’s Reasonably Available Control Technology (RACT)/BACT/Lowest Achievable Emission Rate (LAER) Clearinghouse (collectively referred to as RBLC), state websites, Freedom of Information Act requests, recent Alaskan projects with similar emissions units, and vendor input.
Step 2
Evaluate the operating principles, control efficiencies and technical feasibility of each potential control technology; technologies determined to be technically infeasible are eliminated in this step.
Step 3
The remaining technologies that are technically feasible are ranked based on control effectiveness.
Step 4
Under Step 4, energy, environmental, and cost-effectiveness impacts are evaluated. This evaluation begins with the analysis of the most stringent control option and continues until a technology under consideration cannot be eliminated based on adverse energy, environmental, or economic impacts. The factors that are considered in these analyses are as follows:
Energy Impacts: The energy requirements of a control technology can be examined to determine if the use of that technology results in any significant or unusual energy penalties or benefits. Energy impacts may be in the form of additional energy required to operate the emitting unit, or additional energy required to operate the control device.
Environmental Impacts: Installation of control devices may result in environmental impacts separate from the pollutant being controlled. Environmental impacts may include solid or hazardous waste generation, discharges of polluted water from a control device, visibility impacts, increased emissions of other criteria or non-criteria pollutants, increased water consumption, and land use impacts from waste disposal. The environmental impact analysis is made taking consideration of site-specific circumstances.
Economic Impacts: For a technology to be considered BACT, it must be considered “cost effective.” The economic or “cost-effectiveness” analysis is conducted in a manner consistent with EPA’s Air Pollution Control Cost Manual, Sixth Edition and subsequent revisions. For this analysis, the cost data are obtained primarily from vendor supplied information and supplemented with estimates provided in the EPA’s Control Cost Manual where vendor supplied information was not available.
Cost effectiveness thresholds are not published, nor guaranteed by regulatory agencies; however, based on other BACT evaluations in Alaska, the threshold at which a NOx, SO2, CO, PM or VOC control technology evaluated is likely to be considered cost effective is $3,000 per ton of pollutant removed or less. If the evaluated cost is greater than $10,000 per ton of pollutant removed, then the technology will likely not be considered cost effective. Evaluations where the cost-effectiveness is calculated to be between $3,000 and $10,000 should be validated with ADEC.
At the time of developing this analysis, ADEC and EPA have not provided formal guidance on a cost-effectiveness threshold for GHG reductions. However, the following benchmarks are considered reasonable measures for determining what would be cost-effective:
$21 per ton of carbon dioxide equivalent (CO2-e), based on the annual average secondary market price for California and Quebec Cap-and-Trade GHG allowances escalated by 7% in the year 2020.[footnoteRef:2] [2:  See the California Carbon Dashboard [(http://calcarbondash.org/, produced by the Climate Policy Initiative) based on data reported by the Intercontinental Exchange (ICE), End of Day Reports]. The year 2020 was used in the analysis based on the timing of permit issuance. The BACT that is employed for a Project is considered at the time the permit is issued, and is not revisited during the operating life of the facility.] 

$12 - $40 per ton of CO2-e escalating from 2016 to 2030 based on Alaska LNG estimates.
Step 5
The most stringent control that has not been eliminated in all prior steps is selected as BACT. With the control technology selection, a BACT emission target is established. The BACT target becomes a limit, which applies at all times, except during specific conditions listed in the permit (e.g., start-up and shutdown). Where a BACT emission limit cannot be achieved in operation, an alternative work practice or emissions limit must be proposed. That alternative limit must go through the same BACT analysis steps noted above.





Greenhouse Gases (GHGs)
EPA recommends that the same “Top-Down” analysis approach used for criteria pollutants be used in evaluating GHGs subject to BACT.[footnoteRef:3] The analysis that follows has been prepared, consistent with this guidance. [3:  See PSD and Title V Permitting Guidance for Greenhouse Gases, U.S. Environmental Protection Agency, Document No. EPA-457/B-11-001, March 2011, available at www.epa.gov/‌sites/‌production/‌files/‌2015-12/‌documents/‌ghgpermittingguidance.pdf ] 

With respect to what constitutes “GHGs,” Title 40 Code of Federal Regulations Section 52.21 (Prevention of Significant Deterioration) Paragraph (b)(49)(i) defines GHGs to include the following: CO2, methane (CH4), nitrous oxide (N2O), hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride (SF6). Mass emissions of GHGs are converted into carbon dioxide equivalent (CO2e) emissions for ease of comparison. CO2-e is a quantity that equates the global warming potential (GWP) of a given mixture and amount of GHGs, to the amount of CO2 that would have the same GWP in the atmosphere over a 100-year period. GWPs for these GHGs are provided in 40 CFR Part 98 (Mandatory Greenhouse Gas Reporting) Table A-1 (Global Warming Potentials).
As direct CO2 emissions account for more than 99% of the combustion-related GHGs associated with the Project, and CH4 and NOx account for less than 1% of the combustion-related turbine GHG emissions (measured as CO2e), this analysis of BACT focuses on CO2 as a surrogate for CO2e.

[bookmark: _Toc100735247]Compression Turbines
This section of the BACT analysis addresses the control technology options for the mechanical drive turbines, which provide refrigerant compression at the LNG Plant. This analysis is organized as follows:
Section 4.1 – NOx BACT Analysis
Section 4.2 – CO BACT Analysis
Section 4.3 – SO2 BACT Analysis
Section 4.4 – PM and VOC BACT Analysis
Section 4.5 – GHG BACT Analysis
Section 4.6 – Conclusions
[bookmark: _Toc441823163][bookmark: _Ref453001259][bookmark: _Toc455246847][bookmark: _Toc494954742][bookmark: _Toc100735248]NOx BACT Analysis
NOx is formed during the combustion process due to high temperature zones in the combustion burner or chamber. This BACT analysis evaluates control techniques and technologies used to mitigate NOx emissions from the compression turbines with a rated output of nominally 115 megawatts (MW) per unit.
[bookmark: _Toc100735249]Step 1: Identify All Control Technologies
EPA, state, and local BACT clearinghouses/databases would classify the compression turbines as “Simple Cycle Natural-Gas Fired Combustion Turbines Greater than 25 MW.” This class or category of source was used to investigate of the types of controls installed as BACT in recent permitting decisions. Appendix A includes a summary of NOx controls that have been installed between 2010 and the present to satisfy BACT for comparable Alaskan projects and LNG projects in the Continental U.S.
The compression turbines can be equipped with Dry Low-NOx (DLN) burners or UDLN technology. The DLN technology, which represents the “base case” for this analysis achieves 25 ppmv NOx at 15% O2. The UDLN technology, which is discussed below, can achieve NOx emission concentrations of 9 ppmv or lower at 15% O2. 
Control technologies identified for NOx control of simple cycle gas turbines include the following:
1. DLN or UDLN Burners
Water/Steam Injection
Selective Catalytic Reduction (SCR)
Selective Non-Catalytic Reduction (SNCR)
Non-Selective Catalytic Reduction (NSCR)
XONON™
SCONOx™
These control methods may be used alone or in combination to achieve various degrees of NOx emissions control. Each technology is summarized below.
DLN and UDLN Burners
DLN combustors (marketed under many similar names such as SoLoNOx or DLE) utilize multistage premix combustors where the air and fuel is mixed at a lean (high oxygen) fuel-to-air ratio. The excess air in the lean mixture acts as a heat sink, which lowers peak combustion temperatures and also ensures a more homogeneous mixture, both resulting in greatly reduced NOx formation rates. DLN combustors have the potential to reduce NOx emissions by 40 to 60%; this technology has an expected NOx performance of approximately 25 ppmv at 15% O2. 
[bookmark: _Toc441823166]It is possible to equip the base model with compression turbine “Ultra-Low” (UDLN) combustors, reducing NOx emissions from 25 ppmv (DLN) to 9 ppmv (UDLN). This technology is relatively new and performance data is limited; however, for the purpose of this analysis, this option is deemed feasible and examined in the economic analysis below. Note that UDLN combustors have been studied and are considered selectable by the Project.


Water or Steam Injection
Water or steam injection is a commonly used control technique for combustion turbine applications (particularly for turbines/services for which dry low NOx combustors are not available). Water/steam injection involves the introduction of water or steam into the combustion zone of the turbine. The injected fluid provides a heat sink, which absorbs some of the heat of reaction, causing a lower flame temperature resulting in lower thermal NOx formation. The process requires approximately 0.8 to 1.0 pound of water or steam per pound of fuel burned. The water source used requires demineralization to avoid leaving deposits and causing corrosion on turbine internals. Demineralization incurs additional cost and complexity to turbine operation and utilities. Water/steam injection also increases CO emissions as it lowers the combustion temperature. Depending on baseline uncontrolled NOx levels, water or steam injection can reduce NOx by 60% or more.
[bookmark: _Toc441823167]Selective Catalytic Reduction (SCR)
SCR is a post-combustion gas treatment technique used to reduce NOx emissions from exhaust streams. In the SCR process, ammonia (anhydrous, aqueous or as urea) is used as the reducing agent and is injected into the flue gas upstream of a catalyst bed. The function of the catalyst is to lower the activation energy of the NOx decomposition reaction. NOx and ammonia combine at the catalyst surface forming an ammonium salt intermediate, which subsequently decomposes to produce elemental nitrogen and water. SCR works best where inlet NOx concentrations and exhaust temperatures are constant. The operating temperature of conventional SCR systems ranges from 400 degrees Fahrenheit (°F) to 800°F. High temperature SCR relies on special material reaction grids and can operate at higher temperature ranges between 700°F to 1,075°F. High temperature SCR is most frequently installed on simple cycle turbines. Depending on the overall ammonia-to-NOx ratio, NOx removal efficiencies can be as high as 80 to 90%. When used in series with DLN combustors, or water/steam injection, SCR can result in low single digit NOx levels in the range of 2 ppmv to 5 ppmv.
As part of this BACT analysis, installations and operating experience of SCR systems at locations in Alaska were given special consideration. SCR units installed in Alaska have demonstrated a wider range of NOx reduction performance ranging from as low as 25% and up to 90%. Installations of SCR systems in the RACT/BACT/LAER Clearinghouse have shown that SCR can reduce NOx from turbines to as low as 2 ppmv; however, only while under very stringent operational control. Variability of NOx control efficiencies on SCR installations in Alaska are the result of its use on variable load applications, mechanical drive applications, as well as the difficulty in maintaining uniform ammonia injection rates due to varying ambient temperatures and load ranges. Alaska units specifically evaluated in this analysis are listed below.
Teck Cominco Alaska, Inc. has installed SCR on the most recent engine addition at the Red Dog Mine located 90 miles north of Kotzebue, Alaska. This unit utilizes urea and required requires an open catalyst cell structure to improve the NOx conversion to ~90% reduction.
SCR is planned for the Healy Unit 2, which is located in Healy, Alaska, just south of Fairbanks at the edge of Denali National Park. However, the installation is not complete at the time of this analysis so there is no documentation regarding the operations.
The Southcentral Power Project at the Anchorage Airport (Chugach Electric Association) includes SCR on each of the LM6000PF turbines. These SCR units utilize 29% aqueous ammonia and only reduce NOx emissions by approximately 25% (resulting in 11 ppmv instead of 15 ppmv).
Kenai Nitrogen Operations (Agrium): Agrium proposed the installation of SCR on each of five simple cycle GGT-744 Solar Turbine/Generator sets. The SCR units have NOx limits of 7 ppmv at 15% O2.
Anchorage Municipal Light & Power permitted in 2013 two LM6000 turbines with DLN and SCR. SCR was used in this case to avoid PSD permitting.
SCR has the potential to reduce NOx emissions by 70 to 90% and is considered technically feasible in this analysis. As noted above, SCR units installed and operated in Alaska face design and operation challenges primarily due to low and wide ranges of ambient temperature. SCR may be combined with DLN and UDLN combustion technology to achieve NOx emission rates as low as 2 ppmv @ 15% O2. This analysis conservatively assumes that SCR could be combined with DLN or UDLN, with either combination achieving the same 2 ppmv level of NOx control.
The selected mechanical drive turbines are anticipated to exhaust at a temperature of approximately 1,000°F, which is at the high end of the recommended temperature for high temperature SCR (700°F to 1,075°F). To optimize exhaust temperature, quenching, or air tempering, would be required to lower exhaust gas temperatures to acceptable SCR temperature ranges.
[bookmark: _Toc441823168]Selective Non-Catalytic Reduction (SNCR)
SNCR reduces NOx into nitrogen and water vapor by the reaction of the exhaust gas with a reducing agent, such as urea or ammonia; this technology does not require a catalyst. The SNCR system performance is dependent upon the reagent injector location and temperature in order to achieve proper reagent/exhaust gas mixing for maximum NOx reduction. SNCR systems require a fairly narrow temperature range for reagent injection to achieve a specific NOx reduction efficiency. The optimum temperature range for injection of reagent is approximately 1,500°F to 1,900°F. The NOx reduction efficiency of an SNCR system decreases rapidly at temperatures outside the optimum temperature window. In theory, selective non-catalytic reduction can achieve the same efficiency as SCR; however, the practical constraints of temperature, time, and mixing often lead to worse results in practice.
[bookmark: _Toc441823169]Non-Selective Catalytic Reduction (NSCR)
NSCR uses a catalyst to simultaneously reduce NOx, CO, and hydrocarbon (HC) to water, CO2, and nitrogen (N2). The catalyst is usually a noble metal. The control efficiency achieved for NOx ranges from 80% to 90%. The operating temperature for NSCR ranges from about 700°F to 1,500°F, depending on the catalyst. For NOx reductions of 90%, the temperature must be between 800°F to 1,200°F. In addition, NSCR requires a low excess oxygen concentration in the exhaust gas stream (typically less than 1%) in order to be effective because the oxygen must be depleted before the reduction chemistry can proceed. As such, NSCR is only effective with rich-burn gas-fired units that operate at all times with an air to fuel ratio controller at or close to stoichiometric conditions.
[bookmark: _Toc441823171][bookmark: _Toc441823170]
SCONOx™
The SCONOX™ technology was originally developed by Goal Line Environmental Technologies, Inc. to treat exhaust gas of natural gas and diesel fired turbines. Now offered by EmeraChem, the technology is marketed under the name EMx. The EMx catalytic absorption system uses a potassium carbonate coated catalyst to reduce nitrogen oxide emissions. The catalyst oxidizes CO to CO2, and NO to NO2 and potassium nitrates (KNO2/KNO3). The catalyst is regenerated by passing dilute hydrogen gas over the catalyst bed, which converts the KNO2 and KNO3 to K2CO3, water, and elemental nitrogen. The catalyst is renewed and available for further absorption while the water and nitrogen are exhausted. In order to maintain continuous operation during catalyst regeneration, the system is furnished in arrays of 5 module catalyst sections. During operation, 4 of the 5 modules are online and treating flue gas, while one module is isolated from the flue gas for regeneration. NOx reduction in the system occurs in an operating temperature range of 300°F to 700°F, and therefore, must be installed in the appropriate temperature section of the waste heat recovery unit. Additionally, the EMx catalyst must be recoated, or ”washed” every 6 months to 1 year, depending on the sulfur content of the fuel. The “washing” consists of removing the catalyst modules from the unit and placing each module in a potassium carbonate reagent tank, which is the active ingredient of the catalyst.
The EMx catalyst is subject to reduced performance and deactivation due to exposure to sulfur oxides, requiring an additional catalytic oxidation/absorption system (SMx) upstream of the EMx catalyst. The SMx catalyst is regenerated in the same manner as the EMx catalyst.
Commercial experience with EMx is limited, with a majority of the units operating on units of 15 MW or less. No known installations exist in low ambient temperature settings. At least one installation of EMx has reported difficulties meeting permit limits. While EMx might be applicable in theory, it is not considered feasible for the LNG Plant because it has limited commercial experience and has not been demonstrated in low ambient temperature settings. 
XONON™
XONON™ is a catalytic technology developed by Catalytica Energy Systems, Inc. and is now owned by Kawasaki. XONON™ uses partial combustion of fuel in the catalyst module followed by complete combustion downstream of the catalyst in the burnout zone. Partial combustion within the catalyst produces no NOx. Homogeneous combustion downstream of the catalyst usually produces little NOx as combustion occurs at a uniformly low temperature. A small amount of fuel is combusted in a pre-burner, which results in a small amount of NOx emissions. 
XONON™ was not identified as BACT in the RBLC and is considered technically infeasible because it is not yet commercially available. This catalyst technology is currently being tested by turbine manufacturers.
[bookmark: _Toc100735250]Step 2: Eliminate Technically Infeasible Options
This section summarizes the technical feasibility of each potential NOx control technology; technologies determined to be technically infeasible are summarized in Table 5, below.
[bookmark: _Toc100735430]Table 5:	Control Technology Options Determined to be Technically Infeasible
	Technology Alternative
	Basis

	Water/Steam Injection
	The base model turbine is equipped with DLN combustors. Water/steam injection is not compatible with burners equipped with DLN.

	SNCR
	The exhaust temperature of the combustion turbine is less than the optimum temperature range (1,500°F to 1,900°F) for SNCR. 

	NSCR
	The oxygen concentration of the combustion turbine is approximately 15% O2, which is much higher than the optimum oxygen concentration range for NSCR.

	SCONOx™
	There are no documented installations of this type of control on large combustion turbines.

	XONON™
	There are no documented installations of this type of control on large combustion turbines.


Water/Steam Injection
Water/steam injection has the potential to reduce NOx emissions by 20% to 30%. Water/steam injection is not used in conjunction with DLN combustors. As the base model compressor turbine is equipped with DLN combustors, water/steam injection is not considered further in this analysis.
[bookmark: _Toc441823176]Selective Non-Catalytic Reduction (SNCR)
The turbine is anticipated to exhaust at a temperature of approximately 1,000°F, which is well below the recommended temperature (1,500°F to 1,900°F) for an SNCR system to achieve the desired NOx reduction efficiency. The NOx reduction efficiency of SNCR decreases rapidly at temperatures outside the optimum temperature window, additionally, operations below this temperature window result in excessive ammonia emissions (ammonia slip). As such, SNCR is not considered technically feasible for this analysis.
[bookmark: _Toc441823177]Non-Selective Catalytic Reduction (NSCR)
NSCR requires a low excess oxygen concentration in the exhaust gas stream (typically below 1%) in order to be effective, as the oxygen must be depleted before the reduction chemistry can proceed. As such, NSCR is only effective with rich-burn gas-fired units that operate at all times with an air to fuel ratio controller at or close to stoichiometric conditions. As gas turbines typically operated with an excess oxygen concentration of approximately 15%, the evaluated model is outside of the acceptable operating range for NSCR and is not considered technically feasible for this analysis.
SCONOx™
SCONOx™ technology has an operating temperature range of 300°F to 700°F. As noted above, the turbine is anticipated to exhaust at a temperature of approximately 1,000°F, which is above the recommended temperature for SCONOx™. To optimize exhaust temperature, quenching would be required to lower exhaust gas temperatures to acceptable SCONOx™ temperature ranges. SCONOx™ technology is still in the early stages of market introduction. Issues that may impact application of the technology include relatively high capital cost, a large reactor size compared to SCR, increased system complexity, high utilities cost and demand (steam, natural gas, compressed air and electricity are required), and a gradual rise in NOx emissions over time requiring a 1 to 2 day renewal of catalyst. Commercial experience with this technology is limited, with a majority of the SCONOx™ units operating on turbines units of 15 MW or less. No known installations exist in low ambient temperature settings similar to Alaska. At least one installation of SCONOx™ has reported trouble meeting permit limits. While SCONOx™ might be applicable in theory, it is not considered feasible for this Project as it has limited commercial experience and has not been demonstrated in low ambient temperature settings.
[bookmark: _Toc441823178]XONON™
The XONON™ catalyst has only ever been paired with the 1.5 MW Kawasaki M1A-13 simple cycle gas turbine generator. As this catalyst technology has only been applied in the smaller gas turbines manufactured by Kawasaki, and as testing and implementation of this control system among different gas turbine manufacturers and on larger units has not been performed, this technology is unproven for the size class proposed for this Project and is not considered technically feasible for this analysis.
[bookmark: _Toc100735251]Step 3: Rank Remaining Control Technologies by Control Effectiveness
The emission control technologies not eliminated by practical or operational limitations are listed in Table 6, below. These technologies are ranked by control efficiency.
[bookmark: _Toc100735431]Table 6:	Remaining Control Options and Control Effectiveness
	Rank
	Control Technology
	Control Efficiency (%) or Emissions Target (ppmv)

	1
	DLN plus SCR or UDLN plus SCR
	25% to 90% (as low as 2 ppmv @ 15% O2)

	2
	UDLN
	9 ppmv @ 15% O2


[bookmark: _Toc100735252]Step 4: Evaluate Most Effective Controls and Document Results
This section summarizes the energy, environmental, and economic impacts of the control technologies noted above. The cost-effectiveness calculations use a “NOx emission base case” of 25 ppmv (NSPS limit) and emission control endpoints of 2 ppmv (DLN or UDLN plus SCR) or 9 ppmv (UDLN only). It should be noted that a base-case emission rate of 25 ppmv is used because it represents the base-case offering from the turbine vendor. An aggressive endpoint of 2 ppmv in the SCR evaluation provides a conservative evaluation of cost-effectiveness. A controlled NOx emission rate of 5 ppmv would be a more achievable performance objective to accommodate fluctuations in operations and site-specific conditions in Alaska (e.g., temperature fluctuations between summer and winter, etc.).
Energy Impact Analysis
No unusual energy impacts were identified for the technically feasible NOx controls evaluated in this BACT analysis.
Environmental Impact Analysis
For this analysis, operation of SCR would result in some “slip” of ammonia releases to the environment as well as disposal of spent catalyst. Neither ammonia slip nor waste disposal considerations are expected to preclude use of SCR as a potential control device for this BACT analysis.
Economic Analysis
Economic analysis of costs to install NOx control is not required as the Project applicant proposes to install the most stringent controls. is based on the following key factors:
Size of the turbine;
Baseline emissions levels;
Controlled emissions levels; and
Emission control installation and operating costs.
The cost-effectiveness of DLN and SCR, and UDLN are summarized in Table 7, below. As shown in this table, DLN plus SCR is not cost-effective, as it exceeds the $10,000 per ton cost-effectiveness guideline. 
Table 7:	Economic Analysis
	Estimated NOx Emissions from Alternate Control Technologies

	[bookmark: _Toc100734104][bookmark: _Toc100734315][bookmark: _Toc100734504][bookmark: _Toc100734694][bookmark: _Toc100734881][bookmark: _Toc100735068][bookmark: _Toc100735255]
	Control Technology Alternatives*

	
	DLN and SCR
	UDLN

	Control Option
	1
	2

	Uncontrolled Baseline ppmvd@15%O2
	25
	25

	Uncontrolled emissions (tpy)
	467
	467

	Controlled emissions ppmvd@15%O2 **
	2
	9

	Controlled emissions (tpy)
	37
	168

	NOx emission reduction (tpy)
	430
	299

	Total Annualized Operating Cost
	$6,418,598
	$1,146,328

	Cost of NOx removal ($/ton)
	$14,941
	$3,836

	* UDLN plus SCR was not evaluated for cost-effectiveness since DLN with SCR achieves comparable levels of control, and cost-effectiveness for DLN with SCR exceeds the BACT cost-effectiveness threshold. UDLN plus SCR would have higher costs and would result in a cost-effectiveness in excess of $15,000 per ton.
** Anticipated level of control. Permit limits may be set higher to accommodate fluctuations in emissions from variable operations. Analyzing cost-effectiveness at the 2 ppmv level results in more conservative results.


[bookmark: _Toc100735296]Step 5: Select BACT
The cost-effective analysis of feasible controls shows that UDLN alone constitutes BACT for NOx in this analysis. DLN plus SCR was eliminated at Step 4 as a potential control option.
While UDLN alone constitutes BACT in this analysis, it should be noted thatThe Project is voluntarily selecting the most stringent NOx control which includes the use of DLN plus SCR at 2 ppmv NOx, as the BACT level of control to be installed. DLN plus SCR is a common BACT emissions control approach for turbine installations, including LNG projects (see Appendix A for other comparable BACT determinations).
[bookmark: _Toc100735297]CO BACT Analysis
Carbon monoxide is formed during the combustion process as a result of incomplete fuel combustion. Factors contributing to incomplete fuel combustion include, low air temperatures, insufficient combustion zone turbulence and residence times, inadequate amounts of excess air, as well as competing combustion conditions employed to mitigate NOx formation. This BACT analysis evaluates control techniques and technologies used to mitigate CO emissions.
[bookmark: _Toc100735298]Step 1: Identify All Control Technologies
As noted above, EPA, state, and local BACT clearinghouses/databases would classify the compression turbines as “Simple Cycle Natural-Gas Fired Combustion Turbines Greater than 25 MW.” This class or category of source was used to investigate of the types of controls installed as BACT in recent permitting decisions. Appendix A includes a summary of CO controls that have been installed between 2010 and present to satisfy BACT for comparable Alaska projects and LNG projects in the Continental U.S.
Control technologies identified for CO control of simple cycle gas turbines include the following:
Good Combustion Practices/Clean Fuel
Catalytic Oxidation
SCONOx™
NSCR
These control methods may be used alone or in combination to achieve the various degrees of CO emissions control. Each technology is summarized below.
[bookmark: _Toc441823188]Good Combustion Practices/Clean Fuel
The rate of CO emissions is dependent on fuel choice and good combustion practices including proper mixing of fuel and combustion air, as well as adequate residence time at temperatures to complete the oxidation process. The compression turbine base model is designed to combust natural gas and optimizes CO emissions through use of natural gas and good combustion practices.
[bookmark: _Toc441823189]
CO Oxidation Catalyst
Catalytic oxidation is a flue gas control that oxidizes CO to CO2 in the presence of a noble metal catalyst; no reaction reagent is necessary. Catalytic oxidizers can provide oxidation efficiencies of 80% or greater at temperatures between 750°F and 1,000°F; the efficiency of the oxidation temperature quickly deteriorates as the temperature decreases. The temperature of the turbine is expected to exhaust at approximately 1,000°F or less, remaining within the temperature range for CO oxidation catalysts.
[bookmark: _Toc441823190]SCONOx™
As discussed in the NOx BACT analysis above, SCONOx™ reduces CO emissions by oxidizing the CO to CO2. This technology combines catalytic conversion of CO with an absorption and regeneration process without using ammonia reagent. SCONOx™ catalyst must operate in a temperature range of 300°F to 700oF, and therefore, turbine exhaust temperature must be reduced through the installation of a cooling system prior to entry to the SCONOx™ system. Notably, demonstrated applications for this technology are currently limited to combined cycle combustion turbine units rated less than 40 MW.
[bookmark: _Toc441823191]Non-Selective Catalytic Reduction (NSCR)
As discussed in the NOx BACT analysis, above, NSCR uses a catalyst reaction to reduce CO to CO2. The catalyst is usually a noble metal. The operating temperature for NSCR system ranges from about 700°F to 1,500°F, depending on the catalyst. NSCR requires a low excess oxygen concentration in the exhaust gas stream (typically less than 1%) to be effective because the oxygen must be depleted before the reduction chemistry can proceed. As such, NSCR is only effective with rich-burn gas-fired units that operate at all times with an air-to-fuel (A/F) ratio controller at or close to stoichiometric conditions. 
[bookmark: _Toc100735299]Step 2: Eliminate Technically Infeasible Options
This section summarizes the potential technical feasibility for CO control of each air pollution control technology; technologies determined to be technically infeasible are summarized in Table 8, below.
[bookmark: _Toc100735432]Table 78:	Control Technology Options Determined to be Technically Infeasible
	Technology Alternative
	Basis

	SCONOx™
	There are no documented installations of this type of control on large simple cycle combustion turbines.

	NSCR
	The oxygen concentration of the combustion turbine is approximately 15% O2, which is much higher than the optimum oxygen concentration range for NSCR.


[bookmark: _Toc441823195]SCONOx™
SCONOx™ technology is still in the early stages of market introduction. Issues that may impact application of the technology include relatively high capital cost, a large reactor size, increased system complexity, high utilities cost and demand (steam, natural gas, compressed air and electricity are required), and a gradual decrease in effectiveness over time, requiring a 1 to 2 day renewal of catalyst. Commercial experience with this technology is limited, with a majority of the units operating on units of 15 MW or less. No known installations exist in low ambient temperature settings similar to Alaska. At least one installation of has reported trouble meeting permit limits. While SCONOx™ may be applicable in theory, it is not considered feasible for the LNG Project because it has limited commercial experience and has not been demonstrated in low ambient temperature settings.
[bookmark: _Toc441823196]Non-Selective Catalytic Reduction (NSCR)
NSCR requires a low excess oxygen concentration in the exhaust gas stream (typically below 1%) to be effective, as the oxygen must be depleted before the reduction chemistry can proceed. As such, NSCR is only effective with rich-burn gas-fired units that operate at all times with an A/F ratio controller at or close to stoichiometric conditions. As gas turbines typically operate with an excess oxygen concentration of approximately 15%, it is outside of the acceptable operating range for NSCR and is not considered technically feasible for this analysis.
[bookmark: _Toc100735300]Step 3: Rank Remaining Control Technologies by Control Effectiveness
The emission control technologies not eliminated by practical or operational limitations are listed in Table 9, below. These technologies are ranked by control efficiency.
[bookmark: _Toc100735433]Table 89:	Remaining Control Options and Control Effectiveness
	Rank
	Control Technology
	Control Efficiency (%) or Emissions Target (ppmv)

	1
	CO Catalyst
	10 ppmv (or lower) at 15% O2

	2
	Good Combustion Practices/Clean Fuels
	50 ppmv at 15% O2 (varies with loading and ambient temperature and maintenance of NOx target)


This analysis assumes a 10 ppmv (or lower) controlled emissions level similar to other LNG turbines of this size. This BACT analysis also identifies other installations, which achieve less than 10 ppmv CO (e.g., Point Thompson Production Facility with a CO limit of 2.5 ppmv at 15% O2); therefore, BACT for CO would be based on the vendor guarantee for this unit, which may be lower than 10 ppmv.
[bookmark: _Toc100735301]Step 4: Evaluate Most Effective Controls and Document Results
This section summarizes the energy, environmental, and economic impacts of the control technologies noted above. 
Energy Impact Analysis
No unusual energy impacts were identified for the technically feasible CO controls evaluated in this BACT analysis.
Environmental Impact Analysis
Implementation of good combustion practices/clean fuels is not expected to cause an environmental impact. Operation of a CO catalyst would result in the disposal of spent catalyst; however, waste disposal considerations are not expected to preclude use of a CO catalyst as a potential control device for this BACT analysis. This conclusion is based on comparable BACT determinations for other facilities.
Economic Impact Analysis
The Project proposes to install a CO catalyst bed as part of the compression turbine design. Additionally, good combustion practices/clean fuels would be implemented. As both technically feasible options would be implemented for this Project, economic analysis is not required.
[bookmark: _Toc100735302]Step 5: Select BACT
This BACT analysis concludes, similar to other comparable projects evaluated, that good combustion practices/clean fuels, as well as operation of an oxidation catalyst likely constitutes BACT for a gas turbine of this type and application (see Appendix A for a list of other BACT determinations reviewed).
[bookmark: _Ref455039766][bookmark: _Toc455246865][bookmark: _Toc494954754][bookmark: _Toc100735303]SO2 BACT Analysis
SO2 is formed as a result of the combustion of sulfur compounds in fuels. This BACT analysis evaluates control techniques and technologies used to mitigate SO2 emissions.
[bookmark: _Toc455246866][bookmark: _Toc494954755][bookmark: _Toc100735304]Step 1: Identify All Control Technologies
The only technique identified to mitigate SO2 emissions for simple cycle gas turbines at an LNG Plant is the use of clean fuels (i.e., pipeline quality natural gas). The compression turbine base model is designed to combust natural gas, which is low in sulfur.
[bookmark: _Toc455246867][bookmark: _Toc494954756][bookmark: _Toc100735305]Step 2: Eliminate Technically Infeasible Options
Use of pipeline quality natural gas is a common BACT control for gas turbines and is considered a technically feasible control option for the LNG turbines for the purposes of this analysis.
[bookmark: _Toc455246868][bookmark: _Toc494954757][bookmark: _Toc100735306]Step 3: Rank Remaining Control Technologies by Control Effectiveness
Use of pipeline quality natural gas is a common BACT control for gas turbines and is considered a technically feasible control option for the LNG turbines for the purposes of this analysis. As this is the only control option considered, ranking by emissions control effectiveness is unnecessary.
[bookmark: _Toc455246869][bookmark: _Toc494954758][bookmark: _Toc100735307]Step 4: Evaluate Most Effective Controls and Document Results
Since the use of clean fuels would be implemented for this Project, economic analysis is not required. 
[bookmark: _Toc455246870][bookmark: _Toc494954759][bookmark: _Toc100735308]Step 5: Select BACT
Use of clean fuels has been chosen to satisfy BACT for reduction of SO2 emissions. This is consistent with the BACT required of other comparable projects.
[bookmark: _Ref454211890][bookmark: _Toc455246871][bookmark: _Toc494954760][bookmark: _Toc100735309]PM and VOC BACT Analysis
PM and VOC are emitted from gas turbines. Excessive amounts of these pollutants can occur from incomplete fuel combustion, including low air temperatures, insufficient combustion zone turbulence and residence times, inadequate amounts of excess air, as well as competing combustion conditions employed to mitigate NOx formation. This analysis evaluates control techniques and technologies used to mitigate PM and VOC emissions.
[bookmark: _Toc100735310]Step 1: Identify All Control Technologies
Good combustion practice/clean fuels is identified as the main technique to mitigate PM and VOC from natural gas combustion. The rate of PM and VOC emissions is dependent on fuel choice and good combustion practices, including proper mixing of fuel and combustion air, as well as adequate residence time at temperatures to complete the oxidation process. The compression turbine base model is designed to combust natural gas and minimize PM and VOC emissions through good combustion practices.
CO catalyst also has the potential to reduce VOC emissions from combustion turbines. As CO catalyst has already been selected for use as BACT (see Section 4.2), no further evaluation of this technology for VOC control is provided.
[bookmark: _Toc455246873][bookmark: _Toc494954762][bookmark: _Toc100735311]Step 2: Eliminate Technically Infeasible Options
The use of good combustion practices/clean fuels, is a common PM and VOC BACT control for gas turbines and is considered a technically feasible control option for the LNG turbines for the purposes of this analysis.
[bookmark: _Toc455246874][bookmark: _Toc494954763][bookmark: _Toc100735312]Step 3: Rank Remaining Control Technologies by Control Effectiveness
Good combustion practices/clean fuel is a common PM and VOC BACT control for gas turbines and is considered a technically feasible control option for the LNG turbines for the purposes of this analysis. As this is the only control option considered, ranking by emissions control effectiveness is unnecessary.
[bookmark: _Toc455246875][bookmark: _Toc494954764][bookmark: _Toc100735313]Step 4: Evaluate Most Effective Controls and Document Results
As good combustion practices/clean fuel would be implemented for this Project, economic analysis is not required. 
[bookmark: _Toc455246876][bookmark: _Toc494954765][bookmark: _Toc100735314]Step 5: Select BACT
Good combustion practices/clean fuels constitutes BACT for the reduction of PM and VOC emissions.
[bookmark: _Ref454211898][bookmark: _Toc455246877][bookmark: _Toc494954766][bookmark: _Toc100735315]GHG BACT Analysis
CO2, a GHG, is the main combustion product from gas turbines. Incomplete combustion would also cause methane to be emitted, which is also a GHG. This section describes the techniques that would be employed to reduce GHGs from the compression turbines.
[bookmark: _Toc441823205][bookmark: _Toc455246878][bookmark: _Ref459381769][bookmark: _Toc494954767][bookmark: _Toc100735316]Step 1: Identify All Control Technologies
This review focused on simple cycle natural-gas fired combustion turbines greater than 25 MW from year 2010 to the present. A summary of the data collected by this review is included in Appendix A. 
Control technologies identified for GHG control of simple cycle gas turbines include the following:
Use of Low-Carbon Fuel
Design and Operational Energy Efficiency
Alternate Design – Electric Compressors
Use of Heat Recovery (Combined Heat and Power or Combined Cycle)
Alternate Design – Use of Aero-Derivative Turbines
These control methods may be used alone or in combination to achieve the various degrees of GHG emissions control. Each of the control methods is described below.
Notably, another emission control technique, which is identified in the EPA GHG BACT guidance, is the use of Carbon Capture and Sequestration (CCS), which is discussed in its own section (see Section 8, Carbon Capture and Sequestration). As shown in the BACT analysis for CCS, the technology is potentially infeasible and is not cost-effective. CCS will not be discussed further in this section of the analysis.
[bookmark: _Toc441823206]Use of Low-Carbon Fuel
Pipeline quality natural gas and boil-off gas (BOG) (i.e., fuel gas predominately consisting of methane) is the cleanest and lowest-carbon fuel available at the LNG Facility.
[bookmark: _Toc441823207]Design and Operational Energy Efficiency
Design and operational energy efficiencies affecting emissions and efficiency include the following:
Output Efficiency per Heat Input
Periodic Burner Tuning
Proper Instrumentation and Controls
Reliability
Each of these is summarized below.
Efficiency: Turbine models under consideration should be evaluated for output efficiency compared to the heat input rate. More efficient models require less heat input for the equivalent amount of fuel consumed. Additionally, turbine hot air recirculation should be minimized per vendor recommendations.
Periodic Burner Tuning: Periodic inspections and tuning should be planned in order to maintain/restore high efficient and low-emissions operation.
Instrumentation and Controls: Control systems should be of the type to monitor and modulate fuel flow and/or combustion air, and other vital parameters in order to achieve optimal high efficiency low-emission performance for full load and part-load conditions.
Reliability: Turbine models under consideration should be evaluated for reliability of design for the specific operational design and range of conditions.
[bookmark: _Toc441823209]
Alternate Design – Electric Compressors
Motor driven gas compression systems use electricity as the power source for the compressor rather than a gas turbine compressor. Electrically driven motors for compressors of this size require a large source of electrical power.
[bookmark: _Toc441823210]Use of Waste Heat Recovery (Combined Heat and Power or Combined Cycle) 
Simple Cycle Turbines with heat recovery or turbines with a combined cycle configuration convert exhaust heat into mechanical energy (steam or electricity or both), increasing the overall net efficiency of the system.
[bookmark: _Toc441823211]Alternate Design – Use of Aero-Derivative Turbines
Aero-Derivative turbines are used in gas compression and electrical power generation operations due to their ability to be shut down and handle load changes quickly. They are also used in the marine industry due to their reduced weight. In general, aero-derivative machines are more efficient than industrial machines of comparable size and capacity.
Technologies Excluded Based on a Fundamental Change to the Nature of the Source
The EPA has recognized that the list of potential control technologies in Step 1 of a BACT analysis should not redefine the nature of the source proposed by an applicant. As stated by the EPA in its guidance, “BACT should generally not be applied to regulate the applicant’s purpose or objective for the proposed facility.”[footnoteRef:4] Notwithstanding this guideline, permitting agencies are provided discretion in recommending minor changes or adjustments to a BACT proposal, which achieve lower overall emissions without disrupting the applicant’s basic business purpose for the facility. [4:  PSD and Title V Permitting Guidance for Greenhouse Gases (EPA-457/B-11-001), U.S. Environmental Protection Agency, March 2011, page 26, available at http://www.epa.gov/‌sites/‌production/‌files/‌2015-12/‌documents/‌ghgpermittingguidance.pdf] 

To evaluate whether or not a proposed control technology or strategy “fundamentally redefines the nature of the source,” EPA has established a framework to evaluate control technologies during the permitting process.[footnoteRef:5] This framework is briefly summarized below, along with its applicability to the LNG Plant and the mechanical drive turbines: [5:  IBID, pgs. 26-31] 

1. Evaluation of Basic Design and Purpose: First, the basic design, purpose, and objectives should be evaluated based on the information provided as part of the permitting process. 
Relative to the LNG Plant, the purpose or objective of the LNG turbines is to compress refrigerants required for the liquefaction process. The purpose of the turbines is not to produce power; rather, power is generated onsite by a separate and independent power generation facility (PGF), which is designed to specifically meet the power demands of the operation. The facility cannot be connected to the grid due to the significant electrical power needs of the facility, and the unavailability of sufficient off site on-demand power to provide anything other than the essential power required by the plant. 
Design Features Analysis: Second, the proposed design is then evaluated to determine which design elements are inherent to the facility purpose and should not be changed, versus the design elements that may be changed to achieve pollutant emissions reductions without disrupting the applicant’s basic business purpose for the proposed facility.
With respect to the LNG Plant, simple cycle turbines are the best design in meeting the operational requirements of the refrigerant compressor drivers. Once ready, a simple-cycle combustion turbine can be started and reach full load in a matter of minutes. These units can also be shut down almost instantaneously. As a result, simple cycle turbines are typically used for services that require variable loads and quick recovery time. Additionally, as the majority of the natural gas treatment occurs at the GTP, there would be only minor needs for excess heat or power that could be provided by recovering the heat from the mechanical drive turbines. Specifically, the Project has proposed use of compression turbines operating in simple cycle mode as it is one of the most efficient commercially proven industrial gas turbines available in terms of its heat rate (approximately 39% based on lower heat value).
Exclusion of Control Technologies that Potentially Redefine the Source: Third, a control technology can be excluded from consideration as BACT if it can be shown that application of the control option would disrupt the facility’s basic/fundamental purpose or objective. Justification for excluding an option should not rely upon later steps of the Top-Down BACT process, including:
Technical Feasibility (Step 2)
Cost Impacts (Step 4)
Energy Impacts (Step 4)
Of the potential GHG control technologies noted above in Section 4.5.1, the following technologies redefine the nature of the proposed source and were removed from additional consideration in the BACT analysis:
Use of Motors to Drive Electric Compressors
Use of Turbines in Combined Cycle Mode
Use of aero-derivative turbines possibly redefines the nature of the source; however, this option is carried forward in the BACT analysis for the reasons set forth below.
Electric Compressors
Use of electric motors to drive compressors has been removed from further consideration as a potential control technology, as its use would fundamentally redefine the nature of the proposed source as follows:
As noted above, the LNG Plant would not be connected to the local electrical power grid as the grid does not provide adequate energy to power the facility.
Use of motors to drive compressors may not constitute control technology because use of large electric motors would require installation of significant additional PGF capacity in excess of the equivalent turbine horsepower, which may actually result in increased GHG emissions from the facility.
Use of electric motors to drive compressors would fundamentally alter the facility’s PGF base load profile, requiring the PGF to be redesigned with added capacity to ensure adequate power availability and system reliability.
Use of Heat Recovery (Combined Heat and Power or Combined Cycle)
Use of heat recovery or turbines in a combined cycle mode has been removed from further consideration as a potential control technology, as its use would fundamentally redefine the nature of the proposed source as follows:
The heat recovered from the proposed mechanical drive turbines has no useful purpose at the LNG facility. All heat requirements are satisfied by the efficient design of the facilities.
The proposed facility would not be connected to the local external power grid and must generate its own electric power. The facility has been designed to generate its own electric power including design elements to ensure reliable and consistent electric power availability. The facility’s PGF has been designed to have the flexibility to adjust the loads to meet facility demand, independent of the mechanical drive turbines.
The proposed facility would be supplied with gas already treated at the GTP. As such, very little additional treatment is required, greatly reducing the need for heat within the plant. The heat that is required is low enough to be mostly provided by electricity and the waste heat recovered at the power plant and within the processing facilities. Thus, there is no need for additional waste heat recovery from the mechanical drive turbines.
The proposed facility chose a simple cycle turbine design to avoid the complications of a combined cycle plant, adding to the reliability of refrigerant compression operations by separating power production from the mechanical drivers and reducing the chance of PGF upset conditions affecting the liquefaction process.
Simple cycle turbines for mechanical drive provide for added flexibility to variable load conditions avoiding impacts to the liquefaction trains performance demands. Additionally, the selection of simple cycle mechanical driver turbines was based on an engineered process matching power performance and quality requirements with engine models and availability.
Aero-Derivative Turbines
Use of natural gas-fired aero-derivative turbines potentially redefines the source, as their use would require a complete redesign of the compression and liquefaction processes at the facility. Turbines vary in size and capacity. The physical capacity of a specific aero-derivative turbine selection alone would necessitate a change in plant configuration (e.g., four aero-derivative gas turbines vs. two turbines of the evaluated model per liquefaction train). Additionally, the performance characteristics of an aero-derivative turbine (e.g., operational flexibility, reliability, etc.) would need to be considered in the plant redesign. Turbines of different designs have unique operational and maintenance requirements. Simply put, a “like for like” replacement of an industrial turbine for an aero-derivative turbine is not possible or feasible without completely changing the configuration of the process facilities and revising the emissions profiles from the plant.
Despite arguments supporting the elimination of aero-derivative turbines from further consideration, this BACT analysis carries the aero-derivative turbine type forward as a potential GHG control option or strategy. The turbine type is carried forward because other comparable LNG projects have incorporated them into their design, including:
Sabine Pass: The proposed combustion turbines for the Sabine Pass Liquefaction Project M3 (finalized December 6, 2011) and the Sabine Pass Liquefaction Project M4 (not yet finalized, submitted September 20, 2013) are aero-derivative compressor turbines.
Trunkline Project: The Lake Charles Liquefaction Export Terminal Project (also referred to as the Trunkline Project – not yet finalized, submitted December 20, 2013) proposed aero-derivative compressor turbines.
Corpus Christi: The Corpus Christi Liquefaction Project (GHG BACT draft issued by EPA Region 6 on July 8, 2013) includes 18 aero-derivative compressor turbines. 
[bookmark: _Toc100735317]Step 2: Eliminate Technically Infeasible Options
This section summarizes the technical feasibility for GHG control of each air pollution control technology; no technologies evaluated by this analysis (other than those deemed to redefine the source) are determined to be technically infeasible.
[bookmark: _Toc441823215]Low-Carbon Fuels
Low-Carbon Fuel is considered a technically feasible control option for the purposes of this analysis. The proposed compression turbines would be fueled with pipeline quality natural gas, predominantly consisting of methane. This is the cleanest and lowest-carbon fuel available for use in combustion turbines. 
[bookmark: _Toc441823216]Operational Energy Efficiencies
Use of operational energy efficiency measures is considered a technically feasible control option for the purposes of this analysis. Efficiency measures that could be incorporated into the Project include periodic tune-ups to maximize operational efficiency (according to manufacturer’s specifications), operating in accordance with general good combustion practices, and/or installing fuel and oxygen sensors to maintain optimum combustion properties to reduce emissions while also considering operational safety.
Aero-Derivative Turbines
For the purposes of this analysis, aero-derivative turbines are deemed technically feasible, as they have been incorporated into other LNG facility designs. As referenced in permitting documents for other projects, aero-derivative turbines are an attractive option, as they typically represent the most efficient simple-cycle turbine design available. Thermal efficiency increases between 4% and 8% are possible over comparable industrial/frame design turbines.
[bookmark: _Toc100735318]Step 3: Rank Remaining Control Technologies by Control Effectiveness
The emission control technologies not eliminated by practical or operational limitations are listed in Table 10, below. These technologies are ranked by control efficiency.
[bookmark: _Toc100735434]Table 910: Remaining Control Options and Control Effectiveness
	Rank
	Control Technology
	Control Efficiency (%)

	1
	Aero-Derivative Design
	4% – 8% increased thermal efficiency over comparable industrial/frame design turbines

	2
	Operational Efficiencies/ Low Carbon Fuels
	Variable


[bookmark: _Toc441823220][bookmark: _Toc455246882][bookmark: _Toc494954770][bookmark: _Toc100735319]Step 4: Evaluate Most Effective Controls and Document Results
The only technology evaluated for cost-effectiveness is the use of aero-derivative turbines. The other measures identified in Step 3 would already be incorporated into the design and operation of the gas turbines; no analysis of cost is required for these options.
[bookmark: _Toc455246883]Energy Impact Analysis
As GHG controls incorporate energy efficiency elements and do not result in impacts, an energy impact analysis is not required.
[bookmark: _Toc455246884]Environmental Impact Analysis
Relative to GHG controls, none of the proposed GHG measures result in adverse environmental impacts.
[bookmark: _Toc455246885]Economic Analysis 
Table 11 summarizes the incremental cost analysis to achieve GHG reductions via changes in turbine design and thermal efficiency. For purposes of calculating the cost of incremental GHG reductions, the analysis treats the evaluated compression turbine model as the base case, andcase and calculates the additional cost per ton of using an aero-derivative design to further reduce GHG emissions. The economic analysis relies upon efficiency improvement measures to reduce overall fuel use, which in turn results in lower GHG emissions. The analysis found that while aero-derivative turbines achieve thermal efficiencies of four to 8% greater than comparable industrial turbines on a per machine basis, adopting the option as BACT was not cost-effective as compared to projected $12 to $40 per ton of CO2-e projected cost benchmarks for carbon pollution (see Table 11).
[bookmark: _Toc100735435]Table 1011: Economic Analysis
	Estimated Cost-Effectiveness for GHG Reductions

	
	Turbine Technology Alternatives

	
	Evaluated Model
(Industrial)
	Aero-Derivative
	Difference

	GHG Emissions (tons/year)
	3,060,573
	2,694,852
	365,721

	Total Incremental Annualized Cost
	$553,075,457
	$564,678,098
	$11,602,641*

	Incremental Cost of GHG Reductions ($/ton) Calculated at a Fuel Cost of $7.50/MMBtu
	--
	--
	$32*

	Note: Incremental annualized cost considers differential capital, operational, and maintenance costs for the evaluated model and the Aero-derivative cases.
*Aero-derivative turbine technology could be considered cost-effective for mitigating GHG emissions at turbine fuel costs of greater than $7.50/MMBtu. Note that actual Project economics considers fuel costs negligible.


[bookmark: _Toc441823221][bookmark: _Toc455246886][bookmark: _Toc494954771][bookmark: _Toc100735320]Step 5: Select BACT
This BACT analysis concludes that use of low-carbon fuel and implementation of operational energy efficiency measures achieve BACT for the evaluated simple cycle gas turbine. The BACT determination is consistent with other comparable projects (see Appendix A for a full list of BACT determinations reviewed).
Notably, EPA encourages comparisons of the proposed design with other similar facilities as a demonstration of efficiency. The compression turbine yields 1,163 pounds carbon dioxide per megawatt-hour (lb CO2/MWh) as the base case emission level for the evaluated turbine model, which is more efficient than most industrial turbine designs.
[bookmark: _Toc441823222][bookmark: _Ref453001325][bookmark: _Toc455246887][bookmark: _Toc494954772][bookmark: _Toc100735321]Conclusions
The objective of this analysis was to examine turbines used as the mechanical driver selected for refrigerant compression. The analysis considered the technology, feasibility, cost, and other site-specific factors to control of emissions. The BACT analysis confirmed the following levels of control for the compressor turbine drivers:
NOx: UDLN plus SCR achieving 9 2 ppmv NOx @ 15% O2
CO: CO Catalyst achieving 10 ppmv (or lower) CO @ 15% O2
SO2: Clean Fuels
PM and VOC: Good Combustion Practices/Clean Fuels
GHGs: Use of pipeline quality natural gas, implementation of measures to improve overall efficiency of the gas turbine operations. Installation of an aero-derivative turbine would only be considered BACT if turbine fuel costs are $7.50/MMBtu or greater.
Notably, a cost effectiveness evaluation of SCR was not conducted given the Project applicant is voluntarily accepting to install DLN plus SCR, the BACT determinations for NOx and GHGs did not incorporate the most stringent and feasible control option. The most stringent control options were eliminated in the analysis based on technical feasibility and/or cost-effectiveness. 
Relative to CO, the most stringent control option was selected.
Relative to SO2, PM and VOC, this BACT analysis did not identify any more stringent control technologies that could impact compression turbine design.
The BACT determination for GHGs did not incorporate the most stringent and feasible control option. The most stringent control option was eliminated in the analysis based on technical feasibility and/or cost-effectiveness. It also should be noted that NOx and GHG BACT determinations made for the compressor turbine driver option cannot be extended to other potential driver selections or options. BACT is always a case-by-case analysis and the conclusions will vary based on design and other site-specific considerations.
[bookmark: _Toc100735322]Power Generation Turbines
This section of the BACT analysis addresses the Power Generation Turbines to be used to generate power at the LNG Plant. These turbines would be in a combined cycle configuration. This analysis provides a review of the possible technologies and emission limits that could be imposed as BACT, including estimated cost of each technology.
The turbines are equipped with DLN technology capable of achieving 15 ppmv NOx and 15 ppmv CO at 15% O2. These emissions levels represent the “base case” conditions for this analysis.
This BACT analysis is organized, as follows:
Section 5.1 – NOx BACT Analysis
Section 5.2 – CO BACT Analysis
Section 5.3 – SO2, VOC, and PM BACT Analysis
Section 5.4 – GHG BACT Analysis
Section 5.5 – Conclusions
[bookmark: _Ref454213275][bookmark: _Ref454213288][bookmark: _Toc455246889][bookmark: _Toc494954774][bookmark: _Toc100735323]NOx BACT Analysis
NOx is formed during the combustion process due to high temperature zones in the combustion burner or chamber. This BACT analysis evaluates control techniques and technologies used to mitigate NOx emissions from the gas turbine.
[bookmark: _Toc455246890][bookmark: _Toc494954775][bookmark: _Toc100735324]Step 1: Identify All Control Technologies
This review focuses on natural gas-fired combustion turbines greater than 25 MW from year 2010 to the present. A summary of the data collected by this review is included in Appendix A. 
Control technologies identified for NOx control of gas turbines include the following:
1. DLN
Water/Steam Injection
SCR
SNCR
 NSCR
XONON™
SCONOx™
These control methods may be used alone or in combination to achieve the various degrees of NOx emissions control. A description of each of these control technologies is provided in Section 4.1 of this document. Conditions specific to the turbine are provided below.
Dry Low NOx Burners
The Power Generation Turbine base model is equipped with DLN combustors; this technology has an expected NOx performance of approximately 15 ppmv @ 15% O2.
It is also possible to equip the base model with “Ultra-Low” combustors, reducing NOx emissions from 15 ppmv @ 15% O2 (DLN) to 9 ppmv @ 15% O2 (UDLN). This technology is new and performance data is limited, butlimited but is considered by the Project to be “selectable” in power generation service.
[bookmark: _Toc455246891][bookmark: _Toc494954776][bookmark: _Toc100735325]Step 2: Eliminate Technically Infeasible Options
This section summarizes the operating principles, NOx control efficiency and technical feasibility of each potential NOx control technology; technologies determined to be technically infeasible are summarized in Table 12, below.
[bookmark: _Toc100735436]Table 1112: Control Technology Options Determined to be Technically Infeasible
	Technology Alternative
	Basis

	Water/Steam Injection
	The base model turbine is equipped with DLN combustors. Water/steam injection is not compatible with burners equipped with DLN.

	SNCR
	The exhaust temperature of the combustion turbine is less than the optimum temperature range (1,500°F to 1,900°F) for SNCR. 

	NSCR
	The oxygen concentration of the combustion turbine is approximately 15% O2, which is much higher than the optimum oxygen concentration range for NSCR.

	XONON™
	There are no documented installations of this type of control on large combustion turbines.

	SCONOx™
	There are no documented installations of this type of control on large combustion turbines.


Water/Steam Injection
Water/steam injection has the potential to reduce NOx emissions by 20% to 30%. Water/steam injection is not used in conjunction with DLN combustors. As the base model is equipped with DLN combustors, water/steam injection is not considered further in this analysis.
Selective Non-Catalytic Reduction (SNCR)
The turbine is anticipated to exhaust at a temperature of approximately 800-900°F, which is well below the recommended temperature (1,500°F to 1,900°F) for an SNCR system to achieve the desired NOx reduction efficiency. The NOx reduction efficiency of SNCR decreases rapidly at temperatures outside the optimum temperature window, additionally, operations below this temperature window result in excessive ammonia emissions (ammonia slip). As such, SNCR is not considered technically feasible for this analysis.
Non-Selective Catalytic Reduction (NSCR)
NSCR requires a low excess oxygen concentration in the exhaust gas stream (typically below 1%) to be effective, as the oxygen must be depleted before the reduction chemistry can proceed. As such, NSCR is only effective with rich-burn gas-fired units that operate at all times with an A/F  ratio controller at or close to stoichiometric conditions. As gas turbines typically operated with an excess oxygen concentration of approximately 15% it is outside of the acceptable operating range for NSCR and is not considered technically feasible for this analysis.
XONON™
The XONON™ catalyst has only ever been paired with the 1.5 MW Kawasaki M1A-13 simple cycle gas turbine generator. As this catalyst technology has only been applied in the smaller gas turbines manufactured by Kawasaki, and as testing and implementation of this control system among different gas turbine manufacturers and on larger units has not been performed, this technology is unproven for the size class proposed for this Project and is not considered technically feasible for this analysis.
SCONOx™
SCONOx™ technology has an operating temperature range of 300°F to 700°F. As noted above, the turbine is anticipated to exhaust at a temperature of approximately 800°F to 900°F, which is above the recommended temperature for SCONOx™. To optimize exhaust temperature, quenching would be required to lower exhaust gas temperatures to acceptable SCONOx™ temperature ranges. SCONOx™ technology is still in the early stages of market introduction. Issues that may impact application of the technology include relatively high capital cost, a large reactor size compared to SCR, increased system complexity, high utilities cost and demand (steam, natural gas, compressed air and electricity are required), and a gradual rise in NOx emissions over time requiring a 1 to 2 day renewal of catalyst. Commercial experience with this technology is limited, with a majority of the SCONOx™ units operating on turbines units of 15 MW or less. No known installations exist in low ambient temperature settings similar to Alaska. At least one installation of SCONOx™ has reported challenges in meeting permit limits in California. While SCONOx™ might be applicable in theory, it is not considered feasible for this Project as it has limited commercial experience and has not been demonstrated in low ambient temperature settings. 
[bookmark: _Toc455246892][bookmark: _Toc494954777][bookmark: _Toc100735326]Step 3: Rank Remaining Control Technologies by Control Effectiveness
The emission control technologies not eliminated by practical or operational limitations are listed in Table 13, below. These technologies are ranked by control efficiency.
[bookmark: _Toc100735437]Table 1213: Remaining Control Options and Control Effectiveness
	Rank
	Control Technology
	Control Efficiency (%) or Emissions Target (ppmv)

	1
	DLN plus SCR or UDLN plus SCR
	25% to 90% (as low as 2 ppmv @ 15% O2)

	2
	UDLN
	9 ppmv @ 15% O2


[bookmark: _Toc455246893][bookmark: _Toc494954778][bookmark: _Toc100735327]Step 4: Evaluate Most Effective Controls and Document Results
This section summarizes the energy, environmental, and economic impacts of the control technologies noted above. The cost-effectiveness calculations use a “NOx emission base case” of 15 ppmv (base-case offering from the manufacturer) and emission control endpoints of 2 ppmv (DLN or UDLN plus SCR) or 9 ppmv (UDLN only). It should be noted that a base-case emission rate of 15 ppmv is used because it represents the base-case offering from the manufacturer. An aggressive endpoint of 2 ppmv in the SCR evaluation provides a conservative evaluation of cost-effectiveness. A controlled NOx emission rate of 5 ppmv would be a more likely performance objective to accommodate fluctuations in operations and site-specific conditions in Alaska (e.g., temperature fluctuations between summer and winter, etc.). 
[bookmark: _Toc455246894]Energy Impact Analysis
No unusual energy impacts were identified for the technically feasible NOx controls evaluated in this BACT analysis.
[bookmark: _Toc455246895]Environmental Impact Analysis
For this analysis, operation of SCR would result in some “slip” of ammonia releases to the environment as well as disposal of spent catalyst. Neither ammonia slip nor waste disposal considerations are expected to preclude use of SCR as a potential control device for this BACT analysis.
[bookmark: _Toc455246896]Economic Analysis 
Economic analysis of costs to install NOx control is not required as the Project applicant proposes to install the most stringent controls. based on the following key factors:
Size of the turbine
Baseline emissions levels
Controlled emissions levels
Emission control installation and operating costs
The cost-effectiveness of DLN and SCR, and UDLN are summarized in Table 14, below. As shown in this table, DLN plus SCR is not cost-effective, as it exceeds the $10,000 per ton guideline.
Table 14: Economic Analysis
	Estimated NOx Emissions from Alternate Control Technologies

	[bookmark: _Toc100734179][bookmark: _Toc100734390][bookmark: _Toc100734579][bookmark: _Toc100734769][bookmark: _Toc100734956][bookmark: _Toc100735143][bookmark: _Toc100735330]
	Control Technology Alternatives*

	
	DLN and SCR
	UDLN

	Control Option
	1
	2

	Uncontrolled Baseline ppmvd@15%O2
	15
	15

	Uncontrolled emissions (tpy)
	103
	103

	Controlled emissions ppmvd@15%O2 **
	2
	9

	Controlled emissions (tpy)
	14
	62

	NOx emission reduction (tpy)
	90
	41

	Total Annualized Operating Cost
	$2,547,259
	$52,831

	Cost of NOx removal ($/ton)
	$28,417
	$1,277

	* UDLN plus SCR was not evaluated for cost-effectiveness since DLN with SCR achieves comparable levels of controls, and cost-effectiveness for DLN with SCR exceeds the BACT cost-effectiveness threshold. UDLN plus SCR would have higher costs and would result in a cost-effectiveness in excess of $28,417 per ton.
** Anticipated level of control. Permit limits may be set higher to accommodate fluctuations in emissions from variable operations. Analyzing cost-effectiveness at the 2 ppmv level results in more conservative results.


[bookmark: _Toc455246897][bookmark: _Toc494954779][bookmark: _Toc100735371]Step 5: Select BACT
The cost effective analysis of feasible controls shows that UDLN alone constitutes BACT for NOx in this analysis. DLN plus SCR was eliminated at Step 4 as a potential control option.
The Project is voluntarily selecting the most stringent NOx control which includes the use of DLN plus SCR at 2 ppmv NOx, as the BACT level of control to be installed. While UDLN alone constitutes BACT in this analysis, it should be noted that DLN plus SCR is a common BACT emissions control approach for turbine installations, including LNG projects (see Appendix A for other comparable BACT determinations).
[bookmark: _Ref454213299][bookmark: _Toc455246898][bookmark: _Toc494954780][bookmark: _Toc100735372]CO BACT Analysis
CO is formed during the combustion process as a result of incomplete fuel combustion. Factors contributing to incomplete fuel combustion include, low air temperatures, insufficient combustion zone turbulence and residence times, inadequate amounts of excess air, as well as competing combustion conditions employed to mitigate NOx formation. This BACT analysis evaluates control techniques and technologies used to mitigate CO emissions.
[bookmark: _Toc455246899][bookmark: _Toc494954781][bookmark: _Toc100735373]Step 1: Identify All Control Technologies
This review focused on natural gas-fired combustion turbines greater than 25 MW from year 2010 to the present. A summary of the data collected by this review is included in Appendix A.
Control technologies identified as potential CO control technologies for combined cycle gas turbines include the following:
Good Combustion Practices/Clean Fuel
Catalytic Oxidation
SCONOx™
NSCR
These control methods may be used alone or in combination to achieve the various degrees of CO emissions control. A description of each of these control technologies is provided in Section 4.2.1of this document.
[bookmark: _Toc455246900][bookmark: _Toc494954782][bookmark: _Toc100735374]Step 2: Eliminate Technically Infeasible Options
This section summarizes the potential technical feasibility for CO control of each air pollution control technology; technologies determined to be technically infeasible are summarized in Table 15, below.
[bookmark: _Toc100735438]Table 1315: Control Technology Options Determined to be Technically Infeasible
	Technology Alternative
	Basis

	SCONOx™
	There are no documented installations of this type of control on large combustion turbines.

	NSCR
	The oxygen concentration of the combustion turbine is approximately 15% O2 which is much higher than the optimum oxygen concentration range for NSCR.


SCONOx™
SCONOx™ technology is still in the early stages of market introduction. Issues that may impact application of the technology include relatively high capital cost, a large reactor size, increased system complexity, high utilities cost and demand (steam, natural gas, compressed air and electricity are required), and a gradual decrease in effectiveness over time, requiring a one to two day renewal of catalyst. Commercial experience with this technology is limited, with a majority of the units operating on units of 15 MW or less. No known installations exist in low ambient temperature settings similar to Alaska. At least one installation of has reported challenges in meeting permit limits. While SCONOx™ may be applicable in theory, it is not considered feasible for the LNG Project because it has limited commercial experience and has not been demonstrated in low ambient temperature settings.
Non-Selective Catalytic Reduction (NSCR)
NSCR requires a low excess oxygen concentration in the exhaust gas stream (typically below 1%) to be effective, as the oxygen must be depleted before the reduction chemistry can proceed. As such, NSCR is only effective with rich-burn gas-fired units that operate at all times with an A/F ratio controller at or close to stoichiometric conditions. As gas turbines typically operate with an excess oxygen concentration of approximately 15%, it is outside of the acceptable operating range for NSCR and is not considered technically feasible for this analysis.
[bookmark: _Toc455246901][bookmark: _Toc494954783][bookmark: _Toc100735375]Step 3: Rank Remaining Control Technologies by Control Effectiveness
The emission control technologies not eliminated by practical or operational limitations are listed in Table 16, below. These technologies are ranked by control efficiency.
[bookmark: _Toc100735439]Table 1416: Remaining Control Options and Control Effectiveness
	Rank
	Control Technology
	Control Efficiency (%) or Emissions Target (ppmv)

	1
	CO Catalyst
	10 ppmv (or lower) at 15% O2

	2
	Good Combustion Practices/ Clean Fuels
	15 ppmv or more at 15% O2



This analysis assumes a 10 ppmv (or lower) controlled emissions level similar to other LNG turbines of this size. 
[bookmark: _Toc455246902][bookmark: _Toc494954784][bookmark: _Toc100735376]Step 4: Evaluate Most Effective Controls and Document Results
[bookmark: _Ref455125506]This section summarizes the energy, environmental, and economic impacts of the control technologies noted above. 
[bookmark: _Toc455246903]Energy Impact Analysis
No unusual energy impacts were identified for the technically feasible CO controls evaluated in this BACT analysis.
[bookmark: _Toc455246904]Environmental Impact Analysis
For this analysis, implementation of good combustion practices/clean fuels is not expected to cause an environmental impact. Operation of a CO catalyst would result in the disposal of spent catalyst; however, waste disposal considerations are not expected to preclude use of a CO catalyst as a potential control device for this BACT analysis.
[bookmark: _Ref455243587][bookmark: _Toc455246905]Economic Impact Analysis
Economic analysis of costs to install CO control is based on the following key factors:
Capacity of the turbine
Baseline emissions levels
Controlled emissions levels
Emission control installation and operating costs
The cost-effectiveness of a CO catalyst installation on the power generation turbines is summarized in Table 17, below. As shown in this table, CO catalyst is above the ADEC cost-effectiveness threshold guidance of $10,000 per ton.
[bookmark: _Toc455246956][bookmark: _Toc460244328][bookmark: _Toc100735440]Table 1517: Economic Analysis
	Control Technology
	CO Catalyst

	Control Option
	1

	Uncontrolled Baseline ppmvd@15%O2
	15

	Uncontrolled emissions (tpy)
	62

	Controlled emissions ppmvd@15%O2 
	5

	Controlled emissions (tpy)
	21

	CO emission reduction (tpy)
	42

	Total Annualized Operating Cost
	$663,165

	Cost of CO removal ($/ton)
	$15,801


[bookmark: _Toc455246906]
While the cost-effectiveness shown in Table 17 is higher than the “rule of thumb” cost-effectiveness range, ADEC may be inclined to discount the cost-effectiveness result in the BACT determination for the following reasons:
Other recent Alaska permitting actions have required CO catalysts to reduce CO emissions. For example, the Point Thomson BACT determination issued in 2012 sets a reasonable precedent for these CO controls.
The above cost-effectiveness calculations used an aggressive baseline emission rate (i.e., 15 ppmv CO). If ADEC were to require that a more relaxed baseline emission rate be used in the calculations (e.g., 25 or 50 ppmv CO), the installation of CO catalyst would become cost-effective.
[bookmark: _Toc494954785][bookmark: _Toc100735377]Step 5: Select BACT
[bookmark: _Ref454213308]This BACT analysis concludes, similar to other comparable projects evaluated, that good combustion practices/clean fuels, as well as operation of an oxidation catalyst likely constitutes BACT for a gas turbine of this type and application (see Appendix A for a list of other BACT determinations reviewed). 
[bookmark: _Ref455244862][bookmark: _Toc455246907][bookmark: _Toc494954786][bookmark: _Toc100735378]SO2, VOC, and PM BACT Analysis
The SO2, VOC, and PM BACT analysis for the power generation turbine is identical to the compressor turbines; see Sections 4.3 and 4.4, above.
[bookmark: _Ref454213328][bookmark: _Toc455246908][bookmark: _Toc494954787][bookmark: _Toc100735379]GHG BACT Analysis
CO2, a GHG, is the main combustion product from gas turbines. Incomplete combustion would cause methane to be emitted, which is also a GHG. This section describes the techniques that would be employed to reduce GHGs from the power generation turbines.
[bookmark: _Toc455246909][bookmark: _Toc494954788][bookmark: _Toc100735380]Step 1: Identify All Control Technologies
This analysis focused on natural-gas fired combustion turbines greater than 25 MW from year 2010 to the present. A summary of the data collected by this review is included in Appendix A. 
Control technologies identified for GHG control of combined cycle gas turbines include the following:
Use of Low-Carbon Fuel
Design and Operational Energy Efficiency
Alternate Design – Use of Grid Power
These control methods may be used alone or in combination to achieve the various degrees of GHG emissions control. Each of the control methods are described below.
Notably, another emission control technique, which is identified in the EPA GHG BACT guidance, is the use of CCS, which is discussed in its own section (see Section 8). As shown in the BACT analysis for CCS, the technology is potentially infeasible and is not cost-effective. CCS will not be discussed further in this section of the analysis.
Use of Low-Carbon Fuel
Use of pipeline quality natural gas and BOG (i.e., fuel gas predominately consisting of methane) is the cleanest and lowest-carbon fuel available at the LNG Plant.
Design and Operational Energy Efficiency
Design and operational energy efficiencies affecting emissions and efficiency include the following:
Output Efficiency per Heat Input
Periodic Burner Tuning
Proper Instrumentation and Controls
Reliability
Each of these is summarized below.
Efficiency: Turbine models under consideration should be evaluated for output efficiency compared to the heat input rate. More efficient models require less heat input for the equivalent amount of fuel consumed.
Periodic Burner Tuning: Periodic inspections and tuning should be planned in order to maintain/restore high efficient and low-emissions operation.
Instrumentation and Controls: Control systems should be of the type to monitor and modulate fuel flow and/or combustion air, and other vital parameters in order to achieve optimal high efficiency low-emission performance for full load and part-load conditions.
Reliability: Turbine models under consideration should be evaluated for reliability of design for the specific operational design and conditions.
Alternate Design – Use of Electrical Grid Power
Connection to the electrical grid power system in order to eliminate the need to install power generation turbines at the LNG Plant was considered.
[bookmark: _Toc455246911][bookmark: _Toc494954789][bookmark: _Toc100735381]Step 2: Eliminate Technically Infeasible Options
The only technology eliminated at Step 2 is the use of electrical grid power as the primary power source. This technology choice is infeasible as the grid does not provide adequate energy to meet the normal operating requirements of the facility. Electrical grid primary power is not an option for the Project.
[bookmark: _Toc455246912][bookmark: _Toc494954790][bookmark: _Toc100735382]Step 3: Rank Remaining Control Technologies by Control Effectiveness
The emission control technologies not eliminated by practical or operational limitations are listed in Table 18, below. These technologies are ranked by control efficiency.
[bookmark: _Toc100735441]Table 1618: Remaining Control Options and Control Effectiveness
	Rank
	Control Technology
	Control Efficiency (%)

	1
	Combined Cycle Turbine (Base Case)
	No change to control efficiency; however, fewer combined cycle turbines would be required to be installed as compared to simple cycle turbines.

	2
	Operational Efficiencies/ Low Carbon Fuels
	Variable


[bookmark: _Toc455246913][bookmark: _Toc494954791][bookmark: _Toc100735383]Step 4: Evaluate Most Effective Controls and Document Results
The only technology evaluated for control-effectiveness is the use of combined cycle vs simple cycle turbines. The other measures identified in Step 3 would be incorporated into the design and operation of the gas turbines; no analysis of cost is required for these options.
[bookmark: _Toc455246914]Energy Impact Analysis
Since GHG controls incorporate energy efficiency elements and do not result in impacts, an energy impact analysis is not required.
[bookmark: _Toc455246915]Environmental Impact Analysis
Relative to GHG controls, none of the proposed GHG measures result in adverse environmental impacts.
[bookmark: _Toc455246916]Economic Analysis 
An economic analysis is not required as the Project proposes to implement all of the above measures listed in Step 3.
[bookmark: _Toc455246917][bookmark: _Toc494954792][bookmark: _Toc100735384]Step 5: Select BACT
This BACT analysis concludes that use of a combined cycle turbine using low-carbon fuel, and implementing operational energy efficiency measures achieves BACT for the power generation gas turbines. The BACT determination is consistent with other comparable projects (see Appendix A for a full list of BACT determinations reviewed).
[bookmark: _Ref454213339][bookmark: _Toc455246918][bookmark: _Toc494954793][bookmark: _Toc100735385]Conclusions
The objective of this analysis was to examine the power generation combustion turbine as the driver selection for power generation. The analysis considered the technology, feasibility, cost, and other site-specific factors to control of NOx, CO, PM, SO2, VOC, and GHG emissions. The BACT analysis confirmed the following levels of control for the combustion turbine drivers:
NOx: UDLN plus SCR achieving 92 ppmv NOx @ 15% O2
CO: CO Catalyst achieving 10 ppmv CO or lower @ 15% O2
SO2: Clean Fuels
PM and VOC: Good Combustion Practices/Clean Fuels
GHGs: Use of a combined cycle turbine using low-carbon fuel, and implementing operational energy efficiency measures
Notably, the BACT determinations for NOx did not incorporate the most stringent and feasible control option. The most stringent control option, SCR, was eliminated in the analysis based on cost-effectiveness.a cost effectiveness evaluation of SCR was not conducted given the Project applicant is voluntarily accepting to install DLN plus SCR.
The installation of a catalyst bed to control CO emissions achieves the most stringent level of control for this pollutant. 
Relative to SO2, PM, and VOC, this BACT analysis did not identify any more stringent control technologies that could impact turbine design.
For GHGs, the most stringent controls, which have been achieved in practice, are proposed for the gas turbine generators.
[bookmark: _Toc494954794][bookmark: _Toc100735386]Vent Gas Disposal (Flares and Thermal Oxidizer)
Vent gases may be emitted by the facility during periods of blowdown, start-up, shutdown, and malfunction events. Vent gases at the LNG Plant would contain VOC and high concentrations of methane, which has a relatively high GHG GWP. Vapor recovery, flares and thermal oxidizers are used to control these emissions.
The LNG Plant would have three flare gas systems (i.e., wet, dry, and low-pressure), to route relief vapors from separate sections of the plant into their respective flare collection headers. The wet flare gas system would control waste gas streams containing a significant concentration of water (i.e., around the molecular sieve dehydration beds), or contain a significant concentration of heavier compounds, which could freeze out at colder temperatures (i.e., pressure relief and de-pressuring flow from the debutanizer column). The dry flare gas system would be used for safe disposal of dry hydrocarbons streams discharged downstream of the dehydration unit both under emergency condition and during a start-up condition. The low-pressure BOG flare gas system would be used for safe disposal of low-pressure operational releases from the LNG Storage and Loading System and intermittent maintenance purging of inert gas from LNG carriers. A thermal oxidizer would be used to control off-gas emissions from the condensate tank. Gases from storage tanks and LNG carrier loading would be captured and reused as fuel gas, where possible.
This analysis provides a review of the possible technologies and emission limits that could be imposed as BACT for vent gas from the wet gas hydrocarbon streams and the dry gas hydrocarbon streams.  Technologies considered for the third vent gas disposal system handling the emissions from the condensate storage and loading operations are discussed later in Sections 9 and 10 of this document.
[bookmark: _Toc455246920][bookmark: _Toc494954795][bookmark: _Toc100735387]VOC and GHG “Top-Down” BACT Analysis
This BACT analysis evaluates control techniques and technologies used to mitigate waste gas emissions, which can result in VOC and GHG emissions. 
[bookmark: _Toc455246921][bookmark: _Toc494954796][bookmark: _Toc100735388]Step 1: Identify All Control Technologies
Control technologies identified to mitigate emissions include the following:
Flare Gas Reduction Best Practices
Flare Gas Recovery
Flare/Thermal Oxidizer Design
These control methods may be used alone or in combination to achieve the various degrees of emissions control. Each technology is summarized below.
Notably, another emission control technique, which is identified in the EPA GHG BACT guidance, is the use of CCS, which is discussed in its own section (see Section 8). As shown in the BACT analysis for CCS, the technology is potentially infeasible and is not cost-effective. CCS will not be discussed further in this section of the analysis.
Flare Gas Reduction Best Practices
The most practical way to reduce the amount of emissions generated from combustion in a flare/thermal oxidizer is to minimize the amount of waste gas produced. The LNG Plant would be designed to avoid routine continuous flaring (other than pilot gas used to maintain the presence of a flame and purge gas used to prevent oxygen ingress into the flare systems). Additionally, LNG would maintain and follow an Operations Emissions Management Plan, part of which would be flare gas reduction provisions to reduce the frequency, magnitude and duration of flaring events. The plan would present procedures and process controls that would be used to minimize or prevent emissions from the flares while providing for safe operation of the facility. The plan would address anticipated causes of flaring including emergency, operational upsets and commissioning/start-up/shutdown/maintenance activities.
Flare Gas Recovery
Flare gas recovery is a method of capturing streams normally diverted to the flare for re-use in the facility as fuel gas.
Flare/Thermal Oxidizer Design
Proper flare design can improve the thermal destruction of waste gases and also the combustion efficiency of the flare. Design considerations include maintaining a pilot flame, ensuring the heating value of the flare gas is adequate and restricting the velocity of low-BTU flare gas for flame stability.
Thermal oxidizers are not subject to 40 CFR 60.18 requirements; however, good combustion practices including proper mixing of fuel and combustion air would minimize combustion emissions.
[bookmark: _Toc455246922][bookmark: _Toc494954797][bookmark: _Toc100735389]Step 2: Eliminate Technically Infeasible Options
None of the technologies discussed in Section 6.1.1 are infeasible. None are eliminated at this step.
Flare Gas Reduction Best Practices
Flare gas reduction best practices are a common BACT control for flares/thermal oxidizers and are considered a technically feasible control option for flares/thermal oxidizers for the purposes of this analysis.
Flare Gas Recovery
Flare gas recovery is a common BACT control for flares/thermal oxidizers and is considered a technically feasible control option for flares/thermal oxidizers for the purposes of this analysis. Flare gas recovery is most applicable for facilities that continuously vent gases with fuel value to the flare.
Flare gas recovery becomes infeasible for gases that contain significant concentrations of inert materials. Inert gases can disrupt the operation of the fuel gas system or freeze in the liquefaction system. Hydrocarbon gases that are contaminated with significant concentrations of inert gases are best disposed at a flare or thermal oxidizer using good combustion practice.
Flare/Thermal Oxidizer Design
Flare/thermal oxidizer is a common BACT control for waste gas minimization and is considered a technically feasible control option for the purposes of this analysis.
[bookmark: _Toc455246923][bookmark: _Toc494954798][bookmark: _Toc100735390]Step 3: Rank Remaining Control Technologies by Control Effectiveness
The emission control technologies not eliminated by practical or operational limitations are listed in Table 19, below. These technologies are ranked by control efficiency.
[bookmark: _Toc100735442]Table 1719: Remaining Control Options and Control Effectiveness
	Rank
	Control Technology
	Control Efficiency (%) or Emissions Target (ppmv)

	1
	Flare Gas Reduction Best Practices
	Variable

	2
	Flare Gas Recovery
	Variable

	3
	Flare/Thermal Oxidizer Design
	Variable


[bookmark: _Toc455246924][bookmark: _Toc494954799][bookmark: _Toc100735391]Step 4: Evaluate Most Effective Controls and Document Results
[bookmark: _Toc455246925]Energy Impact Analysis
No unusual energy impacts were identified for the technically feasible emissions controls evaluated in this BACT analysis.
[bookmark: _Toc455246926]Environmental Impact Analysis
For this analysis, implementation of good combustion practices/clean fuels is not expected to cause an environmental impact.
[bookmark: _Toc455246927]Economic Impact Analysis
As flare gas reduction best practices, flare gas recovery and flare/thermal oxidizer design would be implemented for this Project, economic analysis is not required. 
[bookmark: _Toc455246928][bookmark: _Toc494954800][bookmark: _Toc100735392]Step 5: Select BACT
This BACT analysis concludes that a combination of flare gas reduction best practices, flare gas recovery and flare/thermal oxidizer design meet BACT for waste gas emissions mitigations.
[bookmark: _Toc455246929][bookmark: _Toc494954801][bookmark: _Toc100735393]Conclusions
[bookmark: _Toc494954802]The objective of this analysis was to examine the mitigation of waste gas emissions mitigation for the facility. The analysis considered the technology, feasibility, cost, and other site-specific factors to control waste gas emissions. Flare gas reduction best practices, flare gas recovery, and flare/thermal oxidizer design achieve the most stringent level of controls for this pollutant.
[bookmark: _Toc100735394]Compression Ignition Engines – Firewater Pump/Instrument Air Compressor
This BACT analysis addresses the 627 kW emergency diesel firewater pump (operating less than 100 hours per year, in non-emergency use) and 224 kW emergency diesel instrument air compressor (operating less than 100 hours per year, in non-emergency use) that would be installed at the facility. This analysis provides a review of the possible technologies and emission limits that could be imposed as BACT. Relative to internal combustion engines, only a cursory BACT analysis was performed.
Control technologies identified for NOx, SO2, CO, PM, VOC, and GHGs include the following:
Good Combustion Practices/Clean Fuels (All Pollutants)
Compliance with 40 CFR NSPS Subpart IIII (NOx, VOC, CO, and PM)
Diesel Particulate Filters (PM)
CO Catalyst (CO and VOC)
Selective Catalytic Reduction (NOx)[footnoteRef:6] [6:  There are other potential catalytic type control technologies that could be analyzed as part of this compression ignition BACT analysis; however, SCR is the most commonly utilized catalytic control technology for BACT applicability and is the focus of this analysis.] 

These control methods may be used alone or in combination to achieve the various degrees of emissions control. Each technology is summarized below.
Notably, another emission control technique, which is identified in the EPA GHG BACT guidance, is the use of CCS, which is discussed in its own section (see Section 8). As shown in the BACT analysis for CCS, the technology is potentially infeasible and is not cost-effective. CCS will not be discussed further in this section of the analysis.
Good Combustion Practices/Clean Fuels
The rate of combustion emissions is dependent upon fuel choice and good combustion practices including proper mixing of fuel and combustion air as well as the proper operation and maintenance of the engines. These engines are designed to combust low-sulfur diesel fuel and optimized to minimize combustion emissions through use of good combustion practices.
Compliance with 40 CFR NSPS Subpart IIII
These compression ignition engines would be subject to 40 CFR NSPS Subpart IIII emission limits. Based on the horsepower rating and service of these engines, these engines are subject to the following EPA Tier 3 standards: CO – 2.6 grams per brake horsepower-hour (g/bhp-hr); non-methane hydrocarbon + NOx – 3.0 g/bhp-hr; PM – 0.15 g/bhp-hr.
Diesel Particulate Filter, CO Catalyst, and SCR
Due to the limited use and the urgent nature of emergency situations, emergency type engines are not typically required to install diesel particulate filters, CO or SCR catalysts. 
[bookmark: _Toc455246931][bookmark: _Toc494954803][bookmark: _Toc100735395]Conclusions
Based on the foregoing, the likely BACT for compression ignition engines would be compliance with NSPS Subpart IIII and the combustion of clean fuels. Compliance with this NSPS would require installation of engines that meet EPA Tier 3 standards.
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[bookmark: _Toc100735396][bookmark: _Toc494954804]Diesel Fuel Storage Tanks
This BACT analysis addresses the three diesel fuel storage tanks needed for support equipment at the facility. A summary of the required storage tanks is provided below:

	Tank Emission Unit ID
	Equipment Description
	Product Stored

	24
	Diesel Storage Tank
	ULSD

	25
	Air Compressor Diesel Day Tank
	ULSD

	26
	Firewater Pump Diesel Day Tank
	ULSD


This analysis provides a review of the possible technologies and emission limits that could be imposed as BACT. 
[bookmark: _Toc100735397]VOC and GHG “Top-Down” BACT Analysis
VOC is released to the atmosphere due to working and breathing losses from the tanks. This BACT analysis evaluates control techniques and technologies used to mitigate VOC emissions from the tanks. 
[bookmark: _Toc100735398]Step 1: Identify All Control Technologies
Control technologies identified to mitigate emissions include the following:
Floating Roof (External or Internal)
Vapor Recovery System
Flare or Thermal Oxidizer
Submerged Fill
The following subsections discuss the general operating principles of each technology and their potential technical feasibility for VOC control of the LNG condensate and fuel storage tanks.
Floating Roof Tanks
External floating roof tanks are designed with a roof consisting of a double deck or pontoon single deck which rests or floats on the liquid being contained.  An internal floating roof includes a fixed roof over the floating roof, to protect the floating roof from damage and deterioration. In general, the floating roof covers the entire liquid surface except for a small perimeter rim space. Under normal floating conditions, the roof floats essentially flat and is centered within the tank shell. The floating roof must be designed with perimeter seals (primary and secondary seals) which slide against the tank wall as the roof moves up and down.  The use of perimeter seals minimizes emissions of VOCs from the tank. Sources of emissions from floating roof tanks include standing storage loss and withdrawal losses.  Standing losses occur due to improper fits between tank seal and the tank shell.  Withdrawal losses occur when liquid is removed from the tank, lowering the floating roof, revealing a liquid on the tank walls which vaporize.

Vapor Recovery System
A vapor recovery system (VRS) can be used to draw vapors out of the storage tank, which are routed through a compressor.  Compressed vapors may be used onsite as fuel for combustion units or routed to sales gas compressors for further compression to pipeline specifications.  VRSs can recover over 95% of the hydrocarbon emissions that accumulate in the storage tanks.
Flare/Thermal Oxidizer Design
Proper flare design can improve the thermal destruction of waste gases recovered from the tanks and also the combustion efficiency of the flare. Design considerations include maintaining a pilot flame, ensuring the heating value of the flare gas is adequate and restricting the velocity of low-BTU flare gas for flame stability.  A continuously lit pilot ensures that vent gases are combusted at the flare tip.  A properly operated flare can achieve a destruction efficiency of 98 percent or greater.  
Thermal oxidizers are not subject to 40 CFR 60.18 requirements; however, good combustion practices including proper mixing of fuel and combustion air would minimize combustion emissions.  Thermal oxidizers can achieve control efficiencies greater than 98 percent.
Submerged Fill
The use of submerged fill during tank loading operations can reduce vaporization of the liquid on the between 40 – 60% from traditional splash loading operations. Note that the use of submerged fill is a control technique specific to the filling of a tank and does not affect the day-to-day emissions of the tank.
[bookmark: _Toc100735399]Step 2: Eliminate Technically Infeasible Options
Floating Roof Tanks
An external floating roof tank would not be technically feasible in the harsh environment where the proposed tanks will be operated.  Snow and ice on the tank surfaces will potentially damage the roofs and seals – making such a system impractical.
Internal floating roof tanks have the potential to be an effective emission control system for the tanks.  However, due to the small size of the diesel fuel storage tanks (less than 20,000 gal), the tanks are expected to be horizontal, square or rectangular in shape, not suitable for internal floating roofs.  Should the tanks be installed underground, internal floating roofs would also not be technically feasible.
Flare/Thermal Oxidizer Design
Flare/thermal oxidizer is a technically feasible control option for the diesel fuel storage tanks.  However, it is not identified as BACT for small (<20,000 gal) diesel fuel storage tanks in the BACT Clearinghouse databases (See Appendix EC).  Notwithstanding, this technology is carried forward for further analysis in this BACT determination.
Vapor Recovery System 
Use of a vapor recovery system to control VOC emissions is a common BACT control for storage tanks and is considered technically feasible for this application when operated in conjunction with a flare/thermal oxidizer.  If operated alone, the VRS would either need an outlet from the plant for the recovered vapors, or the vapors would be used for fuel gas for the external combustion devices.  Use of recovered vapors from diesel storage is not desirable for the external combustion equipment as they compromise the quality of the gas burned.  The external combustion devices, particularly the gas turbines, must meet exacting emissions specifications for NOx and CO.  However, if the vapors are routed to a thermal oxidizer/flare installed specifically to capture and combust the vapors from the diesel tanks, then a VRS is technically feasible.
Submerged Fill
Submerged fill operation is a common BACT control for the diesel fuel storage tanks and is considered a technically feasible control option for the purposes of this analysis.
[bookmark: _Toc100735400]Step 3: Rank Remaining Control Technologies by Control Effectiveness
The emission control technologies not eliminated by practical or operational limitations are listed in Table 20, below. These technologies are ranked by control efficiency.
[bookmark: _Toc100735443]Table 1820: Remaining Control Options and Control Effectiveness
	Rank
	Control Technology
	Control Efficiency (%) or Emissions Target (ppmv)

	1
	Flare/Thermal Oxidizer Design with 
Vapor Recovery System
	>98%

	2
	Submerged Fill
	40 – 60%


[bookmark: _Toc100735401]Step 4: Evaluate Most Effective Controls and Document Results
Energy Impact Analysis
No unusual energy impacts were identified for the technically feasible emissions controls evaluated in this BACT analysis.
Environmental Impact Analysis
For this analysis, implementation of the technologies noted above is not expected to cause an environmental impact.
Economic Impact Analysis
The most-effective control system remaining that is not already part of the Project includes the installation of a vapor recovery system routed to a thermal oxidizer/flare.  The cost of installing a vapor recovery system with vapors routed to a thermal oxidizer for destruction of the emissions from the diesel tanks was considered based on equipment cost equations developed by EPA in the US EPA Air Pollution Control Cost Manual.
[bookmark: _Toc100735444]Table 1921: Thermal Oxidizer with Vapor Recovery System Cost and Control Effectiveness
	
	Thermal Oxidizer with Vapor Recovery

	Baseline VOC emissions (tpy)
	0.0015

	Control Efficiency 
	98%

	Controlled emissions (tpy)
	0.00003

	VOC emission reduction (tpy)
	0.00151

	Total Annualized Operating Cost
	$81,901

	Cost of VOC removal ($/ton) 
	$54,260,681


Based on the calculations summarized in Table 21, the use of a thermal oxidizer would not be cost-effective, and the control technologies have been eliminated for further consideration.
[bookmark: _Toc100735402]Step 5: Select BACT
This BACT analysis concludes that the use of a fixed roof tank and submerged fill operations is BACT for the diesel fuel storage tanks.
[bookmark: _Toc100735403]Conclusions
Based on the foregoing, the likely BACT for the diesel fuel storage tanks is a fixed roof tank with submerged fill.
[bookmark: _Toc100735404]Condensate Storage Tanks
This BACT analysis addresses the two condensate storage tanks needed to store residual condensate recovered from the pipeline.  A summary of the required storage tanks is provided below:

	Tank Emission Unit ID
	Equipment Description
	Product Stored

	 21
	Condensate Storage Tank
	Condensate

	 22
	Offspec Condensate Storage Tank
	Condensate


This analysis provides a review of the possible technologies and emission limits that could be imposed as BACT. 
[bookmark: _Toc100735405]VOC and GHG “Top-Down” BACT Analysis
VOC is released to the atmosphere due to working and breathing losses from the tanks. This BACT analysis evaluates control techniques and technologies used to mitigate VOC emissions from the tanks. 
[bookmark: _Toc100735406]Step 1: Identify All Control Technologies
Control technologies identified to mitigate emissions include the following:
Floating Roof (External or Internal)
Vapor Recovery System
Flare or Thermal Oxidizer
Submerged Fill
The following subsections discuss the general operating principles of each technology and their potential technical feasibility for VOC control of the LNG condensate storage tanks.
Floating Roof Tanks
External floating roof tanks are designed with a roof consisting of a double deck or pontoon single deck which rests or floats on the liquid being contained.  An internal floating roof includes a fixed roof over the floating roof, to protect the floating roof from damage and deterioration. In general, the floating roof covers the entire liquid surface except for a small perimeter rim space. Under normal floating conditions, the roof floats essentially flat and is centered within the tank shell. The floating roof must be designed with perimeter seals (primary and secondary seals) which slide against the tank wall as the roof moves up and down.  The use of perimeter seals minimizes emissions of VOCs from the tank. Sources of emissions from floating roof tanks include standing storage loss and withdrawal losses.  Standing losses occur due to improper fits between tank seal and the tank shell.  Withdrawal losses occur when liquid is removed from the tank, lowering the floating roof, revealing a liquid on the tank walls which vaporize.
Flare/Thermal Oxidizer Design
Proper flare design can improve the thermal destruction of waste gases recovered from the tanks and also the combustion efficiency of the flare. Design considerations include maintaining a pilot flame, ensuring the heating value of the flare gas is adequate and restricting the velocity of low-BTU flare gas for flame stability.  A continuously lit pilot ensures that vent gases are combusted at the flare tip.  A properly operated flare can achieve a destruction efficiency of 98 percent or greater.  
Thermal oxidizers are not subject to 40 CFR 60.18 requirements; however, good combustion practices including proper mixing of fuel and combustion air would minimize combustion emissions.
Vapor Recovery System
A vapor recovery system (VRS) can be used to draw vapors out of the storage tank, which are routed through a compressor.  Compressed vapors may be used onsite as fuel for combustion units or routed to sales gas compressors for further compression to pipeline specifications.  VRSs can recover over 95% of the hydrocarbon emissions that accumulate in the storage tanks.
Submerged Fill
The use of submerged fill during tank loading operations can reduce vaporization of the liquid on the between 40 – 60% from traditional splash loading operations. Note that the use of submerged fill is a control technique specific to the filling of a tank and does not affect the day-to-day emissions of the tank.



[bookmark: _Toc100735407]Step 2: Eliminate Technically Infeasible Options
Floating Roof Tanks
An external floating roof tank would not be technically feasible in the harsh environment where the proposed tanks will be operated.  Snow and ice on the tank surfaces will potentially damage the roofs and seals – making such a system impractical.
Both internal and external floating roof tanks are infeasible in the application because the vapor pressure of condensate can be quite high (i.e., exceed 11 psia) under certain temperature conditions.  This highly volatile liquid would compromise the integrity of the seal systems on these tank types.
Flare/Thermal Oxidizer Design
Flare/thermal oxidizer is a common BACT control for condensate storage tanks and is considered a technically feasible control option for the purposes of this analysis.
Vapor Recovery System
Use of a vapor recovery system to control VOC emissions is a common BACT control for storage tanks and is considered technically feasible for this application when operated in conjunction with a flare/thermal oxidizer.  If operated alone, the VRS would either need an outlet from the plant for the recovered vapors, or the vapors would be used for fuel gas for the external combustion devices.  Use of recovered vapors from condensate storage is not desirable for the external combustion equipment as they compromise the quality of the gas burned.  The external combustion devices, particularly the gas turbines, must meet exacting emissions specifications for NOx and CO.  However, if the vapors collected and routed to a thermal oxidizer/flare installed specifically to capture and combust the vapors from the condensate tanks, then a VRS, is technically feasible.
Notably, the design of the proposed vapor recovery system for the project includes a vapor balance feature, which allows vapors from the condensate loading operation (discussed in Section 10) to be commingled with condensate tank vapors and balanced in the system.  Vapors from both the loading operation and the condensate tanks themselves are controlled by a thermal oxidizer.  
Submerged Fill
Submerged fill operation is a common BACT control for the condensate storage tanks is considered a technically feasible control option for the purposes of this analysis.
[bookmark: _Toc100735408]Step 3: Rank Remaining Control Technologies by Control Effectiveness
The emission control technologies not eliminated by practical or operational limitations are listed in Table 22, below. These technologies are ranked by control efficiency.
[bookmark: _Toc100735445]Table 2022: Remaining Control Options and Control Effectiveness
	Rank
	Control Technology
	Control Efficiency (%) or Emissions Target (ppmv)

	1
	Flare/Thermal Oxidizer with vapor balance/recovery system
	>98%

	2
	Submerged Fill
	Variable


[bookmark: _Toc100735409]Step 4: Evaluate Most Effective Controls and Document Results
The use of a vapor recovery system to recover vapors from the condensate tanks and route to a flare/thermal oxidizer is anticipated to provide the most effective control system for the condensate storage tanks.
Energy Impact Analysis
No unusual energy impacts were identified for the technically feasible emissions controls evaluated in this BACT analysis.
Environmental Impact Analysis
For this analysis, implementation of a vapor balance system routed to a flare/thermal oxidizer is not expected to cause an environmental impact.
Economic Impact Analysis
As a vapor balance system routed to a flare/thermal oxidizer would be implemented for this Project, economic analysis is not required because the technology is the highest rank in Step 3. 
[bookmark: _Toc100735410]Step 5: Select BACT
This BACT analysis concludes that a vapor balance system routed to a flare/thermal oxidizer to control emissions from condensate storage tanks meets BACT.
[bookmark: _Toc100735411]Conclusions
Based on the foregoing, the likely BACT for the condensate storage tanks is capture and recovery through a vapor balance system and combustion of vapors in a properly designed flare/thermal oxidizer.  
[bookmark: _Toc100735412] Condensate Tank Loading
This BACT analysis addresses the use of a condensate loading system for transporting the condensate of offsite sales.  A review of the possible technologies and emission limits that could be imposed as BACT is described below. 
[bookmark: _Toc100735413]VOC and GHG “Top-Down” BACT Analysis
VOC is released to the atmosphere due to loading losses that occur as the product is transferred from the tank to the trucks. This BACT analysis evaluates control techniques and technologies used to mitigate VOC emissions from the loading operation as found in EPA’s RBLC (See Appendix E). 
[bookmark: _Toc100735414]Step 1: Identify All Control Technologies
Control technologies identified to mitigate emissions include the following:
Vapor Recovery System with Carbon Adsorption
Flare or Thermal Oxidizer
Submerged Fill
The following subsections discuss the general operating principles of each technology and their potential technical feasibility for VOC control of the condensate loading operation.
Vapor Recovery System with Carbon Adsorption
A vapor recovery system (VRS) combined with carbon adsorption can be used to capture vapors displaced from the truck as condensate is pumped into the truck tank.  Condensate vapors are collected from the loading rack and routed to a carbon adsorption vessel which adsorbs the hydrocarbon the vapor stream, releasing clean air via vents in the vessel.  The system maintains two carbon vessels – one which is actively collecting the hydrocarbon vapors, the other is regenerating via vacuum and purge air stripping methods.  The vacuum pump extracts the hydrocarbon vapor routing it to an absorption column where the concentrated hydrocarbon vapor is liquefied and then returned to the original product storage tank.  VRS combined with carbon adsorption can recover on the order of 98% of the hydrocarbon emissions that would otherwise be released during the loading process.
Flare/Thermal Oxidizer Design
Proper flare design can improve the thermal destruction of waste gases recovered during loading operation, andoperation and can improve the combustion efficiency of the flare. Design considerations include maintaining a pilot flame, ensuring the heating value of the flare gas is adequate and restricting the velocity of low-BTU flare gas for flame stability.  A continuously lit pilot ensures that vent gases are combusted at the flare tip.  A properly operated flare can achieve a destruction efficiency of 98 percent or greater.  
Thermal oxidizers are not subject to 40 CFR 60.18 requirements; however, good combustion practices including proper mixing of fuel and combustion air would minimize combustion emissions.
Submerged Fill
The use of submerged fill during tank loading operations can reduce vaporization of the liquid between 40 – 60% from traditional splash loading operations.
[bookmark: _Toc100735415]Step 2: Eliminate Technically Infeasible Options
Vapor Recovery System with Carbon Adsorption
Use of a vapor recovery system to control VOC emissions is a common BACT control for loading operations and is considered technically feasible for this application.  
Flare/Thermal Oxidizer Design
Flare/thermal oxidizer is a common BACT control for loading operations and is considered a technically feasible control option for the purposes of this analysis.
Submerged Fill
Submerged fill operation is a common BACT control for the condensate loading operation and is considered a technically feasible control option for the purposes of this analysis.
[bookmark: _Toc100735416]Step 3: Rank Remaining Control Technologies by Control Effectiveness
The emission control technologies not eliminated by practical or operational limitations are listed in Table 23, below. These technologies are ranked by control efficiency.
[bookmark: _Toc100735446]Table 2123: Remaining Control Options and Control Effectiveness
	Rank
	Control Technology
	Control Efficiency (%) or Emissions Target (ppmv)

	1
	Flare/Thermal Oxidizer with vapor balance/recovery system
	>98%

	2
	Vapor Recovery with Carbon Adsorption
	98%

	3
	Submerged Fill
	Variable


[bookmark: _Toc100735417]Step 4: Evaluate Most Effective Controls and Document Results
While a vapor recovery system with regenerative carbon adsorption may provide a similar level of emission reduction as the use of a flare/thermal oxidizer, the project proposes to use a thermal oxidizer to control the emissions from the loading operation.  Therefore, a vapor recovery system with carbon absorption is eliminated for further consideration in this BACT analysis.
Notably, the design of the proposed system for the project includes a vapor balance feature, which allows for vapors to be commingled with condensate tank vapors and balanced in the system with the tanks.  Vapors from the loading operation and the condensate tanks themselves are controlled by a thermal oxidizer.  Additionally, the loading operation itself will include submerged fill to help minimize vapors recovered and combusted at the thermal oxidizer.
Energy Impact Analysis
No unusual energy impacts were identified for the technically feasible emissions controls evaluated in this BACT analysis.
Environmental Impact Analysis
For this analysis, implementation of submerged filling with a vapor balance/recovery system routed to a flare/thermal oxidizer is not expected to cause an environmental impact.
Economic Impact Analysis
As submerged filling with a vapor balance/recovery system routed to a flare/thermal oxidizer would be implemented for this Project, economic analysis is not required because the technology is the highest rank in Step 3. 
[bookmark: _Toc100735418]Step 5: Select BACT
This BACT analysis concludes that submerged filling with a vapor balance/recovery system routed to a flare/thermal oxidizer to control emissions from condensate storage tanks meets BACT.
[bookmark: _Toc100735419]Conclusions
Based on the foregoing, the likely BACT for the condensate loading operations is submerged filling with a vapor balance/recovery system routed to a flare/thermal oxidizer.  
[bookmark: _Toc100735420] Carbon Capture and Sequestration (CCS)
For the purposes of a BACT analysis for GHG, EPA classifies CCS as an add-on pollution control technology that is “available” for facilities emitting CO2. Technical feasibility and cost have generally eliminated this GHG reduction technology from further consideration in all BACT analyses reviewed at EPA, state, and local BACT clearinghouses and databases. Below is a description of the technology and its potential application to the LNG Plant.
[bookmark: _Toc455246933][bookmark: _Toc494954805][bookmark: _Toc100735421]Overview of CCS
CCS consists of two main operations: (1) CO2 capture, compression and transport; and (2) sequestration (storage). To capture CO2, CCS systems generally involve use of adsorption or absorption processes to remove CO2 from exhaust gas, with subsequent desorption to produce a concentrated CO2 stream. Research into technically and economically feasible capture systems is ongoing and is the focus of many large scale grants from the U.S. Department of Energy.
In the CCS process, the concentrated CO2 would be compressed to “supercritical” temperature and pressure, a state in which CO2 exists neither as a liquid nor a gas, but instead has physical properties of both liquids and gases. The supercritical CO2 would then be transported to an appropriate location for underground injection into a suitable geological storage reservoir such as a deep saline aquifer or depleted coal seam, or used in crude oil production for enhanced oil recovery. Transportation of “supercritical” temperature and pressure CO2 can be accomplished via truck, ship, or pipeline depending on the location of the generation site and the storage site. However, unless the storage site is relatively close to the site of generation, this transportation is costly and increases significantly with distance. The concentration of CO2 is required because injection of exhaust streams containing high levels of N, O2, and dilute CO2 is not technically feasible. Adequate techniques for compression of CO2 exist, but such compression systems require large amounts of energy, typically then resulting in the generation of even more CO2.
Carbon sequestration is the long-term isolation of CO2 from the atmosphere through physical, chemical, biological, or engineered processes. In general, carbon sequestration is achieved through storage in geologic formations or in terrestrial ecosystems, or through conversion into commercial products. Without an existing market to use recovered CO2, the material would instead require sequestration, or permanent storage. Geologic sequestration refers to the injection and storage of captured CO2 in an underground location where it will not readily escape into the atmosphere, such as within deep rock formations at pressures and temperatures where CO2 is in the supercritical phase (typically 0.5 miles or more below ground surface). In general, CO2 storage could be successful in porous, high-permeability rock formations or deep saline aquifer formations that are overlain by a thick, continuous layer of low-permeability rock, such as shale, where CO2 may remain immobilized beneath the ground surface for extended periods of time. Other geologic formations deemed suitable for geologic sequestration include coal beds that are too thin or deep to be cost effectively mined and depleted oil and gas reservoirs, where in addition to CO2 storage, economic gains may also be achieved (most notably through the use of enhanced oil recovery to obtain residual oil in mature oil fields).
An understanding of site-specific geologic studies and formation characteristics is critical to determine the ultimate CO2 storage capacity and, ultimately the feasibility of geologic sequestration, for a particular area. Other factors to consider when determining the feasibility (both technical and economic) of geologic sequestration are:
The cost, constructability, safety and potential environmental impacts of infrastructure necessary for the transportation of captured CO2 from the source to the ultimate geologic sequestration site;
The amount of measurement, monitoring (baseline, operational, etc.); and
Verification of CO2 distribution required following injection into the subsurface to ensure the risk of leakage of CO2 is minimized or eliminated.
Potential uses/long term storage options for CO2 are described below:
Enhanced Oil Recovery
Enhanced Oil Recovery (EOR) injection systems pump CO2 into partially depleted oil reservoirs. Injection enhances the recovery of oil from partially depleted reservoirs allowing additional recovery. EOR systems have been used to enhance oil recovery at many oil reservoirs. Optimal EOR operation is dependent upon reservoir temperature, pressure, depth, net pay, permeability, remaining oil and water saturations, porosity, and fluid properties such as API gravity and viscosity.
Saline Aquifer Injection
Saline aquifer injection systems pump CO2 into deep saline aquifers. Saline aquifers may be the largest long-term subsurface CCS option. Such aquifers are generally saline and are usually hydraulically separated from the shallower “sweet water” aquifers and surface water supplies accessible by drinking water wells. The injected CO2 displaces the existing liquid and is trapped as a free phase (pure CO2), which is referred to as “hydrodynamic trapping.” A fraction of the CO2 will dissolve into the existing fluid. The ultimate CO2 sequestration capacity of a given aquifer is the difference between the total capacity for CO2 at saturation and the total inorganic carbon currently in solution in that aquifer. The solubility of CO2 depends on the pressure, temperature, and salinity of the formation water. Low salinity, low temperature, and high pressure environment is the most effective for sequestering CO2 in widespread, deep, saline aquifers. The potential sequestration capacity of deep horizontal reservoirs is many times that of depleted, really restricted, structural or stratigraphic oil and gas reservoirs.
Sequestration of CO2 is generally accomplished via available geologic reservoirs that must be either local to the point of capture, or accessible via pipeline to enable the transportation of recovered CO2 to the permanent storage location. The United States 2012 Carbon Utilization and Storage Atlas (Fourth Edition published by the U.S. Department of Energy, Office of Fossil Energy) identifies an extensive saline aquifer directly below Nikiski as being “screened, high sequestration potential.” However, this area has not had detailed evaluation for CO2 sequestration and lies in a fault zone. Thus, this saline aquifer is not deemed to be suitable for CCS at this time by the Project.
Oceanic Dispersion
Ocean dispersion has not yet been deployed or demonstrated and is still in the research phase. This CCS system would inject CO2 directly into the ocean at depths greater than 3,000 feet. Injection is achieved by transporting CO2 via pipelines or ships to an ocean storage site where it is injected. The dissolved and dispersed CO2 would subsequently become part of the global carbon cycle. At this depth, it is theorized that most of the CO2 would be isolated from the atmosphere for centuries.
[bookmark: _Toc455246934][bookmark: _Toc494954806][bookmark: _Toc100735422]CCS Feasibility
CCS has many technical challenges from facility design and operation to transport and ultimate disposal of CO2 streams. At present, it is unclear if the technology could be employed at the LNG Plant. Detailed design studies would be required to assess CCS feasibility, including the investigation of possible uses and/or disposal of the recovered CO2 stream. Additional work would be required to address legal liability and permitting concerns. A detailed assessment of the feasibility of CCS is beyond the scope of this analysis.
[bookmark: _Ref455093901][bookmark: _Toc455246935][bookmark: _Toc494954807][bookmark: _Toc100735423]Economic Analysis
This section presents a summary cost analysis for CCS as potentially applied to the LNG Plant. Costs presented below are based on data from other comparable facility analyses, or data provided by the EPA.
Economic analysis of CCS systems is based on the following key factors:
CO2 capture costs
Constructions and operation costs of CO2 transfer (pipeline, container, rail, etc.)
Costs to secure the rights for the geologic reservoir
Operational costs of the sequestration facility
Costs presented below are based on the information from a comparable U.S. LNG liquefaction plant (see notes 1, 2 and 3 in Table 20, below). Comparable costs were determined based on transport to a disposal site within 25 miles of the LNG Plant. The cost-effectiveness of CCS is summarized in Table 20, below. As shown in this table, CCS is not cost-effective, as it greatly exceeds typical benchmarks for GHG control discussed in Section 3, and the $12 - $40 per ton benchmark set by the Project.
[bookmark: _Toc100735447]Table 2224: Economic Analysis
	
	Control Cost 1,3
	Total Cost

	Capture and Compression
	$132.28/ton
	$447,300,000

	Transport (20-inch pipe/25 miles)
	$9.18/ton
	$31,000,000

	Operating
	$19.23/ton
	$65,000,000

	Total Annualized CCS Costs
	
	$543,300,000

	CO2 Removed Per Year (Tons)2
	1.2 million

	Cost of CO2 removal ($/ton)
	$455

	1 Costs were taken on a per ton basis from “Golden Pass Products LNG Export Project - Application for a Prevention of Significant Deterioration (PSD) for Greenhouse Gas Emissions,” June 2014.
2 Estimated GHG emission from Emission Calculations 194210-USAL-CB-PCCAL-00-000014-000 and 194210-USAL-CB-PCCAL-00-000014-002.
3 DOD AREA COST FACTORS (ACF) PAX Newsletter No 3.2.1, dated 25 Mar 2015 TABLE – 4-1, UFC 3-701-01, Change 7, March 2015


[bookmark: _Toc455246936][bookmark: _Toc494954808][bookmark: _Toc100735424]Conclusions
This analysis concludes that CCS is potentially infeasible and definitely not cost effective for this Project.
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APPENDIX B
Alaska LNG Minutes of Meeting with ADEC, BACT and Dispersion Modeling Overview, GTP and Liquefaction Facilities, May 18, 2016
BACT Cost Effectiveness Calculations
(Compression Turbines)
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APPENDIX C
Emissions and BACT Cost Effectiveness Calculations (Diesel Tanks, Condensate Tanks, and Emissions and Condensate Loading)
BACT Cost Effectiveness Calculations 
(Power Generation Turbines)
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Alaska LNG Minutes of Meeting with ADEC, BACT and Dispersion Modeling Overview, GTP and Liquefaction Facilities, May 18, 2016
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APPENDIX E
Emissions and BACT Cost Effectiveness Calculations 
(Diesel Tanks, Condensate Tanks, and Condensate Loading)
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