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1. EXECUTIVE SUMMARY 

In the 1977 amendments to the Clean Air Act (CAA), Congress set a nation-wide goal to restore national parks 
and wilderness areas to natural conditions by remedying existing, anthropogenic visibility impairment and 
preventing future impairments. On July 1, 1999, the U.S. Environmental Protection Agency (EPA) published the 
final Regional Haze Rule (RHR). The objective of the RHR is to restore visibility to natural conditions in 156 
specific areas across the United States, known as Federal Class I areas. The CAA defines Class I areas as certain 
national parks (over 6,000 acres), wilderness areas (over 5,000 acres), national memorial parks (over 5,000 
acres), and international parks that were in existence on August 7, 1977. 

The RHR requires states to set goals that provide for reasonable progress towards achieving natural visibility 
conditions for each Class I area in their jurisdiction. In establishing a reasonable progress goal for a Class I area, 
each state must:  

(A) Consider the costs of compliance, the time necessary for compliance, the energy and non-air quality 
environmental impacts of compliance, and the remaining useful life of any potentially affected sources, 
and include a demonstration showing how these factors were taken into consideration in selecting the 
goal. 40 CFR 51. 308(d)(1)(i)(A).   

This is known as a four-factor analysis. 

(B) Analyze and determine the rate of progress needed to attain natural visibility conditions by the year 
2064. To calculate this rate of progress, the State must compare baseline visibility conditions to natural 
visibility conditions in the mandatory Federal Class I area and determine the uniform rate of visibility 
improvement (measured in deciviews) that would need to be maintained during each implementation 
period in order to attain natural visibility conditions by 2064. In establishing the reasonable progress 
goal, the State must consider the uniform rate of improvement in visibility and the emission reduction. 
40 CFR 51. 308(d)(1)(i)(B).   

The uniform rate of progress or improvement is sometimes referred to as the glide path and is part 
of the state’s Long Term Strategy (LTS). 

The second implementation planning period (2018-2028) for national regional haze efforts is currently 
underway. There are a few key distinctions from the processes that took place during the first planning period 
(2004-2018). Most notably, the second planning period analysis distinguishes between natural or biogenic and 
manmade or anthropogenic sources of emissions. Using a Photochemical Grid Model (PGM), the Western 
Regional Air Partnership (WRAP), in coordination with the EPA, is tasked with comparing anthropogenic source 
contributions against natural background concentrations. 

Pursuant to 40 CFR 51.308(d)(3)(iv), the states are responsible for identifying the sources that contribute to the 
most impaired days in the Class I areas. To accomplish this, the New Mexico Environment Department (NMED) 
reviewed 2016 emission inventory data for major sources and assessed each facility’s impact on visibility in 
Class I areas with a “Q/d” analysis, where “Q” is the magnitude of emissions that impact ambient visibility and 
“d” is the distance of a facility to a Class I area. From this analysis, 24 facilities were identified by the NMED. On 
July 18, 2019 the NMED informed OXY USA WTP Limited Partnership (OXY) that its Indian Basin Gas Plant 
(IBGP) facility was identified as one of the sources contributing to regional haze at the Carlsbad Caverns 
National Park Class I area. 
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In coordination with WRAP, the NMED devised criteria to determine specific equipment that is subject to the 
four-factor analysis. In the NMED’s July 18, 2019 notification letter to OXY, it specifies that any equipment with a 
potential to emit (PTE) greater than 10 pounds per hour (lb/hr) and 5 tons per year (tpy) of Nitrogen Oxides 
(NOX) or Sulfur Dioxide (SO2) shall be included in this analysis. The subject equipment at IBGP, the PTE 
associated with that equipment, and the applicability of a four-factor analysis for each pollutant are reported in 
Table 1. 

Table 1. Summary of Equipment and Applicability to a Four-Factor Analysis 

 NOX NOX NOX SO2 SO2 SO2 

Equipment 

Hourly 
PTE 

(lb/hr) 

Annual 
PTE 

(tpy) 

Subject to 
Analysis? 
(Yes/No) 

Hourly 
PTE 

(lb/hr) 

Annual 
PTE 

(tpy) 

Subject to 
Analysis? 
(Yes/No) 

                        Natural Gas-Fired Simple Cycle Turbines (Units ES-
06/07 & ES-08/09) 

15.5 67.9 Yes 0.029 0.13 No 

Natural Gas-Fired Simple Cycle Turbine (Unit ES-10/11) 23.7 104 Yes 0.029 0.13 No 

Amine Gas Treating Units  (Unit AMINE-1 & SELEXOL)a - - No - - Yes 

a This unit is controlled by an acid gas injection well and flare. No emissions from this unit vent directly to the atmosphere.  

Once the applicability of equipment and pollutants has been determined, potential retrofit control technologies 
must be identified. In accordance with 40 CFR 51 Appendix Y and at the recommendation of the NMED1, this is 
primarily achieved by utilizing the Reasonably Available Control Technology (RACT) / Best Available Control 
Technology (BACT) / Lowest Achievable Emission Reduction (LAER) Clearinghouse (RBLC) data. In order to 
determine the most relevant and current retrofit controls available, the RBLC is queried for the previous ten 
years. Summaries of the result of this search are provided and discussed under Section 2 of this report. OXY 
engineers then reviewed the list of available retrofit technologies and performed a technical feasibility 
assessment for each control option. The four-factor analysis is then conducted for those controls that are 
technically feasible. 

                                                                 
 
1 NMED 2021 Regional Haze Planning Website (“Links to other information”). https://www.env.nm.gov/air-quality/reg-

haze/ 

https://www.env.nm.gov/air-quality/reg-haze/
https://www.env.nm.gov/air-quality/reg-haze/
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2. BACKGROUND INFORMATION & TECHNICAL FEASIBILITY 

NOX is the only pollutant subject to evaluation in this four-factor analysis for the three turbines. The turbines, 
Unit ES-06/07 and Unit ES-08/09, are Solar model Centaur 40-4002 natural gas-fired, simple cycle turbines. 
Turbine Unit ES-10/11 is a Solar model Centaur 40-4702 natural gas-fired, simple cycle turbine.  Units ES-06/07 
and ES-08/09 are rated at 4,000 horsepower and were manufactured in 1980. Unit ES-10/11 is rated at 4,700 
horsepower and was manufactured in 1980. 

SO2 is the only pollutant subject to the evaluation in this four-factor analysis for the two amine units. The amine 
units, AMINE-1 and SELEXOL, are both currently controlled by an acid gas injection well and an acid gas flare.  

2.1. COMBUSTION TURBINES 

2.1.1. Combustion Turbine Background 

A gas turbine is an internal combustion engine that operates with a rotary, rather than reciprocating, motion and 
is composed of three primary components: a compressor, a combustor, and a power turbine. The compressor 
draws in ambient air and compresses it up to 30 times the ambient pressure, then directs it into the combustor 
where fuel is introduced, ignited, and burned. Exhaust gas from the combustor is then diluted with additional air 
and sent to the power turbine at temperatures up to 2600 °F. The hot exhaust gas expands in the power turbine 
section, generating energy in the form of shaft horsepower.2  

The treatment of the exhaust gases exiting the turbine dictate the cycle designation of these units. The heat 
content can either be discarded without heat recovery (simple cycle); recovered with a heat exchanger to 
preheat combustion air entering the combustor (regenerative cycle); recovered in a heat recovery steam 
generator to raise process steam, with or without supplementary firing (cogeneration); or recovered, with or 
without supplementary firing, to raise steam for a steam turbine Rankine cycle (combined cycle or 
repowering).3 The units at IBGP are simple cycle turbines. 

NOX is formed via three fundamentally different mechanisms. The principle NOX formation mechanism, thermal 
NOX, arises from the thermal dissociation and subsequent reaction of nitrogen (N2) and oxygen (O2) molecules 
during combustion. Most thermal NOX forms in the highest temperature regions of the combustion chamber. The 
second NOX formation mechanism, fuel NOX, arises from the evolution and reaction of fuel bound nitrogen 
compounds with oxygen. The final NOX formation mechanism, prompt NOX, arises from early reactions of 
nitrogen intermediaries and hydrocarbon radicals in fuel.  

The significance of prompt NOX is negligible in comparison to thermal and fuel NOX. Fuel NOX will also be 
negligible for IBGP’s turbines assessed here, as these combustion turbines fire natural gas, which contains a 
negligible amount of nitrogen compounds. Therefore, this analysis will focus on thermal NOX. 

The PTE from each turbine is reported in the facility’s New Source Review (PSD0295M11) and Title V (P103R2) 
permits, as well as summarized in Table 1 of this report.  

                                                                 
 
2 U.S. EPA, AP-42, Section 3.1, "Stationary Gas Turbines" 
3 Ibid. 
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2.1.2. Potential NOX Controls for a Combustion Turbines 

There are three general methods of controlling NOX emission from gas turbines; (1) wet controls, which use 
steam or water injection to reduce combustion temperatures and NOX formation, (2) dry controls that use 
advanced combustor design to suppress NOX formation, and (3) post-combustion, catalytic controls to 
selectively reduce NOX.4 

The retrofit control equipment that was identified for combustion turbines during a comprehensive review of 
the RBLC, available literature, and manufacturer’s input is reported in Table 2. A more detailed table 
summarizing the RBLC review is provided in Appendix A. A detailed discussion, including a description, the 
technical feasibility, and the anticipated performance of each control is provided below. 

Table 2. Potential Control Options for Combustion Turbines 

Control Equipment 
Technically Feasible for 

4002 (Units ES-06/07 & ES-
08/09)? 

Technically Feasible for 
4702 (Units ES-10/11)? 

NOX Control 
Efficiency 

  
 

 

Good Combustion Practices Yes Yes Base Case 

Improved Combustion 
Technology 

Yes Yes 25 ppm 

Water Injection No No 60% 

Selective Catalytic Reduction No No 25 ppm 

2.1.2.1. Good Combustion Practices 

NOX emissions are caused by oxidation of nitrogen gas in the combustion air during fuel combustion. This occurs 
due to high combustion temperatures and insufficiently mixed air and fuel in the cylinder where pockets of 
excess oxygen occur. By following concepts from engineering knowledge, experience, and manufacturer’s 
recommendations, good combustion practices for operation of the units can be developed and maintained by 
training maintenance personnel on equipment maintenance, routinely scheduling inspections, conducting 
overhauls as appropriate for equipment involved, and using pipeline quality natural gas. By maintaining good 
combustion practices, the unit will operate as intended with the lowest NOX emissions.      

Utilizing good combustion practices and fuel selection was identified in this review of the RBLC for the control of 
NOX emissions from combustion turbines; therefore, it has been determined that this method of NOX control is 
feasible for the units at IBGP. However, these practices are currently in use at IBGP, as required by various 
conditions in its Title V and NSR permit authorizations. No further assessment of these control practices is 
included in this report. 

2.1.2.2. Improved Combustion Technology 

The improved combustion technology control option, commonly referred to as Dry Low NOX (DLN) control, 
seeks to reduce the conversion of atmospheric nitrogen to NOX by reducing the combustion temperature and 
residence time of fuel in the combustor.  There are several levels of improvements that can be made to the 
combustion chamber, which achieve this NOX control at varying levels. The improved combustion technology 
available for the units at IBGP is produced by the manufacturer of the units, Solar, and is called SoLoNOX. 

                                                                 
 
4 U.S. EPA, AP-42, Section 3.1, "Stationary Gas Turbines" 
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SoLoNOX utilizes lean-premixed combustion technology to ensure an extremely uniform air/fuel mixture and 
stringently controls the combustion process to prevent excess NOX emissions from forming.  

Based on communication with Solar, SoLoNOX is available for both the 4002 (Units ES-06/07 and ES-08/09) and 
4702 (Unit ES-10/11) Solar turbines located onsite. However, in order to support the technology each of the 
4002 units would need to be uprated to model 4702, respectively, because installation of SoLoNOX requires the 
turbine combustors to be capable of handling significantly higher temperatures. Uprating the units involves 
completely replacing the combustor section of the turbine with a much larger and more robust combustor. 

Improved combustion technology was identified in this review of RBLC as a potential control of NOX emissions 
from natural gas-fired combustion turbines, and AP-42 Section 3.1 also lists this as an available control 
technique for gas turbines.5 Therefore, it has been determined that this control technology is technically feasible 
for the turbines located at IBGP. Solar can guarantee output NOX emissions of 25 parts per million (ppm) for 
units with SoloNOX installed.  

2.1.2.3. Water Injection 

Water injection is a control technology for gas turbines that has been demonstrated to effectively suppress NOX 
emissions. Injection of water has the effect of increasing the thermal mass by dilution and thereby reducing the 
peak temperature in the flame zone. There is an additional benefit of absorbing the latent heat of vaporization 
from the flame zone when water injection is utilized. Water is typically injected at a water-to-fuel weight ratio of 
less than one.6  Steam injection is not discussed as an option since Solar does not manufacture turbines with 
steam injection technology.  

The capability of these units to be retrofit for water injection is dependent on the make and model of the turbine, 
per communications with Solar. Solar has indicated that the turbine models at IBGP are unable to be retrofitted 
with water injection; Therefore it has been determined that water injection control is technically infeasible for 
the Solar turbines located at IBGP (Units ES-06/07, ES-08/09, and ES-10/11).  

2.1.2.4. Selective Catalytic Reduction Systems 

Selective Catalytic Reduction (SCR) is the process by which a nitrogen-based reagent, such as ammonia or urea, 
is injected into the exhaust of a combustion unit. Within a reactor vessel containing a metallic or ceramic 
catalyst, the injected reagent reacts selectively with the NOX in the exhaust to produce molecular nitrogen (N2) 
and water (H2O).7 The chemical reactions for this process are shown in the equations below. 

4 NO + 4 NH3 + O2   4 N2 + 6 H2O    
2 NO2 + 4 NH3 + O2   3 N2 + 6 H2O    

 
An SCR system includes the catalyst, catalyst housing, reagent storage tank, reagent injector, reagent pump, 
pressure regulator, and an electronic control system. The electronic controls regulate the quantity of reagent 
injected as a function of turbine load, speed, and temperature, so NOX emissions reductions can be achieved. The 
lifespan of the catalyst is primarily determined by poisoning of active sites by flue gas constituent, thermal 

                                                                 
 
5 U.S. EPA, AP-42, Section 3.1, "Stationary Gas Turbines" 
6 Ibid. 
7 U.S. EPA, Office of Air Quality Planning and Standards, "Air Pollution Control Technology Fact Sheet (Selective Catalytic 

Reduction (SCR))," EPA-452/F-03-032. 
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sintering, or compacting, of active sited due to high temperatures in the reactor, fouling caused by ammonia-
sulfur salts and particulate matter in the gas, and erosion due to high gas velocities.8 

Typically, a small amount of ammonia is not consumed in the reactions and is emitted in the exhaust stream. 
These ammonia emissions are referred to as ammonia slip. Unreacted ammonia in the exhaust can form 
ammonium sulfates which may plug or corrode downstream equipment. Particulate-laden streams can blind the 
catalyst and may necessitate the application of a soot blower.9  

In order for an SCR system to function properly, the exhaust gas must be within a particular temperature range 
(typically between 450 and 850 °F), dependent on the material of the catalyst. Exhaust gas temperatures greater 
than the upper limit will cause the NOX and ammonia to pass through the catalyst unreacted.10 Communication 
with Solar has indicated that SCR controls are available for each of the turbine models assessed here but the 
facility engineers have determined the additional power demands required to install SCR controls on the 
turbines are infeasible.  The power at the plant would need to be upgraded significantly and re-designed in 
order to power the SCR controls. Therefore, SCR is considered a technically infeasible control option for the 
turbines located at IBGP and are not assessed further in this report.  

2.2. AMINE TREATING UNITS 

2.2.1. Amine Treating Unit Background 

Concentrations of H2S or CO2 are unfavorable in natural gas since they both can form a corrosive acid when in 
the presence of water.11  H2S is also highly toxic.  Gas processing plants use amine treating units to remove H2S  
and CO2 from natural gas since amines such as Monoethanolamine (MEA), Diglycolamine (DGA), Diethanolamine 
(DEA) and Methyldiethanolamine (MDEA) are able to form salts with H2S and CO2 in an aqueous solutions.  

An amine treating unit operates by feeding natural gas into the bottom of a contactor and simultaneously 
feeding a lean amine solution at the top of the contactor. The two streams interact in the counter flow, resulting 
in CO2 and H2S being stripped from the natural gas stream. The lean amine solution must be kept at a higher 
temperature than the gas feeding into the contactor, or condensation of heavier hydrocarbons could occur.12 
Trays or packing along the contactor walls provide a place for the lean amine solution to interact with the 
natural gas. The natural gas leaving the contactor will be “sweet gas.”13 

The rich amine leaving the contactor is usually sent to a flash tank which reduces the pressure of the stream and 
causes dissolved hydrocarbons to be removed.14 The rich amine will then pass through a heat exchanger and 
enter a solvent regenerator. The heated vapor generated at the bottom of the regenerator flows upward through 
the trays or packing where it comes in contact with the rich amine and removes the acid gases from the amine. 
The lean amine is then cooled and reenters the first contactor to start the process over. The acid gas that is 

                                                                 
 
8 Ibid. 
9 Ibid. 
10 U.S. EPA, AP-42, Section 3.1, "Stationary Gas Turbines" 

11 KIDNAY, A. J.; PARRISH, W. R.; MCCARTNEY, D. G. Fundamentals of natural gas processing. CRC Press, 2011;  

12 Ibid 

13 Ibid 

14 Ibid 
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dissolved in the vapor is then sent to a control device such as a sulfur recover unit with a tail gas incinerator, a 
flare, or an acid gas injection (AGI) well.   

2.2.2. Potential SO2 Controls for an Amine Treater 

As listed above, potential controls for amine treating systems are a sulfur recovery unit with a tail gas 
incinerator, a flare, or an AGI well. In addition, the aforementioned controls will also have an associated acid gas 
flare as a standby control device when the main controls are being maintenanced. Sulfur recovery units are not 
discussed in this report since the facility has an AGI well installed.  

2.2.2.1. Acid Gas Flare 

Acid gas flares can be used as a backup control to sulfur recovery units with tail gas incinerators or acid gas 
injection (AGI) wells or they can be a main control for an amine system. Acid Gas flares are used to destroy H2S 
emissions by converting H2S to SO2 during the combustion process. For a flare to operate properly, a heat 
content of 300 BTUs per standard cubic feet must be met. When this heat content is met, a flare will have at least 
a 98% control efficiency.15  Since acid gas can have a very low heat content (less than 300 BTU per standard 
cubic feet), assist gas may be added to the stream to increase the heat content over this threshold.  At gas plants, 
assist gas usually consists of mixing the acid gas stream with the residue gas from the facility.  

IBGP currently operates an acid gas flare that operates when the AGI well is down for maintenance.  Please see 
Section 2.2.2.2 for information on the acid gas injection well operation at the facility.  

2.2.2.2. Acid Gas Injection Well 

An AGI well will necessitate a geological study to be completed in order to determine if there are carbonate or 
sandstone reservoirs deep underground that can store the acid gas. If there is such a geological formation near 
the facility that will support the injection of acid gas, an AGI well can be drilled. An electrically driven 
compressor will pressurize the acid gas and pump it into the well to be stored in the underground reservoir.  
When the AGI well is operating there are no emissions vented to the atmosphere except for a fugitive emissions 
since all emissions are stored underground.  

IBGP currently operates an AGI well to control amine emissions at the facility.  To further improve the control of 
amine units at the facility, a redundant acid gas electrically driven compressor can be added to the AGI well 
system. This will reduce flaring emissions at the facility by having less downtime from performing maintenance 
on the acid gas compressor. This is the only additional control the facility can employ to reduce SO2 emissions 
further.

                                                                 
 

15 U.S. EPA, Office of Air Quality Planning and Standards, "Air Pollution Control Technology Fact Sheet (Flare)," EPA-452/F-
03-019. 
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3. COST OF COMPLIANCE 

OXY has evaluated the costs of implementing the technologically feasible control technologies as thoroughly as 
possible in the time provided to complete this assessment. These cost estimates are calculated according to the 
methods and recommendations in the EPA Air Pollution Control Cost Manual.16 Cost effectiveness 
considerations for each unit and control technology are discussed below. 

3.1. COMBUSTION TURBINES  

Cost effectiveness for each combustion turbine control option are summarized Table 3. 

Table 3. Cost Analysis Summary of Technically Feasible Control Options for Combustion Turbines at 
IBGP 

Control 
Equipment 

Unit 
Capital 
Cost ($) 

Total Annual 
Cost ($)* 

Emission 
Reduction (tpy) 

Cost 
Effectiveness 

($/ton) 

Improved 
Combustion 
Technology 

ES-06/07 $1.51 M $156.8 K 41.16  $3.81 K 

ES-08/09 $1.51 M $156.8 K 37.94 $4.13 K 

ES-10/11 $1.36 M $147.2 K 80.33 $1.83 K 

*Total Annual Cost includes the annualized capital cost, as well as the direct and indirect annual operating costs. 

3.1.1. Improved Combustion Technology  

The equipment and installation labor cost discussed in this section was based on vendor data received for a 
similar replacement unit from Solar. The EPA Air Pollution Control Cost Spreadsheet was used to estimate all 
other costs completed in this section. The NOX emissions are based on an outlet concentration of 25ppm. The 
costs are shown in Table 3 above. These cost estimates have been developed based on the actual emissions from 
each unit using the 2016 Emission Inventory submittal for IBGP. The full cost estimation for each unit is 
included in Appendix B of this report. 

Please note that unit ES-10/11 was uprated in 2018 and the emissions for the unit increased. Per 
communication with the NMED, the actual emissions for calculating cost effectiveness should be based on 2016 
actual emissions.  Since the emissions for ES-10/11 were changed after the 2016 baseline date, PTE emissions 
along with a recent stack test were used to calculate the cost effectiveness of the unit.  

 

 

 

                                                                 
 
16 U.S. EPA, “Air Pollution Control Cost Manual”, available at: https://www.epa.gov/economic-and-cost-analysis-air-

pollution-regulations/cost-reports-and-guidance-air-pollution#cost%20manual 

https://www.epa.gov/economic-and-cost-analysis-air-pollution-regulations/cost-reports-and-guidance-air-pollution#cost%20manual
https://www.epa.gov/economic-and-cost-analysis-air-pollution-regulations/cost-reports-and-guidance-air-pollution#cost%20manual
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3.2. AMINE TREATING UNITS 

Cost effectiveness for the redundant electric compression control is summarized in Table 4. 

Table 4. Cost Analysis Summary of Technically Feasible Control Options for Engines at IBGP 

Control Equipment 
Capital Cost 

($) 
Total Annual 

Cost ($)* 
Emission 

Reduction (tpy) 

Cost 
Effectiveness 

($/ton) 
Redundant 

Compression 
$11.0 M $1.04 M 37.7 $27.6 K 

*Total Annual Cost includes the annualized capital cost, as well as the direct and indirect annual operating costs. 

3.2.1. Redundant Compression 

OXY obtained a total cost estimate for installing redundant electric compression associated with the AGI well. 
The estimate incorporates direct capital cost for equipment and vendor labor, indirect costs associated with 
OXY’s internal labor, and overhead and contingency costs for the project. According to this estimate, the 
redundant compressor would cost $11 M with $120 K per year for operating costs. The addition of this unit will 
reduce SO2 emissions by 90% resulting in an emission rate reduction of 37.7 tpy. Emission effectiveness is 
therefore expected to be approximately $27.6 K per ton of reduced emissions. These cost estimates have been 
developed based on the actual emissions from each unit assessed here, using the 2016 Emission Inventory 
submittal for IBGP. The full cost estimation for each unit is included in Appendix B of this report.  
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4. TIME NECESSARY FOR COMPLIANCE 

The second factor in this analysis is the time necessary for compliance. Consideration of this factor involves 
estimating the time required for a source to implement a potential control measure. This information is 
provided here in order to advise the NMED of OXY’s projection of a reasonable compliance timeline based on the 
equipment and site-specific considerations that could affect the time necessary to comply. 

4.1. COMBUSTION TURBINES 

4.1.1. Improved Combustion Technology  

OXY estimates that approximately 4-5 years will be needed to implement the improved combustion technology 
control equipment. Factors that have been considered for this anticipated timeline include permitting, 
budgeting, design, uprating the combustors, procuring the equipment, and installation of the control. 

4.2. AMINE TREATING UNIT 

4.2.1. Redundant Electric Compression 

OXY estimates that approximately 5 years will be needed to budget, design, procure, and construct the 
redundant compressor. Factors that have been considered for this anticipated timeline include permitting, 
budgeting, design, procuring the equipment, and installation of the control.
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5. ENERGY AND NON-AIR ENVIRONMENTAL IMPACTS 

This section addresses the potential energy and non-air environmental impacts that installation of the 
technically feasible control options pose on a source. The consideration of energy impacts involves assessing the 
impact of a control measure on the energy that is consumed by the source. Non-air environmental impacts are 
assessed based on the effect of the control on non-air environmental media. Some examples of non-air 
environmental impacts include water resource depletion, solid waste generation, increased noise and odor 
pollution, and increased land usage.  

5.1. COMBUSTION TURBINES 

5.1.1. Improved Combustion Technology  

It is not anticipated that installation of the improved combustion technology SoLoNOX on the turbines at IBGP 
will have any significant energy or non-air environmental impacts. 

5.2. AMINE TREATING UNIT 

5.2.1. Redundant Compression 

There are no anticipated unique or site-specific energy or non-air impacts imposed by the installation of the 
redundant compression.
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6. REMAINING USEFUL LIFE OF SOURCES 

The anticipated remaining useful life of each source is addressed here for the NMED’s consideration. The 
assessment of this factor involves estimating how long the sources analyzed will remain in operation and the 
lifetime of potential control measures, accounting for equipment and site-specific limitations.  

40 CFR Part 51, Appendix Y includes guidance on the characterization of this factor, stating that the remaining 
useful life of a source will typically be longer than the useful life of the emission control system. Therefore, it is 
appropriate to annualize compliance costs based on the useful life of the control equipment, rather than the life 
of the source.17 

6.1. COMBUSTION TURBINES 

Based on their current age and operating efficiency, it is estimated that the remaining useful life of the turbines 
will be longer than the control units. Two of the turbines have operated for more than 35 years without any 
significant deterioration in operating efficiency and one of the turbines was installed in the last year; therefore, 
this analysis of the remaining useful life of the equipment will be based on the anticipated useful life of the 
control device considered.  

6.1.1. Improved Combustion Technology  

It is anticipated that the estimated useful life of the improved combustion technology, SoLoNOX, will be similar 
to the useful life of an SCR system. The useful life is estimated to be 20 years, based on default values from the 
EPA Air Pollution Control Cost Manual.18 

6.2. AMINE TREATING CONTROL 

6.2.1. Redundant Compression 

The estimated useful life of the redundant compressor is about 20 years. Since the unit will be operating in acid 
gas service, the life span of the compressor will not be longer than 20 years. 

                                                                 
 
17 40 CFR 51, Appendix Y, Section II.B.4.f 
18 U.S. EPA, “Air Pollution Control Cost Manual”, available at: https://www.epa.gov/economic-and-cost-analysis-air-

pollution-regulations/cost-reports-and-guidance-air-pollution#cost%20manual 

https://www.epa.gov/economic-and-cost-analysis-air-pollution-regulations/cost-reports-and-guidance-air-pollution#cost%20manual
https://www.epa.gov/economic-and-cost-analysis-air-pollution-regulations/cost-reports-and-guidance-air-pollution#cost%20manual
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7. SUMMARY & CONCLUSIONS 

Based on a comprehensive review of the RBLC, available literature, and manufacturer’s input of the available 
control technologies for the natural-gas fired turbines, OXY has determined that the SoloNOx controls are the 
only technically feasible control option for the turbines under review in this analysis.  The marginal reduction in 
NOX emissions to install the SoLoNOx controls on each of these units does not support the high investment cost 
of the control.  The only option to further control SO2 emissions from the amine systems would be to install 
redundant electric compression to support the AGI well. There is an extremely high initial investment cost to 
add this compression due to infrastructure changes needed in order to complete the modification.  With such a 
high investment cost, OXY believes the minimal reduction in SO2 emissions does not support the high cost for 
installing the redundant compression. With a calculated Q/d below 10, IBGP will not impact the visibility of 
Carlsbad Caverns. Furthermore, the analysis does not support additional controls due to the costs of the 
controls.
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APPENDIX A: RBLC TABLES 

The RBLC tables for the turbines are shown in the attached Table A-1. 



PROCESS_NAME POLLUTANT CONTROL_METHOD_DESCRIPTION

Five (5) Natural Gas Fired Combustion Turbines 37.6 MMBTU/H Nitrogen Oxides (NOx) Selective Catalytic Reduction

Cogeneration gas turbine 4.37 MW Nitrogen Oxides (NOx) SoLoNOx burner (Ultra lean Premix)

Aeroderivative Simple Cycle Combustion Turbine 263 MM BTU/h Nitrogen Oxides (NOx)

Selective Catalytic Reduction (SCR), exclusive 

combustion of fuel gas, and good combustion 

practices.

FG-PEAKERS:  2 natural gas fired simple cycle 

combustion turbines
171 MMBTU/H Nitrogen Oxides (NOx) Dry low-NOx combustors

FG-TURBINES 10504 HP Nitrogen Oxides (NOx) Dry ultra-low NOx burners

FGTURNBINES (5 Simple Cycle CTs:  EUTURBINE1, 

EUTURBINE2, EUTURBINE3, EUTURBINE4, EUTURBINE5)
10504 HP Nitrogen Oxides (NOx) Dry ultra-low NOx burners.

TURBINE GENERATORS - UNITS CC007 AND CC008 AT 

CITY CENTER
4.6 MMBTU/H Nitrogen Oxides (NOx)

LEAN PRE-MIX TECHNOLOGY AND LIMITING THE 

FUEL TO NATURAL GAS ONLY

Small Combustion Turbines (&lt;25MW) 10179 Horsepower Nitrogen Oxides (NOx) Dry-Low NOx Combustion
TURBINES 9,443-HP SIEMENS SGT-200-2S 9443 HP Nitrogen Oxides (NOx) DRY LOW-NOx COMBUSTION.

COMBUSTION TURBINE without DUCT BURNERS UNIT 2433 MMBtu/hr Nitrogen Oxides (NOx) SCR
Compression Turbine 20000 hp Nitrogen Oxides (NOx) Solar's SoLoNOx dry emission control technology

(2) simple cycle turbines 190 MW Nitrogen Oxides (NOx) DLN burners, limited operation

P90 â€“ Natural Gas-Fired Emergency Generator 9.51 mmBTU/hr Nitrogen Oxides (NOx)
Good Combustion Practices and the Use of 

Turbocharger and Aftercooler

TURBINES S35-S36 12555 HP Nitrogen Oxides (NOx) SOLONOX
TURBINE S34 3856 HP Nitrogen Oxides (NOx) SOLONOX

Table A-1 RBLC Search for Small Turbines – NOX

THROUGHPUT
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APPENDIX B: COST ANALYSIS SPREADSHEETS 

 

Attached are the cost analysis spreadsheets completed in the report.  

 

 

 

 

 

 

 

 

 

 

 

 



Occidental Oil & Gas

Indian Basin Gas Plant - Four-factor Analysis Cost Estimate

Solar Centaur 40-4002 NG Turbine

Unit: ES-06/07

Inputs

Parameter Value Units Source

Interest Rate: 5.50% % Cost Control Spreadsheet

Period: 20 years Cost Control Spreadsheet

Turbine HP: 4000 hp Permitted capacity (NSR PSD0295-M11)

Fuel Heat Value: 1031 BTU/scf Application for TV Permit P103-R2M1

Heat Rate: 39.01 MMBTU/hr Application for TV Permit P103-R2M1

2016 Actual Operating Hours: 8,664 hours 2016 EI calculations

2016 Actual Fuel Usage: 327.82 MMscf/yr Heat Rate / Fuel Heat Value * 2016 Operating Hours

Base Case Emissions (101.16 ppm)

Parameter Value Units Source

NOX ppm: 101.2 ppm 2016 EI calculations

NOX lb/hr: 12.62 lb/hr 2016 EI calculations

NOX tpy: 54.67 tpy 2016 EI calculations

SoLoNOX (25 ppm)

Parameter Value Units Source

NOX Outlet Concentration: 25 ppm Manufacturer's Guarantee for SoLoNOX

NOX Hourly Emission Rate: 3.12 lb/hr

NOX Annual Emission Rate: 13.51 tpy

1,280,000$                   Manufacturer's Estimate, 2017 dollars

1,360,296$                   Manufacturer's Estimate, 2018 dollars (CEPCI)

Unit Uprating Cost 150,000$                       Manufacturer's Estimate

Total Capital Investment 1,510,296$                   

Annualized TCI: 126,381$                       Based on interest rate, year and TCI

Annual O&M Costs1: 30,407$                         

Total Annual Costs: 156,787$                       

Emissions Reduction: 41.16 tpy

Cost Effectiveness: 3,809.25$                     $/ton

Equipment & Installation Labor Cost

1 From Assessment of Non-EGU NOX Emission Controls, Cost of Controls, and Timeline for Compliance (Docket ID No. EPA-HQ-OAR-2015-0500) Section 3.3.3, Corrected from 1999 to 

2018 dollars based on CEPCI. 



Occidental Oil & Gas

Indian Basin Gas Plant - Four-factor Analysis Cost Estimate

Solar Centaur 40-4002 NG Turbine

Unit: ES-08/09

Inputs

Parameter Value Units Source

Interest Rate: 5.50% % Cost Control Spreadsheet Default

Period: 20 years Cost Control Spreadsheet Default

Turbine HP: 4000 hp Permitted capacity (NSR PSD0295-M11)

Fuel Heat Value: 1031 BTU/scf Application for TV Permit P103-R2M1

Heat Rate: 39.01 MMBTU/hr Application for TV Permit P103-R2M1

2016 Actual Operating Hours: 8,014 hours 2016 EI calculations

2016 Actual Fuel Usage: 303.23 MMscf/yr Heat Rate / Fuel Heat Value * 2016 Operating Hours

Base Case Emissions (100.11 ppm)

Parameter Value Units Source

NOX ppm: 100.1 ppm 2016 EI calculations

NOX lb/hr: 12.62 lb/hr 2016 EI calculations

NOX tpy: 50.57 tpy 2016 EI calculations

SoLoNOX (25 ppm)

Parameter Value Units Source

NOX Outlet Concentration: 25 ppm Manufacturer's Guarantee for SoLoNOX

NOX Hourly Emission Rate: 3.15 lb/hr

NOX Annual Emission Rate: 12.63 tpy

1,280,000$                    Manufacturer's Estimate, 2017 dollars

1,360,296$                    Manufacturer's Estimate, 2018 dollars (CEPCI)

Unit Uprating Cost 150,000$                        Manufacturer's Estimate

Total Capital Investment 1,510,296$                    

Annualized TCI: 126,381$                        Based on interest rate, year and TCI

Annual O&M Costs1: 30,407$                          

Total Annual Costs: 156,787$                        

Emissions Reduction: 37.94 tpy

Cost Effectiveness: 4,132.47$                       $/ton

Equipment & Installation Labor Cost

1 From Assessment of Non-EGU NOX Emission Controls, Cost of Controls, and Timeline for Compliance (Docket ID No. EPA-HQ-OAR-2015-0500) Section 3.3.3, Corrected from 1999 to 2018 

dollars based on CEPCI. 



Occidental Oil & Gas

Indian Basin Gas Plant - Four-factor Analysis Cost Estimate

Solar Centaur 40-4702 NG Turbine 

Unit: ES-10/11

Inputs
Parameter Value Units Source

Interest Rate: 5.50% % Cost Control Spreadsheet Default

Period: 20 years Cost Control Spreadsheet Default

Turbine HP: 4700 hp Permitted capacity (NSR PSD0295-M11)

Fuel Heat Value: 1031 BTU/scf Application for TV Permit P103-R2M1

Heat Rate: 43.1 MMBTU/hr Application for TV Permit P103-R2M1

Permitted Operating Hours: 8,760 hours

Fuel Usage: 366.20 MMscf/yr Heat Rate / Fuel Heat Value * Operating Hours

Base Case Emissions (158.25 ppm)
Parameter Value Units Source

NOX ppm: 158.253 ppm Stack Test dated 11/29/2018 

NOX lb/hr: 21.78 lb/hr Stack Test dated 11/29/2018 

NOX tpy: 95.40 tpy Calculated assuming 8,760 hours of operation per year

SoLoNOX (25 ppm)

Parameter Value Units Source

NOX Outlet Concentration: 25 ppm Manufacturer's Guarantee for SoLoNOX

NOX Hourly Emission Rate: 3.44 lb/hr

NOX Annual Emission Rate: 15.07 tpy

1,280,000$                    Manufacturer's Estimate, 2017 dollars

1,360,296$                    Manufacturer's Estimate, 2018 dollars (CEPCI)

Annualized TCI: 113,829$                        Based on interest rate, year and TCI

Annual O&M Costs
1
: 33,461$                          

Total Annual Costs: 147,290$                        

Emissions Reduction: 80.33 tpy

Cost Effectiveness: 1,833.65$                      $/ton

Equipment & Installation Labor Cost

1 From Assessment of Non-EGU NOX Emission Controls, Cost of Controls, and Timeline for Compliance (Docket ID No. EPA-HQ-OAR-2015-0500) Section 3.3.3, Corrected from 1999 to 

2018 dollars based on CEPCI. 



Occidental Oil & Gas

Indian Basin Gas Plant - Four-factor Analysis Cost Estimate

Acid Gas Flaring from AMINE-1 & SELEXOL

Unit: ES-50-SSM (AGI Flaring Records used to asses the cost to control these emissions)

Inputs

Parameter Value Units Source

Interest Rate: 5.50% % Cost Control Spreadsheet

Period: 20 years Estimated based on the corrosive nature of the acid gas being compressed in the unit.

Base Case Emissions

Parameter Value Units Source

SO2 tpy: 41.92 tpy 2016 EI calculations

Redundant Compressor to Reduce AGI Flaring

Parameter Value Units Source

SO2 Control Efficiency: 90.0% % Calculated based on 2016 actual AGI flaring emissions and preventable flaring event emissions.

SO2 Annual Emission Rate: 4.20 tpy Actual SO2 emissions from 2016 maintenance flaring events. 3 hour event duration estimated.

Total Capital Investment: 11,000,000$                 Manufacturer's Estimate, 2018 dollars

Annualized TCI: 920,473$                       Based on interest rate, year and TCI

Annual O&M Costs: 120,000$                       Occidental Oil & Gas Estimate, 2018 dollars

Total Annual Costs: 1,040,473$                   

Emissions Reduction: 37.72 tpy

Cost Effectiveness: 27,581.01$                   $/ton


