January 23, 2020

Reference No. 11203587

Kerwin Singleton
New Mexico Environment Department
Air Quality Bureau
525 Camino de los Marquez, Suite 1
Santa Fe, New Mexico 87505
Dear Mr. Singleton:
Re:

Additional Information for Four Factor Analysis
Roswell Compressor Station
Transwestern Pipeline Company, LLC

GHD Services, Inc. (GHD) is submitting, on behalf of Transwestern Pipeline Company, LLC., responses to
the New Mexico Environmental Department (NMED) request for additional information dated December
23, 2019 regarding the four-factor analysis completed for the Roswell Compressor Station. These
responses correspond to the NMED Regional Haze Second Planning Period Progress Analysis under the
Clean Air Act (CAA) and Regional Haze Rule (40 CFR §51.300 to 51.309).
If you have any questions or concerns, please contact myself at (720) 974-0937 or Larry Campbell
at (575) 625-8022.
Sincerely,
GHD

Sergio Guerra
Project Manager
SG/AW/1
Encl.
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Attachment E – NMED Additional Information Request Letter dated December 23, 2019
1. What options does the quotation from Cooper Machinery Services evaluate for emission reductions
(i.e., upgrades to the air‐to‐fuel ratio (AFR) controller, turbocharger, adjusting ignition timing, installing
cylinder heads fitted with pre‐combustion chambers, larger intercooling applications, enhanced mixing,
bypass valves, and increased ignition energy)? Please provide a copy of the quotation that shows the
Low Emission Controls (LEC) upgrades presented can lower NOX emission rates to 2.5 grams per
horsepower‐hour (g/hp‐hr.). Consider and include a discussion of variations of LEC upgrades that might
lower the cost of compliance while still achieving meaningful NOX reductions.
Please see attached Cooper Machinery quote (Attachment A) that shows upgrades that lower NOx
emission rates to 2.5 g/hp‐hr. The vendor, Cooper Machinery, provided the LEC upgrades applicable to
these engines to control NOx emissions from the engines at the Roswell facility and stated that the full
package of CBT is necessary to achieve emission reductions. The retrofit upgrades presented and quoted
by Cooper include:
1) Install new cylinder heads fitted with precombustion chambers
2) Replace existing water‐cooled pulse type exhaust manifold with a dry constant pressure
manifold.
3) Add bypass valve to exhaust manifold to permit control of intake manifold pressure by bypassing
some exhaust from the turbocharger.
4) Upgrade turbocharger to flow more air into combustion chamber
5) Remove existing expansion turbo‐coolers.
6) Replace small intercoolers with larger intercoolers.
7) Add pilot fuel lines and pressure control for precombustion chamber fuel
2. The referenced document indicating that selective catalytic reduction (SCR) retrofits have not
occurred as of 2014 is dated 2014, so it may not reflect applications that may have occurred since that
document was published. Please verify that there have been no SCR retrofits on RICE in the gas
transmission industry and provide additional information on why this technology is not appropriate for
your operation. This additional information is important, as the costs of control ($4,300‐$5,500/ton NOX
removed) may be considered reasonable.
Chapter 2 of the EPA cost manual (updated June 2019) (Attachment B) supports the 2014 reference
document cited in the Four Factor Analysis dated October 30, 2019. According to the EPA cost manual,
the only example provided for SCR technology used on a RICE engine occurred in 1994 on a new 1,800
hp diesel‐fired engine but not for a natural gas engine. All other examples of SCR applications were for
other types of combustion equipment often in industries other than oil & gas.

3. Please include a discussion on the technical feasibility of non‐selective catalytic reduction for the
Cooper‐Bessemer compressor engines. If it is determined that this option is technically feasible, please
complete a four‐factor analysis for this technology.
Based on Section 3.2 of the INGAA source referenced in the Four Factor Analysis, non‐selective catalytic
reduction (NSCR) is a control used on rich burn RICE engines and the Cooper‐Bessemer compressor
engines are four stroke lean burn RICE engines. Therefore, NSCR is not compatible and not a technically
feasible control option (INGAA, Availability and Limitations of NOx Emission Control Resources, 2014).
Selective non‐catalytic reduction (SNCR) is less effective in reducing NOx emissions than SCR and is only
applied to similar equipment as SCR, such as industrial boilers. Chapter 1 of the EPA cost manual
(updated April 2019) (Attachment C) supports this information and provides no examples or indication
that this technology can be applied to engines. Please also see additional information provided in
response 2 above.
4. Consider Good Combustion Practices (GCP) and routine maintenance as controls and provide details
on how these would be achieved, including a maintenance schedule and operating procedures.
Energy Transfer performs regular inspection and maintenance activities for the equipment on site.
Maintenance schedule and procedures and the associated tracking, monitoring, testing, and
recordkeeping are required in the facility operating permit.
5. Please consider and include a discussion on the feasibility of replacing natural gas‐fueled engines with
commercial electric powered compressors.
Energy Transfer estimated the cost of a 4500 hp electric engine to replace each existing natural gas fired
one at $6,512,932.09. This conservative cost estimate and an estimated O&M cost were used to
calculate a cost per ton value in the attached spreadsheet (Attachment D).
6. Please provide a current quote on the installation of SCR on Units 903 and 904, as adjusting costs from
a quote obtained in 1994 is not appropriate.
SCR is not a feasible technology for gas‐fired engines based on Chapter 2 of the EPA cost manual
(updated June 2019) (Attachment B) and a four‐factor analysis should not have been completed for
these engines. In 1994, the technology was being evaluated for feasibility on engines, which is why costs
from that period are available, however, no other recent references were found.
7. Submit all electronic spreadsheets used for control technology calculations.
Please see attached electronic spreadsheet (Attachment D) which includes an updated cost analysis for
electric replacement compressors.

Attachment A

Andy White
From:
Sent:
To:
Cc:
Subject:

Bailey, Bob (Cooper, Non-GE) <Bob.Bailey@bhge.com>
Tuesday, January 14, 2020 8:54 PM
Andy White
Sergio Guerra; Phil Horn
RE: Engine Retrofit - Low Emission Controls - Roswell and Mountainair

Andrew, to achieve lower emissions the full package must be done.
Installing jetcell heads will definitely make the engines run with greater stability, however, this the improved
combustion will result in lower exhaust temperatures as more fuel will go to providing effective work. The lower
temperatures will reduce the energy needed to drive the turbocharger so there will not be sufficient air to lean out the
air/fuel mixture necessary to reduce NOx emissions.
To achieve the leaner air/fuel mixture with jetcell heads requires a higher efficiency constant pressure turbocharger with
a constant pressure exhaust manifold. To be able to control air fuel ratio, it is necessary to control the turbocharger
speed. To do this we install a wastegate before the turbocharger which allows some of the exhaust gas to bypass the
turbocharger. This is not possible with the pulse type manifold currently installed on the engine because it has
individual pipes for each cylinder collecting into multiple inlets on the turbine casing.
The higher air flow from the turbocharger will require larger coolers to be installed to keep intake manifold temperature
within limits.
We have provided a quick budget number with some consideration that this project may not be done for several
years. Is there an estimated schedule for the job?
Best regards
Bob Bailey

From: Andrew.White2@ghd.com <Andrew.White2@ghd.com>
Sent: Friday, January 10, 2020 5:33 PM
To: Bailey, Bob (Cooper, Non‐GE) <Bob.Bailey@bhge.com>
Cc: Sergio Guerra <Sergio.Guerra@ghd.com>; Phillip.Horn@ghd.com
Subject: EXT: RE: Engine Retrofit ‐ Low Emission Controls ‐ Roswell and Mountainair
Hi Bob,
Thanks for providing the general LEC quote below to my colleague Phil Horn back in October and hope 2020 is starting
well for you.
The State of Mexico has asked for Cooper to now provide cost estimates for each of the individual upgrades mentioned
below (i.e. install new cylinder heads, replace manifold, add bypass valve, etc.). They are interested in whether a “partial
package” of upgrades might be more cost effective for controlling NOx emissions than the full $1,800,000 package.
Would you be able to provide this for us?
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Thanks very much for your help with this and please let me know any questions.
Best regards,
Andy White
720‐974‐0965
From: Bailey, Bob (Baker Hughes) <Bob.Bailey@bhge.com>
Sent: Thursday, October 17, 2019 9:56 PM
To: Phil Horn <Phillip.Horn@ghd.com>
Subject: RE: Engine Retrofit ‐ Low Emission Controls ‐ Roswell and Mountainair
Hello Phil
After doing some discussions we can upgrade these engines by doing following:
Install new cylinder heads fitted with precombustion chambers
Replace existing water cooled pulse type exhaust manifold with a dry constant pressure manifold.
Add bypass valve to exhaust manifold to permit control of intake manifold pressure by bypassing some exhaust from the
turbocharger.
Upgrade turbocharger to flow more air into combustion chamber
Remove existing expansion turbo‐coolers.
Replace small intercoolers with larger intercoolers.
Add pilot fuel lines and pressure control for precombustion chamber fuel.
Considering the age and condition of the engines, these changes will allow reliable operation with NoX emissions of 2.5
gm/bhp‐hr at full load. This would be better stated in lb/hr and I will get you that value tomorrow.
Budget price for this is US$ 1,800,000 per engine.

I trust this will meet your needs for now (I will get you lb‐hr value tomorrow).
Best regards
Bob Bailey

From: Phillip.Horn@ghd.com <Phillip.Horn@ghd.com>
Sent: Thursday, October 17, 2019 10:42 AM
To: Bailey, Bob (Baker Hughes) <Bob.Bailey@bhge.com>
Subject: EXT: RE: Engine Retrofit ‐ Low Emission Controls ‐ Roswell and Mountainair
Hi Bob,
Were you able to get a general quote yesterday?
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Chapter 2
Selective Catalytic Reduction
John L. Sorrels
Air Economics Group
Health and Environmental Impacts Division
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U.S. Environmental Protection Agency
Research Triangle Park, NC 27711
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RTI International
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DISCLAIMER
This document includes references to specific companies, trade names and commercial
products. Mention of these companies and their products in this document is not intended to
constitute an endorsement or recommendation by the U.S. Environmental Protection Agency.
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2. SELECTIVE CATALYTIC REDUCTION
2.1

Introduction

Selective catalytic reduction (SCR) has been applied to stationary source fossil fuel-fired
combustion units for emission control since the early 1970s and is currently being used in Japan,
Europe, the United States, and other countries. In the U.S. alone, more than 1,000 SCR systems
have been installed on a wide variety of sources in many different industries, including utility
and industrial boilers, process heaters, gas turbines, internal combustion engines, chemical
plants, and steel mills [1]. Other sources include fluid catalytic cracking units (FCCUs), ethylene
cracker furnaces, nitric acid plants, catalyst manufacturing processes, nitrogen fixation processes,
and solid/liquid or gas waste incinerators [2, 3]. In the U.S., SCR has been installed on more than
300 coal-fired power plants ranging in size from less than 100 megawatt equivalent (MWe) to
1,400 MWe [1, 4]. Other combustion sources with large numbers of SCR retrofits include more
than 50 gas-fired utility boilers ranging in size from 147 MWe to 750 MWe, more than 50
industrial boilers and process heaters (both field-erected and packaged units), and more than 650
combined cycle gas turbines [1]. SCR can be applied as a stand-alone nitrogen oxides (NOx)
control or with other technologies, including selective non-catalytic reduction (SNCR)1 and
combustion controls such as low NOx burner (LNB) and flue gas recirculation (FGR) [2].
SCR is typically implemented on stationary source combustion units requiring a higher
level of NOx reduction than achievable by selective non-catalytic reduction (SNCR) or
combustion controls. Theoretically, SCR systems can be designed for NOx removal efficiencies
up close to 100 percent. In practice, commercial coal-, oil-, and natural gas–fired SCR systems
are often designed to meet control targets of over 90 percent. However, the reduction may be less
than 90 percent when SCR follows other NOx controls such as LNB or FGR that achieve
relatively low emissions on their own. The outlet concentration from SCR on a utility boiler is
rarely less than 0.04 lb/million British thermal units (MMBtu) [1].2 In comparison, SNCR units
typically achieve approximately 25 to 75 percent reduction efficiencies [5].
Either ammonia or urea may be used as the NOx reduction reagent in SCR systems. Urea
is generally converted to ammonia before injection. Results of a survey of electric utilities that
operate SCR systems indicated that about 80 percent use ammonia (anhydrous and aqueous), and
the remainder use urea [4]. A survey of coal-fired power plants that control NOx emissions using
either SCR or SNCR found anhydrous ammonia use exceeds aqueous ammonia use by a ratio of
3 to 1. Nearly half of these survey respondents also indicated that price is their primary
consideration in the choice of reagent; safety is the primary consideration for about 25 percent of
the operators [6].
SCR capital costs vary by the type of unit controlled, the fuel type, the inlet NOx level,
the outlet NOx design level, and reactor arrangement. Capital costs also rose between 2000 and
2010 (at least for utility boiler applications), even after scaling all data to 2011 dollars (2011$).
1

A hybrid SNCR/SCR system was demonstrated at the AES Greenidge Power Plant in 2006. However, no hybrid
SNCR/SCR systems are currently known to be operating as of February 2016.
2 Data in the Clean Air Markets Division (CAMD) database also suggest SCR units rarely achieve emissions less
than 0.04 lb/MMBtu.

For a small number of early SCR retrofits on utility boilers prior to 2000, the average costs were
about $100/kilowatt (kW), in 2011$, and there was little scatter in the data. From 2000 to 2007,
the SCR costs for 32 utility boilers ranged from about $100/kW to $275/kW (2011$), and a
slight economy of scale was evident (i.e., using a regression equation, costs ranged from about
$200/kW for a 200 MW unit to $160/kW for an 800 MW unit). For 2008 to 2011, the average
SCR costs exhibited great variability and again a modest economy of scale was evident (i.e.,
about $300/kW for a 200 MW unit to $250/kW for an 800 MW unit; 2011$). For eight utility
boilers either installed in 2012 or projected to be installed by 2014, the SCR costs ranged from
about $270/kW to $570/kW (2011$). The generating capacity for these units ranged from 400
MW to 800 MW [7]. Typical operation and maintenance costs are approximately 0.1 cents per
kilowatt-hour (kWh) [8, 9]. Table 2.1a provides capital cost estimates for electric utility boilers,
and Table 2.1b presents capital cost estimates for SCR applications of various sizes in several
other industry source categories.
The procedures for estimating costs presented in this report are based on cost data for
SCR retrofits on existing coal-, oil-, and gas-fired boilers for electric generating units larger than
25 MWe (approximately 250 MMBtu/hr). Thus, this report’s procedure estimates costs for
typical retrofits of such boilers. The methodology for utility boilers also has been extended to
large industrial boilers by modifying the capital cost equations and power consumption
(electricity cost) equations to use the heat input capacity of the boiler instead of electric
generating capacity.3 The procedures to estimate capital costs are not directly applicable to
sources other than utility and industrial boilers. Procedures to estimate annual costing elements
other than power consumption are the same for SCR units in any application. The cost of SCR as
part of a new plant often is likely to be less than the cost for retrofitting an SCR at an existing
plant. Appropriate factors to estimate the cost of a new plant SCR have been included. In
addition, the cost procedures in this report reflect individual SCR applications. Retrofitting
multiple boilers with SCR can allow for some economies of scale for installation, thus yielding
some reduction in capital costs per SCR application. The cost methodology incorporates certain
approximations; consequently, it should be used to develop study-level accuracy (±30 percent)
cost estimates of SCR applications. Such accuracy in the cost methodology is consistent with the
accuracy of the cost estimates for the other control measures found in this Cost Manual as stated
in Section 1.
In the cement industry, pilot tests in the 1970s and 1990s showed that SCR could be a
feasible control technology for cement kilns. Building on that experience, SCRs were first
installed in Europe in 2001. Today, SCR has been successfully implemented at seven European
cement plants in Solnhofer, Germany (operated from 2001 until 2006), Bergamo, Italy (2006),
Sarchi, Italy (2007), Mergelstetten, Germany (2010), Rohrdorf, Germany (2011), Mannersdorf,
Austria (2012), and Rezatto, Italy (2015) [10, 11, 12]. As of 2015, there is only one cement plant
in the U.S. that has installed an SCR. This SCR began operation in 2013 and is installed after an
electrostatic precipitator. The control efficiency for the system is reported to be about 80 percent,
which is consistent with SCR applications on European kilns. SCRs have not seen widespread
use in the U.S. cement industry mainly due to industry concerns regarding potential problems
caused by high-dust levels and catalyst deactivation by high sulfur trioxide (SO3) concentrations
3

The term “industrial” boilers as used in the Control Cost Manual includes industrial, commercial, and institutional
(or ICI) boilers, unless otherwise noted.

from pyritic sulfur found in the raw materials used by U.S. cement plants. The SO3 could react
with calcium oxide in the flue gas to form calcium sulfate and with ammonia to form ammonium
bisulfate. The calcium sulfate could deactivate the catalyst, while the ammonium bisulfate could
cause catalyst plugging. There have been concerns expressed about the potential for catalyst
poisoning by sodium, potassium, and arsenic trioxide. Finally, other concerns expressed are that
dioxins and furans may form in the SCR due to combustion gases remaining at temperatures
between 450 degrees Fahrenheit (°F) and 750°F. These and other concerns regarding the
implementation of SCR to the cement industry are discussed in detail in “Alternative Control
Techniques Document Update – NOx Emissions from New Cement Kilns” [10]. Due to the small
number of SCRs installed at cement plants, information on capital and operating costs for SCRs
at cement plants is limited. The installation and operating costs for the SCR installed at the U.S.
plant in 2013 are not publicly available at this time. In general, we expect the capital and
operating costs would be higher than for low-dust applications due to the need to install catalyst
cleaning equipment for SCR systems installed in high-dust configurations and for heating the
flue gas in low-dust, tail-end configurations.

Table 2.1a: Summary of SCR Cost Data for Utility Boilers
Source
Category
Electric
Generating
Units

a Not

Capital Cost
Max

$ Year

NAa

Unit Size

NA

$55/kW

$140/kW

<2000$b

Retrofit costs.

[13]

~300-1,400
MW

NA

~$70/kW

~$120/kW

<2000$b

Retrofit costs. Six boilers. No economy of
scale.

[13]

150–1,000
MW

Coal

$80/kWnetc

$160/kWnetc

2002$

Retrofit costs. Author of referenced
document scaled original costs to 2002
dollars. More than 20 boilers. Little to no
economy of scale.

[14]

NA

Coal

$60/kW

$100kW

$200/kW

<2004$b

Retrofit costs

[15]

<300 MW

Coal

$167/kW

$186/kW

<2004$

Costs for 26 boilers.

[16]

301–600 MW

Coal

$148/kW

$192/kW

<2004$

Costs for 15 boilers.

[16]

601–900 MW

Coal

$124/kW

$221/kW

<2004$

Costs for 22 boilers.

[16]

>900 MW

Coal

$118/kW

$195/kW

<2004$

Costs for 9 boilers.

[16]

100–399 MW

Coal

$70/kW

$123/kW

~$175/kW

<2004$b

Costs for 5 boilers.

[17]

400–599 MW

Coal

$73/kW

$103/kW

~$160/kW

<2004$b

Costs for 8 boilers.

[17]

600–899 MW

Coal

$56/kW

$81/kW

~$100/kW

<2004$b

Costs for 9 boilers.

[17]

>900 MW

Coal

~$80/kW

$117/kW

~$190/kW

<2004$b

Costs for 10 boilers.

[17]

191 MW

Coal

2006$

Retrofit costs.

[18]

~100 MW~800MW

NA

~$125/kW

$275/kW

~$440/kW

2008$

Retrofit costs for 15 boilers installed in
2008 to 2010. Most costs between
$200/kW and $350/kW. Slight economy of
scale—regression average about $340/kW
for 100 MW to $250/kW for 800 MW.

[8]

~400 MW to
~800 MW

NA

~$270/kW

~$420/kW

~560/kW

2011$

Retrofit costs for 8 boilers either installed
in 2012 or projected to be installed by
2014.

[7]

Available.
Year of reference.
c Net kilowatts.
b

Fuel Type

Min

Avg

$149/kW

Comments

Reference

Table 2.1b: Summary of SCR Cost Data for Miscellaneous Industrial Sources

Source
Category
IndustrialCommerci
al Boilers

Unit Size

Fuel
Type

Capital Cost: average
(range)

$ Year

Actual,
Vendor
Quote, or
Estimated?

Comments

Reference

350
MMBtu

Coal

NA ($10,000–
$15,000/MMBtu/hr)

1999$

Estimated

Retrofit costs. Authors of referenced document
estimated the low end of the range assuming a
cost of about $100/kW for a 100 MW (1000
MMBtu/hr) utility boiler and assuming that
economies of scale would be greater for utility
boilers than for industrial boilers (so that the cost
for a 350 MMBtu/hr industrial boiler would be
comparable to or greater than the cost for a 1000
MMBtu/hr utility boiler on a $/MMBtu basis).

[19]

100–1,000
MMBtu/hr

Coal

NA ($7,300–
$14,600/MMBtu/hr)

1999$

Estimated

[20]

100–1,000
MMBtu/hr

Oil

NA ($5,550–
$11,100/MMBtu/hr)

1999$

Estimated

100–1,000
MMBtu/hr

Gas

NA ($4,010–
$8,010/MMBtu/hr)

1999$

Estimated

Retrofit costs. Generally costs available for one
boiler with each type of fuel. Authors of
referenced document estimated costs for other
sizes assuming ratio of small-to-large $/MMBtu
costs are related to ratio of large to small heat
inputs raised to the 0.3 power.

100
MMBtu/hr

Gas

NA ($7,500/MMBtu/hr)

1999$b

Vendor

Cited source in reference [15] is an unpublished
letter from a vendor.

[19]

350
MMBtu

Oil, Gas,
or Wood

NA ($4,000–
$6,000/MMBtu/hr)

1999$

Estimated

57
MMBtu/hr

Wood

NA (>$560,000 and
$9,500/MMBtu/hr)

1999$c

Actual/
Estimate

321
MMBtu/hr

Wood

NA ($1,980/MMBtu/hr)

2006$

Likely
Estimated

Petroleum
Refining –
Steam
Boilers

650
MMBtu/hr

Gas or
refinery
fuel gas

NA ($3,100–
$25,800/MMBtu)

2004$ c

Estimated

Retrofit costs. Equipment costs based on range
of costs found in literature search (references
were not provided). Installation costs estimated
using factors from the Control Cost Manual for
thermal and catalytic incinerators.

[23]

Petroleum
Refining –
Process
Heaters

350
MMBtu/hr

Gas/refin
ery fuel
gas

NA ($3,100–
$25,800/MMBtu)

2004$ c

Estimated

Same comment as above.

[23]

350
MMBtu/hr

Refinery
oil

NA ($3,100–
$25,800/MMBtu)

2004$ c

Estimated

Same comment as above.

[23]

[20]
[20]

[21]
Costs for a new boiler.

[19]
[22]

Source
Category

Petroleum
Refining –
FCCU

Unit Size

Fuel
Type

Capital Cost: average
(range)

$ Year

Actual,
Vendor
Quote, or
Estimated?

Comments

Reference

10
MMBtu/hr

Gas or
refinery
fuel
gas/NG
combo

$19,200/MMBtu ($12,000–
$26,500/MMBtu)

1999b

50
MMBtu/hr

Gas or
refinery
fuel
gas/NG
combo

$5,140/MMBtu ($4,020–
$6,280/MMBtu)

1999b

Vendor/
Estimated

Same comment as above.

[24]

75
MMBtu/hr

Gas or
refinery
fuel
gas/NG
combo

$4,190/MMBtu ($3,440–
$4,950/MMBtu)

1999b

Vendor/
Estimated

Same comment as above.

[24]

150
MMBtu/hr

Gas or
refinery
fuel
gas/NG
combo

$2,730/MMBtu ($2,570–
$2,880/MMBtu)

1999b

Vendor/
Estimated

Same comment as above.

[24]

350
MMBtu/hr

Gas or
refinery
fuel
gas/NG
combo

$1,550/MMBtu ($1,520–
$1,570/MMBtu)

1999b

Vendor/
Estimated

Same comment as above.

[24]

68
MMBtu/hr
(Two 32
MMBtu/hr)

Refinery
fuel gas

NA ($22,100/MMBtu)

1991

Actual

Retrofit costs.

[19]

70,000
barrels/str
eam day
(bbl/strea
m day)

NA

NA ($9.0 million)

2004$c

Vendor

Estimated cost by vendor (for 90 percent
reduction).

[3]

27,000
bbl/stream
day

NA

NA ($8-$12 million)

2009

Estimated

Vendor/
Estimated

Costs are based primarily on quotes from two
vendors (and additional discussions). Authors of
the referenced report added costs for fan, motor,
and ductwork costs based on procedures in the
Control Cost Manual.

[24]

[25]

Source
Category

Portland
Cement
(dry kilns)

Portland
Cement
(wet kilns)

Unit Size

Fuel
Type

Capital Cost: average
(range)

$ Year

Actual,
Vendor
Quote, or
Estimated?

Comments

Reference

<20,000>100,000
bbl/stream
day

NA

NA (order of magnitude
range; low end higher than
two entries above)

2005 to
2010

Actual

Costs reported by 6 petroleum refining
companies for 7 FCCUs in responses to EPA
ICR. One new, 6 retrofits.

[26]

NA

NA

NA ($20 million)

2006

Actual

Approximate average cost for SCR retrofits at
several refineries

[27]

1.09
million
short tpy
clinker

NA

NA ($6.9 per short ton
clinker)

2006a

Estimated

Retrofit cost. Estimate based primarily on SCR
procedures for boilers in fifth edition of the
Control Cost Manual. Clinker capacity obtained
from the second reference.

[28,29]

1.13
million
short tpy
clinker

NA

NA ($5.9 per short ton
clinker)

2006a

Estimated

Same comment as above.

[28,29]

2.16
million
short tpy
clinker

NA

NA ($3.9 per short ton
clinker)

2006a

Estimated

Same comment as above.

[28,29]

1.4 million
short tpy
clinker

NA

NA ($5.9 per short ton
clinker)

2004

Not clear

Retrofit cost for European kiln. Cost in euros
converted to dollars assuming a ratio of
$1.3/euro.

[30]

1.055
million tpy
clinker

NA

NA ($4.4 per short ton
clinker)

2004

Estimated

Cost for new kiln.

[31]

1.095
million
short tpy
clinker

NA

NA ($4.4 per short ton
clinker)

2011

Estimated

Cost for new kiln. Cost based on quote for the
SCR equipment, and standard installation factors
from the Control Cost Manual for other types of
control devices.

[32]

0.3 million
short tpy
clinker

NA

NA ($17.5 per short ton
clinker)

2006a

Estimated

Retrofit costs for 4 kilns. Rated clinker production
capacity obtained from the second reference.

[28,33]

NA ($15.6-$16.6 per short
ton clinker)

2006a

Estimated

Retrofit costs for 3 kilns. Rated clinker production
capacity obtained from second reference.

[28,29]

0.320
million
short tpy
clinker

Source
Category
Gas
Turbine,
Simple
Cycle

Unit Size
NA

Gas

a

Capital Cost: average
(range)

$ Year

Reference

NA ($50-$70/kW)

Vendor

Retrofit costs.

[19]

80 MW

Gas

NA ($51/kW)

Vendor

Retrofit cost, excluding balance of plant costs.

[19]

2 MW

Gas

NA ($237/kW)

1999$a

Vendor

Retrofit cost.

[19]

Gas

NA ($167/kW)

1999$a

Vendor

Retrofit cost.

[19]

Diesel
(No. 2
fuel oil)

NA ($0.18 million)

1994

Actual

New cost

[19]

1,800

hpd

Year of reference.
Year analysis was conducted (assumed vendor contacts were made that year).
c Commission year of the SCR.
d Horsepower.
b

Comments

1999$a
1999$a

12 MW
Internal
Combustio
n Engine

Fuel
Type

Actual,
Vendor
Quote, or
Estimated?
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Chapter 1 – Selective Noncatalytic Reduction

1. SELECTIVE NONCATALYTIC REDUCTION
1.1

Introduction

Selective noncatalytic reduction (SNCR) is a post combustion emissions control
technology for reducing NOx by injecting an ammonia type reactant into the furnace at a properly
determined location. This technology is often used for mitigating NOx emissions since it requires
a relatively low capital expense for installation, albeit with relatively higher operating costs.
Japan originally developed SNCR for oil and gas units in the 1970s; Western Europe followed
by applying the science to coal fired units in the late 1980s and the U.S electric power sector
began installations on coal plants in the early 1990s. More than 45 gigawatts of coal-fired power
capacity in the U.S. now have SNCR.1 SNCR is now used beyond the electric power industry,
and is currently being used to control NOx emissions from a multitude of combustion sources,
including industrial boilers, electric utility steam generators, thermal incinerators, cement kilns,
pulp and paper power boilers, steel industry process units, refinery process units, and municipal
solid waste energy recovery facilities [1, 2, 3]. It is being used on industrial boilers covering a
wide range of sizes from <50 MMBtu/hr to more than 800 MMBtu/hr [2]. SNCR is also being
used on a wide range of sizes of utility boilers from <50 MW to more than 900 MW. More than
half of utility boilers with SNCR are relatively small (<50 – 200 MW) but about 24 percent are
larger than 300 MW.1 Over 70 percent of the utility boilers using SNCR burn coal as the primary
fuel and most of the others burn biomass, but the other types of combustion sources are burning a
wide range of materials [2].1 SNCR can be applied as a standalone NOx control or with other
technologies such as combustion controls. The SNCR system can be designed for seasonal or
year-round operations.
Reported SNCR reduction efficiencies vary over a wide range. Temperature, residence
time, type of NOx reducing reagent, reagent injection rate, uncontrolled NOx level, distribution of
the reagent in the flue gas, and CO and O2 concentrations all affect the reduction efficiency of
the SNCR [2]. Tables 1.1 and 1.2 and Figures 1.1a, 1.1b, and 1.1c summarize emission
reductions for SNCR applications in a variety of industries [2]. Findings based on review of
these data are as follows:
•

1

Although installation of urea-based systems is more common than ammonia-based
deployments, operating data reveal higher NOx reductions occur with ammonia reagent.
Table 1.1 shows the median (as a measure of average) reductions for urea-based SNCR
systems in various industry source categories range from 25 to 60 percent, while median
reductions for ammonia-based SNCR systems range from 61 to 65 percent. Note that
most of the boilers with ammonia-based SNCR systems that are fired with solid fuels are
fired with wood or municipal solid waste. Figure 1.1b shows nearly all ammonia-based
systems have reduction efficiencies greater than 40 percent, while several urea-based
systems have lower reduction efficiencies.

Spreadsheet of information provided to EPA's Clean Air Market Division from query of SNL Energy data on
1/22/2015.
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Table 1.1: Summary of NOx Reduction Efficiencies Obtained Using SNCR on Different
Types of Boilers in the U.S. [2]
Type of source
category

NOx
reduction
reagent

Fuel

Average boiler
size

Median NOx
reduction (%)

Electric utility

Coal

Urea

320 MW

25

Co-generation

Primarily wood, some coal, biomass, and
tires

Urea

360 MMBtu/hr

50

Pulp & paper (P&P)

Primarily bark and wood waste,
supplemented with a variety of other fuels

Urea

410 MMBtu/hr

50

Municipal waste
combustion (MWC)

Municipal solid waste (MSW)

Urea

270 MMBtu/hr

37

Refinery CO boilers

Typically refinery fuel gas

Urea

320 MMBtu/hr

60

Miscellaneous
combustion units

Primarily wood, MSW, or coal

Ammonia

400 MMBtu/hr

65

Miscellaneous
combustion units

Primarily crude oil or gas

Ammonia

110 MMBtu/hr

61

Table 1.2: SNCR NOx Reduction Efficiency by Industry and Reagent Type [2, 4]
% Reduction

Industry and Units

Ammonia-Based

Urea-Based

Cement Kilns

12-77

25–90

Chemical Industry

NAa

35–80

Circulating Fluidized and Bubbling Bed Boilers

76–80

NA

Coal, Wood and Tire Fired Industrial and IPP/Co-Generations Boilers

NA

20–75

Coal-Fired Boilers

38–83

20–66

Gas- and Oil-Fired Industrial Boilers

30–75

NA

Glass Melting Furnaces

51–70

NA

Steel Products Industry

NA

42.9–90

Municipal Waste Combustors

45-70

16–87

Oil- and Gas-Fired Heaters

45–76

NA

Process Units

NA

40–85

Pulp and Paper Industry

NA

20–62

Refinery Process Units and Industrial Boilers

NA

20–75

Stoker-Fired and Pulverized Coal-Fired Boilers

50–83

NA

Stoker-Fired Wood-Fueled Boilers

40–75

NA

Vapor, Sludge and Hazardous Waste Incinerators

65–91

NA

aNA

means not available.
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December 23, 2019
Mr. Larry Campbell
Transwestern Pipeline
6381 Main Street
Roswell, NM 88201
larry.campbell@energytransfer.com
Subject: Request for Additional Information for Four-Factor Analysis under the Regional Haze Program
Dear Mr. Campbell:
This letter is to request additional information for the Transwestern Pipeline Company, LLC four-factor
analysis for the Roswell Compressor Station. The four-factor analysis report was received by the New
Mexico Environment Department (NMED) on November 1, 2019. Pursuant to NMED’s Regional Haze
Guiding Principles, the four-factor analysis must consider new ideas that potentially offer better
solutions to problems and must evaluate the newest engineering methods and technology advances in
potential control measures.
Please provide the following information for the reciprocating internal combustion engines (RICE) that
were evaluated in four-factor analysis for potential nitrogen oxides (NOX) controls.
1.
What options does the quotation from Cooper Machinery Services evaluate for emission
reductions (i.e., upgrades to the air-to-fuel ratio (AFR) controller, turbocharger, adjusting
ignition timing, installing cylinder heads fitted with pre-combustion chambers, larger
intercooling applications, enhanced mixing, bypass valves, and increased ignition energy)?
Please provide a copy of the quotation that shows the Low Emission Controls (LEC) upgrades
presented can lower NOX emission rates to 2.5 grams per horsepower-hour (g/hp-hr.). Consider
and include a discussion of variations of LEC upgrades that might lower the cost of compliance
while still achieving meaningful NOX reductions.
2.
The referenced document indicating that selective catalytic reduction (SCR) retrofits
have not occurred as of 2014 is dated 2014, so it may not reflect applications that may have
occurred since that document was published. Please verify that there have been no SCR retrofits
on RICE in the gas transmission industry and provide additional information on why this
technology is not appropriate for your operation. This additional information is important, as
the costs of control ($4,300-$5,500/ton NOX removed) may be considered reasonable.
3.
Please include a discussion on the technical feasibility of non-selective catalytic
reduction for the Cooper-Bessemer compressor engines. If it is determined that this option is
technically feasible, please complete a four-factor analysis for this technology.

4.
Consider Good Combustion Practices (GCP) and routine maintenance as controls and
provide details on how these would be achieved, including a maintenance schedule and
operating procedures.
5.
Please consider and include a discussion on the feasibility of replacing natural gasfueled engines with commercial electric powered compressors.
6.
Please provide a current quote on the installation of SCR on Units 903 and 904, as
adjusting costs from a quote obtained in 1994 is not appropriate.
7.
Submit all electronic spreadsheets used for control technology calculations.
Please note that per EPA’s Guidance on Regional Haze State Implementation Plans for the Second
Implementation Period (August 20, 2019), “as part of meeting the requirement of the Regional Haze
Rule for the state to document the cost and engineering information on which the State is relying every
source-specific cost estimate used to support an analysis of control measure must be documented in the
SIP”. If you feel that your supplemental information should be classified as confidential business
information (CBI), it will need to be reviewed and approved as such by NMED and EPA. Submit CBI with
the word ‘confidential’ included in the electronic file name and on each page of the document. Do not
combine non-confidential business information and CBI in the same files. Also, the claimant must satisfy
the conditions in 20.2.1.115.B(3)(a)-(d) NMAC when the CBI is submitted. Until NMED and EPA
determines if the information qualifies as CBI, the information will not be disclosed to anyone other
than those listed in 20.2.1.115 NMAC.
NMED respectfully requests that your company submit the additional information on four-factor
analysis electronically as soon as possible to Mark Jones at mark.jones@state.nm.us and myself at
kerwin.singleton@state.nm.us. Please contact NMED if you have questions about the additional
information request. We encourage your questions in order to help expedite the technical analysis
required under the Regional Haze Program. Staff would be happy to meet with you in person to discuss
these requirements in more detail. Likewise, staff may further contact you with questions or require
additional information during its review of your submittals.
Thank you for your assistance in this matter. Should you have questions or require clarification, please
contact me at 505.476.4350, or Mark Jones at 505.566.9746.
Sincerely,

Kerwin C. Singleton
Planning Section Chief

