Preliminary “High-Level” Analysis Evaluation
for Supporting Initial Prioritization of Ozone Reduction Measures
Draft: For Discussion Only

Measure Tracking Number: 1

Note: Revised text is denoted in italic underline to distinguish areas in the analysis that have changed.

This measure was originally discussed at the July 11" meeting of the Other Point and Energy Sources
Subcommittee.

Measure type: Mobile Source Refueling
Measure name and description: Stage Il Vapor Recovery

Gasoline vapor recovery systems are categorized under two stages. Stage | vapor recovery systems
capture the vapors expelled from gas station underground storage tanks when being refilled by tanker
trucks. Nationally, Stage | is required on all gasoline dispensing facilities (GDFs) with a monthly
throughput of 100,000 gallons per month (see 40 CFR part 63, subpart CCCCCC). GDF Stage Il systems
capture gasoline vapors that would otherwise be vented from the vehicle gas tank during vehicle
refueling at gas stations.

There are two basic types of Stage Il vapor recovery systems on the market. The "balance" system
utilizes a double hose with rubber boot on the dispensing nozzle that provides seal between the nozzle
and the vehicle gasoline filler opening. As gasoline is transferred via the inner hose into the vehicle tank
the vapors are forced to the rubber boot which forces the vapors to travel in the outer hose back to GDF
storage tank. The "vacuum assist or bootless nozzle" system also utilizes a double hose but the outer
edge of the dispensing nozzle tip has small holes that draw the vapors under a vacuum back to the
storage tank.

During GDF storage tank refilling operations, the recovered vapors (from Stage Il) are forced back into
the tanker truck (using Stage I). At the fuel distribution loading racks, the displaced vapors from tanker
truck fuel loading are directed to either a vapor recovery unit (VRU) or a thermal oxidizer control device.

Preliminary sense of anticipated air quality benefits:

When properly installed and maintained, a Stage Il VR system can reduce VOC emissions by about 95%
but AP-42 estimates efficiencies more in the range of 88% - 92%. Actual SIP credit would be lower,
probably around 80%.

The long-term viability of Stage Il VR systems are limited by EPA adopted regulations (1994) that require
automakers to equip new vehicles with "onboard refueling vapor recovery" systems (ORVR). The ORVR
phase-in period was completed in 2006 as indicated in Figure 1. ORVR systems are required to meet a
refueling VOC emission standard of 0.20 grams per gallon of dispensed fuel, which yields a 95% emission
reduction over uncontrolled levels. The EPA ORVR rule essentially transfers the control of refueling
vapors to the vehicle rather than at the GDF. All vehicles manufactured after 2006 must have ORVR
systems. In Colorado, the estimated 2011 ORVR fleet penetration is about 70%.
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Figure 1. Onboard Refueling Vapor Recovery (ORVR) Phase-in Period for Passenger, Light Duty Trucks &

Medium Duty Vehicles
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Figure 2 depicts the projected VOC emission reductions associated with the 3-year phase-in of Stage I
VR in the 9-county metro area starting in 2012. Based on Air Pollution Emissions Notice (APEN) reports,
about 872 GDFs would be subject to Stage Il VR if a typical GDF gasoline throughput (exceeding 10,000
gallons per month) were considered. The installation of Stage Il VR would necessitate excavation of
most GDFs to install the necessary underground plumbing. Consequently, phasing the conversion of
GDFs is necessary to minimize impacts to the public and optimize the availability of a limited number of
contractors licensed to perform the conversions.

Figure 2: VOC Emissions from Gasoline Refueling in the 9-County Non-Attainment Area
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In the above graph, the VOC reductions associated with Stage Il VR (denoted in blue) diminish over time
as the prevalence of ORVR controls increases through fleet turn-over. Recently, the EPA has proposed to
establish criteria for determining “widespread use” of ORVR systems in a recent Federal Register notice
dated July 15, 2011 [see 76 FR 41731]. Based on the FR notice, EPA proposes to establish June 30, 2013
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as the date that ORVR is in widespread use since an estimated 72% of the vehicles on the road are
expected to have ORVR by that date. Based on a preliminary analysis of the vehicle registration
database, Colorado’s ORVR fleet percentage is about 49.2% for calendar year 2008, which is about 1%
lower than the EPA national vehicle fleet projections of 50.1 %. If we assume similar future trends
between the EPA national fleet data projections and Colorado, it is likely that the Colorado ORVR fleet
percentage is about 63% for calendar year 2011. Using the EPA projections for calendar year 2020, the
Colorado ORVR fleet penetration is expected to comprise about 88%. Looking beyond 2020, there is
likely little additional VOC emission reduction benefit attributed to Stage Il VR.

Preliminary sense of anticipated costs:

Both types of Stage Il VR systems require changes to existing GDF underground plumbing systems unless
the facility was pre-plumbed in anticipation of future Stage Il requirements. Based on information from
Las Vegas, a typical Stage Il VR cost to retrofit a GDF ranged from $40k-$60k (1992) depending on the
number of pumps (4-12) and site characteristics. More recent information (2008) from the Colorado -
Wyoming Petroleum Marketers Association (CWPMA) indicates that the average cost of retrofitting an
unplumbed facility ranges from $60k - $85k (includes excavation/new equipment for 8-16 nozzles).
Annual maintenance costs are assumed at about $3k per year.

If the average GDF is assumed to have about 8-12 nozzles, the average Stage |l retrofit cost is likely
around $70k per GDF. In the 9 county Denver Metro Area - North Front Range (DMA-NFR) area, there
are 971 GDFs that have provided APEN reports in 2010. About 872 GDFs have monthly gasoline
throughputs exceeding 10,000 gallons per month including 9 GDFs with existing Stage Il VR controls.
The capital cost of retrofitting 863 GDFs with Stage 1l VR is about $60 million dollars.

Figure 3: Stage Il Vapor Recovery Control Costs for 9-County Non-Attainment Area
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The above Figure 3 depicts the projected Stage Il VR control costs which vary by year depending on
number facilities and the amount of VOC emission reductions. The above costs are amortized over a 10-
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year period, which roughly corresponds to the estimated period of emission reduction benefit from the
Stage Il VR program.

Enhanced Vapor Recovery (EVR) is generally recommended for GDFs with over 600,000 gallons per year
of gasoline throughput. There are about 727 GDFs with gasoline throughputs exceeding 600,000 gallons
per year. EVR involves the placement of In-Station Diagnostics (ISD) to ensure the vapor recovery
system is operating correctly and alerts the operator when problems occur. The average cost to install
EVR-ISD is estimated at about $15,000 per GDF. EVR allows for more reliable demonstration of emission
reduction benefits and may reduce the number of personnel required to administer program
compliance. The capital cost of retrofitting 727 GDFs with EVR is about $11 million dollars.

Additional technical analysis needed to refine benefits/costs estimates:
None.
Implementation feasibility:

The Division estimates that full implementation of Stage Il VR on all 872 GDFs is not achievable by 2012
since many GDFs will require underground excavation to install Stage Il VR plumbing at the tanks.
According to a survey conducted by the CWPMA (Mar 2008), about 9.8% (62 out of 632) of the GDFs in
the 9 county DMA/NFR area are pre-plumbed for Stage Il VR. This would indicate that perhaps 85 GDFs
are pre-plumbed for Stage Il VR, and the remaining 788 GDFs would need to be excavated to install the
necessary plumbing. According to CWPMA, only 3 DMA-NFR contractors (Eaton, Kubat & CRGS) are
qualified to perform Stage Il VR work. In order to address concerns about contractor availability to
perform such work, the Division suggests a phased installation of Stage Il VR controls. Considering the
quantity of GDFs involved, a minimum three-year phase-in period is recommended staring in 2012
(assuming a Regulation is adopted in 2011 that becomes effective in early 2012). The 1st year (2012)
phase-in would address about 288 GDFs including the 203 highest gasoline sales volume GDFs along
with the estimated 85 GDFs pre-plumbed for Stage Il controls, the second year (2013) would address the
next tier of 288 highest gasoline sales and the third year (2014) would address the remaining GDFs.

One of the issues of Stage Il VR systems is the on-going challenge of efficiently collecting vapors from
non-ORVR vehicles, while being compatible with ORVR vehicles. Generally vacuum assist systems will
need additional control logic or vent processor systems to prevent over pressurization of the vapor
volume (“ullage”) for the fuel storage tanks.

Demonstrated ability to take "SIP Credit" for the measure:

SIP credit for Stage Il VR requires routine inspection of GDFs to ensure compliance is demonstrated.
Thus, an ongoing program inspection of GDFs and enforcement of non-compliance is necessary.
Typically, this type of inspection/enforcement program would be done by CDPHE Air Pollution Control
Division staff which may require additional 1-3 personnel (depending on the level of compliance).

Likelihood that measure could be in place in time for SIP inclusion (approx 2015):

Depending on the number of licensed contractors, pace of GDF conversions, availability of Stage Il VR
equipment and other difficulties encountered; not all GDFs may have controls installed within the 3-year
phase-in period. Although, the remaining unconverted GDFs would have the lowest VOC emissions
because the highest VOC emissions (based on gasoline throughput) would have been the first have
Stage Il controls installed. Consequently, most of the SIP credit should be realized before the SIP
submittal deadline.

The hiring of additional employees for the compliance inspection program may require legislative
action/approval, which might prolong the process of hiring staff for demonstrating compliance, but
should be completed prior to 2015.
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Preliminary Assessment of Co-benefits:

The co-benefits of Stage Il VR include reduced public exposure to toxic air pollutants during refueling of
non-ORVR vehicles.

Other Considerations/Comments:

The emission reduction benefit of Stage Il VR will diminish over the next 10 years, after which ORVR
systems will provide virtually all the VOC capture.

If this measure was included in the SIP, removing it in the future would require a technical
demonstration and approval from EPA.

Recently, EPA proposed [see 76 FR 41731] defining the “widespread use” of ORVR systems for purposes
of demonstrating equivalency of VOC reductions if states desired removal of Stage Il VR from SIPs. The

EPA proposal establishes June 30, 2013 as the date that ORVR systems are in widespread use. About 72
percent of the vehicles on the road are expected to ORVR by that date.

Other states (Maine and Vermont) are in the process of attempting to phase-out Stage Il VR
requirements. The State of Florida requested removal of Stage Il VR control requirements from the SIP
and in 2009 EPA approved the request [see 74 FR 26103].

Discussions with the CWPMA indicate that the above Stage |l VR costs may be too low based on more
recent Stage Il VR installations.
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Preliminary “High-Level” Analysis Evaluation
for Supporting Initial Prioritization of Ozone Reduction Measures
DRAFT: For Discussion Only

Measure Tracking Number: 2 & 10

Measure type: Point Source — NO, and VOC controls on large stationary sources

The RAQC Other Stationary & Energy Source Subcommittee requested that white papers #2
(VOC) & #10 (NOx) be combined and condensed based on most viable control options on August
10, 2011.

Measure name and description:

e Revised Reg. 3 and/or Reg. 7 to address nitrous oxides (NO,) Emission Controls
from stationary sources greater than 100 tons per year (e.g. Power Plants,
Boilers, Cement Kilns and other large sources) in the 9-County Non-Attainment
Area

e Revise Reg. 3 and/or Reg. 7 to address volatile organic compounds (VOCs)
Emissions Controls from stationary sources greater than 100 tons per year (e.g.
refineries, bottling facilities, container & insulation manufacturing) in the 9-
County Non-Attainment Area

This paper combines previous draft papers #2 and #10 in order to focus efforts on sources that
offer reasonable reduction/control options. Both NO, and VOC sources are considered “Major
Sources” and emit greater than 100 tons per year of NO, and/or VOCs. In order to understand
the contribution of these sources to ozone pollution, inventory numbers are illustrated in Table
1 below. It should be noted that the inventory in Table 1 does include point sources that emit
lower than 100 tons per year, but for purposes of this analysis, only large stationary sources are
addressed.

Table 1: Point Source Inventory Contribution

Pollutant Contribution in Contribution in Contribution in | Contribution
2008 (%) 2008 (tons/day) 2020 (%) in 2020
(tons/day)
NO,* 27% 102 tpd 27% 59 tpd
VOCs 8.4% 39 tpd 8.6% 40 tpd

*Includes O&G point sources, EGUs, other point, and cement kilns

Preliminary sense of anticipated air quality benefits:

The Division conducted a review of point sources within the NAA with estimated NO, and VOC
emissions greater than 100 tons/year for the inventory year 2008. Sources that may have
potential for further control are outlined in Table 2.
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Table 2: NOx and VOC Major Sources in NAA Area with Potential Control Options

Facility Name Source Type Estimated Potential Control Options
Emissions
(2008 APEN
Reported
Data)®
Suncor — Denver Qil Refinery 742 (NO,) NO,: SCR or LoTOx
Refinery 283 (VOCQ) VOC: Geodesic dome,
Regenerative Thermal Oxidizer
(RTO), enhanced maintenance on
fugitive emissions
MillerCoors, LLC — Brewery 432 (VOC) VOC: Eco-Dry System/routing
Golden Brewery system to boiler”
Anheuser Busch Inc Brewery 429 (VOQ) VOC: Eco-Dry System/routing
system to boiler”
PSCo — Ft. St. Vrain Power Plant (Natural 411 (NO,) NO,: SCR*
Plant gas turbines)
Thermo Cogen — Ft. Power Plant (Natural 381 (NO,) NO,: SCR*
Lupton gas turbines)
Metal Container Corp. Manufacturing 246 (VOC) VOC: RTO
Eastman Kodak Photographic supply 237 (NO,) NO,: LNB/FGR/OFA®/SNCR/SCR
Co./Carestream Health manufacturer 125 (VOC) VOC: Little to none
Spindle Hill Energy Co. Power Plant — natural 224 (NO,) NO,: SCR®
gas turbines
Univ. of Colo. — Boulder | Power Plant — natural 210 (NO,) NO,: turbines: SCR°
Buffalo Power gas turbines/boilers boilers: LNB/FGR/OFAd/SNCR/SCR
Thermo Power & Elec. Power Plant — natural 184 (NO,) NO,: SCR®
Inc. gas turbines
PSCo Denver Steam Power Plant - Boilers 168 (NO,) NO,: LNB/OFA’/FGR/SNCR/SCR
Plant
TXI Operations Western | Aggregate processing 161 (NO,) NO,: Staged Combustion/SNCR
Aggregates facility (Rotary kiln)
Nutri-Turf, Inc. Agriculture 110 (VOC) VOC: Biological Energy Recovery
System (BERS) or other
CSU Facility Services Power Plant - Boilers 109 (NO,) NO,: LNB/OFAd/FGR/SNCR/SCR
Coors Ceramics Manufacturing 102 (VOCQ) VOC: RTO/quality control/kiln
Company Structural monitoring
Division

®It is worth noting that some facility 2010 actual emissions are lower than 2008 APEN reported data.
It may not be technically feasible to re-route or pressurize bottle/can filling lines

SCR may not be technically feasible on older simple-cycle combustion turbines

‘OFA may not be technically feasible on non-utility boilers

The amount of reductions from controlling these sources will depend on the controls selected
and determining the appropriate level of control. A case-by-case analysis will be required to
analyze suitable controls for each source.
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Preliminary sense of anticipated costs:

The Division will need to consult extensively with sources and manufacturers in addition to
conducting a comprehensive literature review, including analyzing EPA’s RACT/BACT/LAER
Clearinghouse database for similar sources. The cost of BACT varies widely and is typically
expressed as S/ton of pollutant reduced. The Division may request that sources submit
BACT/RACT-like analyses for the listed facilities. A detailed case-by-case engineering analysis
will be required to determine the technical and economic feasibility of potential control options.
This analysis is an overview of potential options and does not take into account site specific
factors. Table 3 provides a broad overview of potential costs associated with different controls
at each of the 14 maijor facilities detailed in this paper. The cost information has been added
since August 10, 2011 to further understand potential cost for case-by-case analysis at each of
the facilities identified.

Table 3: Potential Control Options and Associated Cost Ranges

Facility Name Source Type Potential Control Options Potential Cost Range
Suncor — Denver Oil Refinery NO,: SCR or LoTOx NO,: S0 (QC) -
Refinery VOC: Geodesic dome, $2,500/ton NOx
Regenerative Thermal Oxidizer | removed
(RTO), enhanced maintenance | VOC: Enhanced LDAR
on fugitive emissions, quality program - $1,300/ton;
control program (QC) other VOC controls
estimated up to
$2,400/ton; tank
controls not currently
guantified*
MillerCoors, LLC — Brewery VOC: Eco-Dry System/routing No costs currently
Golden Brewery system to boiler” available
Anheuser Busch Inc Brewery VOC: Eco-Dry System/routing No costs currently
system to boiler® available
PSCo — Ft. St. Vrain Power Plant NO,: SCR° NO,: SCR — Approx.
Plant (Natural gas $2,000 - $7,000/ton NOx
turbines) removed
Thermo Cogen — Ft. Power Plant NO,: SCR° NO,: SCR — Approx.
Lupton (Natural gas $2,000 - $7,000/ton NOx
turbines) removed
Metal Container Manufacturing VOC: RTO VOC: Facility submitted
Corp. RACT analysis in 2008
noting a RTO would cost
over $12,000/ton
Eastman Kodak Photographic supply | NO,: LN B/FGR/OFA®/SNCR/SCR | NO,: depends on control
Co./Carestream manufacturer VOC: Little to none chosen —ranges from as
Health low as $412/ton for LNB
up to $25,000/ton for
SCR
VOC: already controlled
with RTO — may inquire
if Kodak can control
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other sources/lines with
RTO

Spindle Hill Energy

Power Plant —

NO,: SCR®

NO,: SCR — Approx.

Co. natural gas turbines $2,000 - $7,000/ton NOx
removed
Univ. of Colo. — Power Plant — NO,: turbines: SCR® NO,:
Boulder Buffalo natural gas turbines | boilers: Turbines: SCR — Approx.
Power LNB/FGR/OFA®/SNCR/SCR $2,000 - $7,000/ton NOx

removed

Boilers: depends on
control chosen — ranges
from as low as $412/ton
for LNB up to
$25,000/ton for SCR

Thermo Power &
Elec. Inc.

Power Plant —
natural gas turbines

NO,: SCR°

SCR — Approx. $2,000 -
$7,000/ton NOx
removed

Western Aggregates

processing facility
(Rotary kiln)

PSCo Denver Steam Power Plant - NO,: LNB/OFAd/FGR/SNCR/SCR NO,: depends on control
Plant Boilers chosen — ranges from as
low as $412/ton for LNB
up to $25,000/ton for
SCR
TXI Operations Aggregate NO,: Staged Combustion/SNCR | NOx: $330 - $5,200/ton

NOx removed (mean
~$1,300/ton)

Nutri-Turf, Inc. Agriculture VOC: Biological Energy VOC: $2,346/ton (2002
Recovery System (BERS) or estimate)
other
CSU Facility Services Power Plant - NO,: LNB/OFAd/FGR/SNCR/SCR NO,: depends on control
Boilers chosen —ranges from as

low as $412/ton for LNB
up to $25,000/ton for
SCR

Coors Ceramics
Company Structural
Division

Manufacturing

VOC: RTO/quality control/kiln
monitoring

VOC: depends on control
chosen — RTO cost likely
comparable to MCC
(>$10,000/ton)

*http://www.marama.org/projects/Final Refinery Control Options TSD 031307.pdf

It may not be technically feasible to re-route bottle/can filling lines
SCR may not be technically feasible on older simple-cycle combustion turbines
‘OFA may not be technically feasible on non-utility boilers

This section has been added since August 10, 2011. Specific lean-burn engines at major

compressor stations/gas plants “off-ramped” either in 2005 or in 2009 due to prohibitive costs
(greater than $5,000/ton of VOC). These costs for these lean-burn engines are associated with

VOC reductions only. Table 4 outlines the costs submitted to the Division in the “off-ramp”
analyses for RAQC consideration. These sources are those previously addressed in the NOx
Major Source paper that had engines that off-ramped in the NAA and does not include all
engines that off-ramped (the majority of engines were not at major NOx stationary sources).
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Table 4: Engine Off-Ramp Costs and Potential Reductions

Oil and Gas Point | Specific Engine(s) | $/ton of VOC Potential VOC Potential VOC
Source Off-Ramp Cost Reduction Reduction
(tons/year) (tons/day)

Colorado Two (2) $14,600 43 0.01

Interstate Gas — Worthington

Watkins SLHCA Engines $6,600 46.8 0.13

Compressor Nine (9) Cooper

Station GMVHI Engines

BP America Superior 16GTL- $17,722 2.4 0.01

Production Co. 825 Engine

Wattenburg Gas Waukesha 12V- $5,368 3.1 0.01

Processing Plant AT2GL Engine

Colorado Four (4) Cooper $6,700 72.4 0.20

Interstate Gas Co | GMVH-12 Engines

Cheyenne Two (2) Cooper $6,300 36.2 0.10

Compressor GMVH-12 Engines

Station Two (2) Cooper $7,600 30.0 0.08
GMVH-12 Engines

TOTAL POTENTIAL - 195.2 0.53

REDUCTIONS

A breakdown of potential control ranges and resultant emission reduction ranges is presented

in Table 5.
Table 5: NOx and VOC Point Source Control Ranges
Pollutant Estimated Emissions Potential control
(tpd) range (%)

NOx Total Control 0-4.38 0-17%
Potential*

VOC Total Control 0-23 0-20%
Potential**

*For Major Point Sources only (does not include sources less than 100 tpy)
**Does not include potential reductions from further “off-ramp” engine controls

Implementation feasibility:

The Division may work with the sources above through a stakeholder process during the Ozone
SIP rulemaking process. A detailed case-by-case engineering analysis will be required to
determine the technical and economic feasibility of the potential control options. This analysis
is an overview of potential options and does not take into account site specific factors. The
AQCC has the authority for SIP development including the control measures listed above.

Demonstrated ability to take “SIP Credit” for the measure:
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It is not anticipated that taking “SIP Credit” for the above control measures would be difficult.
The Ozone SIP, similar to the RH SIP, may need to contain monitoring, recordkeeping, and
reporting as well as compliance schedules for these point sources to install the above controls,
along with enforceable emission limitations, if proposed and approved.

Likelihood that measure could be in place in time for SIP Inclusion (approx 2015):

There is a high likelihood that this measure could be in place in time for SIP inclusion if the
Division begins outreach to specified sources and a stakeholder process in the next two years.
The Division will also need to analyze each individual source through a BACT/RACT-like process.

Preliminary Assessment of Co-benefits:

There is growing evidence that the catalysts used in SCR systems simultaneously reduce VOC
and mercury emissions. Reports have shown that SCR installations remove significant amounts
of carbon monoxide (CO) as well. Other control options, such as LNB, DLN, and SNCR may have
co-benefits; however, this would have to be researched in more detail by the Division.

Reduction of Volatile Organic Compounds (VOCs) will likely result in reduced greenhouse gas
(GHG) and Hazardous Air Pollutant (HAP) emissions. GHGs are known to adversely affect
humans and the environment within the context of climate change. HAPs are hazardous to
human health (as well as other species).
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Preliminary “High-Level” Analysis Evaluation

for Supporting Initial Prioritization of Ozone Reduction Measures

DRAFT: For Discussion Only

Measure Tracking Numbers: 11&21

Measure type: Stationary Source Controls

Measure names and descriptions: Control Strategies: RACT and BACT for Sources in the NAA

The RAQC Other Stationary & Energy Source Subcommittee requested that this white paper be
condensed based on most viable control options and subcategories on August 10, 2011.

Overview

Currently, sources in the ozone non-attainment area (NAA) are required to evaluate Reasonably
Available Control Technology (RACT) for existing and new sources, as required under Regulation Nos. 3
and 7. For many source categories, these RACT determinations have been identified by the Division and
adopted by the Commission into Regulation No. 7, and the requirements apply to new, modified, and
existing sources. Other new and modified minor sources of VOC in the NAA are required by Regulation
No. 3 to evaluate RACT on a case by case basis, taking into consideration costs and availability of control

measures. Most of the existing RACT requirements target VOC emission reductions, though there are
some state-only provisions for NOx reduction.

RACT is required as an emission reduction strategy of the Clean Air Act when an area is determined to
be non-attainment for a National Ambient Air Quality Standard (NAAQS). There are other emissions
control strategies utilized for different regulatory programs, often referred to by their acronyms, as
shown in Table 1.

Table 1: Comparison of Regulatory Control Strategies

Control Reasonably Available Best Demonstrated Best Available Control | Lowest Achievable
Requirement | Control Technology Technology (BDT) Technology (BACT) Emission Rate
(RACT) (LAER)
Regulatory National Ambient Air | New Source New Source Review — New Source Review
Program Quality Standards — Performance Standards | Prevention of — Non-attainment
State Implementation Significant
Plan Deterioration
Definition Technology that will | The degree of emission An emission limitation | The most stringent
achieve the limitation achievable based on the maximum | emission limitation

maximum degree of

emission control that
a particular source is
capable of meeting

through...the best
system of emission
reduction...taking into
account the cost of

degree of reduction of
each pollutant ...

emitted from or which
results from any major

that is achieved in
practice or can
reasonably be
expected to occur

and that is achieving such reduction | emitting facility, in practice by such
reasonably available | and any non-air quality | [determined] on a class or category of
considering health and case-by-case basis, source, taking into

technological and
economic feasibility.

environmental impacts
and energy
requirements
adequately
demonstrated”...

taking into account
energy,
environmental, and
economic impacts and
other costs...

consideration the
pollutant that must
be controlled.

Control Strategies: RACT and BACT for Sources in the NAA
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Control Reasonably Available Best Demonstrated Best Available Control | Lowest Achievable

Requirement | Control Technology Technology (BDT) Technology (BACT) Emission Rate
(RACT) (LAER)
Application Source category and | Source category Case-by-case Source category
case-by-case
Sources Existing and new New sources New sources and New sources and
sources modifications modifications

There are many options for emission reductions and control technology programs for minor sources of
VOC and NOx located in the NAA. Some of these include:

* Implementation of a case by case minor source BACT program for all new and modified sources
of NOx and VOCs

0 Replaces the minor source RACT requirement in Regulation No. 3
0 Implemented through the permitting process

A more stringent control program, Best Available Control Technology (BACT), is not currently employed
in either Regulation Nos. 3 or 7 except for sources subject to Prevention of Significant Deterioration pre-
construction permits in Part D of Regulation No. 3. Colorado could choose to adopt this more stringent
and complex control program for minor sources by applying BACT for all new or modified sources of
VOC or NOx in the NAA on a case-by-case basis. The primary difference in this approach to what is
already in effect through Regulation No. 3 is the change in expectation for choosing the control
technology from “reasonably available” to the “best available.”

» Determination of “source categorical” RACT for new and modified sources
0 Adds to the source categorical RACT provisions in Regulation No. 7

o Implemented through a regulation (either an addition to an existing regulation or a new
regulation)

New and modified VOC and NOx sources may be subject to the source categorical RACT requirements in
Regulation No. 7, but there are source categories without a control requirement other than that found
in an individual permit. Colorado could choose to establish a regulatory control requirement for new
and modified sources of VOC and NOx on a source categorical basis. This is an expansion of the
approach already in place through Regulation No. 7.

» Determination of “source categorical” RACT for existing sources
0 Adds to the source categorical RACT provisions in Regulation No. 7

o Implemented through a regulation (either an addition to an existing regulation or a new
regulation)

The source categorical RACT requirements in Colorado target VOC emission reductions, though there
are some state-only provisions for NOx reduction. Therefore, there are opportunities to evaluate the
already regulated NOx sources for SIP credit. Additionally, there may be opportunities to impose lower
emission standards or more stringent control requirements on existing VOC and NOx sources. Colorado
could choose to establish a regulatory control requirement for existing sources of VOC and NOx on a
source categorical basis. This is an expansion of the approach already in place through Regulation No. 7.

Control Strategies: RACT and BACT for Sources in the NAA Page 2 of 8
September 2, 2011 version




Preliminary sense of anticipated air quality benefits:

When evaluating the benefit of implementing a case-by-case BACT program for minor sources of VOC
and NOx, there are several factors to consider. In theory, the BACT emission control threshold is more
stringent than either RACT or Best Demonstrated Technology (BDT). Therefore, it may be beneficial to
ozone reduction where NOX and VOC emissions can be further reduced under more costly or

technologically advanced controls.

However, in practice BACT determinations may in fact equal those of BDT or RACT. Because BACT is a
case-by-case analysis following 5 prescribed steps, regardless of any RACT or BDT determinations for a
source category, every source would be required to complete the extensive review, even if in similar

circumstances, BACT was determined to equal RACT or BDT.

The benefits of expanding the existing source categorical RACT requirements to other non-regulated
source categories depends greatly on the source category targeted and the availability of control
technologies to reduce VOC and/or NOx emissions. A brief review of the Division’s 2008 inventory yields

the following information:

e (Oxides of Nitrogen(NOXx)

Based on the 2008 APEN inventory, natural gas-fired and coal-fired boilers, natural gas-fired
reciprocating internal combustion engines (RICE), and cement manufacturers contributed the

majority of NOx emissions. The natural gas-fired RICE reductions are explored at greater lengths in
other white papers. Boilers and cement manufacturers typically are either major sources subject to
nonattainment new source review (NANSR) and/or other federal and state regulations. Two other

source categories, industrial engines (mostly diesel-fired) and asphalt drum dryers, contribute to
point source NOx emissions. Cement kilns, commercial/industrial equipment, electric generating
units, oil and gas point sources, and other point sources contribute 31.5% of NOx emissions in 2008.
See Appendix A, for a complete listing of source categories with NOx emissions in the NAA.

Source categories in this section that are worth further exploration and analysis are industrial non-
oil and gas engines and asphalt drum dryers. All other source categories are reviewed in other

papers.

Table 2 outlines subcategories that may warrant further investigation:

Table 2: NOx Subcategories for Further Evaluation

Subcategory Number of facilities > 20 tons/year Estimated emissions
(uncontrolled)* (tons/day)

Industrial/electric generation/commercial 5 0.52
diesel engines

Commercial digester gas engine 1 0.17
Commercial landfill gas engine 1 0.20
Asphalt drum dryers 6 0.43
Total 13 1.32

*None of the engines/dryers in these subcategories are controlled.

* Volatile Organic Compounds (VOC)

Based on the 2008 APEN inventory, beer production, natural gas-fired RICE, miscellaneous VOC
evaporation, O&G storage tanks, surface coating operations, and Stages | and Il of gasoline
operations contributed the majority of VOC emissions. The natural gas-fired RICE and O&G storage
tank VOC reductions are explored at greater lengths in white papers #3, #6, #8, and #9; Stage ||
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gasoline dispensing is discussed in strategy paper #1. Major beer production facilities are addressed
in white paper #2. Remaining are miscellaneous VOC evaporation and surface coating operations.
See Appendix B, for a listing of source categories with VOC emissions in the NAA.

Miscellaneous VOC evaporation and surface coating operations are the VOC sources not addressed
in other white papers. These VOC sources are controlled to varying degrees under Regulation No. 7,
Section V, with RACT requirements.. These source categories contribute to total VOC emissions, at

44.2 tons/day or 9.6% of the inventory in 2008.

Table 3 outlines subcategories that may warrant further investigation:

Table 3: VOC Subcategories for Further Evaluation

Subcategory Number of facilities Estimated emissions
> 20 tons/year (tons/day)

Tank cars and trucks 3 (6 total — 3 controlled) 0.39
(petroleum products)

Surface coating operations - general 1 (all uncontrolled) 0.08
Surface coating operations - miscellaneous 9 (14 total -5 0.94

controlled)

Surface coating operations - wood furniture 4 (all uncontrolled) 0.48
coating

Organic Solvent Evaporation 9 (16 total - 7 0.87

controlled)

Food & Agriculture — Bakeries 5 (all uncontrolled) 0.39
Mineral Products- Asphalt Concrete 3 (all uncontrolled) 0.18
Mineral Product — Glass Manufacturing 3 (all uncontrolled) 0.19
Printing/Publishing 5 (8 total — 3 controlled) 0.40
Miscellaneous Manufacturing Industries 2 (6 total — 4 controlled) 0.15
Rubber and Misc. Plastic Products 5 (all uncontrolled) 0.58
Chemical Manufacturing 2 (5 total — 3 controlled) 0.16
Electric Generation Turbines 2 (all uncontrolled) 0.22
Total 53 5.03

Preliminary sense of anticipated costs:

The costs for implementation of either a case-by-case BACT or source categorical RACT program are

undetermined.

Additional technical analysis needed to refine benefits/costs estimates:

To fully analyze these options, we need to determine what control measures are currently being used,
and what might be available to further reduce emissions. Additionally, the costs of the additional
control measures, if available, are needed to determine what the approximate cost per ton of emissions

reduction might be.

Implementation feasibility:

All though specific controls are unknown at this time, if there are identified controls available through

further analysis, the AQCC has the authority to implement such control strategies
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Demonstrated ability to take "SIP Credit" for the measure:

Approved controls applied to these sources would be supported by engineering calculation based on
control efficiencies, throughput etc. and would meet EPA criteria for SIP Credit

Likelihood that measure could be in place in time for SIP inclusion (approx 2015):

If there are controls that emerge from this analysis it is likely that they could be incorporated in the SIP

Preliminary Assessment of Co-benefits:

Co benefits are dependent on control options chosen. Any reduction of pollutants will result in
improved air quality and public health benefits.

Other Considerations/Comments:

Under a case-by-case minor source BACT program, minor sources in the NAA would be required to
complete a BACT review prior to submission of any construction permit application, and the Division
would be required to include any BACT limits in-a permit prior to issuance. For sources, this would likely
require hiring a consultant to aid in completing the BACT analysis. This would result in increased cost to
sources in accordance with the increase in the amount of time spent preparing permit applications.

Similarly, the Division would then need to review all BACT analyses submitted with permit applications
and make a BACT determination in conjunction with the source. The permit review time would increase
and the eventual cost to the source would increase as a result. This program could dramatically slow the
permit process.

From a Division implementation standpoint, there would need to be a large focused effort to educate
the regulated community on BACT and what should be included with permit applications for sources in
the NAA. The Division would also need to spend a significant amount of time making policy
determinations, possibly revising permit review processes, and writing guidance documents. Division
staff would also need education on how to review permit applications under the more stringent control
standard.

There are few source categories that have not already been targeted as part of the ozone reduction
measures taken in recent years. Those that do remain are diverse and may not at first glance lend
themselves to a source categorical RACT determination. However, much more information is needed to
make that determination.

Control Strategies: RACT and BACT for Sources in the NAA Page 5 of 8
September 2, 2011 version



Appendix A
NOx Emissions by Source Category; 2008 Inventory Year

Controlled

Uncontrolled

p NOx NOx NOx
Source Category . .2 . .2 Source Notes
Emission Emissions Count
(tpy) (tpy)
INTERNAL COMBUSTION ENGINES -
8,492 12,822 411
INDUSTRIAL
Regulated federally by NSPS
e INDUSTRIAL INTERNAL Il and MACT ZZZZ. Most are
COMBUSTION ENGINE - 155 155 56 under 5 tpy. Two engines
DISTILLATE OIL(DIESEL) emit approx. 20 tpy; category
may be explored further.
Most are under 5 tpy. One
e INDUSTRIAL INTERNAL enaine emits > 20 tov:
COMBUSTION LARGE BORE 130 130 25 g py;
category may be explored
ENGINE
further.
MINERAL PRODUCTS 2,492 3,007 65
MINERAL PRODUCTS 6 facilities > 20 tpy; no
341 341 29 control. Category may be
ASPHALT CONCRETE
explored further.
INTERNAL COMBUSTION ENGINES -
1,434 2,915 88
ELECTRIC GENERATION
ELECTRIC UTILITY INTERNAL Regulated federally by NSPS
Il and MACT ZZZZ; 2 engines
COMBUSTION ENGINE - 286 286 55 .
emit > 20 tpy; category may
DISTILLATE OIL (DIESEL)
be explored further.
8 sources are diesel engines;
3 sources are digester gas; 1
INTERNAL COMBUSTION ENGINES - . i
179 179 14 source is landfill gas.
COMMERCIAL/INSTITUTIONAL
Category may be further
explored.

1. This table does not contain source categories with less than 100 tpy controlled emissions.

2. The values included in this analysis contain emissions from the entire source category, which may include
individual sources which are minor or major point sources. In this context, minor point sources include those
sources which individually have a small emissions contribution (uncontrolled <100 tpy) but exist in high
enough numbers in the NAA to potentially contribute significantly, on a cumulative basis, to the emissions in
the NAA. Major point sources are those which individually have a larger emissions contribution (uncontrolled
>100 tpy) to the emissions in the NAA.

Control Strategies: RACT and BACT for Sources in the NAA

September 2, 2011 version

Page 6 of 8




Appendix B
VOC Emissions by Source Category; 2008 Inventory Year

Controlled | Uncontrolled
voc
1 voc voc
Source Category . .2 . .2 Source Notes
Emission Emissions Count
(tpy) (tpy)
TRANSPORTATION AND MARKETING
9,060 12,721 3,629
OF PETROLEUM PRODUCTS
Approx. 83% controlled; 6
facilities > 20 tpy — 3
e TANK CARS AND TRUCKS 581 3,318 206 controlled, 3 uncontrolled;
category may be explored
further.
SURFACE COATING OPERATIONS 2,018 9,103 710
74% controlled; 14 facilities >
e SURFACE COATING 20 tpy — 5 controlled
OPERATIONS - 711 2,767 157 (Eastman Kodak — addressed
MISCELLANEOUS in paper #2); category may be
explored further.
Minimally controlled; 3
SURFACE COATING facilities addressed in paper
511 712 360 #2; 1 facility > 20 tpy;
APPLICATION - GENERAL
category may be explored
further.
e SURFACE COATING
OPERATIONS=WOOD Category uncontrolled; 4
205 205 8 facilities > 20 tpy; category
FURNITURE SURFACE
may be explored further.
COATING
e SURFACE COATING Category is >95% controlled,;
) it s B
OPERATIONS 82 4797 17 4 facilities > 20 tpy — 1 (one)
MISCELLANEOUS METAL uncontrolled; category may
PARTS be explored further.
Category may be explored
ORGANIC SOLVENT EVAPORATION 1,356 9,571 535
further.
Category is 87% controlled;
Regulated in CO under
e  MISCELLANEOUS VOLATILE Regulation No. 7, Section V;
ORGANIC COMPOUND 1,228 9,288 485 RACT requirements may
EVAPORATION apply; 16 facilities > 20 tpy — 7
facilities controlled; category
may be explored further.
FOOD AND AGRICULTURE 1,197 3,001 80
FOOD AND AGRICULTURE Category uncontrolled; 5
150 150 12 facilities > 20 tpy; category

BAKERIES

may be explored further.
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Controlled Uncontrolled
vocC vocC

Emission’ Emissions’
(tpy) (tpy)

voc
Source Notes
Count

Source Categoryl

Category minimally
controlled; 6 facilities (under
MINERAL PRODUCTS 572 725 88 2 subcategories) > 20 tpy
uncontrolled; category may
be explored further.

Category minimally
controlled; 8 facilities > 20
PRINTING/PUBLISHING 519 1,555 168 tpy — 5 uncontrolled;
category may be explored
further.

9 facilities > 20 tpy
uncontrolled — 3 sources
393 1,769 90 discussed in paper #2 - 7
controlled; category may be
explored further.

MISCELLANEOUS MANUFACTURING
INDUSTRIES

5 uncontrolled facilities (in 3
RUBBER AND MISCELLANEOUS 316 322 35 subcategories) > 20 tpy;
PLASTICS PRODUCTS category may be explored

further.

Category approx. 89%
controlled; 5 facilities > 20
tpy — 3 controlled; category
may be explored further.

CHEMICAL MANUFACTURING 195 1,711 23

INTERNAL COMBUSTION ENGINES - 169 179 79 2 turbines > 20 tpy; category
ELECTRIC GENERATION may be explored further.

1. This table does not contain source categories with less than 100 tpy controlled emissions.

2. The values included in this analysis contain emissions from the entire source category, which may include
individual sources which are minor or major point sources. In this context, minor point sources include those
sources which individually have a small emissions contribution (uncontrolled <100 tpy) but exist in high
enough numbers in the NAA to potentially contribute significantly, on a cumulative basis, to the emissions in
the NAA. Major point sources are those which individually have a larger emissions contribution (uncontrolled
>100 tpy) to the emissions in the NAA.
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Preliminary “High-Level” Evaluation Tool for Supporting Initial Prioritization
of Ozone Reduction Measures
Draft: For Discussion Only

Measure Tracking Number: 22
Note: Revised text is denoted in italic underline to distinguish areas in the analysis that have changed.

This measure was originally discussed at the August 10" meeting of the Other Point and Energy Sources
Subcommittee.

Measure type: Point Source — Industrial Boilers and Steam Generators

Measure name and description: NOx Reductions from tightening NOx limits on Boilers and Steam
Generators in the 9-county Non-Attainment Area

Preliminary sense of anticipated air quality benefits:

There are 297 external combustion boilers in the 9-county Non-Attainment Area (NAA) that emit 2,490
tons/year (6.8 tons/day). The majority of the boilers are used for heating or process steam. About 231
of the boilers are fired with gaseous fuels (mostly natural gas) with NOx emissions of 1,470 tons/year (4
tons/day). There are 64 boilers fired on various types of fuel oil (mostly distillate) with NOx emissions of
1,014 tons/year (2.8 tons/day). Two boilers that are fired on wood emit 6 tons/year (0.02 tons/day).
The emissions associated with boilers are generally included in the “other point sources” category of the
2008 NOx emission inventory which is about 18.4 tons/day or about 5% of the NOx emissions in the 9-
county NAA.

There are ten of the coal-fired boilers that were removed from this analysis because the 2010/2011
Regional Haze regulatory process resulted in significant NOx emission reductions on the following units:

Arapahoe Unit 3: shutdown no later than 12/31/2013

Arapahoe Unit 4: conversion to peaking unit w/natural gas no later than 12/31/2014
Colorado-Golden Energy Unit 4: low NOx burners w/over-fire air (LNB w/OFA)
Colorado-Golden Energy Unit 5: LNB w/OFA with selective non-catalytic reduction
Cherokee Units 1, 2, and 3: shutdown no later than 12/31/2016

Cherokee Unit 4: conversion to natural gas operation by 12/31/2017

Rawhide Unit 1: enhanced combustion controls

Valmont Unit 5: shutdown no later than 12/31/2017

The Regional Haze controls for these units will result in about 13,876 tons/year (38 tons/day) NOx
emission reduction that will be realized by 2018.

Generally, boilers are categorized by fuel type because of differences in the emissions, which is
indicated by the EPA Compilation of Air Pollutant Emission Factors which lists emission rates of 20 to 55
pounds of NOx per thousand gallons of fuel oil* and 100 to 280 pounds of NOx per million standard

! AP-42, Volume 1, Fifth Edition, Chapter 1 — External Combustion Sources, Table 1.3-1 Criteria Pollutant Emission
Factors for Fuel Oil Combustion, NOx emission factor range involves various grades of fuel oil and firing
configurations on uncontrolled boilers.
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cubic foot of natural gas®. For purposes of directly comparing the two fuel types, both are converted to
pounds of NOx per million British thermal unit (Ibs/MMBtu) resulting in the following:

AP-42 NOx emission rates for Fuel Oil*: 0.14 - 0.40 Ibs/MMBtu
AP-42 NOx emission rates for Natural Gas®: 0.10 - 0.28 Ibs/MMBtu

The above conversion generally indicates that most boilers firing natural gas have slightly lower NOx
emission rates than boilers firing fuel oil, although firing configuration (e.g. tangential, wall etc), burner
design and a number of other factors can affect the actual NOx emission rates.

Another consideration is the size of the boiler (design heat rate) which can affect combustion
characteristics and the associated NOx emission rates. Several EPA New Source Performance Standards
(NSPS) are distinguished by boiler heat input including 40 CFR Part 60 Subpart Da (>250 MMBtu/hr);
Subpart Db (>100 to 250 MMBtu/hr); and Subpart Dc (= 10 to 100). Based upon these considerations,
this analysis will focus on natural gas and fuel oil fired boilers that are divided by design capacity into the
following groups:

(1) Natural Gas-fired Boilers >250 MMBtu,

(2) Natural Gas-fired Boilers >100 to 250 MMBtu,

(3) Natural Gas-fired Boilers =10 to 100 MMBtu,

(4) Natural Gas-fired Boilers <10 MMBtu,

(5) Fuel Oil-fired Boilers >250 MMBtu,

(6) Fuel Qil-fired Boilers >100 to 250 MMBtu,

(7) Fuel Qil-fired Boilers =10 to 100 MMBtu,

(8) Fuel Qil-fired Boilers <10 MMBtu

(9) Other Natural Gas-Fired Boilers of Unknown Design Capacity
(10) Other Fuel Oil-fired Boilers of Unknown Design Capacity

This strategy examines the amount of NOx emission reduction associated with hypothetically applying a
lower NOx emission limit retroactively on the above listed categories of boilers. To ascertain the
number of boilers affected by this strategy, a detailed case-by-case analysis of each boiler in necessary
to determine compliance with any proposed standard. For those boilers identified above any proposed
standard, some boilers may require operational changes, the addition of pre/post combustion emission
controls or complete boiler replacement. This analysis does not provide any estimated air quality
benefits as such an analysis would be a significant undertaking to determine the current permitted
emission limits for up to 297 boilers to compare against any proposed hypothetical standard.

The below table summarizes the number of boilers and NOx emissions in the 9-county NAA based on the
2010 Air Pollution Emission Notice (APEN) database.

2 AP-42, Volume 1, Fifth Edition, Chapter 1 — External Combustion Sources, Table 1.4-1 Emission Factors For
Nitrogen Oxides (NOx) and Carbon Monoxide (CO) From Natural Gas Combustion, NOx emission factor range
involves various sizes of uncontrolled boilers and firing configurations.

¥ Assume 1 gallon of heating oil or diesel fuel has an energy content of about 139,000 Btu
* Assume 1 cubic foot of natural gas has an energy content of about 1,020 Btu
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Table 1: Summary of Boilers in 9-County NAA by fuel type and design capacity
Boiler Fuel Boiler Size Num_ber of NOx Emissions NOx Emissions
[MMBtu] Boilers [tons/year] [tons/day]
1 Natural Gas >250 6 163.3 0.45
2 Natural Gas >100 to 250 12 336.3 0.92
3 Natural Gas =10 to 100 104 503.1 1.38
4 Natural Gas <10 55 115.0 0.32
5 Fuel Oil >250 285.7 0.78
6 Fuel Oil >100 to 250 7 415.9 1.14
7 Fuel Oil =10 to 100 43 228.0 0.62
8 Fuel Oil <10 3 1.0 0.003
9 Natural Gas unknown 54 352.6 0.97
10 Fuel Qil unknown 8 83.4 0.23
Totals Natural Gas, Fuel Oil & Wood* all 297 2490.3 6.8

*Note: The two wood fired boilers are included in “Totals” row but not in any of the ten listed categories

Based on the direction of the RAQC Other Point and Energy Subcommittee, there are four categories of

boilers (highlighted above in yellow) indentified for more detailed evaluation of potential NOx controls.

The remaining six categories of boilers are not being evaluated at this time, except for some boilers from

the “unknown” design capacity category that exceed a 25 tons/year threshold that are described below.

A more detailed screening of the above source groupings (highlighted in yellow — 29 sources) revealed

several sources with multiple boilers listed under a single unit ID, thus the actual number of boilers is 40

but 12 were dropped because of emissions under 25 tons/year. The Division also added additional eleven

boilers (over 25 tpy) that were identified from the above “unknown boiler size” source category.

Consequently, the below table lists the 17 boilers (representing 487 tpy) being evaluated and identifies

that the other 22 boilers (representing 805 tpy) are being reviewed under a separate technical analysis.

Table 2: Summary of Boiler Sources over 25 tpy in 9-County NAA

Facility Name County (ﬂ%ﬁ:& Review Paper/Status m—m ]ns
Eastman Kodak, Co Weld 6 Addressed in #10 216.4
Public Service Co. - Denver Steam Plant Denver 2 Addressed in #10 167.8
Carestream Health, Inc. Weld 2 Addressed in #10 133.4
CSU-Facility Services Larimer 7 Addressed in #10 127.8
Suncor Energy — Denver Refinery Adams 3 Addressed in #10 911
Colorado-Golden Energy Corp. Jefferson 2 #22 78.8
Public Service Co. - Zuni Plant Denver 3 #22 774
Anheuser Busch, Inc Larimer 1 #22 73.9
Univ. Colorado - Buffalo Power Boulder 2 Addressed in #10 68.3
Front Range Energy, LLC Weld 1 #22 61.6
Adams Mark Hotel Denver 3 #22 545
Univ. Colorado — Health Sciences Center Denver 1 #22 45.0
International Business Machines (IBM) Boulder 4 #22 50.6
Metal Container Corp. Weld 2 #22 45.0
Totals: 39 1,292
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Almost all the originally identified sources burning fuel oil are actually dual fueled with the primary fuel
being natural gas and distillate fuel as the backup fuel.

Preliminary sense of anticipated costs:

The evaluation of emission control costs on boilers requires a case-by-case analysis. During the Regional
Haze rulemaking process, the Division acquired some NOx control cost data® on small utility size boilers,
but only three of the above listed boilers exceed the small utility boiler threshold and none are coal
fired. Most of the current boiler NOx control cost information from EPA and nearby States is associated
with coal-fired “utility size” boilers. However, in 2008, the Western Regional Air Partnership (WRAP)
commissioned a cost analysis study of several source categories, including smaller industrial boilers, for
the western states.

The cost of emission control depends on the type of NOx control and the number of affected boilers.
Since neither is known, the follow table provides the available NOx controls, expected control
efficiencies and cost effectiveness for Industrial Boilers®:

Fuel Type NOx Control Technology Estimated Ccig/\ot]rol Efficiency Cost IE[gft(;cL\ieness

Low NOXx Burners (LNB) 40 $412-$7,075

LNB w/OQver-fire Air (OFA) 30-50 $412-$7,075

Fuel Ol Eﬁf.ﬁﬁﬁi@??ggé?e oee 30-% $439-36,689
?seri%éi)ve Non-Catalytic Reduction 30-75 $412-$7.075

Selective Catalytic Reduction (SCR) 40-90 $1,022-$24,944

LNB 40 $412-$7,075

LNB w/OFA 40-60 $412-$7,075

Natural Gas | LNB w/OFA and FGR 40-80 $439-$6,689
SNCR 30-75 $412-$7,075

SCR 70-90 $1,022-$24,944

Additional technical analysis needed to refine benefits/costs estimates:

Depending on which category or categories of boilers might be considered for emission standards that
presumably would apply retroactively, each boiler would need a case-by-case analysis to determine
compliance with the proposed level of the NOx emission standard. Those boilers not in compliance
would need to be evaluated for additional retrofit controls or perhaps complete boiler replacement.

Implementation feasibility:

> Mostly on coal-fired boilers over 500 MMBtu/hour or about 50 MW

® Emission Control Cost Report entitled “Supplementary Information for Four Factor Analyses by WRAP States”
prepared for Western Regional Air Partnership (WRAP) by contract with EC/R Incorporated, dated May 4, 2009
(Corrected 4/20/10), Table 6-3: Estimated Costs for Control for Industrial Boilers.
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The AQCC has the authority to require the implementation of boiler emission standards, although the
NOx emission reduction would be difficult to quantify without significant engineering analysis.

Demonstrated ability to take "SIP Credit" for the measure:

Any Air Quality Control Commission approved regulations and associated controls on impacted sources
(boilers) would need to be supported by engineering calculations based on control efficiencies,
throughput etc. and would need to meet EPA criteria for SIP Credit.

Likelihood that measure could be in place in time for SIP inclusion (approx 2015):

Depending on the number of boilers affected and availability of equipment suppliers and installers,
some portion of boilers could meet the 2015 date.

Preliminary Assessment of Co-benefits:

Unknown at this time.

Other Considerations/Comments:

The EPA issued final rules for industrial, commercial and institutional boilers on March 21, 2011 (see 76
FR 15554) with a delay in the effective date pending the complete reconsideration or judicial review,
whichever is earlier (see 76 FR 28662). Even though it is unclear as to the final outcome of this
rulemaking, it is likely that some sort of basic periodic inspection and maintenance activities (e.g. tune-
up), referred to as “work practice or management practice standards” in the regulation, is likely to be
required for most boilers. Periodic boiler “tune-ups” may result in more efficient operation, which may
have a beneficial impact on reducing NOx emissions. The amount of NOx reduction is unknown.
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