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Executive Summary

Rule 1146.2 – Emissions of Oxides of Nitrogen from Large Water Heaters and Small Boilers was adopted on January 9, 1998.  Rule 1146.2 establishes NOx emission limits for large water heaters and small boilers ranging from 75,000 British thermal units per hour (Btu/hr) up to and including 2 million (MM) Btu/hr.  In addition to emission limits, Rule 1146.2 requires that staff, in cooperation with industry and members of the public, continue to evaluate specific aspects of the rule and to conduct an implementation study 18 months before various rule compliance dates.

To date, two implementation studies have been completed.  In July 1999, AQMD finalized an implementation study (Phase I Implementation Study) for new units greater than or equal to 75,000 Btu/hr and less than or equal to 0.4 MM Btu/hr.  A second study (Phase II Implementation Study) addressing retrofit units greater than 1 MM Btu/hr and less than or equal to 2 MM Btu/hr was completed in December 2000.  The purpose of this third and final implementation study (Phase III Implementation Study) is to fulfill the evaluation requirements of Rule 1146.2 for retrofit units greater than 0.4 MM Btu/hr and less than or equal to 1 MM Btu/hr.  Emission requirements for the units in this size range are effective in January 2006.  The rule requires the manufacturer to certify new equipment to meet the emission standards thereby alleviating the end user from having to independently verify the equipment will meet the emissions standards.  For retrofitting equipment, it was anticipated that equipment manufacturer's or suppliers would certify retrofit kits for popular types of units to provide an easy way to retrofit existing equipment and extend the life of the unit, while meeting rule limits without source tests for each individual unit.

The study includes the following eight elements:

1. Review of Available and Potential Low-NOx Burner and Boilers

2. Cost Differential Between Standard Units and Low-NOx Units

3. Potential Fuel Savings From Low-NOx Units

4. Certification and Related Standards Including Safety

5. Emissions for a Typical Unit

6. Appropriate Fuel Use Exemption

7. Timing of the Proposed Retrofit Requirements

8. Cost-Effectiveness and Cost Impacts on Selected Industries and Small Businesses.

Study Approach

A Working Group, comprised of manufacturers, end-users, utilities, and other interested parties, was convened to provide input and guidance to AQMD staff regarding the development of the Phase III Implementation Study.  Appendix A is a list of Working Group members.  Beginning in October 2003, the Working Group met two times during the development of the Phase III Study.  AQMD staff consulted with the Working Group regarding the study approach, assumptions, and information collected.

A variety of data was used to assess the eight study elements.  Data collected and analyzed for the 1998 Rule 1146.2 Staff Report was used as a basis for the study.  In addition, surveys after the rule adoption have been taken with boiler manufacturers, burner manufacturers, and companies involved with boiler sales and service.  Information provided by the Southern California Gas Company (Gas Company) was also used.  Manufacturers and service representatives were also contacted for this study.

Summary of Study Results

Since Rule 1146.2 was adopted in January 1998, manufacturers have been producing compliant new units and certifying these units through the Rule 1146.2 Certification Program.  For new units greater than 0.4 MM Btu/hr and less than 1 MM Btu/hr, approximately 20 manufacturers have certified over 170 different models.  The range of NOx emissions spans from 4 ppm up to 29 ppm with an average of 17 ppm for the units source tested and certified by the District.  Two-thirds of the equipment is 20 ppm or below.  Based on results from a 2003 survey conducted for the Phase III Implementation Study, 88 new low-NOx units from 12 manufacturers are capable of meeting Rule 1146.2 emission limits, but have not yet applied for certification with the District.  

When Rule 1146.2 was adopted, it was envisioned that retrofit kits would be widely available.  This would provide emission reductions while extending the useful life of existing equipment.  For equipment in Phase III (0.4 MM Btu/hr - 1 MM Btu/hr) as well as Phase II (1 MM Btu/hr - 2MM Btu/hr), the availability of retrofits did not develop as expected, since only one manufacturer has received retrofit certification for their own product line.  Only one original equipment manufacturer has retrofitted more than ten of its units greater than 0.4 and less than or equal to 1 MM Btu/hr with low-NOx burners and has certified low NOx burners for retrofit only in its complete product line.  To date, no "universal" retrofits have been certified at the boiler/water heater/process heater model or family level.  Based on information submitted for the 2003 survey, 19 retrofit burners from 12 manufacturers are capable of meeting Rule 1146.2 emission limits; although no certification applications have yet been received from any other manufacturer, except the one mentioned earlier.  This poses a situation where companies would have to replace their existing equipment with new equipment when their existing equipment may still have some useful life, unless they have equipment from the one manufacturer who offers retrofits.

The costs for new low-NOx units and low-NOx retrofit burners were evaluated as part of the Phase III Implementation Study.  Based on 2003 survey information, the average cost differential between a standard and a new low-NOx unit is approximately $630.  A new low-NOx unit average cost is ~$9,800.  The estimated cost to retrofit an existing standard unit to low-NOx operation is $4,000 to $20,200.  The average retrofit cost is $8,900, which excludes one data outlier.  The cost-effectiveness for replacement units is expected to range from a savings of $3,600 to a cost of $5,400 per ton and for retrofits is expected to range between $1,000 and $23,900 per ton of NOx reduced, for units of 0.4 to 1 MM Btu per hour.  The upper end of the range is for the smallest units, many of which are expected to be below the therm limit and, therefore, not required to meet the 30 ppm NOx limit.  Emission reductions per unit range from 70 to 210 pounds of NOx per year, a 70 to 80 percent reduction.

Conclusions

Based on the findings of the Implementation Study, staff recommends initiating rule development to explore replacing the NOx 30 ppm replacement or retrofit standard with a 20 ppm requirement for new equipment and potentially a requirement to replace existing equipment at the end of a 10-year life.  The preliminary estimate of NOx emission impacts are listed below:




	
	Yr 2005
	Yr 2006
	Yr 2007
	Yr 2008
	Yr 2009

	Emission Forgone
	0.7 TPD
	0.8 TPD
	0.5 TPD
	0.2 TPD
	      0


Introduction

Rule 1146.2 – Emissions of Oxides of Nitrogen from Large Water Heaters and Small Boilers, was adopted by the AQMD Governing Board on January 9, 1998.  Rule 1146.2 establishes NOx emission limits for large water heaters and small boilers ranging from 75,000 British Thermal Units per hour (Btu/hr) up to and including 2 million (MM) Btu/hour heat input.  Commercial/industrial boilers and hot water heaters in this size range predominantly burn natural gas and are used to heat water and steam for a variety of industrial uses.

Rule 1146.2 requires that staff, in cooperation with industry and members of the public, continue to evaluate specific aspects of the rule for the following categories:  new units (greater than or equal to 75,000 Btu/hr and less than or equal to 0.4 MM Btu/hr), new and retrofit units (greater than 0.4 MM Btu/hr and less than or equal to 1 MM Btu/hr), and new and retrofit units (greater than 1 MM Btu/hr and less than or equal to 2 MM Btu/hr).  The rule requires that evaluations be completed eighteen months prior to the applicable compliance dates for these three categories.  In July 1999, AQMD finalized an implementation study (Phase I Implementation Study) for new units greater than or equal to 75,000 Btu/hr and less than or equal to 0.4 MM Btu/hr.  A second study (Phase II Implementation Study) addressing new and retrofit units greater than 1 MM Btu/hr and less than or equal to 2 MM Btu/hr was completed in December 2000.  The purpose of this third and final implementation study (Phase III Implementation Study) is to fulfill the evaluation requirements of Rule 1146.2 for new and retrofit units greater than 0.4 MM Btu/hr and less than or equal to 1 MM Btu/hr.

Background

Based on 1999 data from the Gas Company, who routinely obtain equipment information from equipment utilizing natural gas from their customer base, it is estimated that there are approximately 15,500 units greater than 0.4 MM Btu/hr and less than or equal to 1 MM Btu/hr in the South Coast Air Quality Management District using more than 9,000 therms of natural gas per year.  The population estimate should be viewed as an upper range because units in this size range are not subject to permitting requirements and there is minimal data available to confirm the number of units which would be exempt from emission limits.  Estimated baseline NOx from these units ranges from approximately 775 to 2,000 tons per year (2.1 to 5.5 tons per day).  Implementation of Rule 1146.2 requirements described in the following section is expected to result in NOx emission reductions of 570 to 1,620 tons per year (1.6 to 4.4 tons per day).  The 2003 AQMP's total NOx emission reduction for this rule is approximately seven tons per day in the year 2010.

Rule Requirements

Under Rule 1146.2, water heaters or boilers greater than 0.4 MM Btu/hr and less than or equal to 1 MM Btu/hr for which annual fuel usage is greater than or equal to 9,000 therms must meet an emission limit of 30 parts per million (ppm) of NOx and 400 ppm of CO, both measured at 3 percent oxygen.  Compliance dates for emission limitations are based on the date of equipment manufacture.  For new units, the Rule 1146.2 emission limits are applicable to all units manufactured on or after January 1, 2000 for units greater than 0.4 MM Btu/hr or January 1, 2001 for units 75,000 Btu/hr up to and including 0.4 MM Btu/hr.  In-use units manufactured prior to January 1, 2000 must meet Rule 1146.2 emission limits by January 1, 2006.  In-use units may be modified (retrofitted) or replaced to meet rule requirements.

Rule 1146.2 establishes a process for certifying new units and retrofits complying with emission limits.  AQMD has developed a certification program (Rule 1146.2 Certification Program) through which manufacturers submit documentation, including source reports, to AQMD to demonstrate compliance with Rule 1146.2 emission limits.

Units used in recreational vehicles, mobile homes, or RECLAIM facilities are exempt from the requirements of Rule 1146.2.  Under paragraph (c)(5), Rule 1146.2 also provides an exemption from requirements for in-use units for residential units and units demonstrated to use less than 9,000 therms of natural gas during every calendar year beginning with 2005 for units greater than 0.4 MM Btu/hr and less than or equal to 1 MM Btu/hr.

As described previously, units greater than 0.4 MM Btu/hr and less than or equal to 1 MM Btu/hr are not subject to AQMD permitting or registration requirements.  As a result, it has been a challenge to develop population estimates for units in this size range, as well as to estimate the number of units using less than 9,000 therms of natural gas.

Other Air District Requirements

In 1999, Ventura County Air Pollution Control District (APCD) adopted Rule 74.11.1 which applies to only new water heaters, boilers, steam generators, or process heaters with rated heat input capacities greater than 75,000 Btu/hr and less than 2 MM Btu/hr.  Rule 74.15.1 was adopted on May 11, 1993, with the latest revision on June 13, 2000 and applies to new and retrofit boilers, steam generators, and process heaters rated equal to or greater than 1 MM Btu/hr up to and less than 5 MM Btu/hr.

Rule 74.11.1 requires new units with rated heat input capacities of greater than 0.4 MM Btu/hr and less than or equal to 2 MM Btu/hr sold after December 31, 1999 and new units greater than 75,000 Btu/hr up to and including 0.4 MM Btu/hr sold after December 31, 2000 to meet a NOx emission limit of 30 ppm at 3 percent oxygen and a CO emission limit of 400 ppm at 3 percent oxygen.  Unlike Rule 1146.2, Rule 74.11.1 does not include an exemption from the NOx and CO emission limits for units with low annual fuel usage.  The Ventura County APCD Rule 74.11.1 does not require retrofits and does not specify a useful life for requiring replacements, but their Rule 74.15.1 does require retrofit for in-use or new units equal to or greater than 1 MM Btu/hr up to and less than 5 MM Btu/hr.

Study Elements

Rule 1146.2 subdivision (i) requires that staff, in cooperation with industry and members of the public, evaluate specific aspects of the rule.  Staff is required to report back to the AQMD Governing Board at least 18 months prior to the effective date of certain requirements.  This phase of the implementation study includes retrofit units 0.4 to 1 MM Btu/hr and specifically identifies the elements required in the rule, which are listed below:

1. Review of Available and Potential Low-NOx Burners and Boilers

2. Cost Differential Between Standard Units and Low-NOx Units

3. Potential Fuel Savings From Low-NOx Units

4. Certification and Related Standards Including Safety

5. Emissions for a Typical Unit

6. Appropriate Fuel Use Exemption

7. Timing of the Proposed Retrofit Requirements

8. Cost-Effectiveness and Cost Impacts on Selected Industries and Small Businesses

Working Group

The Rule 1146.2 Phase III Implementation Study Working Group consists of manufacturers and their associations, distributors, end-user associations, and industry representatives.  The purpose of the Working Group is to provide input to the AQMD staff regarding the development of the Phase III Implementation Study.  Over the course of developing the Phase III Implementation Study, the Working Group met two times, beginning in October 2003.  AQMD staff consulted with the Working Group regarding the study approach, assumptions, and information collected.  Appendix A is a list of Working Group members.

Data and Resources Used

During the Phase III Implementation Study, a variety of resources were used to assess the eight study elements.  Data collected and analyzed for the 1998 Rule 1146.2 Staff Report was used as one source of information for the study.  Through the Phase III Implementation Study Working Group, boiler data was obtained from Southern California Gas Company (Gas Company).  In addition, surveys have been taken with boiler manufacturers, burner manufacturers, and companies involved with boiler sales and service.  Manufacturers and service representatives were also contacted for this study.  Resources used in the Phase III Implementation Study are summarized below.

1998 Rule 1146.2 Survey

During the development of Rule 1146.2 in 1997-1998, the following secondary data sources were researched:  permit and other AQMD data sources, surrogate estimation models, focus meetings with several local manufacturers and the Gas Company, and trade and academic publications.  A statistical survey sampling approach (survey) was used to estimate the number of sources and their emissions. This sampling survey used a physical, random sampling quadrant based approach.  Based on the survey approach there are an estimated 22,000, units greater than 0.4 and less than or equal to 1 MM Btu/hr.  The population mean capacity factor was estimated at 21.5%.  The capacity factor represents the fraction of fuel actually burned or consumed by a unit in a year compared to the theoretical maximum amount of fuel that a unit could use in a year, with the latter amount calculated by assuming the unit operates and burns fuel continuously at its rated capacity.
2003 Survey

A survey with boiler and water heater manufacturers, burner manufacturers, and service and equipment installers was conducted during the summer and fall of 2003.  These surveys were taken to gather information regarding the low-NOx technologies that can meet the 30 ppm NOx emission limit and the cost of these technologies.  An initial survey was mailed in July 2003 to 71 boiler, water heater, and process heater manufacturers and companies involved with sales/installation/service of these units.  The survey contact list consisted of entities contacted during previous Rule 1146.2 activities (e.g., rule development, working groups, and implementation study development), as well as entities identified through an internet search.  A follow-up survey was mailed in September 2003 to 54 companies which did not respond to the July 2003 survey.  The survey cover letter and survey form are included in this report as Appendix B.

Overall, the survey resulted in submittal of 24 completed survey forms from boiler/water heater/process heater manufacturers, burner manufacturers, and sales/service companies, of which 18 were usable (18 / 71 ≈ 25 percent).  Usable responses included those from companies which:  (1) produce units or burners between 0.4 and 1 MM Btu/hr; (2) did not submit duplicate product information submitted by other entities; and (3) supplied complete answers to survey questions.  Out of the usable responses submitted, data for 102 new units and 20 retrofit burners were evaluated by AQMD staff.

Other Sources of Data

In 1999, the Gas Company, who routinely obtain equipment information from equipment utilizing natural gas from their customer base, provided AQMD staff with data on gas-fired boilers and water heaters used in the Basin.  This data included the number of units, gas usage per unit, unit size, age, standard industrial classification codes, and the type of unit (hot water, steam, space heating, etc).  The information in the databases was based on data collected by the Gas Company and on-site surveys.  This information was used to estimate the number of units greater than 0.4 and less than or equal to 1 MM Btu/hr.  Based on the 1999 Gas Company data, there are an estimated 15,500 units greater than 0.4 and less than or equal to 1 MM Btu/hr using more than 9,000 therms of natural gas per year.

In 2003, as part of the Phase III Implementation Study Working Group, the Gas Company provided two data sets for units between 0.4 and 1 MM Btu/hr, consisting of:  (1) small boiler populations for select standard industrial classification (SIC) codes; and (2) boiler information by Gas Company account.

Study Applicability and Objectives

This portion of the Rule 1146.2 Phase III Implementation Study applies to existing units greater than 0.4 MM Btu per hour and less than or equal to 1 MM Btu per hour that use more than 9,000 therms of natural gas per year.  Under Rule 1146.2, facility owners and operators have the option of retrofitting their unit by replacing the existing burner with a low-NOx burner or replacing the entire boiler or water heater with a new low-NOx unit.  Although the study scope based on Rule 1146.2 subdivision (i) specifies retrofits, information on new units is also provided since sources have the option of either retrofitting or replacing existing units to meet the 30 ppm NOx emission limit.  In addition, Rule 1146.2 subdivision (i) specifies a “review of available and potential low NOx boilers and burners.”  The Phase III Implementation Study also includes a comparison between low-NOx and standard units, without excluding new units.  As a result, information and data collected for this study phase was collected for new and retrofit equipment.  The following discusses the results of the Phase III Implementation Study including a comparison to estimates included in the 1998 Rule 1146.2 Staff Report, where applicable, for the eight study elements.

Element 1:
Review of Available and Potential Low-NOx Boilers and Burners

New and retrofit technologies that can meet the 30 ppm NOx and 400 ppm CO limits were assessed for the Phase III Implementation Study.  Most low-NOx boiler designs generally use forced draft, premixed combustion air with a metal or ceramic burner.  There are two general designs:  forced draft low-NOx and power premix.  In the forced draft low-NOx burner, air and fuel are delivered separately to the burner.  Inside the burner, the combustion process is controlled to provide for good mixing and complete combustion to limit the amount of air immediately adjacent to the flame.  This lowers peak temperature without compromising combustion integrity as sufficient air is available to completely burn all of the natural gas.

In the power premix design, air and fuel are mixed external to the boiler.  A fan is used to push air into the unit and the gas is mixed in the air pipe upstream of the burner.  The combined air and fuel mixture is then combusted on a porous substrate, such as metal or ceramic matrix or a perforated ceramic tile that acts as a burner and serves to hold and stabilize the flame.  This design controls the amount of air in the mixture by distributing the flame more broadly across a surface.

New Units

Under Rule 1146.2, all new boilers and water heaters greater than 0.4 MM Btu/hr sold on or after January 1, 2000 and those 75,000 Btu/hr up to and including 0.4 MM Btu/hr sold on or after January 1, 2001 are required to meet a NOx emission limit of 30 ppm and a CO emission limit of 400 ppm.  As a result, manufacturers have been producing compliant new units and certifying these units through the Rule 1146.2 Certification Program.  For new units greater than 0.4 MM Btu/hr and less than 1 MM Btu/hr, approximately 20 manufacturers have certified over 170 different models.  The range of NOx emissions spans from 4 ppm up to 29 ppm with an average of 17 ppm for the units source tested and certified by the District.  Two-thirds of the equipment is 20 ppm or below.

Based on information submitted for the 2003 survey, 88 new units from 12 manufacturers are capable of meeting Rule 1146.2 emission limits, but have not yet applied for certification with the District.  

Retrofit Burners

When Rule 1146.2 was originally adopted in 1998, retrofit requirements were justified on the following grounds:  (1) retrofits have already been required (1 to 5 MM Btu/hr) in Ventura County under their Rule 74.15.1; (2) companies in the Basin have also retrofit for operational considerations; (3) the technology for retrofits already exists, has been demonstrated for several years, and has been documented to reduce fuel usage, on a case by case basis; and (4) absent a retrofit program, emission reductions could not be captured in a timely fashion.  

Manufacturers and sales and service companies were contacted in summer and fall 2003 to gather information on the availability of low-NOx burners for retrofit units.  Based on information from boiler and burner manufacturers and sales and service representatives, there are a number of retrofit burners capable of meeting the 30 ppm NOx and 400 ppm CO emission limits.  One original equipment manufacturer (OEM) has retrofitted more than ten of its units greater than 0.4 and less than or equal to 1 MM Btu/hr with low-NOx burners and has certified low NOx burners for retrofit only in its complete product line.  These retrofits have been approved through the Rule 1146.2 Certification Program.  To date, no OEM has certified "universal" retrofits at the boiler/water heater/process heater model or family level.  As mentioned, only one manufacturer has retrofitted several of its units between 0.4 and 1 MM Btu/hr and certified these retrofits under the Rule 1146.2 Certification Program, as well as their product lines between 1 MM Btu/hr through 2 MM Btu/hr.

Based on information submitted for the 2003 survey, 19 retrofit burners from 12 manufacturers are capable of meeting Rule 1146.2 emission limits; although no applications for certification have yet been received from any other manufacturer, except the one mentioned earlier.  As described previously, one of these manufacturers, which is also an OEM, has retrofitted existing units to low-NOx operation under the Rule 1146.2 Certification Program for only their product line that spans the 75,000 Btu/hr through 2 MM Btu/hr equipment range..  

Based on data from the Rule 1146.2 Certification Program, retrofits of units between 0.4 and 1 MM Btu/hr have not occurred at a high rate.  It is possible that retrofits may be certified before January 2006; ultimately, it is impossible to determine at this time that retrofits will be used to comply with Rule 1146.2 requirements for equipment in this size range.  No retrofits have been certified by the District for the January 1, 2005 deadline, which applies to greater than 1 MM Btu/hr up to and including 2 MM Btu/hr equipment manufactured from 1992 to 1999, except for the one company mentioned earlier.  The rule requires that the retrofit kits or any new equipment be submitted to the District for certification review at least 120 days prior to the anticipated sale of the equipment.  There are no other requirements for the timing of when new or retrofit equipment must be certified other than what was stated before.

Findings

Rule 1146.2 requires owners of in-use units between 0.4 and 1 MM Btu/hr manufactured prior to January 1, 2000 to comply with the 30 ppm NOx and 400 ppm CO emission limits, effective January 1, 2006.  Replacing an existing boiler with a new boiler, rather than retrofitting, is a compliance option.  Rule 1146.2-compliant new boilers are commonly available.  With the exception of one manufacturer receiving certification for their own product line, no applications have been submitted to certify retrofit burner kits.  Twelve surveyed OEM and burner manufacturers have indicated that they currently manufacture retrofit low-NOx burners that can achieve rule emission limits; however, no applications for certification for a "universal" retrofit kit have been submitted.  Phase II, addressing retrofit units greater than 1 MM Btu/hr and less than or equal to 2 MM Btu/hr manufactured between 1992 and 1999 are scheduled for a January 1, 2005 compliance date, but no retrofit kits for Phase II units have been certified by the District, with the exception of the one manufacturer for their product line only.  Therefore, staff is recommending a rule change because retrofits are not commonly available, which would result in many facilities replacing equipment that may have additional useful life left.

Element 2:
Cost Differential Between Standard Units and Low-NOx Units

New Unit Costs

The 2003 survey requested that manufacturers and distributors provide cost data on new units and retrofit burners.  For new units, cost data for all products was requested, along with corresponding NOx and CO emission levels.  The data analysis considers units and burners reported to meet the Rule 1146.2 emissions limits as low-NOx units and those not meeting both the NOx and CO limits as standard units.  This approach differs from that taken in the Phase II Implementation Study, in which manufacturers and distributors were specifically asked for cost data for standard and comparable low-NOx units.

New unit costs are divided into two subcategories:  1) cost of a new unit; and 2) cost differential of standard units (not compliant with Rule 1146.2 emission limits) and low-NOx units (compliant with Rule 1146.2 emission limits).  For retrofit units, cost estimates consist of the installed cost of the low-NOx burner.

There were nine survey responses from five manufacturers for standard units for which cost data, such as capital cost of equipment, estimated installation costs, cost for shipping, labor costs, and sales taxes, were provided.  There were 33 low-NOx units from 15 manufacturers for which cost data, as well as NOx and carbon monoxide (CO) emission levels, were provided.  The cost differential between these units is summarized in Table 1, below.  These cost estimates represent the cost of the new unit and do not include installation costs.  Installation costs are included in the cost-effectiveness analysis below.  

For a new standard unit (a standard burner with NOx emissions generally greater than 30 ppm NOx) the cost ranges between $3,500 and $15,000, with an average price of approximately $9,200.  For a new low-NOx unit (a low-NOx burner with NOx emissions less than 30 ppm of NOx) the cost ranges between $3,000 and $20,000, with an average price of approximately $9,800.  Averages are based on the mean (summing all data points within each equipment type and dividing by the total number of data points).

The mean cost differential for a new standard unit compared to a new low-NOx unit is approximately $630.  The difference between cost ranges varies from between $500 more to $5,000 less for a new standard unit versus a new low-NOx unit.

Table 1
Current Cost Data for New Units Between 0.4 and 1 MM Btu/hr1
	Equipment Type
	Range
	Average2

	Cost of New Standard Unit
	$3,500 - $15,000
	$9,200

	Cost of New Low-NOx Unit
	$3,000 - $20,000
	$9,800

	Additional Cost to Purchase Low-NOx Units (Versus Standard Units)3
	$480 less - $5,000 more
	$630


1
Installation costs not included.

2
Average based on all cost estimate data points obtained.  

3
Based on cost estimates for new standard units (not compliant with Rule 1146.2 emission limits) and new low-NOx units (compliant with Rule 1146.2 emission limits) provided in survey responses.

Table 2 provides a summary of current and 1998 Rule Staff Report cost estimates for standard units and low-NOx units.


Table 2
Comparison of 1998 Staff Report with 2003 Survey Results 
(Standard and Low-NOx Units)

	Equipment Type (0.4 – 1.0 MM Btu/hr)
	1998 Staff Report Range
	2003 Survey Data Range

	Cost of New Standard Unit
	$6,000 - $15,000
	$3,500 - $15,000

	Cost of New Low-NOx Unit
	$6,000 - $20,000
	$3,000 - $20,000

	Additional Cost to Purchase Low-NOx Units (Versus Standard Units)
	$0 - $5,000 more
	$480 less - $5,000 more


Based on current data collected from manufacturers and distributors, Figures 1 and 2 provide a comparison of the cost differential between the current data and the 1998 estimates for standard and low-NOx units, respectively.  As shown in these figures, the current cost differential estimates primarily fall within the 1998 cost estimates.  Diamonds represent current cost estimates and dotted lines represent the range of cost estimates in the 1998 Staff Report.

Findings for New Units

Based on current cost estimates, the average cost differential to purchase a Rule 1146.2-compliant 0.4 to 1 MM Btu/hr unit is $500 less to $5,000 more than the higher emitting unit.  Current cost estimates are within the cost differential estimated in the 1998 Staff Report which ranges between $0 and $5,000 for units ranging from 0.4 to 1 MM Btu per hour.

Retrofit Costs

Survey results were used to obtain cost estimates for retrofits.  Cost data for 15 retrofit burners, representing 11 manufacturers and distributors, were obtained representing a variety of units from 0.4 to 1 MM Btu/hr.  The installed costs for retrofit burners, excluding costs associated with testing or safety inspections, ranges from $4,000 to $20,200 (average = $9,600, $8,900 excluding one outlier, as determined by a statistical analysis).  The 1998 Rule 1146.2 Staff Report provided a cost estimate for 0.4 to 1 MM Btu/hr retrofits of approximately $6,500 to $8,500.

Figure 3 shows installed costs for retrofit burners, as compared with the range of cost estimates from the 1998 Staff Report.  As shown in the figure, the majority of current retrofit cost estimates are distributed within the range of 1998 Staff Report estimates, with a smaller number higher than the 1998 Staff Report range.
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Figure 1.  Cost Comparison – New Standard Units
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Figure 2.  Cost Comparison – New Low-NOx Units
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Figure 3.  Cost Comparison – Retrofit Burners

Findings for Retrofit Units

Although current retrofit costs fall within the 1998 Staff Report ranges for retrofit costs, they also fall within the range of costs for new low-NOx units.  Staff recommends initiating rule making to change the rule to focus on replacement with new low NOx units rather than retrofit. 

Element 3:
Potential Fuel Savings from Low-NOx Units

Based on information gathered for units between 1 to 2 MM Btu/hr during the Phase II Implementation Study development process from equipment and burner manufacturers, end users, and installers, fuel savings of between 0 and 7 percent were estimated.  Based on input from the Phase III Implementation Study Working Group, from their experience with equipment currently in use, a fuel savings range of 0 to 7 percent was also assumed for the Phase III Implementation Study.

The 1998 Staff Report estimated a 10 percent efficiency gain for retrofits and replacement units.  Assumed fuel savings from low-NOx units for the Phase III Implementation Study are lower than fuel savings originally estimated in the 1998 Staff Report.

Findings

Based on input from the Phase III Implementation Study Working Group, fuel savings ranging from 0 to 7 percent have been assumed for the Phase III Implementation Study.

Element 4:
Certification and Related Standards, Including Safety

Under Rule 1146.2, manufacturers are required to certify that their new units meet the compliant NOx emission limit prior to offering the unit for sale.  The purpose of a certification is to reduce administrative requirements for end users of this equipment.  Individual permits and source tests are not required.  Under the Rule 1146.2 Equipment Certification Program, approximately 20 manufacturers have certified over 170 different low-NOx models in the 0.4 to 1 MM Btu/hr range.  In terms of retrofits, one OEM has retrofitted more than ten of its units greater than 0.4 and less than or equal to 1 MM Btu/hr with low-NOx burners.  These retrofits have been approved through the Rule 1146.2 Certification Program on a case-by-case basis.

Safety Issues

During the development of the Phase II Implementation Study, manufacturers expressed concern regarding third party retrofits on boilers.  Boiler manufacturers were concerned that they would be held liable if a safety issue arose from a third party retrofit.  It is not appropriate for AQMD to specify safety standards.  AQMD relies on other agencies, such as Underwriters Laboratories, to determine appropriate safety standards.  One end user advised the AQMD staff of boiler failures and other potentially unsafe incidents that they attributed to the retrofitting of their boilers subject to Rule 1146.1.  Specifically, these incidents were related to units where a third party retrofit burner had been installed.  End users, OEMs and the local gas utility recommended that safety considerations be taken into account when retrofitting boilers.  Contracts between equipment users and companies providing retrofits may help address concerns about liability.

The Phase III Implementation Study Working Group did not provide additional information regarding safety issues associated with retrofits of 0.4 to 1 MM Btu/hr units.  

Findings

AQMD relies on other agencies to determine appropriate safety standards.  No new information was provided by the Phase III Implementation Study Working Group and staff is not aware of any facts that would warrant changes to the rule related to certification or safety.
Element 5:
Emissions for a Typical Unit

Emissions for a typical unit are used to estimate the baseline emissions and the emission reductions under Rule 1146.2.  To estimate baseline and emission reductions for boilers and water heaters under Rule 1146.2, a combination of data collected by the AQMD staff and data provided by The Gas Company was used.  Gas Company data included the number of boilers, the connected load or boiler size, the capacity or load factor, and fuel usage.  In addition, The Gas Company also had information regarding the age and manufacturer for a portion of the units with usage information.

Assumptions used for the emission estimates are summarized in Table 3.  Based on data received from The Gas Company in 1999, there are approximately 15,500 boilers and water heaters in the 0.4 to 1 MM Btu/hr size range that are using more than 9,000 therms of gas per year.  Based on Gas Company data, the average connected load or size of these units is approximately 0.63 MM Btu/hr.  For purposes of this analysis, assumed unit sizes of 0.4 and 1.0 MM Btu/hr were used, rather than the average connected load value of 0.63 MM Btu/hr, to reflect the range of possible values.  The capacity or load factor is 21.5 percent, based on data collected for the 1998 Rule 1146.2 Staff Report.  The 1999 Gas Company data included a capacity factor of 27 percent for units in the 0.4 to 1 MM Btu/hr size range; however, for purposes of this analysis, the Rule 1146.2 Staff Report capacity factor of 21.5 percent was used because the Phase III Implementation Study Working Group agreed that it was an acceptable value.  Because use of the higher capacity factor would result in lower estimated costs per ton of NOx reduced, the calculated cost effectiveness values in this report should be considered as high estimates.  Also, the Rule 1146.2 Staff Report assumes a 10 percent efficiency improvement, resulting in an additional 10 percent NOx emissions benefit beyond the compliant emission factor.  This additional emissions benefit was not taken for the analysis conducted for the Rule 1146.2 Phase III Implementation Study.

Table 3
Assumptions Used for Emission Estimates

	Element
	1998 Rule Staff Report
	Implementation Study Assumption

	Baseline Emission Factor
	140 ppm or 0.17 lbs of NOx per MM Btu
	110 ppm or 0.136 lbs per MM Btu

	Compliant Emission Factor
	30 ppm or 0.037 lbs per MM Btu
	Range:

· 20 ppm or 0.024 lbs per MM Btu 

· 30 ppm or 0.037 lbs per MM Btu

	Efficiency Improvement
	10%
	0%

	Capacity or Load Factor
	21.5%
	21.5%


Baseline Emissions

The baseline emissions represent the existing uncontrolled emissions from the boiler or water heater.  For the Phase II Implementation Study, it was determined that the typical baseline emission factor for boilers between 1 and 2 MM Btu/hr can range from 110 ppm of NOx at 3 percent oxygen or 0.136 lbs of NOx per MM Btu to 140 ppm of NOx at 3 percent oxygen or 0.17 lbs of NOx per MM Btu.  The lower emission factor is based on over 60 emissions tests collected by Southern California Gas Company and emissions tests conducted at the University of California at Santa Barbara during the Type 1 Implementation Study for Rule 1146.2 for units between 1 and 2 MM Btu per hour.  The higher emission factor is based on the 1998 Rule 1146.2 Staff Report and boiler and water heater manufacturers' comments in the Committee meetings that 140 ppm was representative of typical emissions for existing units.

Based on data collected during rule development and previous implementation studies, the baseline emission factor for boilers between 0.4 and 1 MM Btu/hr is 110 ppm of NOx at 3 percent oxygen.  Emissions and cost analyses for the Phase III Implementation Study assume this emission factor for baseline NOx.  The use of the lower emission factor results in a smaller overall calculated emission benefit, which in turn, results in a calculated higher cost per ton of NOx reduced.

Based on this information and data, the typical baseline NOx emissions per unit ranges from approximately 100 to 260 pounds per year, calculated as follows:

Baseline Emissions = Unit Size (MM Btu/hr) * Baseline Emission Factor (lb/MM Btu) * Capacity Factor * Annual Hours

For a 0.4 MM Btu/hr Unit:

=   0.4 MM Btu/hr * 0.136 lb/MM Btu * 0.215 * 8,760 hours/yr 

≈   100 pounds/yr

For a 1.0 MM Btu/hr Unit:

=   1.0 MM Btu/hr * 0.136 lb/MM Btu * 0.215 * 8,760 hours/yr 

≈   260 pounds/yr

For comparison, if a baseline emission factor of 140 ppm of NOx at 3 percent oxygen is used, typical baseline emissions per unit ranges from approximately 130 to 320 pounds per year.

Assuming a baseline emission factor of 110 ppm, total baseline emissions for the approximately 15,500 units with annual gas usage greater than 9,000 therms ranges from approximately 790 to 1,980 tons per year, or 2.2 to 5.4 tons per day.  Assuming a baseline emission factor of 140 ppm, total baseline emissions ranges from approximately 1,030 to 2,570 tons per year, or 2.8 to 7.0 tons per day. 

Several members of the Phase III Implementation Study Working Group, who have extensive field experience with some or many industries, indicated that the majority of units between 0.4 and 1 MM Btu/hr use less than 9,000 therms of gas per year.  This was agreed with by a limited industry survey conducted by District Compliance staff.  As described previously, the 1998 Rule 1146.2 Staff Report estimated an inventory of approximately 22,000 total units between 0.4 and 2 MM Btu/hr.  However, the 1999 Gas Company data indicates that there are roughly 21,000 units between 0.4 and 2 MM Btu/hr using more than 9,000 therms of gas per year, of which roughly 15,500 are estimated to be between 0.4 and 1 MM Btu/hr.  Assuming that the majority of units between 0.4 and 1 MM Btu/hr should be using less than 9,000 therms of gas per year, it follows that the total population of these boilers would be higher than the Rule 1146.2 Staff Report estimate.  Emissions estimates based on the 1999 Gas Company data should be considered as upper range values, with the actual value depending on the actual percentage of units using less than 9,000 therms of gas per year.

Emission Reductions

The emission reductions represent the difference between the baseline emissions and the emission reductions associated with using a compliant unit.  The factors that affect the emission reductions are changes in the emission factor and efficiency.  Changes in the NOx emission factor are based on the emission limit under Rule 1146.2 which is 30 ppm of NOx at 3 percent oxygen or 0.037 lbs of NOx per MM Btu.  There are new units that have been certified under the Rule 1146.2 Certification Program as having NOx emissions at or below 20 ppm at 3 percent oxygen or 0.024 lbs of NOx per MM Btu.  For the Rule 1146.2 Phase III Implementation Study, AQMD staff analyzed data for 31 units between 0.4 and 1 MM Btu/hr certified under the Rule 1146.2 Certification Program and determined an average emission rate of 17 ppm.  For purposes of analysis, two ending NOx emission points have been selected:  30 ppm and 20 ppm.  The use of the lower emission factor is in lieu of assuming an additional emissions benefit due to efficiency improvements resulting from use of low-NOx burners, as was used in both the 1998 Rule 1146.2 Staff Report and the Rule 1146.2 Phase II Implementation Study.  The 1998 Staff Report assumed an additional 10 percent NOx emission reduction due to improved efficiency and the Phase II Study assumed a 0 to 7 percent additional NOx emission reduction.

Thus, the typical NOx emission reductions for 0.4 to 1.0 MM Btu/hr units are between 70 and 210 pounds per year.  The total emission reductions for all units between 0.4 to 1 MM Btu per hour with fuel usage greater than 9,000 therms per year, ranges from approximately 570 to 1,620 tons per year (1.6 to 4.4 tons per day).  The percent reduction ranges between 70 and 80 percent.  If a baseline emission factor of 140 ppm is assumed, per unit NOx emission reductions are estimated to be between 100 and 270 pounds per year, or 770 to 2,100 tons per year (2.1 to 5.8 tons per day), which equates to a percent reduction of between 80 and 85 percent.  

Comparison with 1998 Rule Staff Report

As shown in Table 4, the revised baseline emissions are lower than baseline emissions estimated in the 1998 Rule Staff Report.  This is attributed to a lower assumed baseline emission rate of 110 ppm as compared to 140 ppm, which was used in the 1998 Rule Staff Report.  Also, revised emission reductions are lower than the 1998 baseline because, as described previously, the 1998 Rule Staff Report assumes a 10 percent emissions benefit beyond the rule limit, which was not taken under the Rule 1146.2 Phase III Implementation Study, to account for improved efficiency.  

Please note that for current estimates of emission reductions, the lower values in ranges shown in Table 4 assume a population consisting entirely of 0.4 MM Btu/hr units meeting an emission limit of 30 ppm, while higher values assume a population consisting entirely of 1.0 MM Btu/hr units meeting an emission limit of 20 ppm.  For 1998 Staff Report estimates, the lower and higher values in ranges assume a population consisting entirely of 0.4 MM and 1.0 Btu/hr units, respectively, both of which are meeting an emission limit of 30 ppm.

Findings

On a per unit basis, based on baseline emissions of between 100 and 260 pounds per year, emission reductions for units between 0.4 and 1 MM Btu/hr are expected to range from 70 to 80 percent.  Based on the 1998 Rule Staff Report, based on baseline emissions on a per unit basis of between 130 and 320 pounds per year, emission reductions for units between 0.4 and 1 MM Btu/hr are expected to be approximately 80 percent.

Table 4
Comparison of Current and 1998 Rule Staff Report Emission Estimates

	Emissions
	Current Estimates
	1998 Staff Report

	Emissions Per Unit

· Baseline Emissions

· 0.4 MM Btu/hr Unit

· 1 MM Btu/hr Unit

· Emission Reductions1
· 0.4 MM Btu/hr Unit

· 1 MM Btu/hr Unit
	· 100 pounds per year

· 260 pounds per year

· 70 to 80 pounds per year

· 190 to 210 pounds per year
	· 130 pounds per year

· 320 pounds per year

· 100 pounds per year

· 260 pounds per year

	Emissions for All Units

· Baseline Emissions2
· 0.4 MM Btu/hr Unit

· 1 MM Btu/hr Unit

· Emission Reductions1
· 0.4 MM Btu/hr Unit

· 1 MM Btu/hr Unit
	· 790 tons per year

· 1,980 tons per year

· 570 to 650 tons per year

· 1,440 to 1,620 tons per year
	· 1,030 tons per year

· 2,570 tons per year

· 820 tons per year

· 2,070 tons per year

	Percent Reductions
	70 to 80 percent
	80 percent


1
Emission reductions under “Current Estimates” are expressed in ranges to reflect an ending emission rate of 30 ppm (low value) and 20 ppm (high value).  Emission reductions under “1998 Staff Report” reflect an ending emission rate of 30 ppm.

2
The 1998 Staff Report included an estimate of 22,000 units between 0.4 and 2 MM Btu/hr and did not break out the number of units between 0.4 and 1 MM Btu/hr.  Based on 1999 Gas Company Data, 73 percent of units between 0.4 and 2 MM Btu/hr are 1 MM Btu/hr or less.  As a result, emission estimates calculated above for the 1998 staff report assume a population of approximately 16,100 units (22,000 units * 0.73) between 0.4 and 1 MM Btu/hr.

Element 6:
Appropriate Fuel Use Exemption
Under Rule 1146.2 units between 0.4 and 1 MM Btu/hr that use less than 9,000 therms per year are exempt from the NOx emission limits.  Compliance with the therm exemption provisions may be demonstrated in a number of different ways as approved by AQMD including installation of an hour meter on the equipment and use of a facility natural gas meter where total facility natural gas usage is under the 9,000 therms.

For the Phase II Implementation Study, using data from The Gas Company, AQMD staff assessed the number of units and the emissions at three different levels (5,000, 9,000, and 18,000 therms).  Overall, for units between 1 and 2 MM Btu/hr the fuel usage exemption level of 9,000 therms per year exempts approximately 77 percent of the equipment, while achieving 80 percent of the emission reductions.  In addition, a 9,000 therm per year fuel usage exemption is expected to eliminate most units that are used seasonally.  For example, schools without large cafeterias or swimming pools use less than 9,000 therms.

For the Phase III Implementation Study, therm data for units between 0.4 and 1 MM Btu/hr were not available.  As a result, it was not possible to conduct the same type of analysis as was done for the Phase II Implementation Study.  The Phase III Implementation Study Working Group, who has extensive field experience with some or many industries, and AQMD staff, recommends that the therm exemption remain at 9,000 therms per year for units between 0.4 and 1 MM Btu/hr.  

Findings

The 9,000 therm per year exemption level was established to exempt lower emitting equipment, such as equipment used seasonally or infrequently.  Much equipment in the 0.4 to 1 MM Btu/hr size range are expected to be below this level.  AQMD staff recommends no change to the therm exemption level at this time.  Changing the rule emission standard to require lower emissions (from 30 ppm to 20 ppm of NOx) when new equipment is purchased will also result in lower emissions from exempt equipment.  Staff will also evaluate during the rule development process and make recommendation on whether this fuel use limit is appropriate as low use.

Element 7:
Timing of the Proposed Retrofit Requirements

Under Rule 1146.2, the retrofit requirement is based on the date the unit was manufactured.  Existing units greater than 0.4 MM Btu/hr and less than or equal to 1 MM Btu per hour that are manufactured prior to January 1, 2000 must achieve NOx and CO limits of 30 ppm and 400 ppm, respectively, on or after January 1, 2006.

As described previously, based on 2003 survey information submitted by manufacturers and sales/service/installation companies on units greater than 0.4 and less than or equal to 1 MM Btu/hr, 19 retrofit burners from 12 manufacturers are capable of meeting Rule 1146.2 emission limits; although no applications for certification have yet been received.  One original equipment manufacturer (OEM) has retrofitted more than ten of its units in this size range with low-NOx burners under the Rule 1146.2 Certification Program.  Each of these AQMD-certified retrofits were conducted on a case-by-case basis and, to date, no OEM has certified universal retrofits at the boiler/water heater/process heater model or family level.  Additionally, as mentioned earlier, no Phase II certified retrofit kits currently exist.  The January 1, 2005 and January 1, 2006 dates would require replacements, rather than retrofits.  

In terms of new units that meet the Rule 1146.2 emission limits, over 170 different models from approximately 20 manufacturers have been certified under the Rule 1146.2 Certification Program.  As part of the 2003 survey, information for 88 new low-NOx units from 12 manufacturers are capable of meeting Rule 1146.2 emission limits, but have not yet applied for certification with the District.  It is unlikely based upon the information obtained so far from manufacturers and suppliers of this equipment, that retrofit kits would be a viable commodity for sale, since the certification process for each individual make and model would have to occur.  The cost and time for certification would provide a cost disincentive for the manufacturers and suppliers, since there may be no demand for such equipment on lower selling units.

Findings

As mentioned earlier, there are new units that have been certified under the Rule 1146.2 Certification Program as having NOx emissions at or below 20 ppm at 3 percent oxygen or 0.024 lbs of NOx per MM Btu.  Staff recommends initiating rule development to explore replacing the NOx 30 ppm replacement or retrofit standard with a 20 ppm requirement for new equipment and potentially a requirement to replace existing equipment at the end of a 10-year life.

Element 8:
Cost-Effectiveness and Cost Impacts on Selected Industries and Small Businesses

Cost Effectiveness

Several scenarios were developed to evaluate the cost-effectiveness on a per unit basis and represent an estimated cost-effectiveness range for implementation of Rule 1146.2 for units between 0.4 and 1 MM Btu per hour.  The cost-effectiveness scenarios, which were developed with input from the Rule 1146.2 Phase III Implementation Study Working Group, are as follows:

· Scenario 1:
Replace an existing non-low-NOx unit with a new low NOx unit, with the new unit achieving 0 percent fuel savings relative to the original;

· Scenario 2:
Replace an existing non-low-NOx unit with a new low NOx unit, with the new unit achieving 7 percent fuel savings relative to the original;

· Scenario 3:
Retrofit an existing non-low-NOx unit with a new low NOx burner, with the new burner achieving 0 percent fuel savings relative to the original unit;

· Scenario 4:
Retrofit an existing non-low-NOx unit with a new low NOx burner, with the new burner achieving 7 percent fuel savings relative to the original unit;

Each cost scenario is calculated on a per unit basis, assuming 0.4 and 1 MM Btu/hr units and assuming emission end points of 20 and 30 ppm.  In addition, cost effectiveness is calculated assuming 10 and 15 years useful life.

Capital Costs

Capital costs for new units include equipment purchase cost, as well as other costs for instrumentation, sales tax, freight, and installation.  As described previously, equipment cost data was collected as part of the 2003 survey for 9 non-low-NOx and 33 low-NOx units.  A cost differential of $630 was calculated based on the difference between non-low-NOx and 33 low-NOx units.  Based on this cost differential, a total capital cost of $1,177 was calculated using factors from the EPA Office of Air Quality Planning and Standards (OAQPS) as well as other sources, which are summarized in Table 5.

Table 5
Factors Used to Calculate New Unit Capital Cost

	Element
	Value
	Source

	Equipment Cost ∆ (EC)
	$630
	2003 Survey Data

	Instrumentation (I)
	10% of EC = $63
	OAQPS

	Sales Tax (ST)
	8¼% of EC = $57
	Rate for Los Angeles County

	Freight (F)
	5% of EC = $35
	OAQPS

	Total Equipment Cost ∆ (TEC)
	EC + I + ST + F = $800
	OAQPS

	Installation Cost (IC)
	50% of TEC = $400
	OAQPS

	Total Capital Investment (TCI)
	TEC + IC = $1,200
	OAQPS


For retrofit burners, 2003 survey responses included installed cost data for 15 out of the 19 low-NOx burners reported by manufacturers and sales/installation/service companies.  As a result, the installed cost was assumed to be the same as total capital investment (refer to Table 5) and no additional adjustments were made to the survey data.  As described previously, the average cost for the 15 retrofits was approximately $9,600, or $8,900, excluding one outlier.

Operating and Maintenance Costs

Operating costs for new units consist of maintenance (labor and material) and overhead (administrative, property tax, and insurance), minus any savings resulting from the 7 percent fuel savings resulting from the low-NOx unit, if applicable.  Using the total capital investment cost of $1,177, calculated in Table 5, total annual costs ranging from a savings of $166 (assuming a 7 percent fuel savings) to a cost of $104 (assuming no fuel savings) for 0.4 MM Btu/hr units and from a savings of $556 (assuming a 7 percent fuel savings) to a cost of $104 (assuming no fuel savings) for 1 MM Btu/hr units have been calculated using OAQPS factors, as summarized in Table 6.

For retrofit burners, the same methodology used for new units is used to calculate total annual costs, except that calculated total annual costs include only fuel savings, excluding total labor and overhead (refer to Table 6).  The rationale for excluding these cost elements is that installation of low-NOx burners should not result in labor and overhead costs beyond what is already being incurred for units prior to retrofit.  Using the total capital investment cost of $1,177, calculated in Table 5, total annual costs for retrofit burners ranging from a savings of $270 (assuming a 7 percent fuel savings) to no savings (assuming no fuel savings) for 0.4 MM Btu/hr units and from a savings of $660 (assuming a 7 percent fuel savings) to no savings (assuming no fuel savings) for 1 MM Btu/hr units have been calculated using OAQPS factors, as summarized in Table 6.

Table 6
Factors Used to Calculate New Unit Operating and Maintenance Costs

	Element
	Value
	Source

	Maintenance Labor (ML)
	1½% of TCI = $18
	OAQPS

	Maintenance Material  (MM)
	1½% of TCI = $18
	OAQPS

	Total Labor (TL)
	ML + MM = $36
	OAQPS

	Overhead (O)
	60% of TL + 4% of TCI = $68
	OAQPS

	7% Fuel Savings (FS)

· 0.4 MM Btu/hr Unit

· 1 MM Btu/hr Unit
	FS = U * H * F * C * FSR1
· 0.4 * 8,760 * $0.5/0.1 * .215 * .07 = $270

· 1 * 8,760 * $0.5/0.1 * .215 * .07 = $660
	R1146.2 Staff Report (Dec. 1997)

	Total Annual Cost (TC)

· 0.4 MM Btu/hr Unit

· with 7% fuel savings

· w/o 7% fuel savings

· 1 MM Btu/hr Unit

· with 7% fuel savings

· w/o 7% fuel savings
	TC = TL + O – FS

· $36 + $68 – $270 = –$166

· $36 + $68  = $104

· $36 + $68 – $660 = –$556

· $36 + $68  = $104


	OAQPS


1U = Unit Size (MM Btu/hr); H = Hours per Year = 365 days/yr * 24 hrs/day = 8,760 hrs/yr; F = Fuel Cost = $0.5/therm = $0.5/0.1 MM Btu; C = Capacity Factor = 21.5%; FSR = Fuel Savings Rate = 7%

Emission Reductions Per Unit

Emission reductions per unit range between 70 and 210 pounds per year.  As described previously, the lower value assumes a population consisting entirely of 0.4 MM Btu/hr units meeting an emission limit of 30 ppm, while the higher value assumes a population consisting entirely of 1.0 MM Btu/hr units meeting an emission limit of 20 ppm.  In addition, this range represents a baseline emission factor of 110 ppm and a capacity factor of 21.5 percent.  Emissions assumptions are summarized in Table 3.

Useful Life

The useful life of a boiler or water heater represents the number of years that the unit will typically be used before it is replaced.  For the Rule 1146.2 Staff Report, a useful life of 10 years was assumed.  In the Phase II Implementation Study, which analyzed units greater than 1 MM Btu per hour and less than or equal to 2 MM Btu per hour, a typical useful life of 15 years was used for the cost-effectiveness analysis.  Based on telephone interviews with manufacturers for the Phase II Study, 1 MM Btu/hr up to and including 2 MM Btu/hr, the typical useful life of a boiler is between 12 and 20 years.  Based on data from Southern California Gas Company, representing over 210 boilers, the average useful life of boilers between 1 and 2 MM Btu per hour is approximately 20 years (see Figure 4).  Many boilers can last 30 to 40 years or longer.

For the Phase III Implementation Study, based on discussions with the Working Group on the useful life of units between 0.4 and 1 MM Btu/hr, AQMD staff has selected useful life values of 10 years and 15 years.

Cost-Effectiveness Calculation

The cost-effectiveness calculation is based on the discounted cash flow method, a standard AQMD methodology.  The cost-effectiveness calculation is based on the sum of the capital cost and the annual operating and maintenance costs multiplied by a real rate of interest of 4 percent, divided by the emission reductions for the useful life of the equipment.  Tables 7 through 10 summarize the range of cost-effectiveness values for each of the four scenarios.  The purpose of presenting the four scenarios is to illustrate the potential cost-effectiveness range of implementing Rule 1146.2 for units greater than 0.4 MM Btu/hr and less than or equal to 1 MM Btu per hour.  

A sample calculation for Scenario 1 is as follows:

Assumptions:

Ending Emissions = 20 ppm

Equipment Useful Life = 10 years

Present Value Factor (PVF)
=
8.111 (4% real interest rate, 10 years)  

[Note:  For 15 year useful life calculations, PVF = 11.11 at 4% real interest rate]

Calculations:

Cost Effectiveness
=
[[PVF * TC (Table 6)] + TCI (Table 5)] / [NOx Reduced (Table 4) over 10 Years]


=
[[8.111 * $104] + $1,200] / [(80 lbs/yr / 2,000 lbs/ton) * 10 yrs]


=
$2,000 / 0.42 tons


≈
$4,800

Overall, for replacement of units with low-NOx units, cost effectiveness ranges from (-) $1,100 to $5,400 per ton of NOx reduced for units of 0.4 MM Btu/hr, and from (-) 3,600 to $2,200 per ton of NOx reduced for units of 1 MM Btu/hr.  For retrofit of units with low-NOx burners, cost effectiveness ranges from $9,400 to $23,900 per ton of NOx reduced for units of 0.4 MM Btu/hr, and from $1,000 to $9,500 per ton of NOx reduced for units of 1 MM Btu/hr.  

Table 7
Cost-Effectiveness Estimates – Scenario 1

(Replace Unit With Low-NOx Unit Achieving 0% Fuel Savings)
	Size (MM Btu/hr)
	1998 Staff Report1 (10 year Useful Life)
	Cost Effectiveness2

	
	
	10 Year Useful Life
	15 Year Useful Life

	0.4
	$3,400
	$4,800 - $5,400
	$3,700 - $4,200

	1.0
	($1,700)
	$1,900 - $2,200
	$1,500 - $1,700


1Cost savings are shown in parentheses.  For ease of comparison, 1998 Staff Report values are expressed in 2003 dollars.

2Phase III Implementation Study cost ranges represent ending emissions of 20 ppm (low) and 30 ppm (high).

Table 8
Cost-Effectiveness Estimates – Scenario 2

(Replace Unit With Low-NOx Unit Achieving 7% Fuel Savings)
	Size (MM Btu/hr)
	1998 Staff Report1 (10 year Useful Life)
	Cost Effectiveness2

	
	
	10 Year Useful Life
	15 Year Useful Life

	0.4
	$3,400
	($300) – ($300)
	($1,000) – ($1,100)

	1.0
	($1,700)
	($3,200) – ($3,600)
	($3,200) – ($3,600)


1Cost savings are shown in parentheses.  For ease of comparison, 1998 Staff Report values are expressed in 2003 dollars.

2Cost savings are shown in parentheses.  Phase III Implementation Study cost ranges represent ending emissions of 20 ppm (low) and 30 ppm (high).

Table 9
Cost-Effectiveness Estimates – Scenario 3

(Retrofit Unit With Low-NOx Burner Achieving 0% Fuel Savings)
	Size (MM Btu/hr)
	1998 Staff Report1 (10 year Useful Life)
	Cost Effectiveness2

	
	
	10 Year Useful Life
	15 Year Useful Life

	0.4
	$8,800
	$21,100 - $23,900
	$14,000 - $15,900

	1.0
	$2,900
	$8,400 - $9,500
	$5,600 - $6,400


1For ease of comparison, 1998 Staff Report values are expressed in 2003 dollars.

2Phase III Implementation Study cost ranges represent ending emissions of 20 ppm (low) and 30 ppm (high).

Table 10
Cost-Effectiveness Estimates – Scenario 4

(Retrofit Unit With Low-NOx Burner Achieving 7% Fuel Savings)
	Size (MM Btu/hr)
	1998 Staff Report1 (10 year Useful Life)
	Cost Effectiveness2

	
	
	10 Year Useful Life
	15 Year Useful Life

	0.4
	$8,800
	$16,000 – $18,100
	$9,400 – $10,700

	1.0
	$2,900
	$3,400 – $3,800
	$1,000 – $1,000


1For ease of comparison, 1998 Staff Report values are expressed in 2003 dollars.

2Phase III Implementation Study cost ranges represent ending emissions of 20 ppm (low) and 30 ppm (high).

Comparison of Current and 1998 Cost-Effectiveness Estimates

The 1998 Staff Report estimated a cost-effectiveness of $3,200 and (-) $1,600 per ton of NOx reduced for replacement units of 0.4 MM Btu/hr and 1.0 MM Btu/hr, respectively.  For retrofits, cost effectiveness of $8,400 and $2,800 per ton of NOx reduced was calculated for units of 0.4 MM Btu/hr and 1.0 MM Btu/hr, respectively.  To facilitate comparison of Staff Report cost effectiveness values with Phase III Implementation Study estimates, cost effectiveness values from the 1998 Staff Report were converted from 1998 to 2003 dollars using factors from the Marshall and Swift Equipment Cost Index, which equated to a multiplier of 1.05.  As a result, 1998 Staff Report cost effectiveness values in 2003 dollars are as follows:  $3,400 and (-) $1,700 per ton of NOx reduced for replacement units of 0.4 MM Btu/hr and 1.0 MM Btu/hr, respectively, and $8,800 and $2,900 per ton of NOx reduced for retrofit units of 0.4 MM Btu/hr and 1.0 MM Btu/hr, respectively.  In comparison with the 1998 Staff Report estimates, current cost-effectiveness estimates are higher, except for Scenario 2 (Table 8).  Table 11 compares the assumptions used for both the Rule 1146.2 Phase III Implementation Study, as well as the Rule 1146.2 Staff Report.

Table 11
Comparison of Current and 1998 Staff Report Assumptions

	Parameter
	Rating (MM Btu/hr)
	1998 Staff Report
	Phase III Study

	Capacity Factor
	0.4 and 1.0
	21.5%
	21.5%

	Starting NOx
	0.4 and 1.0
	140 ppm
	110 ppm

	Ending NOx
	0.4 and 1.0
	30 ppm
	20, 30 ppm

	Fuel Cost
	0.4 and 1.0
	$0.50/therm
	$0.50/therm

	Efficiency Gain
	0.4 and 1.0
	10%
	0%

	Fuel Savings
	0.4 and 1.0
	10%
	0%, 7%

	Interest Rate
	0.4 and 1.0
	4%
	4%

	Assumed Useful Life
	0.4 and 1.0
	10 years
	10, 15 years

	New Unit Cost ∆
	0.4
	$2,000
	$630

	
	1.0
	$2,850
	$630

	Retrofit Burner Installed Cost
	0.4
	$6,500
	$8,900

	
	1.0
	$8,500
	$8,900


Findings

Current cost-effectiveness estimates for the majority of units in the Phase III Implementation Study range from savings of $3,600 to a cost of $5,400 per ton of NOx reduced for units of 0.4 to 1 MM Btu/hr, while retrofit of units in this size range with low-NOx burners results in a cost effectiveness range of $1,000 to $23,900 per ton of NOx reduced.  By comparison, estimates made for the 1998 Rule 1146.2 Staff Report (in 2003 dollars), showed savings of $1,700 to a cost of $3,400 per ton of NOx reduced for new units and a range of $2,900 to $8,800 per ton of NOx reduced for retrofits.  Increases in the cost-effectiveness calculated for the Phase III Implementation Study are attributed to more conservative assumptions used for emission reductions (e.g., lower assumed baseline emission factor, no emissions benefit due to efficiency gain), lower fuel savings assumed for low-NOx units and burners, and a higher assumed cost for retrofit burners for 0.4 MM Btu/hr units.  The smaller units have higher associated cost (or the rule is more cost effective for larger units).  Many of these are expected to operate below the therm limit and would not be required to meet the 30 ppm limit because the emission limit does not apply to exempt equipment.
Cost Impacts on Selected Industries and Small Businesses

Based on data submitted by The Gas Company in 2003, several industry groups were identified by Standard Industrial Classification (SIC) code as having equipment in the size range covered by the Phase III Implementation Study, as shown in Table 12.  The “Others” category includes a wide variety of sources which are not categorized in the specific SIC categories.  These include industrial sources (e.g., manufacturing, pharmaceuticals, electronics, plastics, food processing), as well as non-industrial sources such as large apartment and condominium complexes, hospitals, and other medical facilities.

The analysis conducted for the Phase II Implementation Study showed that the 9,000 therm fuel usage exemption threshold under Rule 1146.2 should exclude from the rule most units between 1 and 2 MM Btu/hr that operate seasonally.  The same should hold true for smaller units operating 0.4 to 1 MM Btu/hr.  The majority of units at most schools, colleges and universities are expected to operate below this level and not have to retrofit or replace their equipment unless they operate equipment year-round, such as pool heaters.

Table 12
Industry Categories with Units Between 0.4 and 1 MM Btu/Hr

	Industries (by SIC)
	% of Units1

	 Restaurants (5812)
	4

	 Dry Cleaning / Commercial Laundry (721)
	15

	 Elementary Schools (8211)
	12

	 Commercial Building (6512)
	4

	 Hotels (7011)
	11

	 Convalescent Homes (8059/8051)
	3

	 Misc. Manufacturing (3900 to 3999)
	< 1

	 Others
	50


1Based on a sample of approximately 7,200 in-use units 0.4 to 1 MM Btu/hr

The Working Group recommended evaluation of restaurants and dry cleaners because they were most likely to include significant numbers of small businesses.  Regarding restaurants, based on information from a manufacturer which supplies boilers to restaurants, the majority of restaurants do not use boilers between 0.4 and 1 MM Btu/hr, since most do not need steam.  Restaurant operations calling for steam are limited to conveyor dishwashing lines and steamers to keep food hot.  Restaurants which are associated with hotels where the steam and hot water are used for kitchen, laundry, and hotel operations would very likely use boilers between 400,000 and 1,000,000 Btu/hr.  One industry representative indicated that many larger restaurants with seating capacities of up to 120 persons mainly use boilers or water heaters less than 500,000 Btu/hr.  It is estimated that around 80% of the boilers used in these larger restaurants are 300,000 Btu/hr or less.  It is further estimated that most of the smaller sit-down restaurants, with seating capacities of 30 to 60 persons, use boilers or water heaters of 200,000 Btu/hr or less.  Quick service restaurants typically use water heaters of between 120,000 and 150,000 Btu/hr.

Dry cleaning operations typically use boilers to produce steam for clothing presses.  Based on approximately 200 inspections at dry cleaning facilities by AQMD staff, relatively few dry cleaners use boilers between 400,000 and 1,000,000 Btu/hr.  Dry cleaners using boilers less than 400,000 Btu/hr are generally small businesses and those above 1,000,000 Btu/hr are large operations.  An estimated breakdown of dry cleaner boilers follows:

· < 0.4 MM Btu/hr ≈ 75% of dry cleaners;

· 0.4 to 1 MM Btu/hr ≈ 20% of dry cleaners (avg. ≈ 650,000 Btu/hr);

· > 1 MM Btu/hr ≈ 5% of dry cleaners

Based on this analysis, the overall impact of Rule 1146.2 on restaurants and dry cleaners with boilers between 0.4 and 1 MM Btu/hr is expected to be small.  Staff recommendations for a rule change will decrease the economic impact on all businesses, including small businesses.

Public Outreach for Small Businesses

Public outreach efforts help to inform businesses of Rule 1146.2 and future compliance requirements.  The more information available and the more advanced lead-time will allow businesses to adequately plan for the upcoming compliance dates.  During 1998, at the direction of the Governing Board, public outreach efforts were conducted in order to inform and assist small businesses potentially impacted by Rule 1146.2.  These efforts included:  contacts with trade and professional organizations, literature dissemination, and a public outreach brochure.  

Contacts with trade and professional organizations focused primarily on small businesses such as dry cleaners, apartment building owners, food preparation, hospitals, clinics, and health care facilities.  Literature dissemination included a Rule 1146.2 pamphlet.  This public outreach brochure is currently available and summarizes the major points of the rule.  The brochure is designed to be informative while still being understandable to readers from across a variety of industries and operations.  The objective of the brochure is to inform affected sources of the upcoming compliance dates, to allow businesses and organizations time to adequately plan.  Contact information is provided in the brochure for further technical or specific questions.  Similar outreach will be conducted for the January 1, 2005 and January 1, 2006 compliance dates.

Findings

Based on data from the Phase II Implementation Study, most 0.4 to 1 MM Btu/hr units used seasonally should use less than 9,000 therms of gas annually and be exempt from Rule 1146.2 emission requirements.  Restaurants and dry cleaners, the two industries identified by the Working Group as possibly including significant numbers of small businesses, typically do not use boilers or water heaters between 0.4 and 1 MM Btu/hr.  Staff recommendations for a rule change will decrease the economic impact on all businesses, including small businesses.

Conclusions

Based on the findings of the Implementation Study, staff recommends initiating rule development to explore replacing the NOx 30 ppm replacement and retrofit standard with a 20 ppm requirement for new equipment and potentially a requirement to replace existing equipment at the end of a 10-year life.  
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Appendix B
Rule 1146.2 Phase III Implementation Study Survey Cover Letter and Survey Form
July 17, 2003


<<_COMPANY_

>><<_STREET1_

>><<_STREET2_

>><<_CITY_>><<, _STATE_>><< _POSTAL_>>" \l 1033 \c 0 \e "" 
<<_COMPANY_

>><<_STREET1_

>><<_STREET2_

>><<_CITY_>><<, _STATE_>><< _POSTAL_>>" \l 1033 \c 0 \e "" 
««AddressBlock»»

««AddressBlock»»


<<_AFTER_ ,>>" \l 1033 \e "To Whom It May Concern:" 
««GreetingLine»»

On January 8, 1998, the South Coast Air Quality Management District (AQMD) adopted Rule 1146.2 – Emissions of Oxides of Nitrogen from Large Water Heaters, which establishes NOx and CO emission limits for natural gas-fired large (commercial) water heaters, small (industrial) boilers, and process heaters.  Rule 1146.2 also requires completion of implementation studies for the following categories:  (1) new units (75,000 to 400,000 Btu/hr); (2) retrofit units (400,000 to 1,000,000 Btu/hr); and (3) retrofit units (1,000,000 to 2,000,000 Btu/hr).  To date, studies for categories (1) and (3) have been completed.  AQMD staff are in the preliminary stages of convening a working group to prepare the final implementation study and are gathering information on the availability of boilers, water heaters, and process heaters (400,000 to 1,000,000 Btu/hr), particularly retrofits, capable of meeting the Rule 1146.2 emission limits.  

Your company has been identified as either a manufacturer of boilers, heaters, or burners, or one involved in sales, service, and/or installation of boilers, heaters, or burners.  We would greatly appreciate your assistance in completing the attached survey form.  Any confidential information submitted in the survey and identified as such will be kept confidential to the extent allowable under the California Public Records Act.  Please mail the completed survey by August 8, 2003 to:

South Coast Air Quality Management District

Planning, Rule Development, and Area Sources

21865 Copley Drive

Diamond Bar, CA  91765-4178

Attention:  Amy Kroeger

Alternatively, completed surveys can be faxed to (909) 396-3324.  If you have any questions regarding the survey, please contact either Amy Kroeger at (909) 396-3469 (akroeger@aqmd.gov) or Christopher Abe at (909) 396-3154 (cabe@aqmd.gov).  We look forward to working with you to complete the implementation study.


Sincerely,


Jill Whynot


Planning and Rules Manager


Planning, Rule Development, and Area Sources

JW:AYL:CA/AK

Enclosure

SURVEY FORM 

SCAQMD RULE 1146.2 IMPLEMENTATION STUDY

The purpose of this survey is to collect information on the availability of natural gas-fired water heaters, industrial boilers, and process heaters with rated heat inputs ranging from 400,000 to 1,000,000 Btu/hr.  Of particular interest are retrofit products which potentially meet SCAQMD Rule 1146.2 emission limits of ≤ 30 ppm for NOx and ≤ 400 ppm for CO.  

1.
Company Information

Company Name:



Address:


City:


State:


ZIP Code:



Company Website:



2.
Contact Information

Contact Name/Title:



Contact Phone:


Contact Fax:




Contact E-mail:



3.
Check applicable box(es) for each lettered subcategory

a.
□
Manufacturer
□
Sales/Installations/Service

b.
□
Water Heaters 
□
Industrial Boilers
□
Process Heaters


□
Water Heater Retrofit Kits
□
Industrial Boiler Retrofit Kits
□
Process Heater Retrofit Kits

c.
□
Selling low-NOx equipment since ______
□
Low-NOx equipment expected _______
□
No low-NOx equipment planned


(year)
(year)

4.
For manufacturers of retrofit kits, list companies for which you manufacture kits:



5.
For sales/installations/service companies, list manufacturers which you represent:



(Next Page Please)

6.
Provide information on standard and low-NOx natural gas-fired water heaters, industrial boilers, or process heaters with rated heat inputs from 400,000 to 1,000,000 Btu/hr which are manufactured, installed, or serviced by your company.  Please attach extra sheets, if needed.

	Product Manufacturer /  Description
	Btu/hr
	Emissions (ppm)
	Efficiency (%)
	Atmospheric (A) or Forced Draft (FD)?
	Cost Information2
	Maintenance Requirements and Costs
	Certifications for Burner 3

	
	
	
	Burner
	Fuel1
	
	
	
	

	
	
	
	
	
	
	Equipment Price
	Installation Cost
	
	

	
	
	NOx
	CO
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


If applicable, provide information on kits to retrofit natural gas-fired products with rated heat inputs from 400,000 to 1,000,000 Btu/hr to be compliant with Rule 1146.2, which are manufactured, installed, or serviced by your company.  Please attach extra sheets, if needed.

	Retrofit Manufacturer /  Description and Applicability
	Btu/hr
	Emissions (ppm)
	Efficiency (%)
	Atmospheric (A) or Forced Draft (FD)?
	Cost Information2
	Maintenance Requirements and Costs
	Certifications for Burner 3

	
	
	
	Burner
	Fuel1
	
	
	
	

	
	
	
	
	
	
	Equipment Price
	Installation Cost
	
	

	
	
	NOx
	CO
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


Notes

1 Relative to product not meeting Rule 1146.2 limits of ≤ 30 ppm for NOx and ≤ 400 ppm for CO. 




2 Please provide detailed cost itemizations, including all key assumptions, on a separate sheet.  Please identify size (mmbtu/hr) of priced equipment.  Cost estimates should exclude electrical power, permits, or source testing.  Installation cost should be expressed as a range.

3 e.g., UL, ETL, AGA, AQMD.

7.
Please add any relevant comments
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