NEW MEXICO AIR QUALITY BUREAU

NRS & TV: GAS-FIRED HEATERS, FURNACES AND BOILERS MONITORING PROTOCOL
Version: March 11, 2013
Purpose.  These guidelines are intended to help Title V and NSR permit  specialists include adequate periodic monitoring conditions into operating permits in accordance with 20.2.70 NMAC, sections 302.C, 302.D, and 302.E and 20.2.72 NMAC.  These guidelines also help ensure consistency in monitoring conditions for all operating permits regardless of the specialist assigned to the permit.  If the emission unit is a boiler (steam generator as defined by NSPS), and is an affected facility under 40 CFR 60 Subpart D, Da, Db, or Dc, the permit specialist must consider if the monitoring in this protocol is necessary.
Boilers/ Heaters
A. Operational Inspection (Unit(s) X, Y, and Z)
	Requirement: The permittee shall comply with the allowable emission limits in Table 106.A [list other applicable emission limits if any].

	Monitoring: The permittee shall conduct [annual, monthly, weekly] operational inspections to determine that the heater(s)/boiler(s) are operating properly. The operational inspections shall include operational checks for indications of insufficient excess air, or too much excess combustion air. These operational checks shall include observation of common physical indications of improper combustion, including indications specified by the heater/boiler manufacturer, and indications based on operational experience with the/these unit(s).

	Recordkeeping: The permittee shall maintain records of operational inspections, describing the results of all operational inspections noting chronologically any adjustments needed to bring the heater(s)/boiler(s) into compliance. The permittee shall maintain records in accordance with Section B109.

	Reporting: The permittee shall report in accordance with Section B110.  
[If this is a new requirement, insert the following] Within ninety (90) days of permit issuance, the permittee shall submit for Department approval a procedure which the permittee will use to carry out the operational inspections. The permittee may at any time submit revisions for Department approval.  


B. Excess Air (Unit(s) X, Y, and Z)
	Requirement: The permittee shall comply with the allowable emission limits in Table 106.A [insert other emission limits if any]. {Not required if unit has a CEMS}

	Monitoring: The permittee shall monitor the excess air level in the flue gas (semi-annually, monthly, weekly) using a portable oxygen analyzer, an ORSAT analyzer, or other method approved in advance by the Department. If an ORSAT apparatus or other gas absorption analyzer is used, the permittee must follow the procedures described in Quality Assurance Handbook for Air Pollution Measurement Systems, Volume III, Stationary Source Specific Methods, US EPA, Publication no. EPA-600/4-77-02 (or later), Section 3.2.

Excess air measurements that use an electronic analyzer must conform to the procedures in the most current version of the Bureau's Standard Operating Procedure (SOP) for Use of Portable Analyzer. The permittee need only observe the steps that:  a) require submission of a protocol, b) specify a minimum instrument response time, c) require instrument calibration, and d) specify the method of sampling the flue gas. The permittee shall carry out a minimum of five minutes of uninterrupted sampling for each stack.

	Recordkeeping: The permittee shall maintain records of excess combustion air to include the heater's/boiler’s fuel flow rate and firing box temperature. If an electronic O2 sensor is used, records shall be kept of instrument calibration data, and the make and model of the instrument. If an ORSAT apparatus or other gas absorption analyzer is used, the permittee must record all calibration results. The permittee shall maintain records in accordance with Section B109.

	Reporting: The permittee shall summarize in chronological order the results of excess air measurements noting any adjustments needed to bring the heater(s)/boiler(s) into compliance with permit conditions.

The permittee shall report according to Section B110.


C. Periodic Emissions Tests (Unit(s) X, Y, and Z)
	Requirement: The permittee shall comply with the allowable emission limits [insert other emission limits if any].

	Monitoring: The permittee shall conduct periodic portable analyzer emission tests or EPA Reference Method Tests for NOx and CO at the intervals in the following schedule:

First Test --- in accordance with the schedule in Section B111.A(2). 

Second Test --six (6) months after the first test is completed.

All subsequent testing shall be done annually.

{If facility is major for VOCs or NSR permit has VOC emission limits, then include following.} Test results that demonstrate compliance with the CO emission limits shall also be considered to demonstrate compliance with the VOC emission limits.

Section B108 General Monitoring Requirements apply to this condition.

The permittee shall meet the testing requirements in Section B111.

	Recordkeeping: Records of periodic emission tests shall include the heater(s)/boiler(s) fuel flow rate and the stack gas exhaust temperature. If a combustion analyzer is used to measure NOx, CO, and/or excess air in the flue gas, records shall be kept of the make and model of the instrument and instrument calibration data.  If an ORSAT apparatus or other gas absorption analyzer is used, the permittee shall record all calibration results.

Records shall be kept of all raw data used to determine flue gas flow and of all calculations used to determine flow rates and emission rates.   The permittee shall maintain records in accordance with Section B109, B110, and B111.  

	Reporting: The permittee shall summarize in tabular form the results of the initial or subsequent periodic emissions tests for {CO, NOx, SO2, as appropriate}, specifying the mass emissions rates in pounds per hour.  The table shall include the average concentration of all relevant pollutant species, the gas flow rate (or generator load), the stack gas temperature, the level of excess air, and the percent moisture. The permittee shall report in accordance with Section B109, B110, and B111.


D. 40 CFR 60, Subpart Dc (Unit(s) X, Y, and Z)
	Requirement: The unit(s) is/are subject to 40 CFR 60, Subpart Dc and the permittee shall comply with the applicable requirements of 40 CFR 60, Subpart A and Subpart Dc. 

	Monitoring: The permittee shall comply with all applicable monitoring and testing requirements of 40 CFR 60, Subpart Dc.

	Recordkeeping: The permittee shall comply with the recordkeeping requirements of 40 CFR 60.48c. 

	Reporting: The permittee shall comply with the reporting requirements of 40 CFR 60.48c.


E. Initial Compliance Test (Unit(s) X, Y, and Z)
	Requirement: The permittee shall comply with the allowable emission limits in Table 106.A [add other emission limits if any].

	Monitoring: The permittee shall perform an initial compliance test in accordance with the General Testing Requirements of Section B111. Emission testing is required for NOx and CO.
[change reference to pollutants as necessary]. 

[If the unit has VOC emission limits, include the following.] Test results that demonstrate compliance with the CO emission limits shall also be considered to demonstrate compliance with the VOC emission limits. 

The monitoring exemptions of Section B108 do not apply to this requirement. [TV: Add additional requirements from NSR Permit such as timeframe]

	Recordkeeping: The permittee shall maintain records in accordance with the applicable Sections in B109, B110, and B111.

	Reporting: 
The permittee shall report in accordance with the applicable Sections in B109, B110, and B111.  The test report shall also include the gas flow rate (or generator load), the stack gas temperature, the level of excess air, and the percent moisture.


F. Fuel Usage (Unit(s) X, Y, and Z)
	Requirement: To comply with the allowable emission limits in Table 106.A [add other limits if any], the unit(s) shall not exceed an annual fuel usage of  {insert operational requirement}.

	Monitoring: The permittee shall monitor the fuel flow rate using a properly calibrated fuel flow meter. The daily fuel flow shall be displayed on an appropriate chart or on an electronic totalizer.  

	Recordkeeping: The permittee shall maintain records of the make and model of the fuel flow meter, all charts generated by the flow meter, and all instrument calibrations. 
Each month, the permittee shall also calculate and record 1) the monthly total of fuel consumed, and 2) during the first 12 months of monitoring the cumulative total of fuel consumed, and 3) after the first 12 months of monitoring a monthly rolling 12-month total of fuel consumed. 

The permittee shall maintain records in accordance with Section B109.

	Reporting: The permittee shall report in accordance with Section B110.


G. Fuel Usage (Unit(s) X, Y, and Z)
	Requirement: To comply with the allowable emission limits [add other limits if any], the heater/boiler shall operate at {insert operational requirement}.

	Monitoring: The permittee shall monitor the fuel flow rate using a properly calibrated fuel flow meter. The daily fuel flow shall be displayed on an appropriate chart or on an electronic totalizer.  The fuel flow rate shall be measured on a scale such that the flow rate is between 20% and 80% of the meter's full scale.  One fuel meter shall be used per heater/boiler.

	Recordkeeping: Records of fuel usage shall include the make and model of the fuel flow meter, all charts generated by the flow meter, and all instrument calibrations.  The record shall include a flow diagram showing the configuration of the flow meter relative to the heater.

The permittee shall maintain records in accordance with Section B109.

	Reporting: The permittee shall summarize the results of fuel usage monitoring noting the average amount of fuel consumed by each affected unit for every calendar month expressed in MMBTU/hour, and all other records required.  

The permittee shall report in accordance with Section B110.


BACKGROUND INFORMATION
(Not for inclusion in permit)

In New Mexico, most industrial heaters, boilers, and furnaces
 are found at oil and gas processing plants.  Some heaters can be found at compressor stations but these are used for dehydration and tend to be small.  Industrial size heaters can also be found at manufacturing plants, such as Intel, but due to our state's small industrial base, there are few manufacturing plants large enough to require large heaters.  Most gas-burning heaters burn sweet natural gas (i.e. <10 ppm H2S) except heaters at refineries which often burn refinery fuel consisting of hydrogen/methane/ethane with as much as 160 ppm H2S.

Character of Emissions.  Emissions from natural gas fired heaters consist almost exclusively of NOx and CO.  Emissions of particulates, sulfur oxides, and VOCs tend to be negligible compared to emissions of NOx and CO and will not be considered in this document.  SO2 is only of concern at heaters located in refineries when refinery fuel gas is burned.  But even here, SO2 emissions are usually monitored by an H2S fuel-line CEM required by NSPS Subpart J.  Of the four refineries in the state, only the Artesia refinery is known to burn refinery fuel gas.

As with all combustion sources, the minimum emissions of NOx, the minimum emissions of CO, and the heater's overall thermal efficiency occur at different operational settings.  The operator is therefore faced with tradeoffs that inevitably result in a set of emissions levels and a thermal efficiency that, although not optimal for either, result in satisfactory operation of the heater and result in emissions levels that are within the permitted values.

NOx Formation.  Almost all NOx from natural gas fired heaters is thermal NOx.  Fuel bound NOx and prompt
 NOx account for negligible amounts of pollutant.  NOx emissions are of primary concern due to the state's restrictive 24-hour ambient standard for NOx.  It is uncommon for CO emissions from a heater to threaten ambient standards, although a unit operated at too low a value of excess air (less than about 1%) can inadvertently cause the CO emissions to rise dramatically. 

Not only do the operating conditions determine the NOx and CO emissions levels, but the design of the combustion chamber also affects the emissions.

Burner design strategies used to minimize NOx.  Lo-NOx heaters, known more appropriately as staged combustion heaters, succeed in reducing NOx primarily by lowering the flame temperature and O2 concentration to reduce the amount of thermal NOx.  The lo-NOx burner achieves its goal by means of two stage combustion.  The gas first burns in a zone low in excess oxygen.  Combustion is completed at high excess air in a secondary combustion zone.

A second NOx reduction strategy is exhaust gas recirculation (EGR) in which a portion of the exhaust gas is premixed with the fuel prior to the fuel entering the combustion chamber.  The buffering effects of the added exhaust moderate the flame temperature thereby preventing the copious formation of thermal NOx.

Some heaters use both staged combustion and EGR to reduce NOx emissions.

Operational controls used to minimize NOx:  limiting excess combustion air.  The amount of excess combustion air is the single most significant operational parameter that limits NOx production from industrial heaters.  Although some excess air is necessary to ensure complete combustion, air in excess of that required for efficient combustion raises the production of thermal NOx.  Figures 1, 2, and 3 illustrate how NOx formation depends on excess O2.

Figure 1 shows the increasing trend of NOx concentration (normalized to 3% oxygen) on excess air for a variety of heaters.  Figure 2 clearly shows for staged (i.e. lo-NOx) burners the importance of controlling the level of excess oxygen to reduce NOx formation.  Figure 3 shows that in methane-air flames a dramatic increase in NOx occurs with increasing excess air.  Note also that NOx formation occurs primarily in the post flame region.  Excess air should in general not be allowed to fall below about 1% since the CO level could increase many fold.

Add-on controls to minimize NOx.  Reduction of NOx emissions by use of add-on control equipment is not commonly encountered.  Selective catalytic reduction (SCR) using ammonia to reduce the NOx to N2 is occasionally used but no such control unit is known to be in operation in New Mexico.  Use of SCR is problematic because the operator must exercise careful control of the ammonia injection rate to prevent the notorious ammonia slip problem.

Combustion Analyzers.  A portable combustion analyzer may be used for monitoring flue gas from heaters.  The analyzer should be capable of measuring the concentrations of NOx, CO, and O2.  For some heaters, an O2 sensor by itself would be sufficient.

Portable combustion analyzers range in price from about $1000 for a simple analyzer that only has an O2 sensor to about $20,000 for a highly stable, sophisticated unit with sensors for NOx, CO, SO2, VOC, and O2 as well as a pilot tube for flow measurement.

The capability to measure NOx, CO, and O2 is especially important for heaters that have stack test results on record and for heaters that have fuel flow meters.  In the former case, the monitored values can be compared to the test results as a check on proper operation of the heater.

If a reliable fuel flow meter is in operation, the NOx, CO, and O2 concentration data can be combined with the fuel feed rate to obtain NOx and CO emissions rates.  Either F-factors or simple stoichiometric relations can be used to derive stack flow from measurements of fuel flow and excess O2.  The accuracy of these measurements is expected to be around +20% when using a properly calibrated analyzer and a properly calibrated fuel flow meter.

Stack flow can also be measured using a Pilot tube traverse in accordance with EPA Methods 1 and 2.

JUSTIFICATION
(Not for inclusion in permit)

Operational Inspections.  Operational inspections are very important to ensure proper operation of the heater.  These inspections were included in the monitoring since they allow the operator to determine almost at a glance whether the heater is operating properly.  The inspection is a qualitative test for the level of excess air.

Equipment Inspections.  Equipment inspections ensure that repairs will be undertaken to allow the heater to operate properly.  An improperly operating heater could result in excess emissions of CO.

Excess Air Checks.  The direct measurement of excess air using an electronic analyzer or an ORSAT apparatus was included to ensure that the heater operates within the recommended excess air range.  A lack of air causes the CO emissions to soar while too much air causes the NOx to soar.

Emissions Tests.  These tests were included for the larger heaters to ensure that they operate within the permitted limits.

EPA Methods Test.  To ensure compliance with CO and NOx limits, all heaters with a P.E.R. greater than 25 TPY NOx or CO will need to undergo a full EPA set of tests if no test has been carried out within the previous ten years.
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     �The generic term "heater" will be used henceforth to indicate all heaters, furnaces, and boilers.


     �Prompt NOx is NOx formed in low temperature flames by the action of C, CH, and CH2 radicals on molecular nitrogen and subsequent formation of NOx.  See reference 3.
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