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Engine Classification Matrix

Control Options and Costs

NOTE:  This classification matrix is intended to aid in the application/quantification of emission reductions achievable for each of

the identified Oil & Gas Work Group recommended mitigation options for analysis.  Where readily available, some rough cost figures are included in the matrix.  These estimates are indented to provide at least some data on costs for inclusion in the public draft Task Force report on mitigation options.  As discussed during Thursday's Cumulative Effects conference call, a more detailed analysis of mitigation option costs and possibly economic benefits of controls would be highly value to the POG and stakeholders. Given the tight schedule for finalizing the task force report, it was agreed that maybe such analysis could be included in a supplement to the cumulative impact modeling assessment that is planned for completion at a later date (after the Task Force report is finalized and sent to the POG?).   

	
	Small Engines

Less than 100 hp
	Moderate Engines (
100 ≤ 300 hp
	Large Engines

More than 300 hp

	RICE Rich Burn
	Category I
	Category II
	Category III

	RICE Lean Burn
	n/a
	Category IV
	Category V

	Drill Rigs (diesel and lean-burn NG)
	n/a
	n/a (?)
	Category VI


Category I: Rich Burn, Less than 100 hp Small Engines

RO 1: Mitigation Option 1: Install Electric Compression, either from the a) power grid or from b) local on-site generator(s).  A local on-site generator would allow a larger lean-burn engine to replace several smaller rich-burn engines and achieve lower overall emissions.  Cost of installing transmission wires dictates the compression or other engines to be replaced are located in close proximity to one another.  The costs associated with electric generator(s), substations (if applicable), transmission line and operating costs (e.g., cost of electricity if power comes from grid) will need to be estimated. 

RO 2: Mitigation Option 2: Adherence to Manufacturers’ Operation and Maintenance Requirements.  Although this option will not convert a high emission engine into a low emission engine, it can prevent the engine from becoming an extremely high emission engine.

RO 3: Mitigation Option 3: Use of NSCR / 3-way Catalysts and Air/Fuel Ratio Controllers on Stoichiometric Engines.  Using an air/fuel ratio controller with NSCR is less favorable for engines smaller than 100 hp than it is for larger engines.  Cost per unit of power is higher, and there are questions as to whether the correct exhaust temperature for optimum performance can be reliably maintained.  NSCR may not be available for many small engines.  See notes under Category II, Mitigation Option 1 for cost and performance information.

Voluntary Option 4: This option is not listed on the list of recommended mitigation options.  Use ignition retard, exhaust-gas recirculation, and/or an air/fuel ratio controller.  These technologies can give a modest reduction in emissions, but they may not be readily available.  NOx emissions are sensitive to air/fuel ratio.

Category II: Rich Burn, Between 100 hp and 300 hp Moderate Engines

RO 3: Mitigation Option 1: Use of NSCR/3-way Catalysts and Air/Fuel Ratio Controllers on Stoichiometric Engines.  Exhaust-gas recirculation and ignition retard are usually used in addition to NSCR.  Uncontrolled rich-burn engines typically produce NOx and CO in the range of 10-20 g/hp-hr.  VOC emissions are in the range of 1-2 g/hp-hr.  NSCR can reduce NOx, CO, and VOC emissions by up to 99%, although 80-90% NOx removal is typical.  This technology can be applied to new engines or retrofitted to existing engines.  Cost of NSCR is a significant concern.  Cost ranges from about $50/hp for a 500-hp engine down to about $32/hp for an 1100-hp engine (2003 data).  Annual operating cost is about $6000 plus 2-3 days down time.  The size of the engine has relatively little effect on the annual operating cost.

RO 1: Mitigation Option 2 Install Electric Compression, either from the power grid or as a local on-site generator.  See Category I, mitigation option 2 for rich-burn engines less than 100.

Category III: Rich Burn, More than 300 hp, Large Engines

RO 4: Mitigation Option 1 Install Lean Burn Engines.  For a new engine choose lean burn (Category V) rather than rich burn.  Although NSCR with an air/fuel ratio controller can be applied to new engines, a new lean-burn engine is generally a lower-cost option.

RO 3: Mitigation Option 1 Use of NSCR/3-way Catalysts and Air/Fuel Ratio Controllers on Stoichiometric Engines.  Air/fuel ratio control and NSCR can be retrofitted to existing engines.    See notes under Category 1a, Option 2 for cost and performance information.

RO 5: Mitigation Option 5 Interim Emissions Recommendations for Stationary RICE.  The interim 1 g/hp-hr limit can probably be achieved by applying controls listed under RO 3 and 4.

Category IV: Lean Burn, Between 100 hp and 300 hp, Moderate Engines

For practical purposes, this category does not exist.  There are a few Ajax two-stroke engines of less than 300 hp.  Two-stroke lean-burn engines typically produce about 2-3 g/hp-hr of NOx and CO.

Category V: Lean Burn, More than 300 hp, Large Engines

RO 6: Mitigation Option 1 Use of SCR for NOx control on lean burn engines.  If emissions from a lean-burn engine are too high, use SCR and ammonia or urea injection, NOx levels well under 1 g/hp-hr can be achieved.  SCR can typically achieve 80-90% reduction in NOx emissions.  SCR can be applied to new engines or retrofitted to existing engines.  The cost of SCR ranges from about $250/hp for a 500-hp engine down to about $135/hp for an 1100-hp engine.  Annual operating cost is about $140,000 for a 1000-hp engine.  A significant portion of the annual operating cost is the ammonia or urea reductant, which is used in proportion to the size of the engine.  About 2-3 days of down time per year are required for maintenance.

RO 7: Mitigation Option 2 Use of Oxidation Catalysts and Air/Fuel Ratio Controllers on Lean Burn Engines.  An oxidation catalyst decreases VOC and carbon monoxide emissions, but it does not decrease NOx emissions.  An oxidation catalyst typically decreases CO and VOC emissions by about 95%.  If an oxidation catalyst is retrofitted at the same time as SCR, its cost ranges from about $30/hp for a 500-hp engine down to about $18/hp for an 1100-hp engine.  Annual operating cost of about $6000 does not vary significantly with engine size.  About 2 days of down time are required annually for maintenance.

RO 8: Mitigation Option 3 Next Generation Stationary RICE Control Technologies.  A developing technology that may become useful for lean-burn engines is laser ignition.  Laser ignition can fire leaner fuel/air mixtures and can operate at higher compression ratios than conventional ignition systems can.  A leaner fuel/air mixture gives lower combustion temperature, hence lower NOx emissions.  NOx emissions may be up to 70% less than engines with spark ignition.  Costs are unknown at this time.

RO 9: Mitigation Option 4:  Follow EPA New Source Performance Standards (NSPS) for existing engines.  The way the mitigation option is written it is not entirely clear how the emission reductions are to be applied.  From discussions in O&G/CE workgroup conferences calls on this issue. The consensus was that the option should apply to new replacement engines or to engines at new wells (future growth NG production).  NOx emissions not exceeding 2 g/hp-hr are achievable.

RO 4: Mitigation Option 5 Install Lean Burn Engines.  NOx levels less than 2 g/hp-hr are achievable.  Four-stroke lean-burn engines typically produce about 1-2 g/hp-hr NOx and CO.

RO 5: Mitigation Option 6 Interim Emissions Recommendations for Stationary RICE.  The interim 2 g/hp-hr limit can be achieved by applying controls listed under RO 5 and RO 4.  

Category VI: Drill Rig Engines

RO 10: Mitigation Option 1 Use of SCR for NOx control on diesel engines.  NOx levels under 2 g/hp-hr can be achieved.  SCR can typically achieve 80-90% reduction in NOx emissions. Cost of SCR for diesel engines is similar to the cost of SCR for lean-burn engines.  Maintenance cost is higher because soot from the diesel combustion requires more frequent cleaning of the catalyst.  However, the largest portion of maintenance cost is the cost of the ammonia or urea reductant.

RO 11: Mitigation Option 2 Natural Gas Fired Rig Engines. Replacing uncontrolled diesel engines with “uncontrolled” lean-burn” natural gas fired engines would result in up to a 10 fold reduction in NOx emissions (see Category V, mitigation option 5 for range in NOx levels).  
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