Sensitivity Analysis to Quantify the Benefits Achieved by an Emission Cap
Purpose and Summary
The Annex to the Grand Canyon Commission Report (Annex) that was submitted to EPA on October 2, 2000 demonstrated that the regional SO2 milestone for the year 2018 provided greater reasonable progress than Best Available Retrofit Technology to address regional haze (RH BART).  However, there has been some concern that the visibility modeling submitted with the Annex did not show greater progress, and that the full benefits of the emissions cap were not quantified.  To address this concern, the Market Trading Forum contracted with Sonoma Technology, Inc. to perform additional visibility modeling as part of a sensitivity analysis.  The purpose of this analysis is to show the potential variability of emissions under the command-and-control scenario, as compared to a regional emission cap where regulatory consequences occur if total emissions exceed the milestones.

This paper provides a context for interpreting the results of the additional visibility modeling conducted by Dr. Patrick Ryan of Sonoma Technologies, Inc., as a supplement to the technical support documentation for the Annex.  The new analysis provides a more appropriate comparison between the visibility benefits between a regional emissions cap for SO2 emissions from stationary sources and a command-and-control style application of emission control technology on BART eligible sources.  When factors affecting uncertainty of emissions projections are applied to projected 2018 emissions under a command-and-control scenario, as they were for the development of the regional SO2 milestones, the visibility benefit of the 2018 milestone provides at least equivalent progress when compared to the application of BART.  Section F in Attachment C of the Annex provides additional demonstration that the regional emissions cap and backstop cap-and-trade program for SO2 emissions from stationary sources adopted by the WRAP provides greater reasonable progress than application of source-by-source BART.

Background
The Western Regional Air Partnership (WRAP) submitted an Annex to the Report of the Grand Canyon Visibility Transport Commission (Annex) to the Environmental Protection Agency on October 2, 2000.  The Annex outlined the details of regional sulfur dioxide (SO2) milestones and a backstop cap-and-trade program that would be triggered if the milestones were not met.  The milestones were designed to show steady and continuing progress towards reducing SO2 emissions, and to show greater reasonable progress than the application of best available retrofit technology for the purposes of regional haze visibility impairment (RH BART).

In assessing whether the 2018 milestone provides greater reasonable progress than RH BART, the Annex compared visibility improvement under a regional emission cap and a direct application of RH BART to individual sources.  This earlier visibility modeling evaluated a command-and-control scenario and 4 options for milestones in 2018.  It is important to note that the command-and-control scenario may not have represented the emissions impact of source-by-source application of BART in a manner comparable with the milestone scenarios.

· In order to complete all the analyses necessary for inclusion in the Annex and meet the October 1, 2000 deadline for its submittal, it was not possible to use the final inventories that were the basis for the milestones.  Instead, the 2018 emissions inventories generated within the economic analysis were input to the Integrated Assessment System (IAS) model.

· The command-and-control scenario assumed that the only change in the baseline emissions would be the source-specific emissions reductions assumed to represent RH BART.  No allowance was made for uncertainties regarding changes in fuel sulfur content (including fuel switching), changes in source utilization and throughput, or other operational factors that could change emissions from the assumed baseline.  As such, the potential outcome of the implementation of a command-and-control approach would be a range rather than a single number, with the upper bound for emissions very possibly being significantly above that which was used for the visibility analysis.  To the contrary, the emissions trading scenarios represented worst cases, in that the milestones are hard caps on actual emissions, regardless of how circumstances change.

Tables 2 and 3 in Attachment C of the Annex contain the results of the initial visibility analysis.  When the command-and-control scenario (total emissions of 497,000 tpy regionwide in 2018) is compared to the EPA milestone number (regionwide total of 506,000 tpy, the closest to the final 2018 milestone of 510,000 tpy), it was shown that the differences between the two model runs were very small, and, effectively, negligible because they are well below the IAS level of precision.  Regardless, because the modeled command-and-control scenario had slightly greater emissions reductions than the final milestones, the modeled visibility benefit of that scenario is slightly greater.

The Annex demonstrated that the emission cap scenario still would provide greater reasonable progress than source-by-source BART, by focusing on the benefits provided by an emission cap as opposed to only reducing emissions from BART eligible sources.  Section F in Attachment C of the Annex outlines these benefits.

Although the Annex demonstrated that the 2018 milestone provided greater reasonable progress than RH BART, there has been some concern that the visibility modeling did not show greater progress, and that the full benefits of the emissions cap were not quantified.  To address this concern, the Market Trading Forum contracted with Sonoma Technology, Inc. to perform additional visibility modeling as part of a sensitivity analysis.  The purpose of this analysis is to show the potential variability of emissions under the command-and-control scenario, as compared to a regional emission cap where regulatory consequences occur if total emissions exceed the milestones.

Sensitivity Analysis
Three emission inventories for the year 2018 were prepared for the new visibility modeling runs.

   1.
Base Case Inventory.   The base case emission inventory was developed to estimate expected emissions in the year 2018 prior to implementing either a command-and-control or regional emission cap.  This emission inventory consists of existing utility SO2 emissions of 421,505 tons per year, new utility emissions (prorated across the region based on existing utility emissions) of 8,277 tons per year, and 7,920 tons per year from combined heat and power (as derived by ICF Consulting, Inc., in the final utility inventory for 2018; see Section 2.C. of the Technical Support Documentation for the Annex).  For non-utility stationary sources, the sulfur dioxide emission inventory consists of 140,760 tons per year from other sources and 78,000 tons per year from smelters (per final Pechan inventories).  This results in a total sulfur dioxide emission inventory from stationary sources of 656,462 tons per year for the base case.

   2.
Command-and-Control Inventory, including uncertainty.  This emission inventory differs from the base case in that 162,500 tons per year were subtracted on a facility-specific basis to address BART reductions (per the MTF methodology described in the allstate7" worksheet with reductions ordered under the final consent decree on the Craig power plant now included in base case).  This results in a SO2 emission inventory of 493,962 tons per year from stationary sources. 

There are several areas of uncertainty associated with both the base case and the command-and-control scenario that need to be accounted for in order to make a fair comparison to the market trading program (which includes an absolute cap on emissions).  Note that these factors could result in either reduced or increased emissions.  Anything that would have the effect of reducing emissions under a command-and-control scenario would do the same under a regional emissions cap.  Because the milestones represent a regional cap on emissions, however, the appropriate comparison with the milestones would necessitate taking those factors into account that could result in higher emissions. These include:

· Assumed retirements in the base case of 47,500 tons per year in the other source category between 1998 and 2018 (Pechan) which may or may not occur.

· Uncertainty regarding the level of controls that would be applied to specific sources under a command-and-control BART approach (i.e., the emission reductions ultimately achieved under such a program may be less than assumed for this analysis).

· Uncertainty regarding new source growth, which may be greater than assumed.

· Uncertainty regarding capacity factors for electric utilities.  The base case assumes an 85% capacity factor, but these units could run at higher rates due to energy demand without exceeding their permitted limits.

· Uncertainty about whether sources will continue to emit at their current actual emission rates (the emission rates used in the base case analysis) or at higher emission rates that are still within their permitted levels.

The MTF agreed that 66,000 tons per year (10% of base case stationary source sulfur dioxide emission inventory) would be a reasonable estimate of the impact of these uncertainties, which was then added to the command-and-control scenario inventory for 2018 and prorated across the region.  The resulting sulfur dioxide emission inventory from stationary sources under this approach was 559,962 tons per year.  Note that the potential impact of these uncertainties on reducing emissions is irrelevant to the analysis for two reasons:

· The milestones represent a worst-case scenario for a cap-and-trade program; and

· Any uncertainties that would result in fewer emissions under the command-and-control scenario would have the same impact under a cap-and-trade scenario.

This revised 2018 SO2 emissions projection for the command-and-control scenario may be viewed as a reasonable estimate of a worst-case scenario for source-by-source application of BART, which provides a better comparison with a regional emissions cap.

   3.
Milestone Inventory.  This emission inventory differs from the base case in that 146,462 tons per year were subtracted from the base case in accordance with ICFs modeling of where reductions will occur under the cap to comply with the 2018 milestone of 510,000 tons per year.  ICF used a least-cost modeling approach to simulate how the market would effect the geographic distribution of the emissions reduction.

The IAS was then used to determine the visibility improvement in deciviews for each of these three scenarios for the best 20% days, the worst 20% days and the annual average visibility changes.  

These two scenarios (in combination with the base case) were designed to show the benefits of a regional emission cap, as compared to a command-and-control scenario that is applied to a subset of sources in the region.  As described above, there are a number of uncertainties in the assumptions that were used to project the base case and the command-and-control scenario.  Note that the value of this exercise rests only in the comparison of options.  The base case and the command-and-control scenarios are not predictions.  The milestone scenario, however, sets a cap on emissions that must be achieved.   Attachment C, section F.4 of the Annex describes this in greater detail.

 The results of these modeling runs are shown in the table on the following page.

This table demonstrates benefits of an emission cap where the regional emission reductions are guaranteed, even if the underlying assumptions regarding growth, sulfur content of fuel or plant operating conditions change.  The visibility benefit under the milestone scenario is greater than what is seen under a potential worst case command-and-control scenario that accounts for uncertainties that may increase emissions not controlled through application of BART.

The results of this new modeling need to be assessed in context and combination with the original visibility modeling that was submitted with the Annex in October, 2000.  As described in the Annex, the original modeling showed that the expected visibility improvement between the command-and-control scenario and the milestone scenario were very similar.  The new modeling that was completed as part of this sensitivity analysis shows that the Annex milestones will lock-in the expected visibility improvement, even if changes occur that differ from the underlying assumptions that were used to project emissions to the year 2018 change.

	Class I Area
	Predicted Average Visibility Improvement from the Base Case in Deciviews for 20% Worst Days

	
	Command-and-control as submitted in Annex
	Revised Command-and-control
	Milestone

	Arches National Park
	0.28
	0.18
	0.27

	Bryce Canyon
	0.16
	0.10
	0.14

	Black Canyon of the Gunnison
	0.08
	0.04
	0.11

	Canyonlands
	0.26
	0.17
	0.24

	Capitol Reef
	0.21
	0.14
	0.20

	Flat Tops
	0.23
	0.14
	0.24

	Hopi Point
	0.15
	0.11
	0.16

	Maroon Bells
	0.07
	0.04
	0.07

	Mesa Verde National Park
	0.35
	0.22
	0.42

	Mt. Baldy
	0.20
	0.07
	0.11

	Petrified Forest
	0.14
	0.07
	0.24

	San Pedro Parks
	0.32
	0.19
	0.36

	Sycamore Canyon
	0.08
	0.05
	0.06

	Weminuche Wilderness
	0.34
	0.21
	0.34

	West Elk
	0.07
	0.04
	0.08

	Zion National Park
	0.10
	0.08
	0.12


