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1. Type of Estimate and Analysis 

  Original    Updated   Corrected 

2. Administrative Rule Chapter, Title and Number 

NR 404 – Ambient Air Quality and NR 484 – Incorporation by Reference 

3. Subject 

Incorporation of federal 1-hour National Ambient Air Quality Standards (NAAQS) for sulfur dioxide (SO2) and nitrogen 
dioxide (NO2) into the Wisconsin administrative code.

4. Fund Sources Affected 
 GPR  FED  PRO  PRS  SEG  SEG-S 

5. Chapter 20, Stats. Appropriations Affected 

s. 20.370 (2) (bg), (bh), and (ci), Stats.  

6. Fiscal Effect of Implementing the Rules 

 No Fiscal Effect 

 Indeterminate 

 Increase Existing Revenues 

 Decrease Existing Revenues 

 Increase Costs 

 Could Absorb Within Agency’s Budget 

 Decrease Cost 

7. The Rule Will Impact the Following (Check All That Apply) 

 State’s Economy 

 Local Government Units 

 Specific Businesses/Sectors 

 Public Utility Rate Payers 

 Small Businesses (if checked, complete Attachment A) 

8. Would Implementation and Compliance Costs Be Greater Than $20 million? 

 Yes  No 

9. Policy Problem Addressed by the Rule 

Section 285.21, Wis. Stats., requires the Department of Natural Resources to promulgate by rule a similar, but no more 
restrictive, air quality standard whenever the U.S. EPA promulgates a new or revised NAAQS. On February 9, 2010 and 
June 22, 2010 the U.S. EPA promulgated 1-hour primary NAAQS for NO2 and SO2, respectively. The Department is 
proposing to promulgate these same standards by rule consistent with state law. 

10. Summary of the businesses, business sectors, associations representing business, local governmental units, and individuals that 
may be affected by the proposed rule that were contacted for comments. 

In September 2012, a request for information and advice on the economic effects of the proposed rule was sent to 
approximately 600 businesses, business associations, environmental advocacy groups, and other interested stakeholders. 
This request was also posted on Department internet pages and other internet pages related to state agency rulemaking. 
Comments and information were received from 5 organizations; two environmental engineering consulting firms, one 
company from the pulp and paper industry, one company from the electric utility sector, and one statewide business 
association. See Appendix A to the attached Economic Impact Analysis for Board Order AM-08-11 for the specific 
information and comments provided. 

11. Identify the local governmental units that participated in the development of this EIA. 

No local governmental units requested the opportunity to coordinate with the Department in preparation of the EIA. 

12. Summary of Rule’s Economic and Fiscal Impact on Specific Businesses, Business Sectors, Public Utility Rate Payers, Local 
Governmental Units and the State’s Economy as a Whole (Include Implementation and Compliance Costs Expected to be Incurred) 
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See attached Economic Impact Analysis for Board Order AM-08-11. 

13. Benefits of Implementing the Rule and Alternative (s) to Implementing the Rule 

See attached Economic Impact Analysis for Board Order AM-08-11. Since state statute mandate the promulgation of 
these ambient air quality standards, no alternatives were evaluated. 

14. Long Range Implications of Implementing the Rule 

Implementing these rules will result in progress towards meeting the National Ambient Air Standards for SO2 and NO2.  
In addition, there will be less exposure to these respiratory irritants, reductions in ozone and particulate matter exposures 
and lowered health costs associated with exposure to air pollution. 

15. Compare With Approaches Being Used by Federal Government 

The Department is proposing to promulgate the same 1-hour standards for SO2 and NO2 that were promulgated by the 
U.S. EPA. 

16. Compare With Approaches Being Used by Neighboring States (Illinois, Iowa, Michigan and Minnesota) 

All states must meet these Federal National Ambient Air Quality Standards without exception. 

17. Contact Name 

Jeff Myers 
18. Contact Phone Numbers 

608.266.2879 

This document can be made available in alternate formats to individuals with disabilities upon request. 
 
 
 

ATTACHMENT A 
 

1. Summary of Rule’s Economic and Fiscal Impact on Small Businesses (Separately for each Small Business Sector, Include 

Implementation and Compliance Costs Expected to be Incurred) 

The Department found no evidence that specific small businesses or small business sectors would be impacted by the proposed rule. 
See the attached Economic Impact Analysis for Board Order AM-08-11 for discussion of small emission units or sources. The 
Department did not received any information or comments from specific small businesses or small business sectors in response to its 
request for information for the preparation of this EIA. 

2. Summary of the data sources used to measure the Rule’s impact on Small Businesses 

      

3. Did the agency consider the following methods to reduce the impact of the Rule on Small Businesses? 

 Less Stringent Compliance or reporting Requirements 

 Less Stringent Schedules or Deadlines for Compliance or Reporting 

 Consolidation or Simplification of Reporting Requirements 

 Establishment of performance standards in lieu of Design or Operational; Standards 

 Exemption of Small Businesses from some or all requirements 

 Other, describe: 

      

4. Describe the methods incorporated into the Rule that will reduce its impact on Small Businesses 
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5. Describe the Rule’s Enforcement Provisions 

      

6. Did the Agency prepare a Cost Benefit Analysis (if Yes, attach to form) 
 Yes  No 
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Executive Summary 
 
The U.S. Environmental Protection Agency (EPA) issued revised National Ambient Air Quality 
Standards (NAAQS) for nitrogen dioxide (NO2) on February 9, 2010, and sulfur dioxide (SO2) on June 
22, 2010.  The Wisconsin Department of Natural Resources must adopt these standards into the state 
administrative code (state rule) in accordance with s. 285.21, Wis. Stats.  Before incorporating the SO2 
and NO2 NAAQS into state rule, the Department must also prepare an economic impact analysis (EIA) 
addressing the economic effect on specific businesses, business sectors, public utility ratepayers, local 
governmental units, and the state’s economy as a whole in accordance with s. 227.137, Wis. Stats.  The 
Department developed this report to fulfill the EIA requirement. 
 
In preparing the EIA, the Department solicited information from approximately 600 businesses, business 
associations, public utility ratepayers and local governments.  The Department then estimated the number 
of facilities that may potentially exceed the NAAQS.  A number of variables affect whether a facility may 
exceed the NAAQS, including pollutant emission rates, flue stack heights, exit gas velocities, and the 
number of emission units at the facility.  Due to the complex interaction of these factors, the Department 
cannot identify which specific facilities will have to take actions and the exact extent of that action in 
meeting the NAAQS without first conducting air quality (AQ) modeling specific to each facility.  In place 
of site specific modeling, the Department used general AQ trends related to various emission levels and 
factors (derived from existing modeling results) to estimate which facilities could potentially exceed the 
NAAQS.  The Department then assumed actions necessary to reduce pollutant concentrations.  The 
Department used this information to estimate a range of annualized cost associated with reducing 
pollutant concentrations.  The Department also estimated benefits (using EPA identified factors) of 
avoided health care (benefit) that could potentially have resulted from exposure to fine particulates 
formed from the SO2 and nitrogen oxide (NOx) emissions that are avoided under the analysis.  The 
Department’s estimate of affected facilities and the annual cost and benefit are summarized in Table ES1.  
The addition of the cost and benefit yields the net economic impact (a positive economic impact means 
there is a net benefit).   
 
Table ES1.  Annualized Economic Impact of the NO2 and SO2 NAAQS ($/year).  

NAAQS 

No. of 
Facilities 

Performing 
Assessments 

No. of 
Facilities 

Implementing 
Mitigation 

Total 
Annualized 

Cost 

Total 
Annualized 

Benefit 

Total Annualized 
Net 

Economic Impact 

NO2 319 – 947 231 – 319 $644,408 – 
$2,771,127  

$1,051,444 – 
$5,315,000 

$407,036 - 
$2,543,873 

SO2 231 - 319 51 – 55 $111,893 - 
$4,838,020 

ND - 
$35,520,000 

($111,893) – 
$30,681,980 

ND – Not determined.   
Methodology – see EPA Costing methods used in refs. 4, 5, and 6, and sections 4, 5, and 6 in this report.   
Note: The costs and benefits are presented as ranges due to uncertainties in the analysis, including significant uncertainty 
regarding which sources will actually need to reduce emissions in order to meet the NAAQS.  The total benefits do not include 
the benefits related to actions which reduce pollutant concentrations through better dispersion (raising stack heights).  Therefore 
benefits are under-estimated in all cases for both pollutants.  For SO2, there is no lower benefit determined as raising stack 
heights is the sole action applied for this range.  
 
Currently, the Department reviews the status of NAAQS compliance when renewing operating permits 
every five years.  Therefore, the full economic impact of adopting the NAAQS identified in Table ES1 
could be fully realized within five years.  However, the Department is currently proposing a rule change 
where smaller, lower emitting facilities (minor sources) will not renew operating permits.  As a result, 
these minor facilities would only be subject to review of NAAQS compliance when obtaining 
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construction permits to increase emissions.  Under the proposal to eliminate operating permit renewals for 
minor sources, the Department estimates that major sources could potentially incur 35 percent of the 
economic impact identified in Table ES1 within five years and minor sources, based on historic 
permitting activity, could incur the remaining 65 percent of economic impact over 22 years for NOx-
emitting facilities and over eight years for SO2-emitting facilities.  
 
1. Introduction 
 
The U.S. Environmental Protection Agency (EPA) issued a revised National Ambient Air Quality 
Standard (NAAQS) for nitrogen dioxide (NO2) on February 9, 2010, and for sulfur dioxide (SO2) on June 
22, 2010.  Both of these revised NAAQS are primary 1-hour standards with maximum NO2 
concentrations not to exceed 100 parts per billion (ppb) and maximum SO2 concentrations not to exceed 
75 ppb. 
 
The Wisconsin Department of Natural Resources must adopt the new SO2 and NO2 NAAQS into the state 
administrative code (state rule) in accordance with s. 285.21, Wis. Stats.  To fulfill this state requirement, 
the Department initiated rulemaking under Board Order AM-08-11.  The Department must also prepare 
an economic impact analysis (EIA) addressing the economic effect on specific businesses, business 
sectors, public utility ratepayers, local governmental units, and the state’s economy as a whole in 
accordance with s. 227.137, Wis. Stats.  The economic impact must address implementation and 
compliance cost as required under s. 227.137(b), Wis. Stats., and actual and quantifiable benefits as 
required under s. 227.137(c), Wis. Stats. The Department developed this report to fulfill the EIA 
requirement. 
 
Note: This document refers to both NO2 and NOx.  For clarification, NO2 is the pollutant regulated by the 
federal 1-hour NAAQS.  However, NO2 is not emitted directly from emission units, but is the result of 
NOx emissions being converted to NO2 by ozone and sunlight or other similar oxidation pathways.  
Therefore, NOx is the pollutant controlled for purposes of meeting the NO2 NAAQS. 
 
2. Overview of Methods and Rationale 
 
To prepare an EIA, the Department is required to solicit and consider information from potentially 
affected facilities, businesses and associations, local units of government, utility ratepayers and 
individuals.  The Department contacted over 600 entities, requesting information concerning the potential 
economic impact of the new NAAQS.  The Department received a limited number of responses: two from 
engineering consultant firms representing a number of affected sources, two from potentially affected 
facilities, and one from a business association.  These entities commented on efforts needed to determine 
their facilities’ air quality impacts, the types of emissions units at their facilities that may exceed the 
NAAQS, potential emission reduction strategies and control equipment that might be needed to reduce 
pollutant air concentrations, and the costs associated with these strategies and controls.  The comments 
also highlighted that many sources are not certain what compliance actions, if any, would be needed to 
meet the NAAQS.  The comments received are provided in Appendix A. 
 
Due to the limited nature of the information received under the solicitation, the Department prepared an 
analysis to more comprehensively estimate the statewide economic impact of adopting the NAAQS into 
state rule.  The information received from the stakeholder solicitation informed the analysis.  The general 
methods of the extended Department analysis and a summary of results are presented in this document. 
 
In preparing the analysis, the Department identified which facilities statewide might potentially be 
affected by the NAAQS by comparing actual facility emissions to the results of various existing air 
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quality modeling results and studies.  The Department then applied actions at these facilities to reduce 
pollutant concentrations consistent with meeting the NAAQS.  For this pool of affected facilities, the 
Department estimated the costs and benefits associated with meeting these targeted pollutant 
concentrations.  Two primary costs are estimated: 1) the cost of engineering assessments and air quality 
modeling which would potentially be needed to determine whether a facility would exceed the NAAQS; 
and 2) the cost of reducing pollutant concentrations by raising stack heights, installing control equipment, 
fuel switching or a combination of these measures.  The Department refers to these options for reducing 
pollutant concentrations as “mitigation” measures throughout the analysis.  The Department also 
estimated the monetized benefit of reducing pollutant emissions.  EPA identified that reducing NOx and 
SO2 will reduce exposure to fine particulate and associated health care costs.  These benefits are estimated 
following EPA methodologies (see references 6 and 7).   
 
The Department annualized both the costs and benefits for each pollutant.  “Annualized” means that the 
one-time up-front (capital) cost, such as the cost of determining a facility’s air quality status or 
implementing mitigation measures, is broken into a stream of annual payments over an appropriate 
timeframe (e.g., a five year business cycle, the life of equipment, etc…).  The annualization of capital 
costs is similar to obtaining a loan and establishing a payment schedule.  The annual cost of operating and 
maintaining the mitigation measures is added to the annualized capital costs to yield a total annualized 
cost.  The monetized benefits are by default annualized as they are based on the amount of emissions 
reduced each year on an ongoing basis.  The total annualized costs and benefits are then compared to 
estimate the total net economic impact for each pollutant.   
 
The Department evaluated the rate at which facilities will potentially incur the economic impact estimated 
in this analysis.  Under current state requirements, facilities will have to assess compliance with the 
NAAQS when renewing operating permits every five years.  This theoretically means that the economic 
impact would be realized within five years of adopting the NAAQS into the state administrative code.  
However, the Department prioritizes the review of operation permit renewal applications based on status 
under Title V of the Clean Air Act.  As a result, operation permit renewals for lower emitting sources are 
unlikely to be reviewed on the five year schedule.  To align with this reality and more closely reflect 
federal requirements for the permitting program, the Department is currently proposing to modify the 
renewal requirement such that facilities that potentially emit below federal thresholds for major sources 
will not renew their operating permits. These permits will still need to be periodically revised to 
incorporate new construction permit requirements or when modifying the facility to increase emissions 
and such revisions will include an evaluation of the NAAQS.  Therefore, an assessment of how this 
proposed change affects the rate of economic impact is included in this analysis.    
 
3. Potentially Affected Facilities 

 
The Department first identified which facilities may be affected by the NAAQS.  To do this, the 
Department reviewed results of air quality modeling analyses for emission sources that have recently 
undergone permitting actions.  The review served as the basis for identifying types of emission units, as 
identified in Table 1, which have the potential to produce substantial ambient air concentrations of NO2 or 
SO2 and may produce conditions at a facility exceeding the NAAQS.  This review also showed that 
emission units have different characteristics of emission rates, flue gas velocities and temperatures, and 
stack heights, etc… which affect the ambient air concentrations of NO2 or SO2.    In these exercises, NO2 
concentrations were extrapolated from the modeled NOx emissions.  The Department also reviewed 
generic air quality modeling of various surrogate emission sources as part of this evaluation.1, 2, 3   
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Table 1. Source Types Evaluated for NO2 and SO2 Ambient Air Concentrations. 
NO2 NAAQS SO2 NAAQS 

Solid-fuel-fired boilers Boilers firing coal or petroleum coke 
Metal furnaces Metal furnaces firing coal 
Boilers, heaters and processes Boilers, heaters and processes firing distillate or residual oil 
Asphalt plants Asphalt plants firing distillate or residual oil 
Oil refinery processes Oil refinery processes 
Reciprocating engines Reciprocating engines firing distillate oil or biogas 
Combustion turbines  
Lime kilns  
Glass furnaces  
Waste incinerators  

 
The Department’s review of air quality modeling results and studies indicated several major trends: 
  
• High emission rates for short periods can cause a facility to exceed the 1-hour NAAQS. 
• Units emitting at relatively low levels can exceed the NAAQS if the flue stack is too low or 

dispersion conditions are poor (e.g. reciprocating engines). 
• Emission units can emit relatively large amounts of pollutants and not exceed either NAAQS if 

emission stacks are of sufficient height (e.g. coal fired boilers).  
• Even if individual emission units at a facility do not exceed a NAAQS, multiple emission units 

operating simultaneously at the same facility may cause pollutant concentrations to exceed the 
NAAQS.  
 

The Department used the findings of the air quality analyses for the different source categories to screen 
for facilities in Wisconsin whose emission levels indicate that they may need to take steps to reduce SO2 
or NO2 concentrations to meet the respective NAAQS.  The number of emission units and facilities 
identified by this evaluation are summarized in Table 2.   
 
In identifying these potentially affected facilities, the Department also applied the following assumptions:   
 
• The Department assumed that no facility emitting less than one ton of either NOx or SO2 in 2011 

would exceed the respective standard, and excluded these facilities from the analysis.   
• The Department determined facilities’ potential to exceed the NAAQS using their emissions units’ 

actual emission levels reported in 2011.  In some cases, adjustments were applied to account for the 
fact that higher short-term emission rates may occur that could exceed the standards.   

• The Department excluded facilities/emission units from the analysis if the relevant pollutant is 
already controlled or will be controlled under existing regulations such as the Clear Air Interstate 
Rule, Mercury and Air Toxics (MATS) rule, or the Industrial, Commercial and Institutional (ICI) 
Boiler rule in a manner that is anticipated to address the NAAQS.  Specifically, for the SO2 analysis, 
coal fired boilers are excluded if reductions in hydrochloric acid (HCl) emissions needed to meet the 
ICI Boiler rule appear to be comparable to the needed SO2 NAAQS reductions. 

• Small boilers and processes, process heaters, oil-fired asphalt plants, and reciprocating engines tend 
to have shorter stacks and poor air dispersion characteristics.  The Department assumed that these 
sources have the potential to exceed the NAAQS regardless of emission levels. 
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Table 2. Wisconsin Facilities That May Potentially Need to Reduce Pollutant Emissions to Meet the 
NAAQS. 

NO2 NAAQS SO2 NAAQS 

Source Category No. of 
Facilities 

No. of Emission 
Units Source Category No. of 

Facilities 
No. of Emission 

Units 
Boilers – solid fuel 15 24 Boilers – solid 

fuel 
1 2 

Lime kilns 4 8 Metal furnaces – 
solid fuel 

2 4 

Waste incinerators 1 2 Refinery 
Processes 

1 1 

Glass furnaces 2 2 Boilers, asphalt 
plants, processes 
– distillate oil 

22 27 

Metal furnaces 14 23 Boilers, asphalt 
plants – residual 
oil 

20 26 

Boilers – gaseous and oil 71 135 Engines - diesel 6 8 
Processes 35 52 Engines - biogas 3 8 
Process heaters 64 111    
Combustion turbines 19 33    
IC (internal combustion) 
engines 

94 150    

Total 319 540 Total 55 76 
 

 
Note: this screening level analysis identifies likely emissions trends among potentially affected facilities. 
The Department cannot accurately identify whether any individual facility will exceed the NAAQS 
without performing detailed air quality analysis that takes into account the processes and site conditions 
specific to the facility.   
 
4. Costs 
 
The Department estimated two main types of cost associated with facilities’ compliance with the NO2 and 
SO2 NAAQS.  The first is that of assessing and modeling the air quality status of a facility to determine 
whether it exceeds the NAAQS.  The second estimated cost is for the actions that may be needed in 
reducing (mitigating) pollutant concentrations to levels meeting the standard.  
 

4.1.   Air Quality Assessment and Modeling 
 
Several comments received from stakeholders in response to the Department’s solicitation for information 
suggested that facility operators will have to perform air quality assessments and modeling to determine 
whether they need to reduce emissions in meeting the NAAQS.  While it is not a requirement for facilities 
to perform and submit air quality modeling results with permit applications, most applicants prefer to 
have an idea of their air quality modeling results before submitting an application to the Department.  For 
this reason, the Department estimated the assessment cost of the facility operators performing all of the 
necessary air quality modeling. 
 
Based on past experience and working with private consultants performing modeling analyses, the 
Department estimated cost factors for calculating the assessment and air quality modeling costs. The cost 
factors are presented in Table 3. 
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Table 3.  Cost Factors for Applicability Assessment and Air Quality Modeling. 
Cost Factor NO2 SO2 

Facility Time (Hr) 27 4 

Facility Pay Rate ($/Hr) 100 100 

Consultant Time (Hr) 9 2 

Consultant Pay Rate ($/Hr) 150 150 

 
For each pollutant, the Department estimated the number of facilities that may perform engineering 
assessments and air quality modeling under two cases.  The high cost case assumes that all facilities with 
emissions greater than one ton per year (in 2011) will undertake a full assessment.  The Department 
believes this scenario is highly unlikely and that many sources will identify their air quality compliance 
status based on available information.  This high cost case is used to bracket the upper end of the cost.  
The low cost case assumes that only those facilities that need to mitigate emissions (as indicated by this 
analysis) would have a full assessment performed.   
 
The number of facilities included in the high and low cost cases is shown in Table 4, along with the 
calculated cost of performing assessments.  The total cost was derived by multiplying the number of 
facilities by the cost factors in Table 3.  The total cost was then annualized using a capitalization factor of 
23 percent which assumes paying the debt over five years at an interest rate of 5%.  The capitalization 
factor is calculated using the capitalization equation provided in the EPA Control Cost Manual, Sixth 
Edition (Document Number EPA/452/B-02-001). 
 
Table 4.  Estimated Cost of Air Quality Modeling Assessments and Planning.   

Cost Case 
NO2 SO2 

Low High Low High 

No of Facilities 319 943 55 297 

Total Cost ($) 1,219,950 3,819,150 38,500 207,900 

Annualized Cost ($) 298,408 882,127 8,893 48,020 

 
4.2.   Mitigation Cost 

 
The Department estimated the mitigation cost for all facilities statewide, as identified in Section 3 that 
may exceed the NAAQS.  The emission level targeted in meeting the NAAQS for each facility took into 
account the type of emission units at each facility and their associated pollutant concentration trends 
indicated by existing air quality modeling.  Using this information the Department developed two cost 
cases for mitigating emissions.  
 
The first, lower cost case estimated by the Department consists of the measures most likely needed and 
potentially adequate in mitigating (reducing) pollutant ambient air concentrations to meet the NAAQS.  
This case is referred to as the “Moderate” mitigation case.  For most emission sources, the first least cost 
mitigation measure employed is increasing stack heights to increase dispersion and reduce pollutant 
concentrations at ground level.  Consistent with guidance for good engineering practices (GEP), the 
Department assumed that no stack would be raised higher than 213 feet.  If stacks cannot be raised to a 
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height sufficient to meet the NAAQS as indicated by AQ modeling trends, the Department assumed 
additional control equipment would be installed to reduce pollutant emissions to the necessary level.   
 
The Department also developed a second “High” cost case to address uncertainties in the analysis 
including those associated with determining actual emission levels, the feasibility and cost of mitigation 
options, and uncertainties of pollutant concentrations in meeting the NAAQS.  For the majority of 
facilities, the high cost case applies emission controls in addition to the low cost mitigation measures. 
 
Additional elements of the cost analysis include the following:  
 
• When multiple emission units are located at one facility, the Department applied presumptive controls 

in order of least capital cost and to the extent that an emissions unit contributes to exceeding the 
NAAQS.  For example, a coal-fired boiler at a facility, while emitting in higher quantities, typically 
disperses emissions well and likely would not exceed the NAAQS by itself.  A reciprocating engine at 
a facility may add enough emissions under poor air dispersion conditions to cause the facility, in 
combination with the boiler, to exceed the NAAQS.  In this case, if controlling the reciprocating 
engine costs less in total, the Department first applies mitigation to the reciprocating engine to 
attempt to reduce pollutant concentrations to acceptable levels. 

• In many cases, the Department applied stack modifications as the primary means of reducing NO2 
concentrations.  For the SO2 standard, the Department assumed the stacks were already modified for 
the NO2 standard, in order to avoid double counting the costs of stack modifications. 

• The Department assumed that individual emission units emitting less than one ton of NOx per year are 
backup or emergency units.  Therefore, mitigation strategies are not applied to these units. 

• The Department annualized capital costs using a capitalization factor based on the expected lifetime 
of the equipment and an interest rate of 9.7 percent.  The capitalization factor is calculated according 
to the EPA Control Cost Manual, Sixth Edition (Document Number EPA/452/B-02-001).  Operating 
costs are included where appropriate. 

 
Table 5 summarizes the estimate of potential mitigation costs.  It should be noted that the primary option 
used in all cases is to increase the stack height.  This action results in better dispersion, thereby reducing 
the pollutant concentration in the air and thus reduces human exposure.  However, this reduction in 
concentration by raising stack heights does not result in a reduction in total pollutant emitted.  Therefore 
emission reductions in Table 5 are only related to actions which reduce the amount of pollutant being 
emitted by either installing control equipment or switching to lower emitting fuels.  This is evident in the 
“Moderate” SO2 case which relies solely on increasing stack heights and does not include actions to 
reduce emissions.  Therefore, emission reductions and cost-effectiveness are not applicable for this case 
as shown in Table 5.  The use of actions which reduce pollutant concentrations, but not total emissions, is 
a limiting factor in the ability to estimate the benefit for all of the mitigation cases.  The impact of this 
issue is further discussed in Section 5.   
 
Further details of the estimated mitigation costs by source category, including the number of affected 
facilities, applied mitigation measures, emission reductions, and cost are provided in Appendix B.  
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Table 5. Summary of Estimated Mitigation Cost. 

Cost Case 
NOx SO2 

Moderate High Moderate High 

No. of Facilities w/ Mitigation 231 319 51 55 

Capital Cost $3,032,000 $8,386,000 $818,000 $1,706000 

Annualized Mitigation Cost $346,000 $1,883,000 $103,000 $4,790,000 

Reduced Emissions (tons/year) 332 1,063 Not Applicable 1,184 

Cost Effectiveness ($/ton reduced) 1,042 1,772 Not Applicable 4,044 

 
4.3.   Costs Not Addressed in the Analysis 

 
This analysis may not account for all significant costs of a facility complying with the NAAQS.  For 
example, there may be cases where facilities that do not currently monitor NO2 or SO2 emissions will 
need to install equipment capable of monitoring these pollutants.  As another example, a facility could 
potentially take a permit restriction to curtail operation to avoid exceeding the NAAQS.  The Department 
cannot estimate the cost of curtailing unit operation as part of this analysis, but assumes that this cost 
would be less than the cost of the mitigation measures evaluated in the analysis.  Regardless, the 
Department acknowledges that there are likely costs that have not been or cannot be quantified in the 
analysis at this point.  
 
5. Benefits 
 
EPA indicates that one of the main benefits of adopting the new NAAQS is the avoided health care costs 
associated with human exposure to fine particulate formed in the atmosphere from NOx and SO2 
emissions.  Fine particulate (also called PM2.5) affects respiratory and cardiovascular health and is 
associated with premature mortality among people with lung or heart disease.4   Due to the severity of this 
health effect, the health care benefits from reducing fine particulate emissions are relatively large 
compared to the health effects related to direct NOx and SO2 exposure.  Avoided fine particulate health 
care cost factors for each ton of NOx or SO2 reduced are provided in Tables 6 and 7.  These factors are 
obtained from EPA’s regulatory impact assessments used to support adoption of the more stringent 2010 
NAAQS5, 6  The factors differ broadly across major source categories because, on the whole, EGUs emit 
pollutants from very tall stacks with good dispersion thereby reducing human exposure to each ton of 
pollutant.  Whereas on the other extreme, area and mobile sources typically emit at relatively low heights, 
and many times, under poor dispersion conditions which results in high pollutant concentrations at 
heights yielding direct human exposure.  
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Table 6.  Avoided Fine Particulate Health Care Cost Associated with Reducing SO2 Emissions 
($/ton reduced in 2006$). 

Source Type Low High 

EGU $42,000 $100,000 

Point (Non-EGU) $30,000 $74,000 

Area $19,000 $47,000 
Source: Table 5.9, US EPA’s regulatory impact assessment for meeting the SO2 NAAQS.4 
EGU – electric generating unit. 
Point – refers to non-EGU stationary sources. 
Area – small sources that typically exhaust emissions at low elevations. 
 
Table 7.  Avoided Fine Particulate Health Care Cost Associated with Reducing NOx Emissions 
($/ton reduced in 2006$). 

Source Type Low High 

EGU $7,600 $19,000 

Point (Non-EGU) $5,000 $12,000 

Mobile Sources $5,200 $13,000 

Areaa $3,167 $7,600 
Source: Table 5.7, US EPA’s regulatory impact assessment for meeting the NO2 NAAQS.5 
EGU – refers to electric generating unit. 
Point – refers to non-EGU stationary sources. 
Mobile Sources – refers to emissions from automobile and truck traffic and other sources that emit while on the move. 
a) The values for area sources are extrapolated based on the point (non-EGU) values and the difference between the stationary 

and area source avoided-cost factors presented in Table 6. 
 
The Department believes that the “point” and “area” source cost factors for each pollutant in Tables 6 and 
7 most closely represent the stationary sources in Wisconsin that may need to reduce emissions in 
meeting the NAAQS.  To avoid overestimating benefits, the Department opted to use the “low” cost 
factors in this analysis.  One reason to use the low cost factors is because the high cost factors are more 
likely to represent facilities that lie in densely populated areas where more people are affected by the 
pollutant.  Wisconsin is a less urbanized state with many facilities operating in the more rural areas of the 
state.   
 
The avoided health care cost is calculated in Table 8.  The health care cost factors chosen from Tables 6 
and 7 are multiplied by the amount of emissions reduced each year under the moderate and high 
mitigation approaches described in Section 4.2. 
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Table 8.  Estimated Benefit of Reducing NOx and SO2 Emissions. 

Parameter 
NOx SO2 

Low Benefit High Benefit Low Benefit High Benefit 

Benefit Factor ($/ton-
reduced) $3,167 $5,000 $19,000 $30,000 

Reduced Emissions 
Under Each Mitigation 

Case (tons/year) 

Moderate 
332 

High 
1,063 

Moderate 
Not Determined 

High 
1,184 

Total Annual Benefit $1,051,444 $5,315,000 Not Determined $35,520,000 

Moderate = Moderate Mitigation, High = High Mitigation. 
 
Since this analysis relies on the amount of pollutant reduced, it does not account for the benefit associated 
with reducing pollutant concentrations by raising stack heights.  Because raise stacks is the first, most 
widely applied least cost option all of the cases shown in Table 8 underestimate the total benefit.  This is 
evident for the “Moderate” SO2 case where mitigation relies solely on decreasing pollutant concentrations 
by raising stack heights. 
 
Note: the benefits estimated in this analysis do not account for the avoided costs associated with other 
effects of SO2 or NOx emissions such as acid rain, nutrient enrichment, mercury methylation, visibility, or 
ozone formation.  
 
6. Net Economic Impact 
 

6.1.   Total Net Economic Impact 
 
Table 9 summarizes the costs estimated in Section 4 and the benefits estimated in Section 5 of this 
analysis.  The net economic impact is the result of summing the cost and benefits.  As previously 
discussed in Section 2, this estimate represents a case where all potentially affected facilities become 
subject to the NAAQS.  A positive value in the table under “net economic impact” represents a net 
benefit. 
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Table 9.  Summary of Economic Impact for All Facilities Statewide. 

Evaluated Economic Impacts 
NOx SO2 

Moderate High Moderate High 

     
FACILITY COST 
Assessment Cost:     

No. of Facilities 319 947 55 297 
Capital Cost $1,291,950 $3,819,150 $38,500 $207,900 

Annual Cost1 $298,408 $888,127 $8,893 $48,020 
Mitigation Cost:     

No. of Facilities 231 319 51 55 
Capital Cost $3,032,000 $8,386,000 $818,000 $1,706,000 

Annualized Mitigation Cost $346,000 $1,883,000 $103,000 $4,790,000 
Reduced Emissions (tons/year) 332 1,063 ND 1,184 

Total Cost (Assessment + 
Mitigation):     

Capital Cost $4,251,950 $12,205,150 $856,500 $1,913,900 
Annualized Cost $644,408 $2,771,127 $111,893 $4,838,020 

Reduced Emissions (tons/year) 332 1,063 NA 1,184 
Cost Effectiveness ($/ton reduced) 1,529 2,221 NA 4,068 

AVOIDED HEALTH COSTS (BENEFIT) 

Annual Benefit2 $1,051,444 $5,315,000 Not 
Determined $35,520,000 

NET ECONOMIC IMPACT (Annual Cost + Annual Benefit) 
Annual Economic Impact3 (positive 
values = net benefit)  $407,036 $2,543,873 (111,893) $30,681,980 

1) The annualized assessment cost only lasts for five years until the one-time cost is paid.  Therefore, the total annual cost will 
be zero after five years. 

2) All of the mitigation cases included actions for reducing the concentration of emissions and therefore exposure to the 
pollutant.  However, a factor was not available to attribute a benefit to these actions that only reduced concentrations 
without reducing the amount of pollutant emitted.  A benefit was only determined in cases where total emissions were 
reduced.  Therefore the benefit in all cases is underestimated.  In the moderate case for SO2, the actions solely rely on 
reducing pollutant concentrations.  Therefore no benefit was estimated as represented by the “not determined” insert. 

3) This net economic impact does not include the economic benefit of actions that reduce pollutant concentrations but which do 
not reduce total emissions as described in note 2.   
 

 
6.2.   Rate of Economic Impact 

 
According to current state regulations and permitting policy, facilities in Wisconsin must be assessed for 
compliance with the NAAQS when renewing operation permits or obtaining a minor construction permit 
to increase allowable emissions.  Facilities are required to renew operating permits every five years.  The 
Department deems the renewal of operating permits as presenting the fastest potential schedule for 
incurring the full NAAQS economic impact as identified in Table 9.  However, the Department is 
currently proposing to modify state requirements such that only facilities with Title V permits (major 
sources) must renew their operating permits every five years.  The remainder of facilities (minor sources) 
will not have to renew their operating permits, but a NAAQS evaluation would be done when a minor 
construction permit is requested in order to increase permitted emissions.  Currently there are 488 
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facilities in the state that are major sources with a Title V permit and 894 facilities that have minor source 
operating permits.  This equates to 35 percent of total facilities across both permit categories holding Title 
V permits and 65 percent holding a minor operating permit.   
 
The Department assessed the rate of economic impact under the proposed change to operating permit 
renewal requirements.  Because of the noted difficulties in identifying which facilities may actually need 
to take action in complying with the NAAQS, the Department simply applied these percentages in 
estimating the rate at which the economic impact in Table 9 will be realized under the proposed 
modification of operating permit renewal requirements.  Under this approach, 35 percent of facilities 
would incur the economic impact within five years.  The remaining 65 percent of facilities would not be 
assessed for compliance with the NAAQS until they obtain a minor construction permit.   
 
To estimate the timeframe over which the 65 percent of facilities may incur NAAQS related economic 
impact, the Department reviewed minor construction permit activity from 2010 through 2012.  An 
average of 43 facilities emitting NOx and 34 facilities emitting SO2 obtained a minor construction permit 
each year over that period.  The Department assumed that the pool of facilities statewide that may 
eventually obtain a minor construction permit is limited to those that emitted more than one ton of either 
pollutant in 2011.  The Department further assumed that any facility incurring cost due to the NO2 or SO2 
NAAQS would be a subset of this population.  Based on this information and assumptions, only 4.6 
percent of facilities emitting NOx would obtain a minor construction permit each year.  At this rate, it 
would take approximately twenty two years (100%/4.6%) before all facilities in the pool would have 
requested a minor construction permit.  Using this same methodology for SO2, the Department 
determined that an average 11.4 percent of facilities emitting SO2 obtained a minor construction permit 
each year.  This is equivalent to an eight year (100%/11.4%) timeframe.  
 
Table 10 shows the results of the two cases discussed for realizing economic impact: (1) based on the 
current state requirements for renewing operating permits every five years; and (2) based on the proposal 
that facilities with minor source permits only renew operating permits when obtaining a minor 
construction permit.  This latter case proportions the economic impact by the amount of facilities under 
minor source permits (65%) and applying the rate of realization for NO2 (22 years) and SO2 (8 years).    
 
As noted, the WDNR cannot accurately determine, as part of this analysis, the number of major or minor 
source facilities that will need to take actions in complying with the NAAQS.  Therefore, the percentage 
of facilities that are major and minor can only be used to illustrate the potential impact to the rate of 
economic impact after modifying operating permit renewal requirements as proposed. 
  
Finally, there is potential that some facilities affected by the NAAQS are or will be permitted through 
registration or general operating permits.  These facilities would be assessed for compliance with the 
NAAQS as part of the review for coverage under the registration or general permit or when emission 
units at these facilities are modified.  It is difficult to estimate when these types of permitting actions may 
occur.  However, the number of facilities affected through registration or general operating permits and 
which may have to take mitigation action in complying with the NAAQS is expected to be small and 
therefore the impact on the rate of realizing economic impact minimal.  Therefore, the Department did not 
evaluate this potential pathway further. 
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Table 10.  Cases for Realizing Total Net Annualized Economic Impact1. 

Case 
NO2 NAAQS SO2 NAAQS 

Moderate High Moderate High 

Case 1:     

Total Net Economic 
Impact for all facilities 
potentially realized over 5 
years. 

$407,036 $2,543,873 (111,893) $30,681,980 

Case 2:     

Major Sources - 35% of 
Total Net Economic 
Impact realized over five 
years. 

$142,463 890,356 (39,163) 10,738,693 

Minor Sources - 65% of 
Total Net Economic 
Impact realized over 22 
years for NO2 and 8 years 
for SO2. 

$264,573 1,653,517 (72,730) 19,943,287 

1) All of the mitigation cases included actions for reducing the concentration of emissions and therefore exposure to the 
pollutant.  However, a factor was not available to attribute a benefit to these actions.  A benefit was only determined in cases 
where total emissions were reduced.  Therefore the benefit in all cases is underestimated.  In the moderate case for SO2, the 
actions solely rely on reducing pollutant concentrations.  
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Table B1.  Mitigation Options and Estimated Cost if SO2 NAAQS Applies to All Facilities. 

 
NA – Not Applicable:  The stack modification is the only option applied in reducing exposure to pollutant concentrations.  Stack modifications do not reduce 
total emissions, therefore “control efficiency”, “reduced emissions” and “cost effectiveness” per ton of reduced pollutant are not applicable for stack 
modifications. 
DSI – Dry Sorbent Injection, Dist – Distillate Fuel Oil  

Source category Mitigation Option
No. of 

facilities
No. of 
units

Baseline 
Emissions 

(tpy)

Control 
Efficiency

Reduced 
Emissions 

(tpy)

Capital 
(1000$)

Annual 
Cost 

(1000$)

Cost 
Effective- 

ness 
($/ton)

Cost Case - Estimated
Boilers - solid fuel fired              -                 -                -                  -                     -               -               -                   -   
Metal Furnaces - solid fuel fired              -                 -                -                  -                     -               -               -                   -   
Refinery Processes              -                 -                -                  -                     -               -               -                   -   
Boilers, Asphalt Plants, Processes  - 
distillate oil  Stack Modification 22 27 27 NA NA         177            22  NA 
Boilers, Asphalt Plants - residual  Stack Modification 20 26 94 NA NA         541            68  NA 
Engines - diesel fired  Stack Modification 6 8 96 NA NA            51               6  NA 
Engines - biogas  Stack Modification 3 8 220 NA NA            50               6  NA 

Total             51              69           437 NA  NA         818          103  NA 

Cost Case - High
Boilers and Furnaces - solid fuel fired DSI 1                 2        1,908 45%               858         687          858          1,000 
Metal Furnaces - solid fuel fired  Stack Modification 2 4 277 NA NA         163            20  NA 
Refinery Processes  Stack Modification 1 1 247 NA NA         114            14  NA 
Boilers, Asphalt Plants, Processes  - 
distillate oil Ultra-Low Sulfur Dist 22 27 27 97%              26.5             -         1,456        54,941 
Boilers, Asphalt Plants - residual

    
Dist 20 26 94 10%                8.9         541          880        98,486 

Engines - diesel fired Ultra-Low Sulfur Dist 6 8 96 97%                  93             -            351          3,754 
Engines - biogas Iron Sponge 3 8 220 90%               198         201       1,211          6,127 

Total 55 76        2,869 59%            1,184 1,706 4,790          4,044 



 
Table B2.  Mitigation Options and Estimated Cost if NO2 NAAQS Applies to All Facilities. 

 
NA – Not Applicable:  The stack modification is the only option applied in reducing exposure to pollutant concentrations.  Stack modifications do not reduce 
total emissions, therefore “control efficiency”, “reduced emissions” and “cost effectiveness” per ton of reduced pollutant are not applicable for stack 
modifications. 
Limited LNB – The applied stack modifications cannot ensure that pollutant concentrations will not exceed the NAAQS.  Addition reduction is achieved by 
applying low NOx burners (LNB). 
 
  

Source category Mitigation Option
No. of 

facilities
No. of 
units

Baseline 
Emissions 

(tpy)

Control 
Efficiency

Reduced 
Emissions 

(tpy)

Capital 
(1000$)

Annual 
Cost 

(1000$)

Cost 
Effective- 

ness 
($/ton)

Cost Case - Estimated
Boilers: Solid Fuels Stack Modifications 3 8 NA NA 239 30 NA
Lime Kilns Stack Modifications 1 2 386 NA NA 80 10 NA
Waste Incinerators
Glass Furnaces

Metal Furnaces
Stack Modifications / 
Limited LNB 10 18 421 29% 121 803 100 829

Boilers: Gaseous and Oil
Stack Modifications / 
Limited LNB 71 135 1,026 12% 121 283 3 NA

Processes
Stack Modifications / 
Limited LNB 35 52 579 16% 90 780 97 1,085

Process Heaters Stack Modifications 64 111 625 NA NA 560 70 NA
Combustion Turbines
IC Engines Stack Modifications 47 90 1,292 NA NA 287 36 NA
Total 231 416 4,330 332 3,032 346 1,042



Table B2.  Mitigation Options and Estimated Cost if NO2 NAAQS Applies to All Facilities – Contd. 

 
NA – Not Applicable:  The stack modification is the only option applied in reducing exposure to pollutant concentrations.  Stack modifications do not reduce 
total emissions, therefore “control efficiency”, “reduced emissions” and “cost effectiveness” per ton of reduced pollutant are not applicable for stack 
modifications. 
LNB – low NOx burner. 
 
 

Source category Mitigation Option
No. of 

facilities
No. of 
units

Baseline 
Emissions 

(tpy)

Control 
Efficiency

Reduced 
Emissions 

(tpy)

Capital 
(1000$)

Annual 
Cost 

(1000$)

Cost 
Effective- 

ness 
($/ton)

Cost Case - High
Boilers: Solid Fuels Stack Modifications 15 24 NA NA 674 323 NA
Lime Kilns Stack Modifications 4 8 1,308 NA NA 320 40 NA
Waste Incinerators Stack Modifications 1 2 276 NA NA 154 19 NA
Glass Furnaces Stack Modifications 2 2 NA NA 317 40 NA

Metal Furnaces
Stack Modifications / 
LNB 14 23 486 50% 241 1,193 673 2,800

Boilers: Gaseous and Oil
Stack Modifications / 
LNB 10%Pop. 71 135 1,026 14% 148 2,494 312 2,103

Processes
Stack Modifications / 
LNB 10%Pop. 35 52 579 22% 126 1,013 127 1,002

Process Heaters
Stack Modifications / 
LNB 10%Pop. 64 111 625 5% 31 901 113 3,621

Combustion Turbines Stack Modifications 19 33 526 NA NA 263 33 NA

IC Engines NOx Catalyst (40% 
control) 94

150 2,583
20% 517 1,057 204 395

Total 319 540 7,409 1,063 8,386 1,883 1,772
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