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Executive Summary 

The Clean Air Act requires that the US Environmental Protection Agency (EPA) set health-based 

standards for the allowable concentration levels of fine particulates, ground-level ozone, carbon 

monoxide, nitrogen oxides, sulfur dioxide and lead. Regions that have pollutant concentrations which 

exceed these standards are said to be in nonattainment for that particular pollutant. These standards 

are re-evaluated periodically by the EPA to stay up-to-date with the latest health-based science. While 

the 7-county Twin Cities region is currently in compliance with the ozone and fine particulate matter  

(PM2.5) concentration standards, the region is at risk of exceeding the allowable limits should the 

standards be lowered.  

This study was conducted to inform Minnesota’s Clean Air Dialogue process, which is an ongoing 

conversation between nonprofit organizations, local government agencies, and representatives from the 

private sector, and is facilitated by the Minneapolis-based Environmental Initiative. The Clean Air 

Dialogue is aimed at generating recommendations of voluntary actions to help improve Minnesota’s air 

quality while the state is still in attainment, to avoid being designated as being in nonattainment, and 

before federal regulation mandates certain actions.  

To support the Clean Air Dialogue process, the goal of this report is to put into perspective the potential 

economic impact that nonattainment for ozone and PM2.5 would have on the region. The measures 

listed in this report cover an estimate of the direct economic impact of emission-reduction programs 

which could be used in a plan to re-enter attainment (known as a State Implementation Plan). While 

there are many other relevant factors to consider as reasons to avoid nonattainment (for example, the 

human health implications and the potential rise in health-related expenses), this report looks primarily 

at the direct economic impact; other factors have been addressed more thoroughly by other reports 

which have been generated as a part of the Clean Air Dialogue process.  

This report established potential emission reduction goals for three primary pollutants that are directly 

linked to PM2.5 and ozone concentrations that might be used if the Twin Cities were to go into 

nonattainment; these are volatile organic compounds, oxides of nitrogen, and direct fine particulates. 

Next, a menu of possible control options for each of the three pollutants of interest was evaluated; each 

of the control measures found in this study has been used by another region as a part of a State 

Implementation Plan for either fine particulates or ozone. The 2005 emissions inventory from the 
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Minnesota Pollution Control Agency, which is the most recent inventory that was publicly available at 

the time of this study, was assessed for the Twin Cities region. From that inventory, localized costs and 

expected emissions reductions were calculated based on the available cost-effectiveness data for each 

of the included control measures; in this study, cost-effectiveness refers to both the price per ton of 

pollutant emissions reduced and the total expected emission reductions for each program.  From these 

options, various scenarios to achieve the emission reduction goals were evaluated. In total, the 

estimated direct economic impact of nonattainment for fine particulates and ozone was found to be 

approximately $140 to $240 million annually. 

While this study has generated an estimate for the potential economic impact that nonattainment 

would have on the Twin Cities, an additional discussion is generated about the context of this estimation 

and the various policy implications that this study may have. For one, this report uses qualitative 

methods to discuss the distribution of the economic impact between various primary and secondary 

payees and stakeholders.  Consideration of the distribution of costs of these strategies among 

stakeholder groups is an important factor for making equitable choices; just as one single emission-

reduction strategy will not achieve the goal, the burden of the costs should not be placed on a single 

payee. Next, a comparison between the estimated costs and an estimate by the Minnesota Pollution 

Control Agency for the monetary savings tied to reductions in air pollution was made to illustrate that 

the health savings are roughly ten times that of the direct costs.  

Finally, the process of gathering data and working through the analysis found in this report has resulted 

in several broader conclusions about the transparency and availability of State Implementation Plans 

and air quality data. Emission reduction programs are not uniformly available and only a few 

nonattainment regions offer progress reports on their path towards attainment. Having this information 

readily available would help to keep the public informed about their local air quality and related issues 

and could also provide regions developing State Implementation Plans with real and up-to-date 

information about emission reduction programs and their results.  
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Introduction 

The Clean Air Act 

The first United States Clean Air Act (CAA) was passed in 1963 and, in 1970, the first round of major 

transformations towards its modern form were made. The last large-scale adjustments were made in 

the form of the 1990 amendments which have resulted in today’s legislative requirements. By the 

estimates in a recent study from the Environmental Protection Agency (EPA) on the costs and benefits of 

the CAA, this major piece of legislation saved the United States $1.3 billion annually as of 2010; these 

savings are expected to increase to $2 billion annually by 2020, due to avoided premature mortality and 

direct human and environmental health benefits by mitigating critical levels of air pollution (2011). 

Under the CAA, the EPA has the authority to set limits on the allowable concentration levels, or the 

National Ambient Air Quality Standards (NAAQS), of six common air pollutants, known as the criteria 

pollutants. Criteria pollutants include ozone, particulate matter, lead, carbon monoxide, sulfur oxides, 

and nitrogen oxides, and are listed in the CAA because they have the potential to cause damage to the 

environment, property, or human health (EPA 2007). According to the EPA, “of the six pollutants, 

particle pollution and ground-level ozone are the most widespread health threats” (page 4).  

The EPA sets two standards for each pollutant; primary standards are set at levels that will protect 

human health from effects of the pollutant, and secondary standards are those which are set to protect 

the environment and property (EPA 2007). Standards for each pollutant are re-evaluated every five 

years to ensure that they adequately meet the intentions of the CAA based on the best available 

scientific data for human health effects of pollution. Each pollutant has a separate standard, time-frame, 

and form for measuring whether or not it meets that standard. Regions which exceed the NAAQS are 

said to be in nonattainment for that pollutant. To demonstrate how common nonattainment for these 

two pollutants is currently, figures 1 and 2 show maps of the nonattainment regions for the 2008 8-hour 

ozone standard and the 2006 fine particle pollution standard, respectively (EPA 2012).  
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Figure 1: Nonattainment Regions under the 2008 8-hour Ozone Standard 

 

 

Figure 2: Nonattainment Regions under the 2006 Fine Particulate Standard 

 

Under Title I of the CAA, when a region is in nonattainment for one or more of the criteria pollutants the 

state and local governments are generally mandated to create a proposal to reduce the pollutant 

concentrations in the form of a State Implementation Plan (SIP). Specific SIP requirements vary by 
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pollutant, but all include the collection of regulations, programs, and policies which will be used to move 

towards attainment. Generally, a region must first assess their emissions inventory by source and 

location, as well as generate data from modeling in order to understand the regional specifics for which 

pollutants and sources add to the local air concentrations. A plan is then generated using strategies to 

reduce the relevant pollutants (EPA 2007). After the SIP is completed at the state level and has had time 

for review and comments from the public and industries, it must be submitted to the EPA for approval. 

Generally, after an area is found to be in nonattainment, the local agency responsible for the SIP has up 

to three years to submit it to the EPA for approval, and five years from the start of the nonattainment 

period to achieve attainment (with the possibility for a five-year extension) (EPA 2007).  

Of the six criteria pollutants monitored under the CAA, the Twin Cities region is at most severe risk of 

going into nonattainment for ground-level ozone and fine particulates. According to the 2013 Air Quality 

in Minnesota report to the legislature by the Minnesota Pollution Control Agency (MPCA), regions of 

Minnesota have reached 97 percent of the 24-hour standard for fine particles and 87 percent of the 8-

hour ozone standard (MPCA 2013). As previously seen in figures 1 and 2, many regions which are in 

nonattainment for ground-level ozone are also in nonattainment for fine particulates; this is because 

there are several overlapping precursor pollutants that affect both concentration levels of both, and 

concentration levels for both pollutants are impacted by factors such as local geography and regional 

climate (EPA 2012). As stated earlier, these two pollutants, out of the six criteria pollutants, have the 

most widespread potential to negatively impact human health.  

While the seven-county Twin Cities metro area is currently in attainment for both pollutants, the region 

would likely be at risk of exceeding the standards in the event that the EPA were to reduce the allowable 

limits (MPCA 2013). Accordingly, as the Twin Cities region (which includes Anoka, Carver, Dakota, 

Hennepin, Ramsey, Scott and Washington counties) is most at risk for nonattainment of ground-level 

ozone and fine particulates, this study focuses on those two pollutants in examining what the economic 

impact of nonattainment would be to the region.  This report first examines the sources of ozone and 

fine particulates, as well as the health and environmental impacts of both.  It then explores a menu of 

control measures available to reduce the sources of these pollutants, their direct economic costs, and 

stakeholders who would be the primary and secondary payees. From the options examined, scenarios of 

varying costs are presented in order to help inform choices should Minnesota fall into nonattainment. 

Finally, policy implications from the analysis are discussed.  
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Ground-Level Ozone 

Sources and Effects 

The ozone that is found in the stratospheric layer of the atmosphere provides functions that are 

necessary for life on earth, such as protecting the earth from ultraviolet radiation from the sun. 

However, when ozone is found at ground-level, it can potentially be very dangerous to human health. 

Ozone has the same chemical structure, O3, whether it is in the atmosphere or at ground-level. While 

ozone occurs naturally in the atmosphere, at ground-level it is principally a product of a complex 

chemical reaction between two primary pollutants, volatile organic compounds (VOCs) and nitrogen 

oxides (NOX), and forms most rapidly on in the presence of heat and sunlight (EPA 2010). Because heat is 

needed to trigger this complex chemical reaction, ozone is of primary concern in the Twin Cities region 

during the summertime. In addition, ozone can travel far from where the primary pollutants were 

emitted and from where it was formed, which makes it a regional issue (EPA 2011). 

Ground-level ozone is a major concern to human health and the environment, especially in high 

concentrations. Ozone irritates and can cause damage to lung tissue; it can trigger asthma attacks and is 

especially dangerous to young children, whose lungs are still developing, elderly populations, and 

people with lung disease. Even low concentration levels can be harmful to populations who are active 

outdoors for prolonged periods.  Ozone is the main component of smog, and can cause damage to trees, 

plants, and sensitive vegetation even at low levels (EPA 2010). 

Ozone Standard 

In 2008, the EPA updated the primary and secondary standard for ground-level ozone to both be set at 

.075 parts per million. Under this standard, a region is said to be in attainment if the three-year average 

of its fourth-highest maximum 8-hour concentration is less than or equal to .075 parts per million. While 

the Twin Cities region has never been found to be in nonattainment under the 2008 standard, as 

mandated by the CAA, the standard is under review and may be adjusted in 2013. With a lower standard 

the Twin Cities region may fall into nonattainment. As stated earlier, the Twin Cities region has reached 

87 percent of the current 8-hour NAAQS for ozone, and could go into nonattainment with a 

strengthening of the standard by the EPA. Figure 3 demonstrates the historic annual concentrations that 

were measured at the monitoring station at the Anoka County Airport in Blaine, Minnesota (EPA 2012). 
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Figure 3: Twin Cities Ozone Concentration Levels, 1990-2010 

  

Fine Particulate Matter (PM2.5) 

Sources and Health Effects 

The CAA sets standards for two sizes of fine particulate matter; inhalable coarse particles, which are 

larger than 2.5 micrometers and smaller than 10 micrometers in diameter (known as PM10), and fine 

particles, which have a diameter smaller than 2.5 micrometers (or PM2.5). This analysis will explore the 

economic impacts tied to nonattainment of the latter category of particulate matter, as the Twin Cities 

is in greater danger of exceeding the NAAQS for PM2.5 than for PM10, and because PM2.5 shares precursor 

pollutants with ozone.  

Exploring fine particles and concentration reduction strategies are complicated for several reasons. First, 

fine particles can either be emitted directly from sources (such as construction sites, organic compounds 

or fuel combustion), and also form as a result of complex chemical reactions between other primary 

pollutants, including NOX and sulfur dioxides (SO2) from sources such as power plants and vehicles, or 

VOCs and ammonia. According to a 2006 report titled Controlling Fine Particulate Matter under the 

Clean Air Act: A Menu of Options, “the chemistry and physics of PM2.5 formation in the atmosphere is 

incompletely understood” (page 1), and particles can be solid, liquid, or both, as a solid core surrounded 

by liquid (ALAPCO and STAPPA 2006). NOx is seen as the most significant precursor pollutant to PM2.5, 

although local modeling and analyses are required to better understand the specific local PM2.5 
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formation patterns (ALAPCO and STAPPA 2006). Understanding local concentration levels is further 

complicated by the fact that PM2.5 precursor pollutants and direct PM2.5 emissions can travel long 

distances or remain stagnant in one region depending on local weather patterns and geography 

(ALAPCO and STAPPA 2006). 

Fine particles are especially dangerous to human health as they are able to penetrate deep into lungs 

when they are inhaled, and can even be small enough to enter the bloodstream (EPA 2013). This can 

cause multiple notable health effects, such as reduced lung function and lung irritation, asthma attacks, 

heart attacks, and even premature death for individuals with lung or heart diseases. Certain populations 

are especially at risk for these side effects, such as children, the elderly, and people with lung or heart 

diseases; however, all populations are at risk for temporary symptoms when exposed to high levels of 

particulate matter for prolonged periods of time. Particulate matter is also the cause of several 

environmental and aesthetic issues, such as regional haze, of which PM2.5 is the primary component 

(EPA 2013). 

PM2.5 Standards 

Under the CAA, the US EPA has the authority to set primary and secondary standards for PM2.5. Two 

different measures are used; the annual concentration standard is currently set at 12 micrograms (µg) 

per cubic meter (m3), and is measured as the annual mean concentration over a three year period. 

There is also a 24-hour standard, which is set at 35 µg/m3, and is measured as the three year average of 

the 98th percentile of PM2.5 concentrations. Like the ozone standards, the particulate matter standards 

are reviewed every five years and the EPA has the authority to adjust them according to the latest 

scientific information on human health impacts of concentration levels. On December 14, 2012, the EPA 

announced the primary annual concentration standard would be lowered from 15 micrograms per cubic 

meter to the 12 microgram standard that is now in effect. The 24-hour standard is also under review, 

and a final decision on whether or not to change it is expected to be made in 2013. 

The Twin Cities region is not currently in nonattainment for either of the PM2.5 standards, meaning the 

concentration levels are lower than the maximum limit. However, when the new 24-hour standard is 

released, it is possible that the Twin Cities could go into nonattainment with a stricter standard. Figure 4 

illustrates the average annual concentration levels based on the annual standard from an air monitor 

located in downtown St. Paul (EPA 2011). 
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Figure 4: Twin Cities Annual PM2.5 Concentration Averages, 2001-2010 

 

Study Challenges and Limitations 

Estimating the economic impact that ozone and particulate matter nonattainment would have on the 

Twin Cities is challenging for several reasons. First, as previously discussed, the Twin Cities region is at 

risk of going into nonattainment for these criteria pollutants due to potential future changes by the EPA 

concentration standards, not because of changes in emission sources or projected trends in regional 

pollutant concentrations. This study assumes that a change in standard, based on the best available 

science for safe ozone and particulate matter concentration levels, would be the reason for the Twin 

Cities’ nonattainment designation. However, because the new standard would result from a future rule 

change, the concentration reduction which would be needed to maintain attainment is not known. 

Secondly, as discussed above, ozone is not, itself, a primary pollutant; rather, it is a product of VOCs, 

NOX and climate. While PM2.5 can be released directly, it also results from chemical reactions between 

other primary pollutants, including NOX. Because of these factors, reductions in local VOC and NOX 

emissions are not necessarily directly correlated in a linear relationship to reductions in local 

concentrations of PM2.5 and ground-level ozone. This, along with the ability that ozone and PM2.5 have to 

travel long distances from their point of creation, and the impact that regional geography and weather 

patterns have on concentration levels, would require large-scale regional emissions inventories and 

0

2

4

6

8

10

12

14
M

ic
ro

gr
am

s p
er

 c
ub

ic
 m

et
er

 

Twin Cities Average Annual PM2.5 Levels 
Annual Standard 

Seasonally-Weighted
Annual Average

National Standard



15 
 

modeling to assess the reductions in emissions that would be needed to impact Twin Cities ozone 

concentration levels. A regional economic analysis would also need to be conducted in order to predict 

near-term changes in emissions both in the Twin Cities and the region from changing economic activities 

and population changes or changes to industries; analyses this extensive are beyond the scope of this 

study.  

Next, the CAA does not specify which specific emissions reduction strategies must be done in order to 

reduce criteria pollutant concentrations when a region is in nonattainment. Rather, each region is able 

to create their own plan based on their individual emissions inventories, emissions models, and what is 

economical and politically feasible for that specific area. Each SIP must be approved by the EPA, but is 

created with individual regional considerations. While that has allowed for more flexibility region-by-

region, it does not provide an outline for this particular study for what exactly would have to be done if 

the Twin Cities were to go into nonattainment. 

Finally, there while gathering information about potential emission reduction strategies to include in this 

study, there was varying amounts of data available about the timeframe for each program and how long 

it would take to achieve the full expected emission reductions from each. For example, some low VOC 

products were cited as taking up to three years to fully penetrate the market to a level where the 

expected emission reductions would be achieved; others, such as reformulated gasoline, would take full 

effect as soon as the mandate were made. Other programs still had no information available for how 

long this would take. For the sake of consistency within this study and an even comparison, all of the 

numbers presented assume that the programs are in full-deployment.  

Regardless of these limitations and challenges, this study can be used as a guide to help Minnesotans 

understand the magnitude of the economic impact that nonattainment would have on the Twin Cities 

and assist in selecting possible emission reduction options to pursue in the case of nonattainment.  

Study Approach and Methodology 

This study uses mixed analysis approaches to estimate the economic impact that remedying 

nonattainment under the CAA for ozone and PM2.5 would have on the Twin Cities region. A primary 

emissions inventory by major source and category for the three precursor pollutants of particular 

concern, NOX, VOCs and direct PM2.5, was obtained from the MPCA for the year 2005. This inventory was 
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used as, at the time of this study, it was the most recent inventory available with a breakdown by 

primary source category. Next, information on emission reduction strategies for these pollutants which 

are either listed in the EPA’s menu of control options or implemented in the SIPs for regions currently in 

nonattainment were used to evaluate potential SIP elements for Minnesota. Elements were selected 

based on evidence of use in existing SIPs, whether they address significant emission sources found in the 

Twin Cities region, and whether reliable cost-effectiveness data is available from those sources. 

Whenever possible, SIP elements from Midwestern states were used, in order to mitigate any cost-

effectiveness differences in reduction strategies due to regional climate. Because of the heterogeneity 

of SIPs region-by-region and  challenges in obtaining comprehensive data for existing SIPs, elements 

included in this study draw on evidence from a variety of sources.   Finally, all cost data from these 

sources were adjusted for inflation and expressed in 2012 dollars. 

Emission Reduction Goals 

For each of the three pollutants of concern in this study, a specific goal was estimated for what 

percentage of the Twin Cities’ emissions would be reduced in a nonattainment scenario. Conversations 

with staff members in the Air Policy Unit (within the Environmental Analysis and Outcomes Division) at 

the MPCA, preliminary modeling from the agency, and previous literature reviews informed the creation 

of each emission reduction goal. As noted earlier, each of these goals are estimations; in an actual 

nonattainment scenario, extensive modeling would need to be done in order to formulate more precise 

emission reduction goals.  

For VOCs, a fifteen percent reduction goal was set based on data from Milwaukee, Wisconsin. In the 

early 1990s, the Milwaukee area went into nonattainment for ozone and, based on regional modeling as 

a part of their SIP development, the Wisconsin DNR developed a plan to reduce their regional VOC 

emissions by fifteen percent. The Twin Cities experiences a similar climate as Milwaukee and might 

expect to achieve a similar goal based on more localized modeling; therefore, for the sake of this study, 

based on extrapolation from Milwaukee, a fifteen percent VOC reduction goal for the Twin Cities was 

reasonably assumed as a response to nonattainment. 

NOX are a significant precursor pollutant for both ozone and fine particulates. Preliminary modeling by 

the MPCA has indicated that, in order to reduce ambient ozone concentrations, similar reductions in 

both VOCs and NOX would be required; if the region were to reduce one pollutant without the other, the 

corresponding reduction in ambient ozone concentrations would be much less significant than if the two 
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were reduced in tandem. There is also evidence that significant NOX reductions have been needed to 

reduce ambient PM2.5 concentrations in other areas, including St. Louis (for example, the St. Louis SIP for 

PM2.5 addresses a plan to reduce only local NOX emissions and not direct PM2.5) (Missouri Department of 

Natural Resources 2009). For these reasons, this study uses a fifteen percent emission reduction goal for 

NOX, in conjunction with the fifteen percent VOC reduction goal. 

Finally, direct PM2.5 emissions are the only emission sources that have a direct, linear relationship 

between local emissions and local pollutant concentrations. This study uses a twenty percent reduction 

in direct PM2.5 emissions based in preliminary modeling by the MPCA, which was based on a mid-range 

PM2.5 concentration level recommendation by the Clean Air Scientific Advisory Committee (as was 

discussed in the  November 16, 2012 Clean Air Dialogue working group meeting). 

Twin Cities Emissions Inventory 

The next step in the analysis was to explore existing emission sources of the pollutants in order to 

identify reduction points and the associated costs.  Direct air pollution emissions come in four major 

categories; on-road mobile and non-road mobile emissions, area sources, and point sources. On-road 

sources include motorized vehicles such as cars, trucks and motorcycles, and non-road emissions are 

from engines of non-highway vehicles and equipment, such as all-terrain vehicles, snowmobiles, 

lawnmowers, agricultural equipment and other industrial engines. Point sources include large, 

stationary sources of emissions, such as electrical services, refining, production, and other industrial 

activities. Finally, area sources, which are also often called “nonpoint sources”, include smaller, 

individual emission sources which add up to have a larger impact; these include but are not limited to 

individual gasoline refueling stations, dry cleaners, and other small-scale projects. Figure 5 lists the 

breakdown of each pollutant of interest in this study by source category from the MPCA’s 2005 

emissions inventory. This inventory breaks down each category by major source; specific sources are 

addressed on an individual basis depending on the emission reduction strategy that is applied to it later 

in this study. 
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Figure 5: Twin Cities Emissions Inventories for NOX, VOCs and Primary PM2.5 

 

From this inventory, the specific values of the emission reduction goals can be derived. For NOX the total 

annual emissions rate in the Twin Cities is approximately 155,000 tons per year. The fifteen percent 

reduction goal is accordingly equal to 23.3 thousand tons per year, or slightly less than 64 tons per day. 

Volatile Organic Compounds are emitted at a rate of 123,000 tons per year. Following the same fifteen 

percent reduction goal would require annual reductions of 18.5 thousand tons per year, or slightly more 

than 50 tons per day.  

Finally, all sources of direct PM2.5 emissions equal 21,500 tons per year. The twenty percent reduction 

goal results in a 4.3 thousand ton per year reduction, which is the same as 11.8 tons per day. Table 1 

lists a summary of the goals and the corresponding reduction amounts for each of the three primary 

pollutants of concern. 

Table 1: Emission Reduction Goals by Primary Pollutant 

Pollutant Annual Emissions 
(tons/year) Reduction Goal Reduction per 

year (tons) 
Reduction Per 

Day (tons) 
NOX  155,119 15% 23,267 63.7 

VOCs 123,158 15% 18,473 50.6 
Direct PM2.5 21,497 20% 4,299 11.8 
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VOC Reduction Strategies 

In total, twelve different control strategies for a range of emission source categories were evaluated to 

reduce VOCs in the Twin Cities (the complete list of strategies can be found in Table 2)*. This list is in no 

way exhaustive of all of the possible strategies that could be employed to meet the 63.7 ton per day 

reduction goal; rather, this list includes a menu of possible options to choose from in order to meet the 

fifteen percent reduction target. 

These strategies met three qualifications in order to be considered for this study; first, they are all 

included on a SIP somewhere. This was the primary threshold to determine whether the control 

measure was feasible; inclusion on a SIP indicates that it was feasible in some region and has previously 

been approved by the EPA as a control strategy that is acceptable in a SIP. Next, each of the control 

strategies considered aligns with a major source of VOC emissions that are released in the Twin Cities. 

Finally, only control strategies with reasonable and reliable cost-effectiveness measures were 

considered; several control strategies were explored, but ultimately did not make it to the final list 

because the range of cost-effectiveness estimates was too wide or too site-specific to apply to this 

analysis. Table 2 lists each strategy considered in this study by source category, as well as several 

measures of cost and effectiveness for each. A full description of each strategy and source category 

follows.  

  

                                                           
* The numbers depicting emissions and emission reductions found in Table 2, as well as throughout this report, are 
rounded to the nearest tenth of a ton. This has allowed small-scale emission reduction programs to be considered 
and helped while comparing small-scale programs to one another. However, for practical reasons, the numbers 
presented are more precise than what would be expected in practice.    
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Table 2: Summary of Available VOC Emissions Control Strategies 

Source Categories Strategy Cost/year 
(millions) Tons/day 

Cost/ton 
(2012$, 

thousands) 
On-Road - Gasoline Reformulated Gasoline $30.4 11.1 $7.5 

Non-Road - 
Gasoline Reformulated Gasoline $1.8 1.5 $3.4 

On-Road - Gasoline 
Basic VIM 23.2 6.7 $9.5 

Stringent VIM 52.4 26.4 $5.4 
Degreasing, 

Industrial Point 
Sources 

Low VOC Solvents, 
Chicago/Metro East Cold 

Cleaning Regulations 
3.9 6.6 $1.6 

Graphic Arts, Traffic 
Markings, 

Architectural and 
Industrial Surface 

Coatings 

OTC Model Rule $12.7 4.6 $7.6 

SCAQMD Phase III Rule $16.6 2.0 $22.9 

Consumer and 
Commercial 

Products 

OTC Model Rule $1.3 3.9 $.9 

CARB 2003 SIP Rule $7.0 3.5 $5.5 

Auto-body 
Refinishing 

Stringent RACT regulations, 
based on SCAQMD 1145 $.8 0.7 3.1 

Portable Fuel 
Containers 

OTC Model Rule $1.0 0.7 $.4 
Incentive Program $1.8 1.1 $4.6 

Reformulated Gasoline (RFG) 

Most, although not all, areas in nonattainment for the 2008 8-hour ozone standard have switched to 

using reformulated gasoline (RFG) in the place of conventional gasoline. RFG is refined in a way that 

makes it burn more fully, which creates fewer pollutants from tailpipe emissions, and allows it to 

evaporate more slowly than conventional gasoline. As tailpipe emissions from gasoline vehicles are one 

of the largest sources VOCs in the Twin Cities 7-county metro area, it is likely that ozone nonattainment 

would lead to mandatory adoption of RFG at the pumps. Accordingly, RFG would be used in both on- 

and non-road gasoline engines, and would reduce VOC emissions from emissions categories related to 

both.  

Reformulated Gasoline in On-Road Vehicles 

According to the 2005 emissions inventory from the MPCA, in that year the 7-county metro area 

experienced 37,667.5 tons of VOC emissions from gasoline-powered highway vehicles, or around 103.2 

tons per day. From one model developed by the Wisconsin DNR, using reformulated gasoline rather 
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than conventional gasoline will, on average, reduce the VOC tailpipe emissions by 10.8% (Bergquist and 

Taschler 2012).  This percentage of the VOC emissions from gasoline-powered vehicles would save an 

estimated 4,068 tons of VOC emissions annually, or 11.1 tons per day. 

In order to estimate the total cost of RFG in on-road vehicles, the number of gallons of gasoline 

expected to be sold in the Twin Cities must be calculated. According to an estimate by the US Energy 

Information Administration, approximately 1.98 billion gallons of gasoline were consumed by the 

transportation sector in Minnesota in 2011 (EIA n.d.). From the Minnesota Department of 

Transportation, in 2010 26.9 billion vehicle miles were traveled in the 7-county metro area, which is 

approximately 47.2 percent of the total 57.0 billion vehicle miles traveled state-wide. Assuming roughly 

the same proportion of gasoline-powered vehicles used and the same average miles-per-gallon rating of 

the vehicles in the metro area as in greater-Minnesota, it can be assumed that 47.2 percent of the 1.98 

million gallons of gasoline were consumed in the metro area. This ultimately results in approximately 

936.3 million gallons of gasoline sold in the 7-county metro area in 2011. 

According to a 1999 study, the Energy Information Administration cited the estimated price difference 

between RFG and conventional gasoline in northern states to be 2.5 cents per gallon during the winter 

months and 4.0 cents during the summer (Bohn and Lidderdale 2000). Using the average between the 

seasonal prices, 3.25 cents per gallon, as the average premium price per gallon of RFG, multiplied by the 

936.3 million gallons of gasoline sold in 2011, the total cost estimate for selling RFG at all metro-area 

fueling stations is estimated at $30.4 million annually.  

Reformulated Gasoline in Non-Road Gasoline Engines 

If reformulated gasoline were mandated to be sold in all Twin Cities area fueling stations, gasoline-

powered engines belonging to other equipment would see a VOC reduction benefit as well. Because of 

this, any SIP reduction program that accounts for RFG in one category of vehicles (on- or non-road) must 

assume it will be used in the other. 

According to a recent report on the cost-effectiveness of emission reduction strategies, non-road 

motors see an average emissions reduction of VOCs of 1.4 percent when using RFG over conventional 

gasoline (E.H. Pechan & Associates 2005). These motors belong to three major categories of vehicles; 

recreational equipment, pleasure crafts, and lawn and garden equipment. A summary of the VOC 

emissions from these categories in the seven-county metro area is found in Table 3. 
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Table 3: 2005 VOC Emissions from Non-Road Gasoline Engines, in tons 

 Recreational Equipment Lawn and Garden 
Equipment Pleasure Craft 

Annual 11,013.0 15,149.7 11,910.9 
Daily 30.2 41.5 32.6 

 

The cost-effectiveness estimates vary within each of these three categories of motors, as well as 

between the three. This is because each category has varying fuel efficiencies for the various engines 

and types of motors which are included within that category. For each, the average cost effectiveness 

will be used in the calculations.  

From the 2005 report, the cost-effectiveness of VOC emission reductions in recreational equipment that 

can be achieved by using RFG varies by equipment size, age, and engine type. The estimated range of 

cost-effectiveness is $787 to $2,505 (both adjusted for inflation to be in 2012 dollars) (E.H. Pechan & 

Associates 2005). This study will assume the average effectiveness is achieved, which is equal to $1,646 

per ton of VOC. 

Similarly, lawn and garden equipment vary depending on which piece of motorized machinery is 

switching to RFG. The 2005 report gives the estimated range of cost per ton VOC savings to be $2,040 - 

$8,948, in 2012 dollars (E.H. Pechan & Associates 2005). The average expected value from this category 

is equal to $5,494. 

Finally, pleasure craft, or recreational boats that use gasoline-powered engines, have an estimated 

effectiveness of $2,505 per ton of VOC reduced. This is the inflation-adjusted value given for 4-stroke 

Inboard and Sterndrive motors (2005 E.H. Pechan & Associates 2005). 

Again, the estimated average reduction in VOCs would be 1.4 percent across all three categories; this 

would reduce 212 tons per year from lawn and garden equipment (at a cost of $1,165.200 per year), 166 

tons per year from pleasure craft (at a cost of $417,683 per year), and 154 tons per day from 

recreational equipment (at an annual cost of $253,784).  

As a combined total, these off-road vehicles and equipment can expect to achieve a total VOC emission 

reduction of 1.5 tons per day, at an a combined annual cost of $1,836,666. 
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Vehicle Inspection and Maintenance (VIM) Programs 

Minnesota conducted emissions tests on registered vehicles starting in 1991 when the state was in 

nonattainment for carbon monoxide limits in the Twin Cities region. However, in 1999, when the region 

was reclassified as in attainment for carbon monoxide, mandatory emissions testing stopped. Since 

then, the program has not been reinitiated (DMV.org 2013).  

These programs require vehicle exhaust tests and, if a vehicle exceeds the allowable limits, require that 

the vehicle be repaired or even retired before the driver is allowed to renew the license plate 

registration on the vehicle. These tests primarily have benefits in reducing both the VOC and NOX 

emissions from gasoline-powered vehicles. For this reason, these programs will be considered in this 

report for both pollutants; this section will discuss the VOC cost-effectiveness calculations, and the NOX 

analysis will come later.  

 Currently, thirty states have vehicle inspection and maintenance (VIM) programs as part of emission 

reduction programs (EPA 2013), the majority of which are in nonattainment for ozone and/or fine 

particulate matter. From the five Midwestern states which make up the Lake Michigan Air Directors 

Consortium (LADCO), four currently have VIM programs of varying stringencies.  

For this control strategy, two different levels of inspection and maintenance programs have been 

evaluated; a basic level and a more stringent program. The difference between the two is the allowable 

emission limits for the vehicles and the frequency at which the vehicles must be inspected. 

Emissions Reductions 

According to the most recent Documentation Report on available emission reduction programs, the 

expected VOC reductions from a basic VIM program range from 1.8 to 19.8 percent, with the typical 

reductions expected to be 6.5 percent from the baseline (E.H. Pechan & Associates 2005). According to 

the MPCA inventory, in 2005 the 7-county metro area experienced 37,668 tons of VOC emissions from 

gasoline-powered highway vehicles, which averages out to be 103.2 tons of VOCs per day; therefore, 

this control measure can expect a reduction of 6.7 tons of VOCs per day. 

According to the 2006 ENVIRON report Evaluation of Candidate Mobile Source Control Measures for the 

5-state LADCO region, stringent programs result in an average of a 25.6 percent reductions in VOCs from 

on-road gasoline vehicles. From the daily emissions listed in the MPCA inventory (103.2 tons per day of 

VOCs) the stringent VIM program is expected to achieve 26.4 tons per day reduced of VOCs.   
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Cost Estimates 

This control measure applies to light duty gasoline vehicles, trucks, and motorcycles. The price per 

vehicle of the basic VIM program was estimated to be $17.95 (in 1997 dollars) for areas that do not 

already have an inspection and maintenance program (E.H. Pechan & Associates 2005), which the Twin 

Cities does not. After adjusting for the 2.38 percent inflation between then and 2012, the end price 

estimate per vehicle is $25.54.  

According to ENVIRON, the stringent VIM program has an estimated cost per vehicle of $57.70 after 

adjusting for inflation to be in 2012 dollars. However, this price adjustment does not account for any 

changes in technology, nor do the prices differentiate between who pays for what. For example, in some 

states, such as Wisconsin, the required inspection and two re-inspections thereafter are free to the 

vehicle owners; after that, drivers must pay a $15 fee per inspection (Wisconsin Department of 

Transportation 2012). As another example, in Ohio, all drivers are required to pay a $19.50 fee for every 

inspection (ENVIRON 2006). Drivers are responsible for paying for the maintenance on their vehicle that 

is required after a failed inspection in order to meet the required emissions levels. 

To estimate the number of annual inspections that would take place in the Twin Cities, it is assumed that 

the region would use the same vehicle type and age testing requirements as the Milwaukee region. 

According to the Wisconsin Department of Motor Vehicles, the Wisconsin VIM program conducts an 

estimated 650,000 vehicle inspections per year (Wisconsin Department of Transportation 2012). 

According to the 2010 census, the combined population of the 7-county region which requires vehicle 

inspection was 2.04 million, while the population of the 7-county Twin Cities metro area was 2.85 

million. Assuming that the proportion of vehicles requiring inspections is the same as the proportion of 

populations, the expected annual number of inspections in the Twin Cities would be 908,000 vehicles.  

Using the estimated price per vehicle and the number of inspections, the combined annual cost of the 

basic program, at $25.54 per vehicle, is estimated at $23.19 million, and the stringent VIM program, at 

$57.70 per vehicles, is estimated to be $52.39 million annually.  Again, this price estimate does not 

differentiate between the price of inspections and the price of the maintenance.  

Additionally, it is likely that these figures overestimate the actual cost-effectiveness of each of these 

programs that would be seen in the Twin Cities region. As newer, more advanced vehicles replace older 

vehicles, they reduce tailpipe emissions from this category, as they are built to run cleaner. Also, many 

newer vehicles now have the “check-engine” light turn on when there is a malfunctioning catalytic 
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converter, which is the vehicle’s primary pollution-reduction mechanism; drivers, then, are more likely 

to be aware of and fix the problem without the assistance of a VIM program.  

Industrial Solvent Cleaning (Degreasing) 

Solvent cleaning (or degreasing) is considered any process which involves the use of solvents or solvent 

vapors to clean water-insoluble products, such as oils, waxes, or grease, from a surface. This is done in a 

variety of industries prior to painting or treating surfaces, inspections and repairs, and is used in many 

industrial manufacturing processes. As the products used to degrease surfaces and machinery 

evaporate, they release VOCs into the air. 

A potential control measure for this source involves adopting the Chicago/Metro East Cold Cleaning 

Regulations, which set specific VOC limits on a variety of solvents used for degreasing in various industry 

sectors. This rule applies to the four major categories of degreasing (open top, conveyorized, cold 

cleaning, and other), and would apply to degreasing processes for both point and area sources (MACTEC 

2006). 

According to the 2006 MACTEC white paper report for industrial solvent cleaning, the expected 

emissions reduction for this process “is a 66 percent reduction from uncontrolled levels for all cold 

cleaning categories except electronics” (page 5). From the MPCA’s 2005 emission inventory, the source 

category for “degreasing” includes all area sources. The point source emission totals include emissions 

from the following categories: fabricated metal products; furniture and fixtures; instruments and related 

products; industrial machinery and equipment; primary metal products; miscellaneous repair services; 

auto repair, services and parking; miscellaneous manufacturing industries; and transportation 

equipment. The annual VOC emissions from area-source degreasing are 1,397.2 tons, and from point 

sources are 2,282 tons; on average, these break down to equal 3.8 and 6.3 tons per day for area and 

point sources, respectively.  

Using the estimated 66 percent VOC emissions reductions from the uncontrolled baseline above, the 

Twin Cities region could expect a savings of 922.2 tons from area sources and 1,506.1 tons from point 

sources annually, which results in an estimated 6.6 tons of VOC emissions reduced per day. 

According to the MACTEC interim white paper for industrial solvent cleaning, from an uncontrolled 

baseline, the estimated cost per ton reduced in 2006 was $1,400. After adjusting this for the 2.31 
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percent inflation rate between 2006 and 2012, the resulting price estimate is $1,605.39 per ton. In total, 

the annual cost for this control measure is estimated to be $3,898,324. 

Architectural and Industrial Maintenance Coatings, Traffic Markings, and Graphic Arts 

The US EPA has set a national VOC standard for architectural and industrial and maintenance coatings. 

This is known as the US EPA AIM VOC Rule, and has reduced the VOC content of many products to 

average 20 percent lower than those from uncontrolled levels. However, many states with regions in 

nonattainment for ozone have established stricter VOC content limits for these products beyond what is 

required under federal law. These products include, among other things, concrete and floor coatings 

and treatments, graphic arts coatings, industrial sealants, enamels, primers, and stain and water 

repellants (VEXCON 2008). From the 2005 MPCA emission inventory, Table 4 lists the annual and daily 

VOC emissions, in tons, from the categories that would be affected by the rules discussed here.  

Modeled after regions which set higher standards than the EPA rule, there are two levels of restrictions 

that could be applied to the Twin Cities; a Model Rule from the Ozone Transportation Commission, or a 

stricter limit modeled after South Coast Air Quality Management District Phase III VOC Limit. 

OTC Model Rule 

The Ozone Transportation Commission (OTC) has developed a model rule for many architectural and 

industrial maintenance coatings, which was adopted by Wisconsin, Illinois, Michigan, Indiana and Ohio 

in January of 2009. While the OTC Model Rule has specific VOC content limits for coatings in multiple 

categories, the average reductions are estimated to be 31 percent beyond the US EPA AIM VOC Rule 

(EPA 2012). 

Table 4: 2005 VOC Emissions Inventory from Maintenance Coatings, in tons 

 Traffic Marking Graphic Arts Surface Coatings - 
Architectural 

Industrial 
Surface 

Coatings 
Annual 35.0 1,518.2 3,779.6 63.5 
Daily 0.1 4.2 10.4 0.2 

 

According to the US EPA Menu of Control Measures, the estimated cost per ton of VOCs reduced using 

the OTC Model Rule is $6,612 measured in 2006. After updating this estimate for the 2.31% inflation 
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rate between 2006 and 2012, the final estimate is a cost of $7,582 per ton VOC. The total daily price 

across all categories is $34,749.21, which results in an average annual cost of $12.7 million (EPA 2012).   

South Coast Air Quality Management District Phase III VOC Limit 

The South Coast Air Quality Management District (SCAQMD) has implemented additional VOC content 

limits for these related products beyond the OTC Model Rule described above. This rule (phase 3 of Rule 

1113) requires near-zero or zero VOC formulas for multiple solvents included under the OTC Model Rule 

with less-strict limits, and has been evaluated by the Midwest Regional Planning Organization as a 

candidate control measure to include in order to achieve ozone attainment. According to the MACTEC 

white paper on architectural and industrial maintenance coatings, it is estimated that this rule saves 

13.4 percent of VOC emissions beyond the OTC Model Rule (for a total of 44.4 percent reductions) 

(MACTEC 2006).  

Because these product formulas reduce VOC content nearly completely, they come at a higher price 

than the OTC Model Rule. The SCAQMD estimated that the reformulation of relevant products has 

resulted in an average price increase of $8 per gallon of solvent, which results in an estimated $20,000 

per ton of VOC reduced in 2006. After adjusting for the 2.31 percent inflation rate between 2006 and 

2012, this result is an estimated cost of $22,934.15 per ton of VOC reduced. 

Table 5 lists the summary of emissions savings from each source affected by these rules, as well as the 

daily costs to achieve those VOC emission reductions. The Twin Cities could choose to select either the 

OTC Model Rule or the SCAQMD Phase III VOC Limits; however, if the more stringent SCAQMD rule was 

selected, the cost would assume that the OTC Model Rule limits were already achieved, as the 

calculations for the SCAQMD build off of the initial VOC reduction from that rule.   
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Table 5: Summary of Daily Costs and Emissions Reductions 

  
Architectural 

Surface 
Coatings 

Industrial 
Surface 

Coatings 

Traffic 
Marking 

Graphic 
Arts 

Total 
(daily) 

OTC 
Model 
Rule 

Reductions (31% 
of daily 

emissions) in 
tons 

3.2 0.1 0.03 1.3 4.6 

Daily Cost 
($7,582 per ton 

saved) 
$24,338.44 $409.13 $225.50 $9,776.14 $34,749.21 

SCAQMD 
Phase III 

VOC 
Limits 

Reductions 
(13.4% beyond 

OTC Model 
Rule) in tons 

1.4 0.02 0.01 0.6 2.0 

Daily Cost 
($22,934.15 per 

ton saved) 
$31,822.53 $534.94 $294.84 $12,782.31 $45,434.62 

Consumer and Commercial Products 

In a manner similar to the architectural and industrial surface coating rules, two varying levels of 

consumer and commercial product VOC content limits were considered. According to the 2006 MACTEC 

report on reduction strategies for commercial and consumer products, this source category includes 

“items sold to retail customers for personal, household, or automotive use, along with the products 

marketed by wholesale distributors for use in commercial or institutional settings such as beauty shops, 

schools and hospitals” (page 1). As these products are used, while they evaporate or dry after being 

applied, they release VOCs.  

The US EPA set a national standard limiting the VOC content in 24 categories of consumer and 

commercial products in 1998, which includes nearly half of the entire product inventory. These 

standards limited, on average, the VOC emissions from regulated products by 20 percent beyond the 

uncontrolled versions, or by 9.8 percent overall (MACTEC 2006). The Twin Cities region has already 

applied these national standards; from the 2005 MPCA emissions inventory, the annual VOC emissions 

from this category is 10,136.8 tons, which averages out to be 27.8 tons per day. Beyond the national 

standards, the Twin Cities region has no further limits on VOC contents in consumer and commercial 

products. Two stricter levels of regulations are considered in this report; the first is modeled after the 

Ozone Transport Commission’s model rule for consumer and commercial products, and the second is 

required by the California Air Resource Board in their 2004 SIP. 
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OTC Model Rule 

The Ozone Transport Commission has drafted a model rule for consumer and commercial products that 

includes more stringent levels for products which fall under the federal standard and includes standards 

for products not under federal rule (or nearly 80 percent of all products in this classification). This model 

rule reduces the VOC emissions from consumer and commercial products by 14.2 percent beyond the 

federal rule.  

The estimated control cost to implement this rule is $800 per ton of VOC in 2006 dollars. After adjusting 

for the 2.31 percent inflation between 2006 and 2012, the final resulting cost estimate is $917 per ton. 

In total, this control measure would reduce Twin Cities’ VOC emissions by 3.9 tons per day, at an annual 

cost of $1,319,856. 

California Air Resource Board (CARB) 2003 SIP Requirement 

The California Air Resource Board adopted further reductions in VOC content limits for commercial and 

consumer products in their 2003 SIP. This rule set or revised the standard for 13 product categories. 

According to MACTEC, applying this rule would control 12.5% of VOC emissions from commercial and 

consumer products beyond the OTC Model Rule (from an uncontrolled baseline the emissions 

reductions would be equal to 30.9 percent). The estimated control costs for this rule are $4,800 per ton 

of VOC in 2006. This number, adjusted for the 2.31 percent inflation between 2006 and 2012 is equal to 

$5,504 per ton of VOC. The additional savings which would result from adopting the CARB 2003 SIP 

Requirements are expected to be 3.5 tons of VOC per day at an annual cost of $6,973,602. 

Auto Body Refinishing 

Auto body refinishers, or auto-body shops, release VOCs as the coatings that they apply to cars, trucks, 

and motorcycles dry and evaporate, as well as during the use of many of the specialized cleaning 

products that are used in the shops.  According to the 2006 MACTEC candidate control measure report 

for auto body refinishing for the 5-state LADCO region, these coatings include “washes, primers, primer 

surfacers, and primer sealers and topcoats” (page 1). 

From the 2005 Twin Cities regional emissions inventory, VOC emissions from auto body refinishing 

accounted for approximately 0.2 percent of the region’s total annual emissions. In total, this source 

category emitted 284.1 tons for the year, which averaged out to be 0.8 tons per day. 
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According to the MACTEC, an available control measure for this source of emissions would be to adopt 

the reasonably available control technologies that are currently enforced by the South Coast Air Quality 

Management District. These control technologies include using low-VOC solvents and cleaners, as well 

as high-efficiency spray guns. From the MACTEC candidate control measure white paper for auto body 

refinishing, adopting these measures would reduce the VOC emission from body shops by an estimated 

89 percent from uncontrolled emissions if they were to be applied to the entire nonattainment region 

(MACTEC 2006). 

The estimated cost for this measure is $2,860 per ton in 2006 dollars. After adjusting for the 2.31 

percent inflation rate between 2006 and 2012, the total estimate comes to $3,073 per ton. In total, this 

control measure would be able to reduce VOC emissions by 0.7 tons daily at an annual cost of $777,000 

(MACTEC 2006). 

Portable Fuel Containers 

Portable fuel containers, commonly known as gas cans, come in a variety of sizes and are made from an 

array of materials. Consumers use gas cans to transport gasoline from fueling stations to use or store at 

other locations. However, traditional gas cans allow for the direct emissions of VOCs from the gasoline 

that they store and transport gasoline in several ways. Gasoline releases VOC vapors directly into the air, 

and consumers using gas cans allow for these vapors to be released in an uncontrolled way when 

refilling their gas cans, using gas cans to fill other equipment and engines, when pressure changes occur 

when the gasoline has been stored during temperature changes, and at any time that there might be a 

spill (MACTEC 2006). 

In order to reduce the VOC emissions from these sources, gas cans with spill-proof containers and 

spouts have been developed. These gas cans have an automatic shut-off feature which prevents 

overfilling and a specialized spout with a valve that traps vapors and seals the gasoline and vapors inside 

when not in use. These spill-proof portable fuel containers are mandated by the California Air Resource 

Board (CARB) as a part of southwest California’s ozone SIP. The Ozone Transport Commission has 

developed a model rule, based on CARB’s mandate, which requires the sale of spill-proof gas cans in 

nonattainment regions. 

According to the 2006 MACTEC white paper on portable fuel containers, VOC emissions associated with 

their use account for 1.2 percent of all VOC emissions in the 5-state LADCO region. While specific 

county-by-county data for the Twin Cities Metro Region is not available from this source category, it can 
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be assumed that a similar percentage of VOC emissions would result from this category, as spill-proof 

containers are not mandated in either region. Assuming portable fuel containers make up 1.2 percent of 

the Twin Cities emissions, this will result in an estimated 1,474 tons per year (or 4.0 tons per day) from 

this source.  

According to MACTEC, spill-proof gas cans can reduce the VOC emissions from this source category by 

an estimated 75 percent over traditional gas cans. The largest factor in reducing emissions is gas can 

turnover from the traditional variety to the spill-proof models; LADCO estimated that consumers replace 

gas cans once every ten years. 

OTC Model Rule 

As previously stated, the OTC Model Rule for portable fuel containers would be to mandate the sale of 

spill-proof containers in nonattainment regions. This model rule does not include any mechanism to 

speed-up the turnover rate of traditional gas cans. According to MACTEC, this would reduce emissions 

from portable fuel containers by an estimated 18 percent per year at a cost of $250-$480 per ton 

(depending on the size of the gas cans). Under this rule, the Twin Cities could see an estimated annual 

VOC reduction of .72 tons per day at a cost (assuming the median value of $365 per ton) of $96,900 per 

year. 

Incentive Program to Accelerate Phase-In of Compliant PFCs 

Because PFC turnover plays such a critical role in determining the effectiveness of mandating spill-proof 

gas cans, an incentive program could be adopted to accelerate the turnover process. MACTEC examined 

an incentive program which would provide consumer with a free spill-proof gas can when they 

surrender a traditional model. This program would accelerate the turnover of gas cans at a rate that 

would reduce emissions by an estimated 27 percent annually at an estimated cost of $4,600 per ton of 

VOCs reduced. For the Twin Cities 7-county Metro Region, this control measure would be equal to a 1.1 

ton per day reduction in VOC emissions at an annual cost of $1.8 million.   

Results: VOC Reduction Strategy Scenario Costs 

The VOC emission reduction strategies evaluated above are not a complete or exhaustive list of possible 

VOC reduction programs. However, from those that have been analyzed, there are several combinations 

of options which could be used in order to offset the 50.6 ton of VOCs per day needed to meet the 15 
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percent VOC reduction goal. Which options are actually applied in the SIP depends on many factors, 

including negotiations based on the local politics and various economic factors. Because of this, the 

least-cost options are not necessarily the ones chosen for SIPs, nor are the options with the highest 

reduction potentials. However, in this analysis, in order to generate a range of estimated expected 

annual costs to meet the 15 percent VOC reduction goal, the highest- and lowest-cost combinations of 

these options needed to meet the 50.6 ton per day threshold have been calculated. 

As of now, the two factors for each emission reduction strategy which have been analyzed are the price 

per ton of VOCs reduced, and the total number of tons per year which can be reduced from the Twin 

Cities emissions inventory. Figure 6 displays the reduction programs in order from least to most 

expensive, with the blue bars corresponding to the price per ton reduced. Next, the red line graph 

demonstrates the total number of tons of VOCs per day that the emission reduction program can 

account for. This figure is important because it directly compares the two cost-effectiveness 

considerations for each reduction strategy against the others. 

Figure 6: Price per Ton vs. Tons per Day Reduced Comparison for VOC Reduction Strategies

 

Figure 6 helps to illustrate that there is not a linear relationship between the price per ton and total 

number of tons reduced. For example, the SCAQMD Rule for architectural and surface coatings has the 
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most costly price per ton measure, and yet there are seven other options which reduce a greater 

volume of VOCs annually than that measure. As another point of comparison, the Chicago Cold Cleaning 

regulations for degreasing cost a fraction, per ton, of the SCAQMD rule, yet reduces more than three 

times the volume of VOCs. These comparisons would be important for helping to decide which programs 

the Twin Cities would pursue in a SIP; however, as stated previously, economic costs and cost-

effectiveness ratios are only a few of many factors that would be considered while developing that plan. 

From this menu of options, the least- and greatest-cost combinations of nonexclusive strategies needed 

to meet the 50.6 ton per day reduction were determined in order to give the estimated range of 

economic impacts. In Figure 7, the emission reduction options are again in order of least to most 

expensive on the price-per-ton reduced basis. This figure displays the cumulative cost per year and the 

cumulative tons of VOCs reduced per day if the options were to be implemented in order of least to 

most expensive. According to this figure, the least-cost combination of options would include the OTC 

model rule for portable fuel containers; the OTC model rule for consumer and commercial products; 

stringent RACT for auto-body refinishing; applying the Chicago/Metro East Cold Cleaning Regulations for 

low VOC solvents in degreasing; reformulated gasoline (which would automatically include both on- and 

off-road gasoline vehicles); and a stringent VIM program. This option package would cost an estimated 

$90.7 million annually. 
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Figure 7: Cumulative Price per year vs. Cumulative Tons of VOCs per Day Reduced 

 

Additionally, from the menu of options listed in Table 2, the highest-cost combination has been 

determined for what would be needed to meet the 50.6 ton per day reduction goal as an estimated 

annual expense of $122.7 million. This combination of options includes reformulated gasoline (again, in 

both non- and on-road gasoline vehicles); a portable fuel container incentive program; a stringent VIM 

program; the CARB 2003 SIP rule for consumer and commercial products; and both the OTC model rule 

and SCAQMD Phase III Rule for solvents used in graphic arts, traffic markings, architectural and industrial 

surface coatings. The highest possible range must be considered, as well as the least-cost range, because 

emission reduction programs might not necessarily be chosen based solely on cost-effectiveness. 

Nitrogen Oxides Reduction Strategies 

Similar to the VOC strategy discussed above, a menu of control options for reducing NOX from the Twin 

Cities emissions inventory was evaluated in order to develop a combination of strategies to reach the 

63.7 ton per day reduction goal. Eight strategies in total were evaluated. This list, again, is not an 

exhaustive list; many other control measures could be considered for the Twin Cities. These were 
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selected based on their existence on a SIP, because they align with a major source of emissions in the 

Twin Cities, and because data on the cost-effectiveness of each was available. The full list of NOX control 

strategies evaluated, as well as their cost-effectiveness measures, can be seen in Table 6. A description 

of each strategy and the source category that it covers, as well as the breakdown of the cost-

effectiveness calculations for each, follows. 

Table 6: Summary of Available NOX Emission Control Strategies 

Source 
Categories 

Strategy Cost/year 
(millions) Tons/day Cost/ton (2012$, 

thousands) 
Electric 

Generating 
Units 

BACT  
cap-and-trade $30.6 61.4 $1.4 

On-Road - 
Gasoline 

Basic VIM $23.2 6.8 $9.3 

Stringent VIM $52.4 8.4 $17.2 

Mobile Diesel 
Vehicles and 
Equipment 

On-road Diesel $28.0 12.0 $6.4 
Construction 
Equipment $27.0 6.9 $10.7 

Agriculture Equipment $4.4 0.5 $22.4 

ICI Boilers 
NOX SIP call $2.7 8.8 $.8 

Mandated BACT $13.2 14.3 $2.5 

Electric Generating Units (EGUs) 

The combustion of fossil fuels to generate electricity is a large source of pollutants across the nation. 

Electric generating units (EGUs) generally use a fuel to produce steam, which propels a turbine and 

generates electricity. The combustion of fossil fuels in this process is a major source of NOX. 

According to a 2005 MACTEC candidate control measure report on EGUs, the amount of pollutants 

(especially PM, SO2 and NOX) and cost-effectiveness of reducing those pollutants varies greatly between 

EGUs depending on the type of fuel used, the type of boiler in the EGU, the size and age of the unit, and 

the types of control technologies already employed. Therefore, the additional types of emission control 

technologies that are deployed are determined on a case-by-case basis. Generally, emission control 

technologies either involve a fuel substitution, modifications to the combustion process in the EGU, or a 

post-combustion control. According to the MACTEC white paper on EGU controls, this sector is 

responsible for 28 percent of the NOX emissions from the 5-state LADCO region included in their study. 
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According to the 2005 emissions inventory from the MPCA, the source category “Electric, Gas, and 

Sanitary Services” accounted for one quarter of the Twin Cities NOX emissions, or 39,300 tons. 

The candidate control measure for EGUs in the 2005 MACTEC report is to “adopt emission caps based on 

‘retrofit best available control technology levels’” (page 9). When applied to the Twin Cities, this 

measure would involve setting a cap and trade system for EGUs in the 7-county region, where each EGU 

would have the option to either switch fuels, apply the best available control technology (BACT) in a 

retrofit, or to purchase pollution credits from sources that have reduced their emissions below the 

allowable limit.  

This control measure involves adopting the cap limit set by The State and Territorial Air Pollution 

Program Administrators and Association of Local Air Pollution Control Officers (STAPPA/ALAPCO) of 0.1 

pounds of NOX emissions per million metric BTUs or energy produced; again, each unit can assess a 

variety of technology options available to achieve this limit. 

The cost-effectiveness data used in the MACTEC white paper is based on averages from the previous 

cap-and-trade programs that include a variety of boilers of different size, type, and age. The report 

estimated that in the five-state LADCO  region, the BACT cap on NOX emissions would reduce emissions 

by an estimated 57 percent from the current baseline. Assuming the same level of effectiveness in the 

Twin Cities, this would result in annual NOX emission reductions of roughly 22,400 per year (or 61.4 tons 

per day). 

Similarly, the cost of applying available control technologies varies greatly from unit to unit. However, 

the MACTEC estimated that control costs under existing NOX cap-and-trade programs for EGUs have 

resulted in per ton reduced cost estimates between $700 and $1,600 in 2005. After adjusting for the 

2.47 percent inflation between 2005 and 2012, this range becomes $830 to $1,897. Again, when 

applying these calculations to the Twin Cities region, the average value will be used; therefore, the 

estimated price per ton of NOX emissions reduced used is $1,364. In total, this source category would 

reduce 24,000 tons of NOX per year, at a price of $1,364 per ton, or $30.6 million per ear.  

Vehicle Inspection and Maintenance Programs 

As mentioned earlier, vehicle inspection and maintenance programs for on-road gasoline vehicles have 

benefits to both VOC and NOX emissions. The basic and stringent VIM programs which were discussed 

earlier as they relate to VOCs are the same programs that are included as NOX reduction strategies. 
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Because of this, the cost estimates are expected to be the same ($25.54 per vehicle and $23.19 million 

annually for the basic program, and $57.50 per vehicle and $52.39 million annually for the stringent 

program). 

According to the 2005 Documentation Report on available emission reduction programs, the expected 

NOX reductions range from .4 – 13.4 percent, with the typical reductions equal to 6.5 percent from the 

baseline (E.H. Pechan & Associates 2005). According to the MPCA inventory, in 2005 the 7-county metro 

area experienced 37,225 tons of NOx emissions from gasoline-powered highway vehicles, which 

averages out to be 102.0 tons of NOX per day; therefore, this control measure can expect a reduction of 

6.8 tons of NOx per day. 

According to the 2006 ENVIRON report Evaluation of Candidate Mobile Source Control Measures for the 

5-state LADCO region, stringent programs result in an average of 8.2 percent NOx reductions from on-

road gasoline vehicles. From the daily emissions listed in the MPCA inventory (102.0 tons per day of 

NOx) the stringent VIM program is expected to achieve 8.4 tons of NOX per day reduced.  

Diesel Vehicle Emission Reduction Scenarios 

In 2006, the Lake Michigan Air Directors Consortium (LADCO), in coordination with the environmental 

consulting firm ENVIRON, published a report that examined scenarios for how diesel NOX emissions from 

mobile sources could be reduced in the LADCO 5-state region. ENVIRON conducted this analysis in 

several steps; first, the emissions inventories from the major mobile diesel categories, including 

construction and mining equipment, highway diesel vehicles, and agricultural equipment, were gathered 

for each state. Next, an inventory of each major vehicle type, engine class and age was taken. Finally, 

emission reduction strategies were evaluated for cost-effectiveness by each of the vehicle types and 

ages that were included in the 5-state vehicle inventory.  

The control measures that were included in the ENVIRON analysis have all been considered for inclusion 

in SIPs for ozone and fine particulates in the 5-state region. ENVIRON evaluated a series of potential 

control measures, but only included in the final report those which were deemed feasible for an 

emissions reduction plan based on their existence in another region, and those that would likely be 

included based on their technological and economic analysis. These reduction measures include fleet 

modernization programs, idling reductions and restrictions, inspection and maintenance programs, 

retrofits, vehicle replacements and the use of alternative fuels. ENVIRON created three emissions 

reduction scenarios, one for each diesel vehicle category, that estimated the percentage of each vehicle 
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type and engine class that would participate in each program, and the corresponding costs and tons of 

NOX reduced from each.  

The first step in this analysis is to scale each of the programs down from estimates based on the 5-state 

LADCO region to fit the Twin Cities. For each of the three categories of diesel vehicles analyzed, on-road 

diesel, construction and mining equipment, and farming equipment, the ratio between the emissions 

from the Twin Cities for each source and the LADCO region can be used to estimate the percentage of 

which the Twin Cities fleet makes up of the LADCO fleet. It will be assumed that the breakdown by 

vehicle type and age is consistent between the two regions, but that the Twin Cities has a much smaller 

inventory. Finally, the estimates for the percentages of vehicle participation rates in the LADCO region 

reduction scenarios will remain the same in the Twin Cities. Table 7 outlines the emission inventories for 

each category of vehicle, and the corresponding percentage of each program that the Twin Cities will 

utilize.  

Table 7: Twin Cities and LADCO NOx Tons per Day Emission Summaries by Category 

 On-road Diesel Construction and 
Mining Equipment 

Agriculture 
Equipment 

Twin Cities 
Emissions 68.6 24.6 3.2 

LADCO Emissions 1,089 276.5 256.1 

Twin Cities/LADCO 
Percentage 6% 9% 1% 

 

The percentage that the Twin Cities emissions equal out of the LADCO region emissions for each 

category is the percentage of the LADCO emission reduction scenario that will be applied to the Twin 

Cities. For example, the Twin Cities emissions from on-road diesel vehicles are six percent of those seen 

in the 5-state LADCO region; accordingly, the Twin Cities could adopt six percent of the LADCO program 

to its vehicle fleet, at six percent of the cost, and achieve six percent of the tons per day of NOX reduced.   

Table 8 lists the costs and expected reductions for each of the three vehicle categories for the LADCO 

reduction scenarios, and then the corresponding estimated expected costs and reductions for the Twin 

Cities.  

 



39 
 

Table 8: LADCO and Twin Cities Emission Reduction Scenario Summaries 

    On-road Diesel Construction 
Vehicles Agriculture 

LADCO 
Program 

Cost 
$1,395.2 $900.4 $1,332.8  

(millions) 

TPD NOx reduced 200.5 76.9 54.4 

  
Percentage of LADCO 

scenario applied to the 
Twin Cities 

6% 9% 1% 

Twin Cities 
Program 

Cost $83.7 $81.0 $13.3  
(millions) 

TPD NOX Reduced 12.0 6.9 0.5 

 

Unlike most of the other programs evaluated in this report, which would be ongoing mandates, these 

reduction scenarios are based off of performing  retrofits and vehicle replacements to a set number of 

vehicles. Accordingly, once a certain percentage of the Twin Cities fleet has participated in each element 

of each emission reduction scenario, that program is finished and the corresponding reductions will 

have been met.  

The prices listed in table 8 are equal to what it would cost to implement each of the emission reduction 

scenarios in their entirety. In order to make a direct comparison to the other programs listed in this 

document these programs must be converted to their price per year, rather than to total cost.  To make 

up for this difference, the assumption has been made that these programs would take three years to 

implement, and, therefore, one third of the price would be paid out per year. 

The three year timeline was chosen based on SIP requirements for nonattainment. Once a region is 

determined to be in nonattainment, they have three years to submit a SIP to the EPA, and five years 

from the nonattainment designation date to reach attainment again (which leaves a two-year window 

between when the SIP is submitted and when the region must demonstrate attainment). However, 

according to an interview with a staff member at the MPCA, because all SIP elements must be 

“enforceable” by the SIP date, it is likely that these programs would begin before the initial SIP 

submissions. Therefore, it has been assumed in these calculations that the remaining three years of the 

nonattainment period would be when these programs are implemented. The annual expected costs, 

then, are as follows: $27.9 million per year for on-road diesel vehicles, $27 million per year for 

construction vehicles, and $4.3 million per year for agricultural equipment.  
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Industrial, Commercial, and Institutional (ICI) Boilers 

According to the 2006 MACTEC Interim White Paper on industrial, commercial, and institutional boilers, 

these pieces of equipment “combust fuel to produce heat and process steam for applications in 

chemical, metals, paper, petroleum, food production and other industries” (p. 1). These boilers are 

smaller than those that are used to produce electricity by power companies but can range in size from .5 

million Btu/hour to 1000 million Btu/hour. The fuel combustion process used in boilers generates NOX; 

however, the amount of NOX emissions varies greatly depending on the size of the boiler and the fuel 

that is uses (MACTEC 2006). 

The MPCA’s 2005 emissions inventory lists three categories of combustion that are relevant to this 

control strategy.  These are stationary fuel combustion from industrial, commercial and institutional 

sources, as well as residential fuel combustion. Table 9 lists the daily and annual emission inventory for 

each of the three categories that would be affected by ICI Boiler control strategies. 

Table 9: 2005 NOX Emissions Inventories by Source Category, in tons 

 

Stationary Source Fuel 
Combustion - 

Industrial 

Stationary Source Fuel 
Combustion - 

Commercial/Institutional 

Residential Fossil 
Fuel Combustion 

Total (year): 8257.6 5582.9 3039.6 
Total (daily): 22.6 15.3 8.3 

 

According to estimates by MACTEC, there are two levels of NOX reductions that could be achieved using 

currently available technologies for ICI boilers. The calculations used for the two control technologies 

are distinct; they are separate programs that would be considered for use exclusively from one another.  

The first level would be similar to that currently required under the NOX SIP Call, which is a regional cap-

and-trade emissions program for states which are in nonattainment for ozone. This program would 

reduce emissions from medium and large ICI Boilers (or all boilers with a capacity greater than 100 

million Btu/hour) by an estimated 60 percent, which, in the 5-state region that the MACTEC white paper 

analyzed, is equal to 19 percent of the total emissions from all boilers. Cost estimates for emission 

reductions range between $280 and $1,400 per ton, as control costs are dependent on the size of the 

boiler and the type of fuel used. Because this analysis does not break down the types and sizes of boilers 

used in the Twin Cities, the same reduction percentage of boiler emissions reduced will be assumed, and 

the average cost per ton will be used, which is equal to $840.  
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The second level of reductions is based on the EPA’s Best Available Control Technology (BACT) for 

medium and large size boilers. This would reduce emissions from these boilers by an estimated 80 

percent from uncontrolled levels, which, in the 5-state Midwest RPO region would be equal to 31 

percent of the entire emissions category. The estimated price range for this control measure is from 

$536 to $4,493 per ton, which is again dependent on the size and type of the boilers. Assuming the same 

percentage of boiler emissions can be reduced in the Twin Cities as in the 5-state LADCO region analyzed 

in the MACTEC study, and the average cost per ton is achieved, this control program would achieve daily 

reductions of 31 percent at a cost of $2515 per ton.  

Table 10 demonstrates the cost-effectiveness summary for each of these programs across the three 

boiler types that the control strategies cover. Again, these two reduction strategies would be achieved 

independently. 

Table 10: ICI Boiler Control Strategy NOX Cost-Effectiveness Strategy Summaries 

Strategy  

Stationary 
Source Fuel 

Combustion - 
Industrial 

Stationary Source 
Fuel Combustion 

– Commercial 
and Institutional 

Residential 
Fossil Fuel 

Combustion 
Total: 

 2005 Ton per day 
Baseline 22.6 15.3 8.3 46.2 

NOX SIP 
Call 

Daily Reductions at 19% 
efficiency 4.3 2.9 1.6 8.8 

Estimated Annual Price 
(at $840 per ton), 

millions 
$1.3 $0.9 $0.5 $2.7 

BACT 
Mandate 

Daily Reductions at 31% 
efficiency 7.0 4.7 2.6 14.3 

Estimated Annual Price 
(at $2515 per ton), 

millions 
$6.4 $4.3 $2.3 $13.2 

Results: NOX Reduction Scenario Costs 

The NOX reduction programs are listed in order from least to most expensive, per ton reduced, in Figure 

8. The blue boxes illustrate the price per ton reduced of each program, and the red line displays the 

expected ton-per-day reduction from each of the programs. Similar to the VOC programs, some 

strategies, such as the EGU BACT cap and trade program, are able to reduce a relatively large number of 
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tons of NOX at a relatively low price. Others, such as the agriculture equipment NOX reduction scenario, 

cost significantly more with fewer possible reductions.  

Figure 8: Price per Ton vs. Tons per Day Reduced Comparison for NOX Reduction Strategies 

 

In order to determine the possible range of costs associated with achieving the fifteen percent NOX 

reduction (or 63.7 tons per day), first the least-cost, in terms of dollars per ton reduced, combination of 

these options was considered. Figure 9 illustrates the programs in order of least to greatest cost per ton 

of NOX reduced. However, this figure illustrates the cumulative daily tons reduced against the 

cumulative annual cost for if the programs were to be implemented in order of least to greatest 

expense. The red line, which illustrates the 63.7 ton per day threshold; it is met when the NOX SIP Call for 

ICI Boilers and 90 percent of the EGU BACT cap and trade program are implemented. The annual cost 

associated with this combination of options is $30.0 million. 
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Figure 9: Tons per day Reduced vs. Cumulative Annual Costs for NO¬X Reduction Programs 

 

To estimate the high end of the possible expenses for the NOX reduction program, the highest-cost 

combination of non-exclusive options to achieve the 63.7 tons per day reduction was considered. This 

would include the emission reduction programs for all three categories of diesel vehicles (on-road 

diesel, construction equipment, and agricultural equipment), a stringent VIM program for on-road 

gasoline vehicles, applying the BACT program for ICI boilers, and finally thirty-five percent of the EGU 

BACT cap-and-trade program. This combination of options would be expected to cost $135.6 million 

annually. 

Reduction Strategies for Direct Fine Particulates 

A survey of potential control options for direct PM2.5 emissions has been conducted in a similar fashion 

to that explored for both NOx and VOC emissions. Two major sources are responsible for direct fine 

particulates. First, fine particulates are often a product of combustion; source categories that include 

63.7 Tons NOX Reduction Goal 
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combustion as the direct source addressed in this analysis include ICI boilers, residential wood burning, 

and EGUs. Secondly, a number of direct sources of fine particulates fall under a category known as 

“fugitive dust”. This category includes fine particulates that are stirred up and ejected into the air from a 

disturbance (University of Missouri 2012). Sometimes this occurs naturally, for example, with wind 

gusts. However, anthropogenic activity is largely responsible for the majority of fugitive dust both 

nation-wide and in the Twin Cities. Source categories for fugitive dust and associated PM2.5 emissions 

that were addressed in this analysis include paved and unpaved roads and construction activities.  

For the majority of fugitive dust control measures, PM10 is listed as the primary pollutant that is 

controlled; this is because PM10 is more easily measured from area sources (personal communication 

2013). However, there is a close relationship between the PM10 and PM2.5 levels that are controlled from 

fugitive dust sources. For this reason, when necessary, the control measures that listed data for PM10 

control efficiencies were assumed to have the same control measure for PM2.5. When a range of 

possible PM10 control efficiencies were listed, the lowest estimate was assumed as a conservative 

expected reduction in PM2.5 in these analyses. 

Table 11 lists all of the PM2.5 control measures that were explored in this analysis. Following the same 

guidelines as the VOC and NOX control measure analyses, these programs were selected because they 

have all been implemented on previous SIPs, they align with major categories of emissions from the 

Twin Cities emission inventory, and there was cost-effectiveness data available for each. Again, this is 

not a complete list of all of the possible programs which meet these criteria. The description of each 

strategy and the corresponding source category follows.  
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Table 11: Summary of Available PM2.5 Emission Control Strategies 

Source 
Categories Strategy Cost/year 

(millions) Tons/day 
Cost/ton 
(2012$, 

thousands) 

Unpaved 
Roads 

25 MPH speed limit on unpaved 
roads $0.14 0.3 $1.5 

Chemical stabilization/Dust 
suppressant application $19.08 10.3 $5.1 

Paved Roads 

Require 4-foot paved/stabilized 
shoulders $9.23 1.9 $13.2 

Require wind- and water-borne 
deposition to be removed within 24 

hours of discovery 
$0.54 0.4 $4.0 

Residential 
Wood Burning Education and Advisory Program $7.03 3.4 $5.7 

ICI Boilers 
(coal, wood, 

and oil) 

CEM Upgrade and Increased 
Monitoring Frequency of PM 

Controls 
$0.67 0.3 $6.6 

Utility Boilers Wet Scrubber $0.57 1.0 $1.6 

Construction Dust Control Plan $9.49 3.2 $8.2 

 

Unpaved Roads 

Unpaved roads are a major source of fine particulate pollution; this direct source, known as fugitive dust 

originates “in small quantities over large areas” (University of Missouri Extension 2013). PM emissions 

from unpaved roads happen naturally as the wind blows, for example, and are greatly increased when 

vehicles drive on them and stir up the stagnant particles.  

Unpaved roads are a major source of fine particulate pollution in the Twin Cities region. According to the 

2005 emissions inventory from the MPCA, the Twin Cities experienced 9,413.9 tons of direct PM2.5 from 

unpaved roads that year, which averaged out to be 25.8 tons per day. There are several possible control 

measures that can be considered for unpaved roads to reduce these emissions. This analysis considers 

two measures that are applied as a part of the San Joaquin Valley SIP for PM2.5 in Southern California, 

which are applying chemical stabilization and dust suppressants, and to set speed limits at 25 miles per 

hour on all unpaved roads in the Twin Cities. 
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For applying chemical stabilization agents (which commonly include salt water with a wetting agent such 

as deliquescent chemicals, organic binders, or petroleum-derived binders), the EPA Menu of Control 

Measures estimates that for $5,066.15 per ton, 40-80 percent of the PM emissions can be reduced. The 

EPA notes that, as with most fugitive dust control measures, this will mainly be PM10. For that reason, it 

is assumed that the lowest estimate, 40 percent, will apply to the PM2.5 emissions (EPA 2012). In total, 

this control measure is expected to reduce 10.3 tons per day at an annual cost of $19,076,347. 

Next, reducing the speed limit on paved roads to 25 miles per hour or less reduces the amount of PM 

that is picked up as vehicles pass. The costs behind this control measure include new signage and costs 

associated with patrolling the area and enforcing the speed limit. From the EPA, this is expected to 

reduce emission by one percent at $1,531 per ton, which results in a .3 ton per day reduction for 

$144,127 annually.  

Paved Roads 

Paved roads are another source of fugitive dust; according to the MPCA’s 2005 emissions inventory, 

PM2.5 from paved roads was responsible for approximately 7.8 percent of all direct PM2.5 emissions in 

the seven-county Metro area. That year, the Twin Cities experienced 1,667.9 tons of PM2.5 from 

unpaved roads, which averaged 4.6 tons per day. As vehicles drive on deposits of dirt and dust on roads, 

or in ditches on the sides of roads, fugitive dust is kicked up into the air. There are several strategies 

available for controlling PM from paved roads; this analysis will explore requiring extended road 

shoulders and wind- and water-borne deposit removal, which are two strategies used in the San Joaquin 

Valley SIP for PM2.5. While these strategies both target the same source category, they can be 

implemented together or independently.  

The first control measure under consideration is to require a 4-foot paved shoulder for 50 percent of all 

existing or modified paved roads. According to the EPA’s Menu of Control Measures, this measure is 

estimated to reduce PM emissions by 42-98 percent. Because it mainly targets PM10, the low-end value 

(42 percent) will be considered from PM2.5. The average per-ton cost, in 2012 dollars, is estimated to be 

$13,172 (2012). In total, this control measure would reduce PM2.5 emissions by 1.9 tons daily, at an 

annual cost of approximately $9,226,946. 

The second control measure for paved roads is to mandate that wind- and water-borne deposits (which 

primarily result from erosion) of dust and soil be removed within 24 hours of discovery by the city or 

county. According to the EPA’s Menu of Control Measures, removing these deposits would reduce PM 
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emissions from this category by an estimated eight percent from uncontrolled levels, at a cost of $4,039 

per ton (in 2012 dollars). In total, this control measure is expected to see a 0.4 ton per day PM2.5 

reduction at an annual cost of $538,915.69. 

Residential Wood Burning 

Wood burning by residents, either in open-pits, fireplaces or wood stoves and furnaces, is a significant 

source of PM2.5 emissions in the Twin Cities seven-county Metro region. From the MPCA’s 2005 

emissions inventory, this source category was responsible for approximately 11.4 percent of all PM2.5 

direct emission that year, or 2453.4 tons (on average, 6.7 tons daily). From the EPA’s Menu of Control 

Measures, a possible strategy to reduce emissions from this category would be to create an education 

and advisory program to educate citizens on the dangers of wood smoke emissions and provide 

guidance for proper maintenance and upgrades available for stoves and furnaces. These programs also 

include costs for informing residents when PM concentration levels are raised, and to avoid burning 

wood at those times.  

The 2005 Documentation Report reports cost-effectiveness data from the Clement Falls, Oregon 

outreach and advisory program for residential wood burning. According to these estimates, PM2.5 

emissions were reduced by 50 percent from the uncontrolled sources (E.H. Pechan & Associates 2005). 

The costs to run their program were calculated on a per capita basis, and came to an average of $5,735 

per ton of PM2.5 reduced (in 2012 dollars, after adjusting for inflation). 

In total, if the Twin Cities were to implement a similar program, it can be expected that the region would 

see an average daily reduction of 3.4 tons of PM2.5 at an annual cost of $7,034,981. 

Industrial, Commercial, and Institutional (ICI) Boilers 

ICI Boilers were discussed earlier as a direct source of NOX emissions.  Additionally, burning fossil fuels in 

these boilers are a source of direct PM2.5.  From the EPA’s Menu of Control Measures (2012), a possible 

control strategy would be to upgrade the continuous emissions monitoring (CEM) and to increase the 

monitoring frequency of the PM control measures that are already in place on the boilers. This strategy, 

which applies to boilers fueled by wood, coal and oil, would increase the CEM measurements from once 

per day to every 7.5 minutes. From the MPCA’s 2005 emissions inventory, commercial and institutional 

boilers were responsible for 414.5 tons of direct PM2.5 (or 1.1 tons per day) and industrial boilers were 

responsible for 852.2 tons (or 2.3 tons per day) in the Twin Cities. 
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According to the EPA, the control efficiency of this emission reduction strategy is estimated to be eight 

percent from the uncontrolled measures. The estimated cost per ton reduced in 2006 is $5,763, which, 

after adjusting for the 2.31 percent inflation rate, is equal to approximately $6,608 per ton in 2012. 

Based on these cost-effectiveness measures, the results from mandating this control measure would be 

equal to a reduction of 0.3 tons per day of PM2.5 emissions at an annual cost of $669,615. 

Electric Generating Units (EGUs) 

Applying wet scrubbers to utility boilers used in electricity generation is a possible emission reduction 

strategy for consideration in the Twin Cities region to reduce particulate matter. The wet scrubber that 

is primarily used for PM2.5 control is known as a Venturi scrubber, and functions by injecting water into 

the flue gas, which traps pollutant particles in a condensation before they can be released from the EGU. 

From the EPA’s Menu of Control Measures, it is expected that the application of this control strategy 

could reduce direct PM emissions by 70 percent from this source category (in addition, wet scrubbers 

would also help further reduce emissions of sulfur dioxide, which is a noteworthy precursor pollutant to 

fine particulates). According to the MPCA’s 2005 emissions inventory for the Twin Cities, utility boilers 

were responsible for 502.3 tons of direct PM2.5, which averages out to 1.4 tons per day emitted.  

According to the EPA, the per-ton cost for applying these scrubbers varies greatly by boiler age, size, and 

existing control strategies. The estimated range that is offered for this strategy is $80-$2,726 per ton (in 

2006 dollars). The average, adjusted for the 2.31 percent inflation rate between 2006 and 2012, is 

$1,608. 

Accordingly, assuming the 70 percent efficiency is achieved at the average price, this category can 

expect to reduce PM2.5 emissions by 1.0 tons per day at an annual cost of $565,433.  

Construction Activities 

The EPA’s Menu of Control Measures includes mandating dust control plans for all construction activities 

as a possible control strategy for reducing PM in the form of fugitive dust. From the MPCA’s 2005 

emissions inventory, construction and related activities were responsible for 3,118.7 tons of direct PM2.5 

that year, or about 8.5 tons per day. 

 Primarily, dust control plans include chemical suppression agents and water applications to the soil that 

is disturbed at the construction sites. These construction activities include construction of buildings, 

heavy construction, and road construction. This control measure is used in the San Joaquin Valley’s SIP 
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for PM2.5 (EPA 2012). Like nearly all control measure for PM emissions from fugitive dust, the primary 

pollutant reduced is PM10; however, the calculations presented in this study extrapolate and assume a 

similar PM2.5 emission reduction based on the close relationship between PM2.5 and PM10 in fugitive dust.  

According to the EPA’s Menu of Control Measures, mandating dust control plans for construction 

activities has a control efficiency of 37 percent of uncontrolled emissions. After adjusting for inflation, 

the estimated price per ton of PM removed under this control measure is $8,222. This price includes 

added time to construction projects, and any cost associated with the water or chemical agents used to 

bind and control the dust.  

In total, the Twin Cities 7-county metro region would expect to see a reduction of 3.2 tons of PM2.5 

emissions per day, at an annual cost of $9,487,370 by mandating this control measure. 

Results: PM2.5 Reduction Strategy Scenario Costs 

From the control measures listed in table 11, a variety of combinations of options can be utilized to 

achieve the 11.4 ton per day direct PM2.5 goal outlined in this analysis. Figure 10 displays a direct 

comparison between each option based on the tons per day that it is expected to reduce and the cost 

per ton of each option. However, as with the VOC and NOX reduction packages described earlier, the 

least-cost combination of options may not necessarily be what is selected for the Twin Cities. Many 

political, economic, and cost-benefit factors go into determining which options would actually be 

implemented in the case of nonattainment. 
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Figure 10: Price per Ton vs. Tons per Day Reduced Comparison for PM2.5 Reduction Strategies 

 
 

From the list in Table 11, the highest- and lowest-cost combinations of these options have been 

calculated to illustrate a likely possible range of costs to reduce direct PM2.5 in the Twin Cities. The least-

cost combination would include reducing the speed limit to 25 miles per hour on unpaved roads, 

mandating wet scrubbers for utility boilers, requiring erosion deposition removal within 24-hours of 

discovery, and investing in 94 percent of the chemical stabilization program for unpaved roads. 

Together, this least-cost combination is expected to cost $19.2 million annually. This can be seen in 

Figure 10, which compares the cumulative price per year and cumulative tons per day of direct PM2.5 

reduced if the programs were implemented in order of least expensive to most expensive. The red line 

demonstrates the 11.4 ton per day threshold that was set as a goal for direct PM2.5 reductions.  
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Figure 11: Cumulative Cost per Year vs. Cumulative Tons of PM2.5 Reduced for PM2.5 Reduction Strategies 

 

On the other side, the highest-cost combination possible from these options would include requiring 4-

foot shoulders of paved roads, mandating dust control plans for construction sites, requiring the CEM 

upgrade for all ICI boilers, a wood burning education and advisory program, and 25 percent of the 

chemical stabilization plan for unpaved roads. In total, the most expensive combination of these options 

would cost an estimated $31.2 million annually. 

Combined Cost Estimates 

As described earlier, because of the simultaneous reduction of VOCs and NOX in the vehicle inspection 

and maintenance programs, when the emission reduction goals are considered together, they end up 

costing less than the sum of each of the reduction programs separately. Table 12 lists the final range in 

potential annual expenses associated with nonattainment for ozone and fine particulates together. Both 

high- and low-end cost estimates include the stringent vehicle inspection and maintenance program (at 

an estimated annual cost of $52.4 million). This is because the VOC emission reductions expected from 

11.8 Ton per Day PM2.5 Reduction Goal 
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this program are so great that the VOC reduction goal could not be met with the basic VIM program. In 

total, the final estimated, direct economic impact to the Twin Cities region from the control measures 

evaluated in this report is between $139.9 million and $237.1 million annually. 

Table 12: Combined Summary of Emission Reduction Cost Estimates for NO¬X, VOCs, and direct PM 

 
Low-End Cost Estimates High-End Cost Estimate 

Vehicle Inspection and 
Maintenance Program $52.4 million $52.4 million 

VOC Package $38.3 million $70.3 million 

NOX Package $30 million $83.2 million 

Direct PM Package $19.2 million $31.2 million 

Totals: $139.9 million $237.1 million 

Discussion and Policy Implications 

Analysis of Payees 

As discussed previously, SIPs are developed by responsible parties in each region that goes into 

nonattainment for ozone and/or PM2.5 on an individual basis; there is no direct, prescriptive set of 

strategies mandated under the CAA that must be employed for each pollutant. This is advantageous for 

a number of reasons. First, each region is allowed, then, to use pollution concentration models that are 

specific to their own region to target the sources that most directly add to their local concentrations. 

Next, regions in nonattainment are allowed to develop strategies that take into consideration their 

unique political and economic situations; all SIP pollution reduction elements are a product of these 

negotiations. 

The economic analysis provided in this study explored a variety of options to reduce VOCs, NOX, and 

direct PM2.5 emissions. The cost estimates listed are for the direct program deployment. However, 

further analysis is required to determine indirect costs and who exactly would be responsible for paying 

for which programs. While the options listed under each pollutant are by no way exhaustive of all of the 

possibilities, they do represent a wide variety of possible payees. Tables 13, 14 and 15 below list a 
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sampling of the direct and indirect payees for each program for VOC, NOX, and direct PM2.5 emission 

reduction strategies, respectively. Under those lists, the direct payees would face specific costs for 

either more expensive products or equipment, for example. The indirect payees, then, are those parties 

that the direct payees could either charge more for their products or services, or the parties that would 

be responsible for operating or funding the reduction programs.  

 Under most options, specific sectors bear most of the burden as the direct payees, whereas the 

consideration for who benefits from each program is much broader. All people living and working within 

the Twin Cities region would face health risks if we were to go into nonattainment for ozone and fine 

particulates; accordingly, everyone benefits from cleaner air in the region (a further discussion of the 

health implications is provided below). 

As discussed previously, there is no single control option that would be able to make up for the entire 

emission reduction goal for any of the pollutants listed in this analysis. Because of this, a policy 

implication for the development of a SIP in the Twin Cities for ozone and PM2.5 would be to generate as 

balanced of an approach as possible in order to spread the burden of the direct costs between a variety 

of payees. Considerations must be taken into account for how much of a burden each payee bears 

relative to their economic capabilities.  
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Table 13: Direct and Indirect Payees for VOC Reduction Programs 

Source 
Categories Strategy 

Cost per 
year 

(millions) 
Direct (Primary) Payees Indirect Payees 

On-Road - 
Gasoline RFG $30.4 Private Consumers; 

Business owners; Fleets 
Gasoline Fueling 

Stations 

Non-Road - 
Gasoline RFG $1.8 

Lawn and Garden Businesses; 
Recreational vehicle operators;  

Private Consumers 

Gasoline Fueling 
Stations 

On-Road - 
Gasoline 

Basic VIM 23.2 Vehicle owners (including private 
citizens and fleet owners) County Governments 

Stringent 
VIM 52.4 Vehicle Owners (including private 

citizens and fleet owners) County Governments 

Degreasing, 
Industrial 

Point 
Sources 

Chicago 
Cold 

Cleaning 
Regulation

s 

3.9 

Industries (most notably those 
producing furniture and fixtures, 

operating machinery, and 
involving metal products); Auto 
repair services; Manufacturing 

Private Consumers; 
Small Businesses 

Graphic Arts, 
Traffic 

Markings, 
Architectural 

and 
Industrial 
Surface 

Coatings 

OTC Model 
Rule $12.7 

Local Governments; 
Homeowners; Industry; 

Construction Companies; 
Maintenance Companies; 

Painting Contractors 

Consumers; 
Local Governments; 
State Government 

SCAQMD 
Phase III 

Rule 
$16.6 

Local Governments; 
Homeowners; Industry; 

Construction Companies; 
Maintenance Companies; 

Painting Contractors 

Consumers;  
Local Government; 
State Government 

Consumer 
and 

Commercial 
Products 

OTC Model 
Rule $1.3 

Direct consumers; Commercial 
and Institutional Businesses 

(beauty shops, schools, 
hospitals); Small Businesses; 

Consumers 

CARB 2003 
SIP Rule $7.0 

Direct consumers; Commercial 
and Institutional Businesses 

(beauty shops, schools, 
hospitals); Small Businesses; 

Consumers 

Auto-body 
Refinishing 

Stringent 
RACT 

regulations 
$.8 Auto-Body Shops; Small 

Businesses Consumers 

Portable Fuel 
Containers 

OTC Model 
Rule $1.0 Private Consumers; Local 

Governments; Small Businesses - 

Incentive 
Program $1.8 

Private Consumers; Local 
Governments; Small Businesses; 

Lawn and Garden Businesses 
Local Governments 
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Table 14: Direct and Indirect Payees for NO¬X Reduction Programs 

Source 
Categories Strategy 

Cost per  
year 

(millions) 
Primary/Direct Payees Indirect Payees 

Electric 
Generating 

Units 

BACT  
cap-and-

trade 
$30.6 Electric Utilities Consumers 

On-Road - 
Gasoline 

Basic VIM $23.2 Vehicle owners County Governments 

Stringent 
VIM $52.4 Vehicle Owners County Governments 

Mobile Diesel 
Vehicles and 
Equipment 

On-road 
Diesel $28.0 

Trucking Companies; Heavy-
Duty Fleets; Light-Duty Diesel 

Vehicle Owners 

Local Governments; 
Consumers 

Construction 
Equipment $27.0 Construction Companies Local Governments; 

Consumers 
Agriculture 
Equipment $4.4 Farmers and Farm equipment 

Owners and Operators 
Local Governments; 

Consumers 

ICI Boilers 

NOX SIP call $2.7 

Industrial, Commercial, and 
Institutional Boiler owners and 

operators, including office 
building owners, hotels, 

apartment buildings, hospitals 
and universities. 

Consumers 

Mandated 
BACT $13.2 

Industrial, Commercial, and 
Institutional Boiler owners and 

operators, including office 
building owners, hotels, 

apartment buildings, hospitals 
and universities 

Consumers 
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Table 15: Direct and Indirect Payees for Direct PM2.5 Reduction Programs 

Source 
Categories Strategy Cost/year 

(millions) Primary/Direct Payees Indirect Payees 

Unpaved Roads 
25 MPH speed 

limit on unpaved 
roads 

$0.14 

City and County 
Governments; Police 

Departments (in man-
hours required for to 

enforcement) 

Taxpayers; vehicle 
operators 

Unpaved Roads 

Chemical 
stabilization/Dust 

suppressant 
application 

$19.08 Landowners; City and 
County Governments Taxpayers 

Paved Roads 
Require 4-foot 

paved/stabilized 
shoulders 

$9.23 City, County and State 
Governments  Taxpayers 

Paved Roads 

Require wind- 
and water-borne 
deposition to be 
removed within 

24 hours of 
discovery 

$0.54 City, County and State 
Governments; Taxpayers 

Residential 
Wood Burning 

Education and 
Advisory 
Program 

$7.03 City and County 
Governments; Residents Taxpayers; Consumers 

ICI Boilers (coal, 
wood, and oil) 

CEM Upgrade 
and Increased 

Monitoring 
Frequency of PM 

Controls 

$0.67 

Industrial, Commercial, 
and Institutional Boiler 
owners and operators, 

including office building 
owners, hotels, 

apartment buildings, 
hospitals and 
universities. 

Consumers 

Utility Boilers Wet Scrubber $0.57 Electric Utilities Consumers 

Construction Dust Control Plan $9.49 

Construction Companies 
and Contractors; City, 

County and State 
Governments 

Taxpayers; Businesses; 
Consumers 

 

Human Health Considerations 

The CAA was passed to protect human health; the six criteria pollutants were targeted by the CAA 

because of their potential to negatively affect human health. The EPA sets and re-evaluates the NAAQS 

for these pollutants based on the best available science on the health implications of various 
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concentration levels. Clearly health impacts, not potential economic impacts, are the primary 

consideration of the CAA. So while the economic impact in the Twin Cities of potential nonattainment 

designations was the focus of this study, it is truly human health that is most important based on the 

intent of the CAA. The MPCA has attempted to bridge the two considerations by modeling the health-

related economic impact tied to air pollution. These costs include such factors as hospital admissions 

and emergency room visits, absences from school and work, nonfatal heart attacks, and premature 

mortality. The MPCA’s Air Quality in Minnesota: 2013 Report to the Legislature summarizes these initial 

estimates as follows:  

The MPCA has calculated rough estimates of the total health benefits of improving air quality in 

Minnesota. For each incremental reduction of one microgram per cubic meter in annual 

ambient PM2.5 concentration across the state of Minnesota, there would be annual health 

benefits in 2020 of about $2 billion. Each incremental reduction of one part per billion in ozone 

concentration would produce annual health benefits in 2020 around $150 million. About half of 

these benefits would accrue to the 11-county metro area, with the remainder in Greater 

Minnesota (page 3). 

In order to directly compare these health benefits with the monetary costs estimated in this study, a full 

cost-benefit analysis would be needed. However, for the sake of general comparison to illustrate the 

order of magnitude difference between the estimated costs and benefits, assume a proportional 

relationship between local emission reductions and local concentration reductions for PM2.5 and ozone. 

For ozone, using the seasonally-weighted average concentration levels from the Blaine, Minnesota 

monitoring site (presented in figure 3), assume a concentration of 70 parts per billion. A fifteen percent 

reduction in that concentration, which is equal to 10.5 parts per billion, would have an annual health 

benefit, under these assumptions, of $1.6 billion in 2020. For PM2.5, assuming the average of the 

seasonally-weighted concentrations presented in figure 4, a fifteen percent reduction would reduce the 

Twin Cities of 11 µg/m3
 by 1.6 µg/m3. By 2020, under these assumptions, this would result in an annual 

health benefit of $3.3 billion.  

The combined annual health savings for both pollutants is $4.9 billion annually, with half of the savings 

coming from the Twin Cities metro area. Accordingly, the cost savings are more than ten times greater 

than even the highest annual cost calculated in this report. These are rough calculations, but the health 

savings clearly outweigh the direct costs by an order of magnitude.  



58 
 

Future Considerations 

This report has provided a menu of options for reducing three primary pollutants which could be used if 

the Twin Cities were to go into nonattainment for ozone and PM2.5. Each reduction program was 

analyzed individually, based on cost-effectiveness, to provide an estimate for how many tons of 

pollutants and at what price the Twin Cities could receive from that program. While the Twin Cities are 

currently in attainment for ozone and PM2.5, in the event that the region were to go into nonattainment 

if the EPA sets more stringent NAAQSs for these pollutants, this report may serve as a local guide to 

policymakers to inform a path back to attainment.  

However, there are significant challenges to conducting this type of analysis.  Largely due to incomplete 

scientific information, these include incomplete understandings of the relationship between local 

pollutant emissions and local pollutant concentrations, and a limited scope for regional modeling, 

among other things.  

In addition, while conducting this report, only a very limited number of completed SIPs could be found 

for nonattainment regions throughout the nation. While the SIP development process does include time 

for public input, after the SIP is put into place it is very inaccessible to the general public. The US EPA 

provides complex, jargon-filled and disjointed information about specific, technical SIP details, but a 

comprehensive summary of how, specifically, a region is going to reduce the pollution concentration is 

generally hidden or nonexistent. Furthermore, all cost-effectiveness data that is associated with each 

emission control strategy is reported from consultants, the EPA, and general expected averages; there is 

no mechanism available to report the actual emission reductions and actual price per ton that a region 

in nonattainment achieves while implementing emission reduction strategies.   

These limitations point to two missed opportunities for two primary stakeholder groups. First, the 

general public living in a nonattainment region is missing out on the opportunity to stay informed on the 

progress of their region’s recovery. Some populations are unable to avoid going outside during days of 

high pollutant concentrations and many specific groups of people are especially at risk of suffering the 

negative health impacts of these pollutants. Because the CAA and the NAAQS address issues of public 

health, it is pertinent that the interested public have specific information available to them on the 

progress and effectiveness of their local emission reduction programs. This would also open an 
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opportunity for the general public to become more engaged in the decision-making process and could, 

perhaps, lead to behavior changes that would result in emissions caused at from day-to-day activities. 

Secondly, if specific results from nonattainment regions’ progress were made more readily available, 

regions that are new to nonattainment (either due to increasing emissions or from a lowering of the 

NAAQSs) would have the most up-to-date information on the cost-effectiveness of programs that could 

be applied. Recording and publicizing SIP results after the plans have been developed would help to 

formulate a more accurate picture of how the expected emission reduction from a program stack up to 

the actual emissions reduced from the program’s implementation, and at what cost.  
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