Location: Southeastern Wisconsin

Title: Reformulated Gasoline and the Fight Against Ozone
Introduction 

Congress and the Environmental Protection Agency (EPA) regulate motor vehicle chemical emissions in order to control their impact on the environment. Chemicals present in vehicle emissions combine to affect changes in both humans and plants. For example, reactions powered by the sun combine nitrogen-containing compounds (NOx) and other organic compounds with oxygen to form ground-level ozone. The product of this reaction is commonly referred to as photochemical smog (Plain English Guide to the Clean Air Act). Photochemical smog contributes to human health problems such as asthma and lung cancer (Ozone action days). In addition, ground-level ozone causes changes in growth patterns of crop species and native plants. 


Figure 1. Vehicle Emissions Testing Center, Waukesha WI., 
Under the Clean Air Act, states vehicles must
 be tested biannually to determine if they meet emission standards.
To prevent accumulations of ground-level ozone in areas with high vehicle emissions, the United States government regulates the amount of ozone precursors present in vehicle exhaust. Legislation such as the Clean Air Act strictly regulates ambient levels of these chemicals in the atmosphere. In some situations, however, maximum levels are exceeded and further efforts need to be derived to reduce emissions, as is the case in Southern Wisconsin. These areas, termed "nonattainment zones," have ozone levels in excess of 0.12 ppm, the maximum allowable level as determined by the Environmental Protection Agency (EPA). To reduce ground-level ozone levels, changes have been made in gasoline content to decrease levels of ozone precursors in motor vehicle exhaust. In 1990, Congress amended the Clean Air Act to mandate reformulated gasoline use in cities that exceeded standard ozone concentrations of 0.12 ppm. One of the cities impacted was Milwaukee, WI (Plain English Guide). In 1990, use of reformulated gasoline was required to reduce levels of photochemical smog in Southeastern Wisconsin.
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Figure 2. Ozone Damage on Common Milkweed (a.syriaca). 
Bioindicators are plants that are used to monitor ozone levels
within a given area. Ozone causes formation of black spots
on the leaves of common milkweed. 
Carroll College, Howard T. Greene Field Station - Genesse Depot, WI.

Several questions arise with the use of reformulated gasoline: 

1. What are the sources of ozone precursors? 

2. What is the actual reduction in ground-level ozone formation that occurs with the use of reformulated gas (RFG)? 

3. What is the cost of using RFG as a replacement for regular gasoline? 

These questions impact the larger questions of how to reduce the ground-level ozone problem in urban areas, and who is responsible for such actions. This case study provides an overview of the controversy surrounding the use of reformulated gasoline to reduce ground-level ozone levels in Southeastern Wisconsin.

Background

Sources of Ozone Precursors

The story begins with an understanding of how gasoline use contributes to air pollution. Normally, in the process of combustion, oxygen and gasoline       are ignited to release carbon dioxide, water, and energy. In the absence       of sufficient oxygen, other compounds such as carbon monoxide and nitric       oxides are produced as byproducts (The Green Machine, 10). These       chemicals are then released into the atmosphere in motor vehicle exhaust. 

The actual volume of pollutants created depends on the gasoline blend used

in a vehicle and the quality of the vehicle's exhaust system. In addition to tailpipe emissions, on hot summer days, 40% of pollutants from gasoline enter the air as a result of evaporative emissions and leaks within fuel lines (Bovee). Thus, fuel volatility, or the readiness of fuel to evaporate, plays an important role in regulating gasoline-related emissions. Both of these factors - efficiency of combustion and fuel volatility - directly influence levels of ozone precursors within an area and are the focus of efforts to reduce levels of ozone precursors in gasoline. 

Vehicle exhaust is not, however, the only source of ozone precursors present in the air in Southern Wisconsin. Researchers have discovered that emissions from other metropolitan areas also contribute to ambient ozone levels in Wisconsin. The Lake Michigan Air Quality Survey addressed the question of how emissions created in other areas impacted ozone levels in Wisconsin. The study executive director, Stephen L. Gerritson, explained that ozone and ozone precursors are transported into Wisconsin from the Ohio River Valley, the Gulf Coast, and the East Cost (Ozone Nonattainment Hearing, 24). As a result of atmospheric circulation, industrial and motor vehicle emissions in Chicago and other urban areas affect ozone levels in Milwaukee. Thus, ozone precursors enter the air in Southern Wisconsin directly from vehicle exhaust and indirectly as a result of atmospheric circulation of pollutants from other urban centers. 

Finding a Solution

In addressing the ground-level ozone problem in Southeastern Wisconsin, a direct effort was made to reduce levels of ozone precursors by mandating reformulated gasoline at the pumps in 1990. Reformulated gasoline is a "cleaner and more efficient-burning gasoline," developed by a California company (Bryner, 134). This type of gasoline was claimed to produce exhaust with lower concentrations of carbon monoxide and nitrous oxide than present in regular gasoline (Bryner, 134). This gasoline contains chemical additives called oxygenates that increase the amount of oxygen present during combustion, increasing efficiency of gasoline use. In the Midwest, the most common oxygenate is ethanol, a corn derivative. Ethanol-based RFG is the focus of this case study. In other areas, MTBE is the more frequent additive. Additional compounds were added in creating RFG to decrease the volatility of gasoline and subsequently reduce evaporative emissions. Thus, reformulated gasoline contains conventional gasoline mixed with alternative fuels to create a "cleaner" burning gasoline. 

Reducing Ground Level Ozone Concentrations

The actual results on the use of reformulated gasoline on decreasing atmospheric and smog producing compounds are mixed. One of the biggest hurdles in determining the effects of reformulated gasoline is separating reductions of atmospheric pollutants as a result of reformulated gasoline from other changes mandated in the Clean Air Act (National Research Council, 7). Despite these uncertainties, the National Academy of Science reported that RFG does in fact cause a 20% reduction in the mass and reactivity of volatile organic compounds and possible reductions in carbon monoxide and some air toxins in laboratory and controlled field conditions (e.g., tunnel studies). Calvert, Heywood and Sawyer (1993), however, concluded that oxygenate additives are not effective at reducing ozone formation. The National Academy of Science summary concludes that "the addition . . . of oxygenates to RFG is likely to have little air-quality impact in terms of ozone reduction" (7). Although RFG is creating some reductions, the oxygenate additives are not meeting their intended purposes. 

Denis Koepke, the reformulated gasoline specialist for the Wisconsin DNR, affirmed that the use of RFG does have an important impact on carbon monoxide emissions. Koepke showed that there was a significant decline in ambient carbon monoxide concentrations in the Milwaukee area between the winter of 1993 and 1994, and the winter of 1994 and 1995. The only difference between these time periods is the implementation of mandatory RFG in the area. His statements were qualified by noting that this reduction was seen from older model cars, and that emissions from newer automobiles with more advanced exhaust system sensors are not impacted as much by the use of RFG. 

In addition to the Wisconsin DNR, the EPA insists that use of RFGs significantly reduces the amount of carbon monoxide released into the air. The EPA cites the National Academy of Science report, indicating continued use of RFGs based on subsequent carbon monoxide reductions in relation to "ozone formation should be recognized as part of the air quality benefits of the RFG program" (Proposed Adjustment to Reformulated Gasoline Standard). 

The Issues

Politics and Reformulated Gasoline in Wisconsin

In response to the inconclusive findings released by the National Research Council, political leaders have conflicted with environmental policymakers over air pollution in Wisconsin. In 1999, the Wisconsin legislature made a joint resolution to Congress for a waiver on the reformulated gas requirement (Resolution 58). They requested that Congress "permanently exempt the state of Wisconsin from the use of reformulated gasoline as mandated in the federal Clean Air Act amendments of 1990" on the conditions that recent findings indicated that RFG is not effective in reducing emissions of ozone precursors. The EPA refused to waive the reformulated gasoline requirement in Southeastern Wisconsin, as waivers are given only when disaster strikes and reformulated gasoline supply cannot meet demand (Koepke). 

Reflecting public sentiment, Waukesha County Executive, Dan Finley, explained that people want to know that additional expenditures [$0.04 to $0.08 per gallon (EPA Proposed Adjustment to RFG Standard, 3)] for reformulated gasoline do, in fact, yield decreased ozone levels. He asked for empirical data showing that use of reformulated gasoline was causing significant reductions in atmospheric pollutants within his county (Finley). If indeed his county suffered from polluted air, he wanted assurance that the use of reformulated gasoline reduces toxic emissions of ozone precursors in motor vehicles. 

A second objection to reformulated gasoline mandates arose when gasoline prices exceeded $2.00 a gallon in the summer of 2000. Many attributed the price increase to EPA's mandated use of reformulated gasoline. Although RFG does cost more to produce than conventional gasoline, the increase in price may have had more to do with the economics of supply and demand. Koepke explained that two broken Midwest pipelines created an extra demand. In addition, the price of oil per barrel rose over the summer. Finally, Koepke speculated that local reformulated gasoline suppliers were holding back on production as the summer demand for gasoline increased. He supposed these actions were taken in attempts to get the EPA to waive the RFG requirement by using supply and demand to increase prices. 

Political leaders became involved in the reformulated gasoline price wars as well. Wisconsin governor Tommy Thompson entered the debate, blaming presidential candidate Al Gore for the increased gas prices. "While the administration is asleep at the wheel, consumers are being 'Gored' at the pumps" (Gilbert, para 2). Thompson demanded a waiver from the EPA for the reformulated gas requirement to bring gas prices down. The summer of 2000 came to a close with Southeastern Wisconsin governments suing the Environmental Protection Agency. The lawsuit was based on the U.S. Environmental Protection Agency's (EPA) refusal to grant a waiver on reformulated gas requirement(Holly, para 1).

The EPA has refused to waive the reformulated gasoline requirement, but it has considered changes in reformulated gasoline manufacturing requirements. In June of 2000, the EPA announced a proposal to loosen regulations limiting the evaporative characteristics of reformulated gasoline. It would maintain current use of ethanol as an oxygenate in reformulated gasoline, but allow for increased fuel volatility. This allowance would make RFG production easier for gasoline manufacturers and hopefully cause price reductions in the cost of reformulated gasoline, lessening the price difference between reformulated gasoline and conventional gasoline. This proposal was approved in the spring of 2001. 
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Figure 3. High Gas Prices Frustrated Local Residents. Wisconsin Gov. 

Tommy Thompson demanded that the EPA waive the reformulated gas requirement stating, "While the administration is asleep at the wheel, consumers are being 'Gored' at the pumps."

Thus, with these changes, reformulated gasoline would still be in use with the supposed benefit of reduced carbon monoxide emissions. The question arises as to whether or not the increased use of RFGs with a higher volatility will, in the long run, do more damage to the environment. The National Research Council indicated in its report, "the use of an ethanol-containing RFG with an RVP [Reid vapor pressure, a measure of fuel volatility] that is 1 psi higher than other RFG blends would be detrimental to air quality in terms of ozone" (9). Thus, compromises on the volatility issue can potentially significantly impact the quality of air in Southeastern Wisconsin. 

Taking Responsibility for Ground-Level Ozone

The reformulated gasoline program was implemented to reduce ground-level ozone concentrations and lower the health risks associated with ground-level ozone. The benefits of using reformulated gasoline to decrease the concentrations of ozone precursors in vehicle exhaust are mixed. Changes made in the combustion efficiency of gasoline and that of gasoline volatility have been shown to be significant in some cases and negligible in others. As a result, reformulated gasoline use to reduce ground-level ozone has staged a political and economic conflict among politicians, oil manufacturers, and environmental regulatory agencies, each with unique interests and concerns in ensuring air quality for future generations. 

References

1. Bovee, Christopher. "Enhanced Vehicle Emission Testing: Building on I/M success in Southeastern Wisconsin." Wisconsin Department of Natural Resources. http://www.dnr.state.wi.us/org/aw/air/reg/im240.htm 

2. Bryner, Gary C. Blue Skies, Green Politics: The Clean Air Act of 1990. 

   Washington D.C.: Congressional Quarterly Press,1993. 

3. Calvert, J.G., J.B. Heywood, R.F. Sawyer, J.H. Seinfeld. "Achieving Acceptable Air Quality: Some Reflections on Controlling Vehicle Emissions." Nature. July 2, 1993. 

4. Finley, Dan. Waukesha County Executive. Lecture. Carroll College. 

5. Gilbert, Craig and Skiba, Katherine M. "Governor Blames Clinton Policies for Gas Prices." Milwaukee Journal Sentinel Online. June 28, 2000. 

6. Holly, Lori. "Finley Joins Lawsuit Over Gas Requirements." Milwaukee Journal Sentinel Online. June 26, 2000. http://www.jsonline.com/news/wauk/jun00/reform27062600a.asp 

7. House of Representatives Committee on Science, Space and Technology. Ozone Nonattainment Under the Clean Air Act. Washington: GPO, 1994. 

8. Koepke, Dennis. Wisconsin Department of Natural Resources. Lecture. Carroll College.

9. Koepke, Dennis. "Re: Reformulated Gasoline." E-mail. 04 Oct. 2000. 

10. National Research Counsel Committee on Ozone Forming Potential of Reformulated Gasoline. Ozone Forming Potential of Reformulated Gasoline. National Academy Press, Washington D.C. 1999. 

11. State of Wisconsin Department of Natural Resources Bureau of Information and Education. "The Green Machine." 1991.

12. United States Environmental Protection Agency. The Plain English Guide to The Clean Air Act. April 1993. 

13. United States Environmental Protection Agency. "Proposed Adjustment to Reformulated Gasoline VOC Standard." Regulatory Announcement. June 2000. http://www.epa.gov/otaq/rfg.htm United States Environmental Protection Agency: Region 5. "Ozone Action Days: A Special Alert for People with Asthma and Other Respiratory Problems." May 1995. 1999-2000 Wisconsin Legislature. "1999 Assembly Joint Resolution 58." http://www.dnr.state.WI.US/org/legislation/bill.html 
Key Principles

1. Air quality/pollution 

2. Ground-level ozone 

3. Clean Air Act 

4. Fossil fuels as a primary energy source 

5. Environmental policy

Ethical Considerations

1. Why is it important to reduce levels of ozone precursors in the atmosphere? 

2. Should the EPA have waived the reformulated gas requirement? Consider the emissions data as well as the increased price of reformulated gasoline production. 

3. Should the EPA proceed with allowing refiners more leniency in volatility requirements for reformulated gasoline even though some reports indicate that this will actually lead to an increase in emissions of ozone precursors? 

4. What other alternatives exist for reducing gasoline emissions? If better solutions exist, why hasn't the EPA explored them? 

5. Many consumers were aggravated with the higher cost of RFG as opposed to conventional gasoline. Should gasoline users have to pay more for gasoline that pollutes less? Why not pay more for higher polluting gasoline? 

6. Many European countries have special fossil fuel taxes to limit gasoline usage. Should the EPA establish such a standard? 

Civic Engagement & Service Opportunities

1. Volunteer for a local community group involved in monitoring air quality

2. Write or e-mail your local politicians about air quality issues in your area.

3. Form a student group having an environmental preservation mission.

4. Set up a public forum at your school discussing cleaner gasoline.

Learn more about community service as part of your educational enrichment by visiting the following websites: http://www.learnandserve.org/, http://www.servicelearning.org/, http://www.aahe.org/service/srv-links.htm.
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