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EXECUTIVE SUMMARY 

A notice of violation of the Clean Air was issued to Volkswagen Group by the U.S. 

Environmental Protection Agency (EPA) in 2015. Volkswagen was revealed to have 

intentionally programmed a “defeat device” in approximately 11 million of its 2.0-liter diesel 

vehicles. On-road NOx emission tests of Volkswagen models conducted during 2014 revealed 

that average emissions actually exceeded NOx emission levels by nearly 40 times the U.S. 

federal limit. As part of a settlement agreement, Volkswagen accepted the $14.9 billion penalty 

after acknowledging that it installed devices on diesel motors to make them appear to meet strict 

emissions standards when in reality they did not. Following a guideline of eligible mitigation 

actions set by the U.S. Environmental Protection Agency, each state must submit their own 

beneficiary mitigation plan which will include projects aimed at reducing NOx and other 

pollutant emissions in the transportation sector. States can fund projects and develop programs 

that align their interests, within the boundaries set through the settlement. Those boundaries 

involve replacing older diesel equipment or vehicles with new models that emit less pollution. 

The replacement vehicles can use a variety of fuels including diesel, electricity, natural gas and 

propane.   

A portion of the settlement would set aside $2.9 billion for an environmental mitigation 

trust where states can receive an allocation as beneficiaries. The size of these allocations is based 

on the number of violating vehicles registered within their jurisdiction. Although considerable 

research has been devoted to the allocation fund of California (about 423 million) in EPA Region 

9, less attention has been paid to EPA Region 4, which ranks second in funding allocations and 

includes 7 states. These states are North Carolina, Kentucky, Georgia, South Carolina, Florida, 

Alabama, Tennessee and Mississippi. Through model building examining cost effectiveness and 

semi-structured interviews with government planning officials, this study addresses this research 

gap by quantifying and comparing the environmental benefits generated by investing the 

Volkswagen Mitigation Trust Fund in different programs included in the Proposed Beneficiary 

Mitigation Plans submitted to date within EPA Region 4. Results show the differences in 

pollutant reduction cost effectiveness for different fuels (Electricity, Diesel, or Compressed 

Natural Gas) and vehicle uses (Transit or School).  
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The first section of this study provides an introduction to the Volkswagen emissions 

scandal and the resulting settlements. The discussion starts with an overview of EPA Region 4 

state proposals and describes the total allocation funds, the current progress of each state’s 

beneficiary mitigation plan, and any lead agencies involved. The section then describes the 

audience for this study, which includes decision makers such as state-level air quality directors, 

planning officials, and other stakeholders who are interested in policy at a higher level, such as 

clean energy advocates and policy makers.  

The second section describes the importance of this study. The $2.9 billion environmental 

mitigation trust presents more flexibility with respect to each state’s individual air, energy, and 

climate goals. Most of the submitted beneficiary mitigation plans in EPA Region 4 so far aim to 

spend the majority of allocated funds on bus fleet modification projects. The third section then 

provides the methodology used in this study: a preliminary emissions reductions calculation from 

baseline fleet replacements, and a two-part sensitivity analysis for replacement vehicle 

characteristics. The sensitivity analyses are divided based on two categories: diesel/CNG buses 

and electric buses. 

With the results from the sensitivity analyses in mind, the study sets forth several key 

points and recommendations according to fuel type in the fourth section: 

● Replacing any diesel buses older than Model Year 2009 with a newer model will be the 

fastest way of achieving any form of emissions reductions as the replacement process is 

primarily concerned with the vehicles themselves rather than the infrastructure required 

to fuel and support a new fleet. 

● CNG is better suited for transit bus replacements because they can recover the upfront 

costs of infrastructure through high utilization and mileage as school buses have lower 

annual mileage and are not typically used beyond their normal routes. 

● Electric vehicles have the highest emissions reduction potential and can be a sustainable 

way of reducing long-term emissions from the transportation sector. However, the 

emissions reductions are the most variable out of the three fuel options and will differ 

throughout each state. Electrification of bus fleets will require coordination with utilities 

and other stakeholders in order to be effective. 

 



 

4 

 

TABLE OF CONTENTS 

 

 

EXECUTIVE SUMMARY                   2 

INDEX                     5 

INTRODUCTION                    6 

     BACKGROUND                    6 

     OBJECTIVE                    9 

     LITERATURE REVIEW                 11 

     REGION 4 STATE PROPOSAL OVERVIEW              15 

     AUDIENCE                                            19 

     IMPORTANCE                  20 

METHODS                   21 

RESULTS                   26 

DISCUSSION                  33 

CONCLUSION                  36 

SUMMARY                    37 

APPENDIX                                       38 

 

 

 

 

 

 



 

5 

 

INDEX 

 

BMP     Beneficiary Mitigation Plan  

CNG     Compressed Natural Gas 

DEC    Duke Energy Carolinas 

DGE    Diesel Gallon Equivalent 

EPA     U.S. Environmental Protection Agency 

EPA-4    EPA Region 4 

GHG    Greenhouse Gas 

ICE    Internal Combustion Engines 

LDV    Light-duty Vehicles 

LNG    Liquefied Natural Gas 

MY    Model Year 

NOx    Oxides of Nitrogen 

PHEV    Plug-in Hybrid Electric Vehicle 

VMT    Vehicle Miles Traveled 

VW    Volkswagen 

ZEV    Zero Emission Vehicle 

 

 

 

 

 

 

 

 



 

6 

 

INTRODUCTION 

BACKGROUND 

A notice of violation of the Clean Air was issued to Volkswagen Group by the U.S. 

Environmental Protection Agency (EPA) in 20151. Volkswagen was revealed to have 

intentionally programmed a “defeat device” in approximately 11 million of its 2.0-liter diesel 

vehicles. These vehicles had installed emission controls, automatically enabled only during 

laboratory testing to meet regulatory oxides of nitrogen (NOx) standards, which were otherwise 

disabled during regular use. The use of these devices allowed for deceptively good vehicle 

performance relative to U.S. emission standards2 as they deliberately concealed the actual 

emissions to circumvent government testing. However, on-road NOx emission tests of 

Volkswagen models conducted during 2014 revealed that average emissions actually exceeded 

NOx emission levels by nearly 40 times the U.S. federal limit.   

In 2014 alone, emissions from the transportation sector accounted for more than one 

fourth of all greenhouse gas emissions3.  

 

Fig.1: Total U.S. Greenhouse Gas Emissions by Economic Sector in 2016 

                                                
1 Learn About Volkswagen Violations. (2019, February 04). Retrieved March 18, 2019, from 

https://www.epa.gov/vw/learn-about-volkswagen-violations 
2 Emission Standards. United States. (n.d.). Retrieved February 18, 2019, from 

https://www.dieselnet.com/standards/us/index.php 
3 Sources of Greenhouse Gas Emissions. (2018, October 09). Retrieved March 16, 2019, from 

https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions 
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As a result of this emissions scandal, Volkswagen agreed to settle these allegations 

through a $14.7 billion compensation settlement4 which would be used for actions that would 

counter the damages done by the modified vehicles. Approximately $2.7 billion of this amount 

would be used for buybacks and free-of-charge reparations to the owners of the 475,000 VW 

2.0-liter diesel vehicles implicated in this scandal. This part of fund was defined as “Volkswagen 

2.0L Settlement”5. Approximately $225 million will be used for buybacks and free-of-charge 

reparations to the owners of 3.0-liter diesel vehicles implicated in this scandal. The settlement 

regarding 3.0-liter diesel cars was defined as “Volkswagen 3.0L Settlement”6. The settlement 

also required Volkswagen to devote $2 billion for promoting zero-emissions vehicles (ZEVs). To 

this end, Volkswagen launched a company called Electrify America in 2018, which would use 

this money to invest into ZEV charging infrastructure and increase public awareness of ZEVs to 

support adoption and use of ZEV technologies.    

The third component of the settlement would set aside $2.9 billion for an environmental 

mitigation trust where states can receive an allocation as beneficiaries. The size of these 

allocations is based on the number of violating vehicles registered within their jurisdiction7. 

Following a guideline of eligible mitigation actions set by the Environmental Protection Agency, 

each state must submit their own beneficiary mitigation plans which will include projects aimed 

at reducing NOx and other pollutant emissions in the transportation sector.    

EPA provided a list of eligible mitigation actions which can be applied in the state 

beneficiary mitigation plans. The categories of eligible vehicles and equipment outlined in the 

EPA document are listed below8: 

                                                
4 Volkswagen to Spend Up to $14.7 Billion to Settle Allegations of Cheating Emissions Tests and Deceiving 

Customers on 2.0 Liter Diesel Vehicles. (2016, August 01). Retrieved November 11, 2018, from 

https://www.justice.gov/opa/pr/volkswagen-spend-147-billion-settle-allegations-cheating-emissions-tests-and-
deceiving 
5 Volkswagen 2.0L Settlement. (2017, February 01). Retrieved January 12, 2019, from 

https://www.ftc.gov/enforcement/cases-proceedings/refunds/volkswagen-settlement 
6 Volkswagen 3.0L Settlement. (2017, February 01). Retrieved January 14, 2019, from 

https://www.ftc.gov/enforcement/cases-proceedings/refunds/volkswagen-30l-settlement 
7 Learn About Volkswagen Violations. (2019, February 04). Retrieved March 16, 2019, from 

https://www.epa.gov/vw/learn-about-volkswagen-violations 
8 Detailed Comparison of VW Eligible Mitigation Action 1-9 and Eligible Mitigation Action #10 (DERA Option). 

(n.d.). Retrieved from https://www.epa.gov/sites/production/files/2017-01/documents/vw-dera-option-elgble-mitig-

compar-2017-01.pdf 
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Fig.2:  Eligible Mitigation Actions 

 

Fig.3: Class 4-8 Vehicles9 

 

 

                                                
9 Current News and Events. (n.d.). Retrieved from https://cleancities.energy.gov/news-events/ 
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Despite the fact that all the eligible programs are intended to reach the goal of NOx 

emission reductions, there are some constraints on the state programs required by EPA. A 

limitation of 15% of the total cost of the Eligible Mitigation Action was set on the administrative 

expenditures during the process of implementing these actions. In addition, the mitigation trust 

fund is not available for CNG, LNG, or propane fueling infrastructure, and the “Light Duty Zero 

Emission Vehicle Supply Equipment” action set a 15% cap of its total allocation on light-duty 

vehicle charging equipment10. 

 

OBJECTIVE 

The allocation proportion of the $2.9 billion for an environmental mitigation trust fund 

varies greatly from state to state. California, the state with the largest amount of funding, was 

allocated about $423 million while Wyoming ranked last among all the states with a total 

funding of about $8 million11. 

 Thus, by looking at the proposed beneficiary mitigation plans from a specific U.S. EPA 

Region we examine the environmental impacts on the broader transportation sector and conduct 

a comparative analysis of the environmental benefits from the project proposals of each state. 

Thus, selecting a region with greater proportion of fund allows us to examine the environmental 

benefits more completely and effectively. 

According to the funding ranking by U.S. EPA Region, the top 3 regions are Region 9 

(around $512 million), Region 4 (around $457 million) and Region 5 (around $404 million)12. 

Extensive public input have been dedicated to the state of California in Region 9 on having an 

immediate and positive impact on the environment and air quality. Since the allocation fund of 

California (about 423 million) accounts over 80% of the total mitigation trust fund out of the 

only 3 states (California, Nevada and Arizona) in Region 9, it will be less effective to analyze the 

environmental benefits within Region 9 generated from the environmental mitigation funds. 

Thus, the project focuses on EPA Region 4 which ranks second in funding allocations and 

                                                
10Frequently Asked Questions (FAQ) For Beneficiaries to the Volkswagen Mitigation Trust Agreements. (n.d.). 

Retrieved from https://www.epa.gov/sites/production/files/2017-10/documents/faq-ben.pdf 
11 About the Settlement. (n.d.). Retrieved from https://vwclearinghouse.org/about-the-settlement/ 
12 About the Settlement. (n.d.). Retrieved November 14, 2018, from https://vwclearinghouse.org/about-the-

settlement/ 
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includes 7 states. These states are North Carolina, Kentucky, Georgia, South Carolina, Florida, 

Alabama, Tennessee and Mississippi. 

 

Fig.4: EPA Region Map13 

 

 

Out of the full range of eligible mitigation actions, most states in EPA Region 4 have 

submitted state beneficiary plans that focus a significant percentage of funding on bus fleet 

modification projects. To quantify and compare the environmental benefits generated by 

investing in these projects, it is important to understand both the replaced and incoming fleets of 

vehicles as well as the alternative fuel types and their associated pollutant calculations. States 

that have outlined detailed beneficiary mitigation plans and fund allocations towards bus projects 

include North Carolina, South Carolina, Kentucky, Georgia, Mississippi and Tennessee. 

The goal of this project is to compare the cost effectiveness of three different fuel types 

(diesel, CNG, and battery electric) across two bus use types (school, transit). Although the 

primary objective of the Volkswagen Environmental Mitigation Trust is to reduce NOx 

emissions in the transportation sector, our analysis will be expanded to include carbon dioxide 

(CO2), an important greenhouse gas heavily emitted in the transportation sector, and sulfur 

                                                
13 Possible resolution would seek EPA region switch. (2015, February 14). Retrieved February 5, 2019, from 

http://wvmetronews.com/2015/02/15/possible-resolution-would-seek-epa-region-change/ 
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dioxide (SO2), an air pollutant that affects human health and the environment. Based on these 

results, recommendations on different bus type and bus fuels will be provided to the 

corresponding departments in those states which are still in the development phase of drafting 

the proposals. 

LITERATURE REVIEW 

The primary fuel is used to power and operate the bus. Different fuel types included 

Diesel, CNG, and LNG Blends, electricity, gasoline and biodiesel14. 

After Volkswagen agreed to provide the funding as the Environmental Mitigation Trust 

Fund, some environmental groups submitted their recommendations to Volkswagen Group 

regarding how to make full use of the settlement fund to promote green transportation15.  

On January 13, 2017, an environmental coalition including the Sierra Club, Natural 

Resources Defense Council, the Ecology Center, Electric Auto Association, Environmental Law 

and Policy Center, Fresh Energy, Vermont Energy Investment Corporation, Ceres, the 

Greenlining Institute, Union of Concerned Scientists, and Conservation Law Foundation 

submitted their recommendations to Volkswagen Group. They emphasized that investment 

should be prioritized to advance EV market penetration. In addition, the settlement should foster 

a competitive market for charging infrastructure services16.   

After that, the states began to research and carry out different proposed plans, waiting for 

public comments including suggestions from other third parties and environmental groups to 

reach the goal of bringing out the final state beneficiary plan.  

California, the state which was allocated the largest amount of the fund (about $423 

million), submitted the state plan in June, 201817. The allocation plan majored in investing cost-

                                                
14 U.S. Transit Bus by Fuel Type. (n.d.). Retrieved from https://afdc.energy.gov/data/10302 
15 Broad Environmental Coalition Submits Recommendations to Volkswagen's Settlement Fund To Drive Electric 

Vehicle Adoption and Clean Our Air. (2017, January 13). Retrieved February 3, 2019, from 

https://content.sierraclub.org/press-releases/2017/01/broad-environmental-coalition-submits-recommendations-

volkswagen-s-settlement 
16Appendix C of Volkswagen Settlement Consent Decree (ZEV Investment Plan). (n.d.). Retrieved March 11, 2019, 

from https://www.sierraclub.org/sites/www.sierraclub.org/files/uploads-wysiwig/VWGuidingPrinciplesSOL (2).pdf 
17 California Air Resources Board. (n.d.). Retrieved from https://ww2.arb.ca.gov/resources/documents/californias-

beneficiary-mitigation-plan 
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effective projects such as replacing the old trucks and buses18. The plan will also work to support 

the existing project in California like the Low Carbon Transportation Investments and Air 

Quality Improvement Program (AQIP)19. Though the plan looked quite effective, some 

stakeholders still pointed out the defects existing in the proposal. The Diesel Forum mentioned 

that the plan ignored the fastest way to good air quality20. California focused too much on the 

future NOx emissions reductions, losing the opportunity to reduce immediate emission 

reductions. According to the Diesel Forum’s statement, the advanced internal combustion engine 

technologies which California should have invested in is the most effective short-term NOx 

reduction technologies compared with the zero-emissions technologies21.The major challenge is 

to balance investing in programs which will bring short-term environmental benefits and 

investing in transformative programs which will be more expensive in the short term while 

bringing more benefits in the long term22.               

Besides the trade-offs between achieving short-term and long-term goals, the different 

allocation of the fund in electric vehicles will lead great difference. The proposal of Maryland 

received comments on this issue. The director of Sierra Club commented on the Maryland draft 

plan on August 2, 2018, recommending Maryland to invest as much money as possible in non-

emitting, electric solutions in the transportation sector”23.  The transportation sector is also one of 

the largest sources of NOx emissions in the United States24. The pie chart displays the 

distribution of NOx emissions among different sectors in US in 201125. 

 

                                                
18 State of California Beneficiary Mitigation Plan For the Volkswagen Environmental Mitigation Trust. (n.d.). 

Retrieved from https://ww2.arb.ca.gov/sites/default/files/2018-07/bmp_june2018.pdf 
19Low Carbon Transportation Investments and Air Quality Improvement Program (AQIP). (n.d.). Retrieved from 

https://www.arb.ca.gov/msprog/aqip/fundplan/fy1819_wkshppres_031518.pdf 
20An Open Letter to ARB. (n.d.). Retrieved from https://www.dieselforum.org/news/an-open-letter-to-arb-don-t-

miss-out-on-california-s-opportunity-for-the-fastest-most-cost-effective-path-to-cleaner-air 
21An Open Letter to ARB. (n.d.). Retrieved from https://www.dieselforum.org/news/an-open-letter-to-arb-don-t-

miss-out-on-california-s-opportunity-for-the-fastest-most-cost-effective-path-to-cleaner-air 
22 CA Air Resources Board Approves Plan for Spending VW Mitigation Fee. (2018, October 23). Retrieved from 

https://cal.streetsblog.org/2018/05/29/ca-air-resources-board-approves-plan-for-spending-vw-mitigation-fee/ 
23 Sierra Club Statement on Volkswagen Mitigation Settlement. (2018, August 09). Retrieved March 11, 2019, from 

https://www.sierraclub.org/maryland/blog/2018/08/sierra-club-statement-volkswagen-mitigation-settlement 
24 Air pollution. (2016, August 04). Retrieved from https://www.who.int/sustainable-development/transport/health-

risks/air-pollution/en/ 
25Diesel's Shrinking Share of Emissions Inventory. (n.d.). Retrieved from https://www.dieselforum.org/policy/the-

clean-air-diet-knocking-off-the-pounds-of-nox 
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Fig.5: Top 5 Sources of NOx emissions in US in 2011 

 

 

 

Thus, in reply to the Volkswagen Mitigation Trust Fund, the Sierra Club advocated that 

the state plan should prioritize in investing in electric vehicles rather than diesel, natural gas, 

propane or other fossil fuel vehicles, stating that this would be “the most effective way to reduce 

NOx emissions in a short time”26. The Sierra Club also regard the Volkswagen Settlement as the 

opportunity to drive big reductions in NOx emissions27. On March 4, 2019, the Maryland 

Department of the Environment (MDE) did make some changes including adding an Electric 

School Bus Pilot Program by providing $600,000 exclusively for the purchase of electric school 

buses to reflect comments from the public and third parties28. 

The state of Illinois was allocated approximately $109 million Mitigation Trust Fund, 

ranking 7th among all the states in United States29. The state submitted the Beneficiary 

Mitigation Plan (BMP) on August 28, 201830. During the comment process of Illinois’s state 

proposal, the most frequently made comment was asking the agency to increase the amount of 

                                                
26 The Sierra Club. (n.d.). Retrieved from https://content.sierraclub.org/evguide/volkswagen-settlement 
27THE VW SETTLEMENT HANDBOOK: Overview, Timeline, and Actions. (n.d.). Retrieved from 

https://content.sierraclub.org/evguide/sites/content.sierraclub.org.evguide/files/THE VW SETTLEMENT 

GUIDE_UPDATED (1).pdf 
28 Maryland Volkswagen Mitigation Plan. (n.d.). Retrieved March 18, 2019, from 

https://mde.maryland.gov/programs/Air/MobileSources/Pages/MarylandVolkswagenMitigationPlan.aspx 
29 About the Settlement. (n.d.). Retrieved from https://vwclearinghouse.org/about-the-settlement/ 
30 Illinois' Beneficiary Mitigation Plan. (n.d.). Retrieved from https://www2.illinois.gov/epa/topics/air-

quality/driving-a-cleaner-illinois/vw-settlement/Pages/default.aspx#BMP 
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money for on-road projects compared with those off-road projects such as freight switcher 

locomotives, ferries and tugs31. 

 

Fig.6: Freight switcher locomotives 

 

 

The Natural Resource Defense Council (NRDC) also pointed out that the state of Illinois 

is in danger of missing a unique opportunity to clean up its transportation sector on March 13, 

201832. NRDC mentioned that the current plan nearly devoted 65% of the funding in upgrading 

or replacing locomotives and tugboats. This is a significantly high percentage investment in off-

road vehicles compared with some surrounding states such as Ohio which only planned to invest 

in less than 30% of the fund33.  

Based on this issue, NRDC recommended that the Illinois Environmental Protection 

Agency (IEPA)  should shift the focus from off-road vehicles to Electric Vehicles (EVs),  

investing the full 15 percent on light-duty zero emission supply equipment. NRDC also 

mentioned that EVs were the most promising way to reduce NOx emissions from the single 

largest mobile source34. 

                                                
31https://www2.illinois.gov/epa/topics/air-quality/driving-a-cleaner-illinois/vw-

settlement/Pages/default.aspx#trust%20fund 
32 Makalinao, A. (2018, March 13). Illinois EPA Drives in the Wrong Direction for VW Settlement. Retrieved from 

https://www.nrdc.org/experts/aloysius-makalinao/illinois-epa-drives-wrong-direction-vw-settlement 
33 In re: Volkswagen “Clean Diesel” Marketing, Sales Practices, and Products Liability Litigation, MDL No. 2672 

CRB (JSC). (n.d.). Retrieved from https://epa.ohio.gov/Portals/42/documents/VW/OH-Final-VW-Beneficiary-

Mitigation-Plan.pdf 
34 Comments on the Illinois Volkswagen Settlement Draft Beneficiary Mitigation Plan. (n.d.). Retrieved from 

https://www.nrdc.org/sites/default/files/comments-iepa-vw-bmp-20180420.pdf 
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The National Association of State Energy officials summarized the core ideas of the 

Volkswagen Settlement in their report, highlighting that “most of the mitigation actions revolve 

around repowering and replacing vehicles with new vehicles or engines that use a variety of 

fuels”35. 

Electrify America36, the company which was created as part of the automaker's settlement 

with federal regulators for intentionally misrepresenting its diesel emissions, will engage in a 

brand-neutral campaign to drive ZEV adoption in response to the state BMPs 37. 

 

REGION 4 STATE PROPOSAL OVERVIEW 

 

In June 2016, the U.S. Department of Justice “issued a partial consent decree settling 

claims by the EPA and the Federal Trade Commission against German automaker, Volkswagen 

AG”38. The 2.0 (2.0-liter diesel vehicles) Settlement Effective Date was October 25, 2016 while 

the 3.0 (3.0-liter diesel vehicles) Settlement Effective Date was May 17, 201739.The list 

including trustee candidates who were responsible for handling any of the trust fund and 

distributing the fund according to the terms of the proposal was submitted within 30 days since 

the Settlement Effective Date. 

For each state, the date that the environmental mitigation trust is established is defined as 

the “trust effective date”. The requirement of being qualified to become the beneficiary is to file 

a form called “Certification for Beneficiary Status under Environmental Mitigation Trust 

Agreement” for the state. 

First, the Governor’s office must nominate a lead agency which will take major 

responsibility for the project. Meanwhile, the office must ensure that there are no conflicts with 

                                                
35 VOLKSWAGEN SETTLEMENT BENEFICIARY MITIGATION PLAN TOOLKIT. (n.d.). Retrieved from 

https://www.naseo.org/Data/Sites/1/03-27-17_naseo-vw-beneficiary-mitigation-plan-toolkit-final.pdf 
36 About Electrify America. (n.d.). Retrieved from https://www.electrifyamerica.com/about-us 
37 Szatkowski, D. (2019, February 08). VW's Electrify America to invest $300 million in Cycle 2 of ZEV plan. 

Retrieved from https://www.autonews.com/technology/vws-electrify-america-invest-300-million-cycle-2-zev-plan 
38 Volkswagen to Spend up to $14.7 Billion to Settle Allegations of Cheating Emissions Tests and Deceiving 

Customers on 2.0 Liter Diesel Vehicles. (2016, October 25). Retrieved from https://www.ftc.gov/news-events/press-

releases/2016/06/volkswagen-spend-147-billion-settle-allegations-cheating 
39Ryan. (2017, October 03). Trust Effective Date Established for Volkswagen Settlement. Retrieved from 

https://www.prnewswire.com/news-releases/trust-effective-date-established-for-volkswagen-settlement-

300530438.html 
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goals of the state plan and the allocation of the eligible mitigation actions outlined in the form. 

Each state has the opportunity to be the beneficiary after filing the form with the Trustee and 

submitting it within 60 days of the trust effective date. 

After the form is submitted, the trustee will have the right to approve or deny the 

beneficiary status. A successful beneficiary state will have 90 days to submit a “beneficiary 

mitigation plan”. The plan works to provide the public with a general idea of how to use the 

allocated funds. Though the plan is non-binding, the public must have access to the content. 

The beneficiary summary should include the overall goal of using the fund, the categories 

of eligible mitigation actions, the potential beneficial impact on air quality and its expected range 

of benefits as well as the explanation about how to involve the public’s opinion. 

The Diesel Emission Reduction Act (DERA) is also an eligible mitigation option which 

allows beneficiaries to use trust funds for their non-federal voluntary match on state and tribal 

DERA grants40 if the beneficiary agrees to use it as the final plan.  

After the beneficiary plan is made public, beneficiaries can adjust the weight of the 

allocation or revise some part of the plan, providing updates to the trustees. Beneficiaries can use 

up to 15 percent of the funds for administrative expenditures incurred by the beneficiary and any 

third-party contractors. 

The unequal amounts of the overall distributed Mitigation Trust Fund, in addition to the 

varying political backgrounds and environmental objectives in each state, may ultimately result 

in different allocation percentages towards certain fuels. For instance, chosen bus fleet programs 

could be influenced by existing emission reduction goals and other public comments during the 

settlement process. Thus, each state will generate different degrees of expected environmental 

benefits. 

The following table provides a general description of the state proposal within EPA 

Region 4.  

 

 

 

 

                                                
40Volkswagen (VW) Settlement: DERA Option. (2017, December 04). Retrieved from 

https://www.epa.gov/cleandiesel/volkswagen-vw-settlement-dera-option 
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Table 1. The Allocation Description of State Plans in EPA Region 4 

State Environmen

tal 

Mitigation 

Funds 

Proposal Details Proposal 

Process 

Lead Agency 

Alabama41 $25,480,968 Not Submitted  
Draft Plan 

Department of 
Economic and 
Community 

Affairs 

Florida $166,278,745 Not Submitted Still 
Developing 

and 
Accepting 
Comments 

Florida 
Department of 
Environmental 

Protection 

Georgia42 $63,624,726 - Class 4-8 School, Shuttle and Transit Buses (Eligible 
Buses) (100%) 

Final Plan Office of 
Planning and 

Budget 

Kentucky43 $20,378,650 - Eligible Transit Buses (government entities only) at least 
80%  
- Light Duty Zero Emission Vehicle  
- Supply Equipment (Government & Non-government) up 
to 15% 
- Administrative expense (up to 5%) 

Final Plan Kentucky 
Energy and 

Environment 
Cabinet, Office 

of Energy 
Policy 

Mississippi
44 

$9,874,414 - Large trucks (10%) 
- School bus, shuttle bus, or transit bus (10%) 
- Freight switchers (8%) 
- Ferries/tugs (8%) 

- Airport ground support equipment (8%) 
- Light-duty zero-emission vehicle supply equipment (10%) 
- Diesel Emission Reduction Act (DERA) option (5%) 
- Allowable administrative costs (15%) 

Final Plan Department of 
Environmental 

Quality 

North 
Carolina45 

$92,045,658 - School bus replacement (40%) 
- Transit bus replacement program (20%) 
- Clean heavy-duty on-road equipment program (10%) 
- Clean heavy-duty off-road equipment program (10%)  
- ZEV infrastructure program (15%)  
- DEQ administrative costs (5%) 

Final Plan Department of 
Environmental 

Quality - 
Division of Air 
Quality (DAQ) 

 

 

                                                
41 State of Alabama Volkswagen Environmental Mitigation Trust Beneficiary Mitigation Plan. (n.d.). Retrieved 

from http://adeca.alabama.gov/Divisions/energy/vw/Documents/Beneficiary Mitigation Plan.pdf 
42Beneficiary Mitigation Plan for the State of Georgia. (n.d.). Retrieved from 

https://opb.georgia.gov/sites/opb.georgia.gov/files/related_files/site_page/Georgia Mitigation Plan (Final).pdf 
43 Commonwealth of Kentucky: Environmental Mitigation Plan for the Volkswagen Settlement. (n.d.). Retrieved 

from http://eec.ky.gov/Documents/Draft Final mitigation plan - 8-17-18.pdf 
44 Mississippi: Volkswagen Settlement: Beneficiary Mitigation Plan. (n.d.). Retrieved from 

https://www.mdeq.ms.gov/wp-content/uploads/2018/04/VW-public-meeting-presentation-10april2018.pdf 
45 State of North Carolina Volkswagen Mitigation Plan. (n.d.). Retrieved from https://files.nc.gov/ncdeq/Air 

Quality/motor/grants/files/VW/NC_Final_VW_Mitigation_Plan_082018.pdf 
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State Environme

ntal 

Mitigation 

Funds 

Proposal Details Proposal 

Process 

Lead Agency 

South 
Carolina46 

$33,895,491 - Class 4-8 School, Shuttle and Transit Buses (Eligible 
Buses) (80-100%)  

- Light Duty Zero Emission Vehicle (ZEV) Supply 
Equipment (0-10%)  
- Other Eligible Mitigation Actions (0-10%; Percentage 
Based Upon Availability of Funds)  
- Eligible Mitigation Action Administrative Expenses (up to 
1.0%) 

Final Plan Department of 
Insurance 

Tennessee
47 

$45,759,914 - Class 8 Local Freight Trucks and Port Drayage Trucks: 
10% 
- Class 4-7 Local Freight Trucks: 15% 
- Class 4-8 School Bus, Shuttle Bus, or Transit Bus: 60%  

- Light Duty Zero Emission Vehicle Supply Equipment: 15%
  

Final Plan Tennessee 
Department of 
Environment 

and 

Conservation 
(Office of 

Energy 
Programs) 

 

 

Most of the submitted beneficiary mitigation plans so far aim to spend the majority of 

allocated funds on Class 4-8 School Bus, Transit Bus, Shuttle Bus, or those eligible bus 

programs. These programs propose vehicle modifications to reduce NOx emissions that fall 

under two main options. The first option includes replacing or repowering older diesel engines 

with new diesel, alternative-fuel or all-electric engines. The second option includes replacing 

older vehicles and equipment all together with new diesel, alternate-fuel, or electric alternatives.  

For the eligible buses, the eligible engine model year or tier should be 2019 and older. 

There are 4 detailed requirements listed under the section of Class 4-8 School Bus, Shuttle Bus, 

or Transit Bus (Eligible Buses)48 that those buses should meet: 

 

 

 

                                                
46 Beneficiary Mitigation Plan For the State of South Carolina Under the Volkswagen Environmental Mitigation 

Trust. (n.d.). Retrieved from https://doi.sc.gov/DocumentCenter/View/11323/Beneficiary-Mitigation-Plan 
47State of Tennessee’s Beneficiary Mitigation Plan Volkswagen Settlement Environmental Mitigation Trust. (n.d.). 

Retrieved from https://www.tn.gov/content/dam/tn/environment/energy/documents/vw-resources/TDEC VW EMT 

BMP_FINAL.pdf 
48 Detailed Comparison of VW Eligible Mitigation Action 1-9 and Eligible Mitigation Action #10 (DERA Option). 

(n.d.). Retrieved from https://www.epa.gov/sites/production/files/2017-01/documents/vw-dera-option-elgble-mitig-

compar-2017-01.pdf 
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Fig. 7:  Requirements that Eligible Buses should meet 

 

 

The Mitigation Trust Fund has different percentage limits on government owned and 

non-government owned buses. The government can invest 100% in government owned buses. 

For non-government owned ones, the 4th activity account for the highest percentage which is 

75%, meanwhile the 3rd activity account for the lowest percentage which is 25%49. 

 

AUDIENCE 

The audience for this project is: (1) state-level decision makers such as air quality 

directors and planning officials as well as public sector decision makers concerned with 

environmental management or planning (2) citizens in those states which are still in the draft 

plan process and accepting comments process such as Alabama and Florida, and (3) those who 

are interested in policy at a higher level, such as clean energy advocates and policy makers. 

This project requires data that is readily available to the public, and does not require 

special applications, subscriptions, or licensing fees. This is significant as any parties that are 

interested in the Volkswagen Environmental Mitigation Trust will now have a publicly available 

methodology to determine the feasibility of a bus fleet program in their region of interest. As a 

whole, this project serves as an aid to speeding up the development and implementation of bus 

                                                
49 Detailed Comparison of VW Eligible Mitigation Action 1-9 and Eligible Mitigation Action #10 (DERA Option). 

(n.d.). Retrieved from https://www.epa.gov/sites/production/files/2017-01/documents/vw-dera-option-elgble-mitig-

compar-2017-01.pdf 
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fleet programs, especially for the two states in EPA Region 4 that have yet to release their 

beneficiary mitigation plans: Alabama and Florida. 

 

IMPORTANCE 

The Volkswagen emissions incident is of an unprecedented scale both in terms of 

settlement size and legal repercussions. Throughout the course of several years VW was able to 

falsely market its eco-friendly credentials while producing vehicle NOx emissions at a rate of up 

to 40 times above permissible levels50.  

 Although the $14.7 billion that came from the settlement is a first step in accounting for 

the environmental damages, the majority of it will be spent on light-duty vehicle (LDV) retrofits 

of the restricted diesel vehicles.  

This will most likely reintroduce traditional ICE vehicles back into the transportation 

sector. On the other hand, the $2.9 billion environmental mitigation trust presents more 

flexibility with respect to each state’s individual air, energy, and climate goals. For example, 

states can focus on heavy duty vehicle retrofits, adopt a fuel mix with a higher percentage of 

alternative fuels, or target different greenhouse gas emission levels.  

A study conducted by the Union of Concerned Scientists51 found that electric buses are 

responsible for fewer carbon emissions than conventional diesel buses in any part of the U.S. 

electrical grid. The research demonstrates the ongoing debate over the future of bus acquisition. 

As transit agencies and municipalities seek cleaner alternatives for buses, some options are 

available besides diesel: natural-gas-powered, full electric or diesel-electric hybrid powertrains52. 

Having an evaluation of bus fleet programs is crucial in determining the effectiveness of the 

mitigation actions planned by each beneficiary. 

Having a robust public transport network can lead to many benefits. At an individual 

level, there are reliability benefits from having set transit schedules and the cost of time saved. 

                                                
50 Learn About Volkswagen Violations. (2019, February 04). Retrieved March 19, 2019, from 

https://www.epa.gov/vw/learn-about-volkswagen-violations 
51 Union of Concerned Scientists Electric Trucks and Buses (2018). Retrieved March 7, 2019, from Union of 

Concerned Scientists: Science for a Healthy Planet and Safer World, Available from: https://www.ucsusa.org/clean-

vehicles/car-emissions-and-global-warming/electric-trucks-buses 
52 O'Dea, J. (2018, July 19). Electric vs. Diesel vs. Natural Gas: Which Bus is Best for the Climate? Retrieved from 

https://blog.ucsusa.org/jimmy-odea/electric-vs-diesel-vs-natural-gas-which-bus-is-best-for-the-climate 
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Increasing job access is a form of economic development and can improve the regional economy 

as well. At the city level, there can be less congestion on roads, increased property values, spill-

over impacts from capital investments, and travel cost reductions53. Other indirect benefits from 

lower NOx emissions are respiratory disease reductions and the broader impact of climate 

change as a result of anthropogenic carbon dioxide emissions. 

 

 

 

METHODS 

The methods followed in this project can be split into two main components: 1) 

quantifying baseline emissions reductions from baseline fleet replacements, and 2) a two-part 

sensitivity analysis for replacement vehicles.  The sensitivity analyses are divided based on two 

fuel types: diesel/CNG buses and electric buses. 

QUANTIFYING EMISSIONS REDUCTIONS 

Description 

For the purpose of assessing the environmental impacts of bus replacement projects, a 

model was created to quantify pollutant emissions reductions relative to project cost. Within the 

dedicated percentage for bus projects, North Carolina and Tennessee have included additional 

details on the intended use of the funds and the project costs covered by the state. North 

Carolina, for example, has set aside 40% of its trust fund specifically for transit buses and 20% 

for school buses. With respect to the eligible fuels for replacement transit buses, The North 

Carolina Department of Environmental Quality (NCDEQ) targets 25% diesel, 10% propane/NG, 

and 5% all-electric; the 20% allocation to transit buses is open to all fuels. Tennessee is the only 

state in this region that does not provide full funding for government-owned projects, and only 

considers all-electric repowers as an eligible fuel for its bus projects. For Alabama and Florida, 

which have no current information on the percentage of trust funds dedicated for bus projects, 

                                                
53 American Public Transportation Association: 2016 Public Transportation Fact Book- Appendix A: Historical 

Tables. (n.d.). Retrieved from https://www.apta.com/resources/statistics/Documents/FactBook/2016-APTA-Fact-

Book-Appendix-A.pdf 
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100% fund allocations will be assumed. 100% bus project allocations are also assumed for 

Kentucky and South Carolina, which have funding ranges up to and including 100%. Figure 8 

shows a summary of each state’s total trust allocation and the percentage dedicated to bus 

projects. 

 

Fig.8: State Funds for Bus Projects Overview 

State 
Dedicated Percentage for Bus 

Projects  

Beneficiary 
Funds 

Alabama 100%  $     25,480,968  

Florida 100%  $   166,278,745  

Kentucky 100%  $     20,378,650  

Mississippi 100%  $       9,874,414  

Georgia 100%  $     63,624,726  

North Carolina 60%  $     92,045,658  

South Carolina 100%  $     33,895,291  

Tennessee 60%  $     45,759,914  

 

 

The fleet emissions model returns the lifetime amount of pollutants reduced, in tons, 

relative to a baseline diesel bus fleet of MY 2009. Additionally, the model can be used as a way 

to visualize potential bus fleet combinations outlined in a state BMP and to compare the cost 

effectiveness of both transit and school buses in reducing CO2, NOx, and SOx emissions as they 

are replaced with newer diesel, CNG, and electric alternatives. 

 

Assumptions 

1. Baseline Vehicle Characteristics 

The eligible mitigation actions applicable to Class 4-8 buses have two main categories: 

replacing the vehicle engine or replacing the vehicle entirely. This study will only consider cases 

where diesel vehicles are replaced. Engine replacements must consider other characteristics of 

the vehicle and incur additional maintenance costs which are beyond the scope of our 

methodology. The VW settlement states that vehicles are eligible for replacement if they have an 

engine model of 2009 or older, but this model assumes a baseline engine model year of 2009 for 

all bus replacement projects. This serves to provide a minimum lifetime pollutant reductions 
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number that would be higher for older model years under the assumption that more pollutants are 

emitted as bus engines age. A lifetime of 20 years for incoming replacement buses is assumed. 

School buses, shuttle buses and transit buses are the three main categories of bus types 

outlined in state BMPs. Different bus uses have different parameters such as average vehicle 

miles traveled, fuel economy, and annual fuel usage. This model will only take into account 

transit and school buses. The annual fuel use, vehicle miles traveled (VMT), and fuel economy 

of a standard transit and school bus are below54. 

 

Fig. 9: Average Bus Characteristics 

 Transit Schoolbus  

VMT 34012 12000 miles 

Fuel Use (diesel) 11337 1714 gallons 

Fuel Economy 3.00 7.00 mpg 

 

 

2. Vehicle Costs and Fleet Size 

Figure 10 includes the estimated purchase costs for diesel, CNG, and all-electric school 

and transit buses. The vehicle cost numbers are obtained from North Carolina’s beneficiary 

mitigation plan55 and will be used to calculate a maximum bus fleet size for a hypothetical bus 

replacement project. It’s important to note that the vehicle costs for electric buses include the 

associated charging infrastructure, whereas CNG bus prices do not reflect the additional costs of 

fueling infrastructure. 

 

Fig. 10: Estimated Vehicle Costs for Different Types of Buses 

Estimated Vehicle Costs 

 School bus Transit 

Diesel  $          86,800   $          500,000  

CNG  $       113,500   $          540,000  

Electric  $       360,000   $          800,000  

 

 

                                                
54 U.S. Department of Energy: Alternative Fuels Data Center. Retrieved from https://afdc.energy.gov/data/ 
55 State of North Carolina Volkswagen Mitigation Plan. (n.d.). Retrieved from https://files.nc.gov/ncdeq/Air 

Quality/motor/grants/files/VW/NC_Final_VW_Mitigation_Plan_082018.pdf 
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3. Government Ownership 

All states, except for Tennessee, can have up to 100% of all government-owned bus 

projects covered by the state trust funds. The State of Tennessee will fund up to 50% for 

government owned projects, and up to 75% for government-owned projects if they are in 

distressed counties or former nonattainment areas for Ozone and/or PM2.556. For simplicity, it is 

assumed that every bus project is government owned and is thus 100% state funded in all states 

except for Tennessee. 

 

4. Pollutant Emissions Factors and Carbon Dioxide Calculations 

Air pollutant emission factors from various sources are used to calculate pollutant 

reductions. The Environmental Protection Agency’s MOVES57 modeling tool provides emission 

factors of NOx and SO2 for MY 2009 transit buses of 4.27 and 0.011 grams per mile, 

respectively. For MY 2009 school buses, NOx and SO2 rates are 3.0086 and 0.0076 grams per 

mile58. Carbon content from burning one gallon of diesel fuel is also constant; burning one gallon 

of diesel fuel emits approximately 10,180 grams of CO2 per gallon, or 22.44 lb-CO2/gallon59. 

CNG buses will have a similar diesel-gallons-equivalent (DGE) than diesel buses, thus 

sharing the same fuel economy. To find the amount of carbon dioxide emitted by a CNG bus, the 

energy content in a gallon of diesel, 139,000 Btu per gallon60, is used to calculate the carbon 

dioxide emitted through burning natural gas to obtain the equivalent energy content. For 

example, given an annual consumption of 11,337 diesel gallons for a transit bus and a diesel 

energy content of 139,000 Btu/gallon, a transit bus would consume 1,576 mmBTU in fuel. 

Natural gas emits approximately 117 lb CO2/mmBTU burned61, thus a CNG transit bus would 

emit around 92.19 tons CO2/year and a school bus would emit 13.94 tons CO2/year. CNG transit 

                                                
56State of Tennessee’s Beneficiary Mitigation Plan. (n.d.). Retrieved from 

https://www.tn.gov/content/dam/tn/environment/energy/documents/vw-resources/TDEC VW EMT 
BMP_FINAL.pdf 
57 Motor Vehicle Emission Simulator. Environmental Protection Agency. Latest model: MOVES 2014b 
58 H. Cai, A. Burnham, M. Wang. “Updated Emission Factors of Air Pollutants from Vehicle Operations in 

GREET Using MOVES”, October 25, 2013. https://greet.es.anl.gov/publication-vehicles-13 
59 Greenhouse Gas Emissions from a Typical Passenger Vehicle. (2018, May 10). Retrieved from 

https://www.epa.gov/greenvehicles/greenhouse-gas-emissions-typical-passenger-vehicle 
60 Energy Content in Some Common Energy Sources. (n.d.). Retrieved from 

https://www.engineeringtoolbox.com/energy-content-d_868.html 
61U.S. Energy Information Administration - EIA - Independent Statistics and Analysis. (n.d.). Retrieved from 

https://www.eia.gov/tools/faqs/faq.php?id=73&t=11 
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buses will use NOx emission factors of 1.0 g/mile, and 0.81 g/mile for CNG school buses62. 

Sulfur emissions are assumed to be 0 for both CNG vehicle types. 

 

5. Battery-electric buses 

Electric buses emit zero emissions at the tailpipe, but they shift the pollutants to power 

plants, which have different emission rates depending on the primary fuel source used to 

generate electricity. For electric bus replacements, electricity generation emissions from power 

plants must be accounted for when calculating the lifetime emission reductions of a project. 

Figure 9 below displays the 2017 state-specific CO2, NOx, and SOx emissions from electricity 

generation provided by the U.S. Energy Information Administration (EIA)63. Unlike CNG buses, 

electric buses have been shown to outperform traditional diesel buses in terms of energy used per 

mile driven. As a result, the procedure used to calculate CNG CO2 emissions from annual fuel 

usage becomes inappropriate because an electric bus would travel more miles on average given 

the same amount of energy. Instead, a fuel economy of 17.48 miles per DGE64 for both transit 

and school buses is used to calculate the equivalent fuel usage in diesel. This reduces annual fuel 

usage of transit and school buses to 1,945 and 649 gallons, respectively. 

 

Fig. 11: 2017 state-specific CO2, NOx, and SOx emissions from electricity generation 

Average Emission Rates(lbs/MWh) 

State CO2 NOx SOx 

Alabama 836 0.5 0.6 

Florida 991 0.6 0.5 

Georgia 946 0.7 0.8 

Kentucky 1902 1.3 1.6 

Mississippi 890 0.5 0.4 

North Carolina 834 0.8 0.7 

South Carolina 559 0.3 0.4 

Tennessee 996 0.5 1.1 

 

                                                
62 Methods to Find the Cost-Effectiveness of Funding Air Quality Projects. California Air Resources Board. March 

2018. Retrieved from https://www.arb.ca.gov/planning/tsaq/eval/evaltables.pdf 
63 U.S. Energy Information Administration - EIA - Independent Statistics and Analysis. (n.d.). Retrieved from 

https://www.eia.gov/electricity/ 
64“Foothill Transit Battery Electric Bus Results”. National Renewable Energy Lab. January 2016. 

https://www.nrel.gov/docs/fy16osti/65274.pdf 
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RESULTS 

Figures 10a and 10b contain the resulting cost effectiveness of pollutant reductions for 

alternative fuel bus replacements. Compared to transit buses, school buses are more effective in 

lowering CO2 and NOx emissions for both diesel and CNG options. Carbon dioxide reduction 

costs, however, are lower for transit buses. Figure 12 gives a general comparison between 

different bus combinations. These numbers would remain the same across each state because the 

assumptions for both the baseline and replacement fleets are static throughout this part of the 

analysis. Model results from each state are included in the Appendix. 

 

 

Fig. 12a: Alternative-Fueled Vehicles’ Cost of Emissions Reduced ($/ton)- Diesel/CNG 

Transit School bus  

 CO2 NOx SO2  CO2 NOx SO2 

Diesel $1,310 $550,948 $74,922,726 Diesel $1,504 $293,758 
$50,476,68

9 

CNG $771 $220,393 $66,069,471 CNG $1,071 $195,135 
$56,450,36

6 

  

 

 Fig. 12b: Alternative-Fueled Vehicles’ Cost of Emissions Reduced ($/ton) - Electric 

 Transit School 

State CO2 NOx SO2 CO2 NOx SO2 

Alabama $425 $285,341 $(1,711,474) $2,197 $542,310 $(2,299,954) 

Florida $455 $293,643 $(2,060,976) $2,929 $564,791 $(2,767,053) 

Georgia $446 $302,443 $(1,278,019) $2,671 $589,216 $(1,719,444) 

Kentucky $772 $368,745 $(634,865) $(3,056) $795,676 $(855,614) 

Mississippi $435 $285,341 $(2,589,854) $2,407 $542,310 $(3,472,232) 

North Carolina $425 $311,786 $(1,463,263) $2,190 $615,849 $(1,967,778) 

South Carolina $381 $270,070 $(259,854) $1,519 $502,322 $(3,472,232) 

Tennessee $456 $285,341 $(926,170) $2,961 $542,310 $(1,247,238) 

 

 

Electric bus cost effectiveness, on the other hand, varies from state to state. For the most 

part, electric transit buses are the most cost effective in reducing CO2 and are slightly less 

effective for NOx emission reductions compared to CNG.  
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SENSITIVITY ANALYSIS: CNG AND DIESEL 

Overview 

Instead of modeling bus fleets throughout a whole potential range of assumptions, it is 

possible to identify the most influential variables affecting cost effectiveness of emissions 

reductions and formulate project recommendations based on these variables. In this section, the 

sensitivity of emission reduction cost effectiveness to changes in variables such as VMT, 

emission factors, and vehicle cost is measured for diesel and CNG buses. 

The cost-effectiveness calculations for each fuel type are based on static VMT, fuel 

economy, and fuel usage for each project. In reality, bus projects are evaluated for specific 

purposes and routes and are then reviewed on a case-by-case basis as states receive bids and 

funding requests. In order to get a more accurate result, the model would have to input different 

assumptions depending on the replacement fleet characteristics. Bus driving behavior and route 

scheduling can also influence overall emissions reductions from bus replacement projects. 

Projects may estimate higher annual bus mileage or have certain vehicle routes that would 

change overall fuel economy. A school bus that picks up passengers across many stops rather 

than a central location could have a lower fuel economy compared to a route that runs along a 

highway, for example.  

 

Analysis 

Using the Crystal Ball analysis tool in Excel65, tornado diagrams for each combination of 

fuel type and bus mode are created. Figure 13a shows an example of a tornado diagram depicting 

the sensitivity of NOx removal cost effectiveness for a diesel transit bus replacement. In other 

words, the diagram measures how sensitive the output (dollars per ton of NOx removed) is to 

changes in the input variables shown in the vertical axis (VMT, NOx emission factor, vehicle 

cost). The results show the range of outputs as one input variable changes, while keeping the rest 

of the input variables at their initial value. Input variables range from -10% below to 10% above 

the initial value. Referring back to input variable VMT, as annual VMT increases from 34,012 to 

39,012 miles, the cost effectiveness increases from $550,948/ton to $480,335/ton. In terms of 

                                                
65Crystal Ball spreadsheet-based application. Created by Oracle Software 
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output sensitivity to a percentage change in a variable, NOx reduction cost effectiveness in this 

example is most sensitive to VMT.  

 

Fig 13a: Tornado diagram- NOx removal cost effectiveness ($/ton) for diesel transit bus 

 

 

 

The tornado diagrams for the remaining fuel and bus type combinations are included in 

the Appendix. A summary of the most sensitive variables, as well as the cost effectiveness 

upside and downside, is included in Figure 13b. When calculating sensitivity to variables such as 

fuel economy, vehicle miles traveled, and emissions factors, the most sensitive variable is 

identified as the one with the widest range. Fuel economy upside produces a lower cost 

effectiveness because the variables apply to the baseline fleet. In other words, replacing a high 

fuel economy MY2009 transit bus with a MY2019 diesel transit bus would lead to lower lifetime 

pollutants reduced, and therefore a lower cost effectiveness for CO2 emissions reductions. 

Conversely, replacing a low fuel economy MY2009 transit bus with a MY2019 transit bus would 

improve the cost effectiveness of CO2 emissions reductions. The same logic can be applied to 

the sensitivity to emission factors: replacement projects for MY2009 buses that have high 

emissions factors for a certain pollutant will tend to be more cost effective than replacing 

MY2009 buses that have low emissions per mile driven.  
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Fig. 13b: Sensitivity analysis summary for diesel/CNG 

 

 

 

SENSITIVITY ANALYSIS: ELECTRIC BUSES 

Overview 

Figure 14 shows how electric bus replacements yield varying amounts of emissions 

reductions for each state. As mentioned earlier, states have their unique energy mix and rely on 

different fuel sources for electricity generation. Kentucky, for example, has the lowest emission 

reduction potential for CO2, NOx, and SO2 and negative CO2 reductions from school bus 

replacements. Negative values indicate that generating the energy used by a replacement electric 

bus creates more total emissions than the potential avoided emissions realized from removing a 

MY2009 diesel bus. Across all states, more sulfur dioxide is emitted relative to the base-case as a 

result of implementing electric bus replacements. Although NOx emissions are reduced from 

electric bus replacements, upon further examination these vehicles can be counterproductive in 

certain states that may have additional environmental goals such as reducing greenhouse gas 

emissions or SO2 pollution from the transportation sector. For this study, average emission rates 

are assumed for CO2, NOx, and SO2. See the Discussion section for the implications of using 

average versus marginal emission rates. 
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Fig. 14: State Annual Emissions Reductions from Electric Bus Replacements (tons) 

 

 Transit School 

 CO2 NOx SO2 CO2 NOx SO2 

Alabama 94.1 0.140 -0.023 8.192 0.033 -0.008 

Florida 87.9 0.136 -0.019 6.145 0.032 -0.007 

Georgia 89.7 0.132 -0.031 6.739 0.031 -0.010 

Kentucky 51.8 0.108 -0.063 -5.891 0.023 -0.021 

Mississippi 91.9 0.140 -0.015 7.479 0.033 -0.005 

North Carolina 94.2 0.128 -0.027 8.219 0.029 -0.009 

South Carolina 105.1 0.148 -0.015 11.852 0.036 -0.005 

Tennessee 87.7 0.140 -0.043 6.078 0.033 -0.014 

 

 

Utility Integrated Resource Plans 

The differences in electric bus emission reduction potentials can be attributed to the fuel 

type used to generate electricity. For example, coal-generated power will emit more pollutants 

than renewable alternatives such as solar and wind power. Kentucky, the state with the lowest 

emission reduction potential, relied on coal for 79% of its total electricity generation in 201766. 

The results from electric bus replacement projects will be dependent on projected grid 

emissions.. For Kentucky and other coal-heavy states, electricity bus replacements would yield 

comparatively lower emissions and be less cost effective in reducing emissions. Thus it is 

necessary to look at each state’s energy portfolio and how these are projected to change in the 

future. Depending on the generating units that are added to or removed from a state’s energy 

mix, electricity generation can provide more or less anticipated environmental benefits compared 

to initial calculations.  

As a response to the changing energy landscape, utility companies create integrated 

resource plans (IRP) that outline the ways in which a utility can meet forecasted energy demand 

while ensuring reliability and cost-effectiveness67. IRPs usually have planning periods of 15 or 

more years and outline future resource portfolio options. Most utility companies in EPA Region 

4, except for Alabama, Tennessee, and Mississippi, are required to file publicly-accessible IRP 

                                                
66 Energy Information Administration. “Kentucky: State Energy Profile and Energy Estimates, 2017”. Retrieved 

from https://www.eia.gov/state/?sid=KY 
67 Advanced Energy Economy. “Understanding IRPs: How Utilities Plan For the Future”. August 11, 2015. 

Retrieved from https://blog.aee.net/understanding-irps-how-utilities-plan-for-the-future 

https://www.eia.gov/state/?sid=KY
https://blog.aee.net/understanding-irps-how-utilities-plan-for-the-future
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files with their public utilities commission. Duke Energy Carolinas’ (DEC) 2018 IRP68 will be 

used to conduct a sensitivity analysis for electric bus replacement projects in North Carolina. 

Figure 15 shows that DEC plans to reduce coal capacity by 11% in 2033, while increasing 

natural gas by 8% and adding more renewables into its energy portfolio. 

 

Fig. 15: Duke Energy Carolinas 2018 IRP (edited to show text) 

 

 

Analysis 

2016 data for all North Carolina power plants was obtained from the Emissions & 

Generation Resource Integrated Database (eGRID) provided by the EPA69. This database 

contains information on individual plant net generation, primary fuel type, emission rates, and 

many other environmental characteristics associated with electric power generation. 

The main fuel sources examined in this sensitivity analysis are coal and natural gas. 

Following the 2018 DEC IRP, three main electricity generation categories are created: coal 

(29%/2019, 18%/2033), natural gas (24%/2019, 32%/2033) and all other sources (47%/2019, 

                                                
68 Duke Energy Carolinas. “North Carolina Integrated Resource Plan, 2018”. September 5, 2018. Retrieved from 

https://starw1.ncuc.net/NCUC/ViewFile.aspx?Id=aa9862b5-5e31-4b3f-bb26-c8a12c85c658 
69“Emissions & Generation Resource Integrated Database (EGRID).” Environmental Protection Agency, 17 Dec. 

2018, www.epa.gov/energy/emissions-generation-resource-integrated-database-egrid. 

https://starw1.ncuc.net/NCUC/ViewFile.aspx?Id=aa9862b5-5e31-4b3f-bb26-c8a12c85c658
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50%/2033). In order to determine how average grid emissions change according to IRP 

projections, emissions rates for both coal and natural gas plants are weighted based on individual 

plant production. The weighted CO2, NOx, and SO2 emissions rates for each fuel source are 

then multiplied by the corresponding 2018/2033 IRP fuel mix percentages to get average grid 

emissions for each pollutant for 2018 and 2033, summarized by Figure 16a. CO2, NOx, and SO2 

emission rates for coal decrease, whereas natural gas and other sources increase. Figure 16a also 

illustrates that removing generating capacity for coal leads to a larger percentage decrease in 

emissions compared to the equivalent addition of natural gas and other sources. 

 

Fig. 16a: North Carolina Average Grid Emission Rates from 2019-2033 
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Considering 2033 projections, North Carolina’s electricity generation emits 128 less pounds of 

CO2, 0.10 less pounds of NOx, and 0.22 less pounds of SOx per MWh generated compared to 

2019 calculations, as shown in Figure 16b. 

 

Fig. 16b: North Carolina Average Grid Emission Rates from 2019-2033 

Average Emission Rate (lb/MWh) 

% of Total CO2 NOx SO2 % of Total CO2 NOx SO2 

Gas-24% 248 0.10 0.0013 Gas-32% 331 0.14 0.0017 

Coal-29% 567 0.55 0.61 Coal-18% 352 0.34 0.38 

Other-47% 64 1.07 0.19 Other-50% 68 1.14 0.21 

Total 879 1.72 0.81 Total 751 1.62 0.59 

 

 

 

DISCUSSION 

 

Average and marginal rates of generation 

The sensitivity analysis for electric bus replacement projects uses average emissions 

rates. Using average rates would mean that at any given time, charging the batteries in an electric 

bus would draw electricity from all sources in the grid. This assumption is not truly 

representative of how power markets function because electric grid operators work towards 

balancing load and dispatch power plants in a cost-effective manner to do so. The base load in 

the electric grid is comprised of cheaper generating units that are slow to ramp up, such as coal.  

As demand ramps up during the day, additional units are deployed to meet this load. Throughout 

the day, the marginal source of generation would vary according to overall electricity demand 

and location, which makes the time and place of charging important when considering electricity 

emissions.  
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Fig. 17: Typical Electricity Daily Load Curve70 

 

 

 

Electricity demand is lowest during the night-time, and depending on the region, this 

electricity is often generated by coal-fired base load plants. As more coal plants are retired and 

renewable sources of energy are integrated into the grid, electric buses can result in even more 

pollutant reductions if they follow charging schedules that take advantage of low-emission 

renewable power.  

 

Bus purchase costs  

The capital costs in Figure 8 do not take into account fueling infrastructure costs for CNG 

buses. Large CNG bus fleets would require a customized fueling station designed according to 

operating schedules. This means that on top of the vehicle purchasing costs, a CNG fleet project 

would require additional capital costs for building infrastructure. This can change the cost 

effectiveness of CNG bus fleets depending on project specifications, which may be a significant 

barrier to adopting CNG as an alternative fuel for certain states. 

 

 

                                                
70 Electric generator dispatch depends on system demand and the relative cost of operation. U.S. Energy 

Information Administration, 17 Aug. 2018. Retrieved from https://www.eia.gov/todayinenergy/detail.php?id=7590 

https://www.eia.gov/todayinenergy/detail.php?id=7590
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Fig. 18: Estimated fueling station costs for CNG fleets71 

 

 

 

 

According to North Carolina’s BMP estimates, electric bus costs shown earlier in Figure 

8 already include charging infrastructure, which is also cheaper than that of CNG72.  

 

Health benefits 

Replacing diesel buses improves the surrounding air quality in their service areas, which 

will result in better respiratory health from reduced exposure from old exhaust engines. This is 

especially true for children, elderly people, and other demographic groups that are more sensitive 

to air pollution. Although electric vehicles still emit pollutants during electricity generation, 

shifting the load of pollutants towards a more centralized source, the power plant, can be a more 

cost-effective method of layering additional pollution controls.  

 

 

 

                                                
71“Costs Associated With Compressed Natural Gas Fueling Infrastructure”. United States department of Energy: 

Energy Efficiency and Renewable Energy. Sep.2014. Retrieved from 

https://afdc.energy.gov/files/u/publication/cng_infrastructure_costs.pdf 
72 State of North Carolina Volkswagen Mitigation Plan. (n.d.). Retrieved from https://files.nc.gov/ncdeq/Air 

Quality/motor/grants/files/VW/NC_Final_VW_Mitigation_Plan_082018.pdf 

https://afdc.energy.gov/files/u/publication/cng_infrastructure_costs.pdf
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CONCLUSION 

Bus fleet replacement projects can be effective methods of reducing NOx and other 

pollutants, providing a unique opportunity for states to promote more environmentally-friendly 

and sustainable modes of transportation. The models and sensitivity analyses discussed here 

provides preliminary results, and inputs and assumptions for assessing bus projects will 

inevitably change due to the case-by-case nature of the project proposal process. However, based 

on these results and points of discussion, a high-level set of recommendations can be made to 

assist in the project selection decision. 

 

Diesel 

New diesel buses can take advantage of existing fueling infrastructure and may be the 

easiest form of replacement available. Despite having an emissions reductions potential between 

CNG and electric buses, diesel buses can be a cost effective alternative to reducing NOx given 

the high additional costs of fuel infrastructure for large CNG fleets. Replacing any diesel buses 

older than MY2009 with a newer model will be the fastest way of achieving any form of 

emissions reductions as the replacement process is primarily concerned with the vehicles 

themselves rather than the infrastructure required to fuel and support a new fleet. 

 

CNG 

CNG buses have the highest costs of adoption and the large upfront payments for a 

sustainable fleet can deter investments into CNG options. CNG has the highest reduction 

potential for SO2, and can be the most cost-effective fuel type in reducing CO2 and NOx 

emissions depending on the fueling infrastructure costs. In reducing NOx emissions, the cost 

effectiveness of CNG transit and school buses is most sensitive to VMT. School buses have 

lower annual mileage and are not typically used beyond their normal routes, thus CNG is better 

suited for transit bus replacements because they can recover the upfront costs of infrastructure 

through high utilization and mileage. 
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Electric 

Electric vehicles have the highest emissions reduction potential and can be a sustainable 

way of reducing long-term emissions from the transportation sector. However, the emissions 

reductions are the most variable out of the three fuel options and will differ throughout each 

state. As more vehicles become electrified and additional load is created from charging demand, 

electric bus projects will require coordination with utilities and other stakeholders such as grid 

operators in order to be effective.  

 

SUMMARY 

For states pursuing immediate short-term NOx emission reductions, as originally 

intended by the settlement funds, replacing old buses with new diesel buses is the fastest and 

easiest way to do so. It will not only achieve any form of emission reductions quickly, but will be 

also convenient in the replacing process since the original fleet infrastructure can be kept the 

same. For states that pursue sustainable long-term NOx emission reductions, CNG and electricity 

are both viable alternatives. CNG is better suited for transit bus replacements compared with 

school bus replacements since they can recover the upfront costs of infrastructure through high 

utilization and mileage. Long-term emissions reductions strategies can overcome the 

disadvantages of the high new infrastructure costs of CNG buses if implemented correctly. 

Beyond NOx emissions, states can also vary their strategy depending on which emissions 

they wish to reduce. CNG, for example, has the highest potential to reduce SOx given its zero-

emissions factor for SOx emissions. It is also the most cost-effective fuel type to reduce NOx 

emissions and CO2 emissions.  

Electric buses have the highest emissions reduction potential for NOx and CO2. 

Adopting electric buses may also influence market trends, increasing electric vehicle market 

penetration. Meanwhile, electrifying fleets can help promote the transportation market 

transformation, encouraging EV adoptions for both private and public use. However, electric bus 

emissions reductions are the most variable and will change throughout each state. Thus, it is 

necessary to collaborate with utilities to identify energy infrastructure changes and work with 

policy makers in promoting electric vehicle use. The timelines of these actions should also be 

carried out simultaneously to provide a smooth transition into an electric transportation system. 
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APPENDIX 

 

A uniform project allocation percentage distribution was entered into the model to create 

the results below for each state. The “% to Bus Project” is adjustable that each state can decide 

its own number. The programs in the model includes electric school bus, electric transit bus, 

diesel transit bus, and CNG transit bus and diesel school bus. The percentage of the allocation for 

these programs is also adjustable.  

 

State Plan Investment Model Results 

 

Appendix 1.  Alabama State Plan Investment Model Results 

 

 

Appendix 2.  Florida State Plan Investment Model Results 
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Appendix 3.  Georgia State Plan Investment Model Results 

 

 

Appendix 4.  Kentucky State Plan Investment Model Results 

 

 

Appendix 5. Mississippi State Plan Investment Model Results 
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Appendix 6.  North Carolina State Plan Investment Model Results 

 

 

Appendix 7. South Carolina State Plan Investment Model Results 
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Appendix 7. Tennessee State Plan Investment Model Results 
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Tornado Analysis Results for the Cost-effectiveness for Different Type of Buses 

The tornado analysis indicated the sensitiveness of different parameters including fuel 

economy, vehicle miles travelled and vehicle cost to different type of buses in reducing the 

specific pollutants. The top parameter listed in the left of the chart is the most sensitive one. 

 

Appendix 8. Cost-effectiveness for Diesel Transit Bus in reducing CO2 ($/ton) 
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Appendix 9. Cost-effectiveness for Diesel Transit Bus in reducing SO2 ($/ton) 

 

 

Appendix 10. Cost-effectiveness for CNG Transit Bus in reducing CO2 ($/ton) 

 

 



 

44 

 

 

 

Appendix 11. Cost-effectiveness for CNG Transit Bus in reducing NOx ($/ton) 
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Appendix 12. Cost-effectiveness for CNG Transit Bus in reducing SO2 ($/ton) 

 

 

 

 

Appendix 13. Cost-effectiveness for Diesel School Bus in reducing CO2 ($/ton) 
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Appendix 14. Cost-effectiveness for Diesel School Bus in reducing NOx ($/ton) 

 

 

 

Appendix 15. Cost-effectiveness for Diesel School Bus in reducing SO2 ($/ton) 
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Appendix 16. Cost-effectiveness for CNG School Bus in reducing CO2 ($/ton) 
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Appendix 17. Cost-effectiveness for CNG School Bus in reducing NOx ($/ton) 

 

 

 

Appendix 18. Cost-effectiveness for CNG School Bus in reducing SO2 ($/ton) 

 

 

 


