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1. My name is Jill Steiner. I am Founder and Lead Researcher at Saldo Research, L.L.C., which 

I founded in 2020. Saldo Research is a consulting practice that provides facilitation, 

quantitative and qualitative analysis, training, and evaluation for the clean energy industry. 

2. From 2016 to 2020, I held the position of Director of Evaluation and since then have worked 

as an Affiliated Consultant at Public Sector Consultants (PSC). At PSC, I led a program to 

support objective-driven program and policy development, overseeing project evaluators, 

providing oversight on methodology and metrics, and guiding data collection and 

development of actionable recommendations. My projects included, among others, the 

evaluation of the impact of Michigan’s energy bill assistance program and rate design for low-

income customers; market assessment of demand response and time-of-use rates for large 

commercial and industrial customers; determination of propane supply adequacy and risk 

mitigation strategies for the State of Michigan; and energy needs assessment for rural and 

agricultural communities.  

3. I previously held positions as Economic Analyst for the Michigan and Maryland Public 

Service Commissions (1988-1993); Planning and Evaluation Lead/Senior Program Manager 

for the Tennessee Valley Authority (1993-2001); Project Director for Quantec, now known as 

Cadmus (2001-2006); Manager of Planning and Economic Analysis for Energy Trust of 

Oregon (2006-2007); Manager of Planning and Evaluation for Snohomish County Public 

Utility District (2007-2011); and Principal for Cadmus (2012-2016). 

4. While at PSC, I authored a technical report titled “Analysis of Propane Supply Alternatives 

for Michigan,” which was prepared for the Michigan Department of Environment, Great 

Lakes, and Energy (EGLE). That report can be found in Appendix III to EGLE’s April 17, 

2020 “Upper Peninsula Energy Task Force Recommendations: Part I – Propane Supply.” 
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In the report, I explained available options for supplying required propane volumes should 

any potential supply disruptions occur in the State of Michigan, the impacts of any 

disruptions, and how Michigan can prepare for such disruptions. Multiple scenarios were 

studied, including a scenario in which Enbridge’s Line 5 pipeline was disrupted. 

5. I earned a Bachelor of Arts (B.A.) degree in Economics with emphasis in Industry 

Organization from Michigan State University, and a Master of Science (M.S.) in Applied 

Economics with emphasis in Public Policy from Johns Hopkins University. I also hold 

certificates in Mixed Methods Research from the University of Michigan and in Diversity 

and Inclusion from Cornell University. 

6. I am a current member of the Michigan State University Institute of Public Utilities 

Advanced Regulatory Studies Faculty and have been a member since 2015.   

7. My past professional associations include that I was the Certified Energy Manager for the 

Association of Energy Engineers (1999); a member of the Northwest Energy Efficiency 

Alliance Resource Cost and Impact Advisory Committee (2007-2012); a voting member of 

the Regional Technical Forum of the Northwest Power and Conservation Council (2007-

2012); a member of the Michigan Senate Energy Efficiency and Renewables Legislative 

Workgroup (2014-2016); and a member of the Roadmap to Implementing Michigan’s 

Energy Future Stakeholder Workgroup (2015-2016).   

8. A list of all articles I have authored for third-party publications in the past ten years is 

included in my CV at Exhibit 1.  

9. Within the previous four years, I have not served as an expert witness at trial or by 

deposition.  
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10. I am being compensated at $292 per hour for my research and $358 per hour for my testimony 

on this matter. My compensation in no way depends on the outcome of this case.   

11. The Bad River Band of the Lake Superior Tribe of Chippewa Indians of the Bad River 

Reservation (the “Band” or “Plaintiff”) has filed a suit seeking a declaratory judgment that 

Enbridge’s continued use of Line 5 across the Bad River Reservation constitutes a public 

nuisance and a trespass, and an order of ejectment and an injunction requiring Enbridge to 

cease the operation of Line 5 on the Reservation and to remove it safely from the 

Reservation.1 

12. I have been asked by the Band to review the expert reports submitted on January 31, 2022, by 

Neil Earnest from Muse Stancil, Dr. Corbett Grainger from the University of Wisconsin, and 

William J. Rennicke from Oliver Wyman Inc. and to provide any rebuttal opinion with respect 

to Mr. Earnest’s, Dr. Grainger’s and Mr. Rennicke’s analysis of the impacts on the propane 

and butane markets served by natural gas liquids (NGLs) from Enbridge’s Line 5 in the event 

of a closure of the pipeline. 

13.  A complete statement of the opinions that I will express in this matter and the basis and 

reasons for them can be found in Exhibit 2. I have been assisted in my work on this matter 

by PSC consultants. 

14. The exhibits that I will use to summarize or support them can also be found in Exhibit 2. 

15. A list of materials that I have considered in forming the opinions for this report can be found 

in Exhibit 2 (References).   

 
1 Third Amended Complaint at 60, Bad River Band of the Lake Superior Tribe of Chippewa Indians of the Bad River 
Reservation v. Enbridge Energy Company, Inc., Case No. 3:19-cv-00602-wmc (W.D. Wisc.). 
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16. My Expert Rebuttal Report, and the opinions expressed in it, are based on my analysis of the 

information and materials available to me as of April 8, 2022. As new information becomes 

available, I reserve the right to supplement and amend my opinions as necessary. 
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  Jill Steiner 

308 Highland Avenue 

East Lansing, MI 48823 517-281-1920  

Education 

Michigan State University, BA in Economics  

Johns Hopkins University, MS in Applied Economics 

Professional Experience 

2020–present Founder and Lead Researcher, Saldo Research LLC. Founder of a consulting practice that 

provides facilitation, quantitative and qualitative analysis, training, and evaluation for the 

clean energy industry. Focus on assisting clients to create clear program and policy 

objectives, develop meaningful metrics to track progress toward objectives, collect and 

analyze data, and determine appropriate investments in research and organizational learning 

to support strategic decision making and effective action. Supports development of regulatory 

strategies; prepares regulatory filings, testimony, and discovery responses; engages 

stakeholders to build consensus on policies and practices to ensure reliable, affordable, and 

environmentally responsible energy resources.  

2016–present Director of Evaluation/Affiliated Consultant, Public Sector Consultants, Lansing, MI. Led an 

emerging practice area designed to support objective-driven program and policy development 

through strategic planning, identification and tracking of meaningful metrics, and 

commitment to continuous improvement. Oversaw project evaluators, provided oversight on 

methodology and metrics, and guided data collection and development of actionable 

recommendations. Selected projects include evaluation of the impact of the Michigan’s 

energy bill assistance programs and rate design for low-income customers; market 

assessment of demand response and time-of-use rates for large commercial and industrial 

customers; needs assessment for Deaf, DeafBlind, and Hard of Hearing residents across 

Michigan; evaluation of community development activities in Detroit; determination of 

propane supply adequacy and risk mitigation strategies for the State of Michigan; energy 

needs assessment for rural and agricultural communities. 

2012–2016 Principal, Cadmus, Lansing, Michigan. Led a policy team that tracked trends in the utility 

regulatory environment related to energy efficiency, changing infrastructure, distributed 

resources, expansion of advanced metering, and increasing climate regulation. Managed 

multiyear evaluations for energy-efficiency and demand response portfolio offerings of a large 

dual-fuel utility in Michigan to assess compliance with regulatory targets, impact on 

customers, environmental impacts, and opportunities for improvement. Active participant and 

frequent presenter at the Michigan Public Service Commission stakeholder meetings to set 

research agendas, engage stakeholders, and promote common understanding of clean 

energy policies and practices  

2007–2011 Manager of Planning and Evaluation, Snohomish County Public Utility District, Everett, 

Washington. Managed analytical staff to provide program planning and evaluation for the 
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district’s energy-efficiency and customer renewable programs. Assessed the available energy-

efficiency and conservation resources available within Snohomish County based on 

development of new technologies, programmatic focus, and market response. Supported the 

development of a biannual integrated resource plan and strategic plan. Represented the 

District in regional policy-making forums related to development of clean energy resources, 

planning for improved environmental performance, and resource adequacy. Provided 

tracking, analysis and reporting to demonstrate compliance with state regulations and 

contributions to regional goals and objectives. 

2006–2007 Manager of Planning and Economic Analysis, Energy Trust of Oregon, Portland, Oregon. 

Managed the trust’s processes and policies for resource forecasting as well as cost-

effectiveness analysis of energy-efficiency and renewable resources. Acted as liaison with 

utilities to integrate the Trust’s impacts in resource plans and to determine cost-effective 

levels of investment above the legislated systems benefits charge. Coordinated reporting of 

projected and achieved impacts to utilities, regulators, and other stakeholders. 

2001–2006 Project Director, Quantec (now Cadmus), Portland, Oregon. Assessed energy-efficiency 

potential, developed energy-efficiency program/portfolio plans, and evaluated energy-

efficiency program delivery and impacts for dozens of clients. Led multi-year evaluations for 

utilities, program implementers, state agencies, and regional associations.  

1993–2001 Planning and Evaluation Lead/Senior Program Manager, Tennessee Valley Authority, 

Nashville, Tennessee. Developed and implemented evaluation plans designed to assess 

market performance, refine delivery processes, and measure impacts of the Tennessee Valley 

Authority’s (TVA) customer service, conservation, and renewable programs. Designed and 

launched new energy services business initiative for TVA. Developed internal systems to 

manage and measure new business performance. Managed stakeholder input process for 

TVA’s integrated resource planning process and worked with diverse groups to determine 

appropriate investments in energy efficiency, demand response, and renewable energy. 

1988–1993 Economic Analyst, Michigan and Maryland Public Service Commissions, Lansing, Michigan 

and Baltimore, Maryland. Reviewed utility energy efficiency plans and integrated resource 

plans. Developed staff position on resource selection, cost-effectiveness screening, cost 

allocation and recovery, rate design, and monitoring and evaluation of impacts. Testified as 

an expert witness on the reasonableness of program plans, cost recovery, appropriate 

financial incentives to encourage utility investment in clean energy technologies. 

Professional Associations and Certifications 

• Roadmap to Implementing Michigan’s Energy Future Stakeholder Workgroup, 2015 to 2016 

• Michigan Senate Energy Efficiency and Renewables Legislative Workgroup, 2014 to 2016 

• Voting Member of the Regional Technical Forum for the Northwest Power and Conservation 

Council, 2007 to 2012 

• Northwest Energy Efficiency Alliance Resource Cost and Impact Advisory Committee Member, 

2007 to 2012  
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• Michigan State University Institute of Public Utilities Advanced Regulatory Studies Faculty, 

2015 to present 

• Association of Energy Engineers—Certified Energy Manager, 1999  

• University of Michigan—Certificate in Mixed Methods Research, 2017 

• Cornell University—Diversity and Inclusion Certificate, 2021  

 
Selected Publications and Presentations 

• “The Start of the Journey: Keys to Developing a DEI Strategy.” with Quinn Parker. Training 

delivered October 2021 for EUCI.  

• “Quantifying Health Impacts from Weatherization and Home Improvement.” Presentation 

delivered June 2021 at the Michigan Sustainability Conference, Lansing, MI. 

• “Energy Efficiency Markets and Evaluation. Michigan State University.” Training delivered 

annually for the Institute of Public Utilities Advanced Regulatory Studies: East Lansing, MI. 

• “DSM in the Rate Case,” with Brian Hedman. January 2013. Public Utilities Fortnightly. 

• “Bridging the Gap: Moving from Planning to Programs.” Presentation delivered September 

2009 at the American Council for an Energy Efficient Economy National Conference on Energy 

Efficiency as a Resource, Chicago, IL.  

 

 

Steiner Rebuttal - Exhibit 1 - Page 3

Case: 3:19-cv-00602-wmc   Document #: 254-1   Filed: 05/26/22   Page 11 of 94



 

 

 

EXHIBIT 2 

Case: 3:19-cv-00602-wmc   Document #: 254-1   Filed: 05/26/22   Page 12 of 94



Case: 3:19-cv-00602-wmc   Document #: 254-1   Filed: 05/26/22   Page 13 of 94



 2 

 

Prepared by 

Public Sector Consultants 
www.publicsectorconsultants.com 
 

In partnership with 

Jill Steiner 
Saldo Research 

Prepared for 

Bad River Band of the Lake Superior Tribe of Chippewa Indians of the Bad River 
Reservation 
 

  

Steiner Rebuttal - Exhibit 2 - Page 2

Case: 3:19-cv-00602-wmc   Document #: 254-1   Filed: 05/26/22   Page 14 of 94



 3 

Table of Contents 

TABLE OF CONTENTS ..................................................................................................................................................... 3 

INTRODUCTION .............................................................................................................................................................. 4 

SECTION ONE: SUMMARY OF CONCLUSIONS ................................................................................................................ 4 

SECTION TWO: ASSESSMENT OF THE NATIONAL, REGIONAL, AND LOCAL PROPANE AND BUTANE MARKETS ............. 5 

Background ................................................................................................................................................................... 5 

Propane Supply and Consumption ................................................................................................................................ 7 

Butane Production and Consumption .......................................................................................................................... 18 

Conclusion ................................................................................................................................................................... 20 

SECTION THREE: IDENTIFICATION AND COSTING OF ALTERNATIVE SUPPLY AND TRANSPORTATION OPTIONS ......... 21 

Alternative Propane Supply in Michigan and Wisconsin .............................................................................................. 21 

Alternative Propane and Butane Supply in Ontario ...................................................................................................... 36 

SECTION FOUR: CONSIDERATIONS OF RAIL AND TRUCKING FEASIBILITY .................................................................. 40 

SECTION FIVE: REVIEW OF ECONOMIC IMPACTS FROM FRACTIONATOR CLOSURES .................................................. 49 

Overview of Input-output Models ................................................................................................................................. 50 

IMPLAN Modeling ........................................................................................................................................................ 51 

Fractionator Shutdown Model of Oil and Gas Extraction ............................................................................................. 52 

Fractionator Shutdown Model of Petroleum Refineries ................................................................................................ 54 

Commodity Purchases and Multipliers ........................................................................................................................ 58 

Multi-Regional Input-output Analysis ........................................................................................................................... 61 

Tax Estimates ............................................................................................................................................................... 61 

StatCan Input-output Model ......................................................................................................................................... 63 

Rail and Trucking Economic Impact ............................................................................................................................ 63 

Conclusion ................................................................................................................................................................... 64 

SECTION SIX: ENVIRONMENTAL IMPACTS OF TRANSPORTATION OPTIONS ................................................................ 64 

SECTION SEVEN: FINAL CONCLUSION.......................................................................................................................... 69 

APPENDIX A: MODELING METHODOLOGY .................................................................................................................... 70 

APPENDIX B: RELATIONSHIP BETWEEN WHOLESALE AND RETAIL PRICES ................................................................. 73 

Data and Methodology ................................................................................................................................................ 73 

DOCUMENTS AND RESOURCES CONSIDERED .............................................................................................................. 76 

 

  

Steiner Rebuttal - Exhibit 2 - Page 3

Case: 3:19-cv-00602-wmc   Document #: 254-1   Filed: 05/26/22   Page 15 of 94



 4 

Introduction 
The Bad River Band of the Lake Superior Tribe of the Chippewa Indians retained Public Sector 

Consultants (PSC) to analyze certain portions of the expert witness reports submitted by Mr. Neil K. 

Earnest, Mr. William Rennicke, and Dr. Corbett Grainger on behalf of the Enbridge defendants in a 

dispute over the continued operation of Enbridge’s Line 5 on the Bad River Reservation. The Enbridge 

experts offer opinions regarding the effects on the propane and butane markets were Line 5 to shut down 

as well as on corresponding implications for the regional economy, and it is those opinions to which PSC 

responds. 

Line 5 carries natural gas liquids (NGLs), of which propane and butane are the primary components, and 

crude oil from Superior, Wisconsin, to Sarnia, Ontario, and in doing so, traverses the Bad River 

Reservation in northern Wisconsin. PSC’s conclusions about the opinions on the propane and butane 

markets offered by the Enbridge experts are based on analysis of public information and their expert 

reports. In addition, PSC has analyzed Dr. Grainger’s analysis of the impacts of a Line 5 shutdown on the 

regional economy and jobs using IMPLAN, a nationally recognized input-output model that measures 

economic impacts and job levels based on industry activities.  

Where appropriate, PSC acknowledges areas of agreement and differences in analytical methods, results 

of analyses, and opinions with Mr. Earnest, Mr. Rennicke, and Dr. Grainger.  

Section One: Summary of Conclusions  

• In contrast to the reports of Mr. Earnest and Mr. Rennicke, PSC concludes that there exist viable 

propane supply alternatives for Wisconsin, Michigan, and Ontario at a modest cost increase in the 

short term and minimal cost increase in the long term. 

• In addition to supply options that originate from alternate locations, there are alternate modes of 

transportation for propane originating in Edmonton (currently transported by Line 5). 

• Transporting propane or butane to the region rather than NGLs will streamline the supply chain 

and offer retailers more options for procuring propane. 

• PSC estimates cost impacts that are lower than or comparable to those presented by Mr. Earnest 

across scenarios considered, and PSC finds those impacts to be minimal or modest when 

considered in the context of the regional market and historical price variation. 

• In contrast to Mr. Rennicke’s report, PSC concludes that rail and trucking are feasible modes of 

transportation for propane and butane with appropriate planning and infrastructure investments. 

• While Mr. Rennicke assumes shipping destination is concentrated in Sarnia (and other 

fractionators), finished propane and butane can be shipped to various locations, often closer to 

where products are used. 

• Supply and transportation diversity can address some of the transportation constraints posited by 

Mr. Rennicke. 

• Dr. Grainger overstates the economic impact of closing any of the fractionators that currently draw 

NGLs from Line 5 by using improper inputs for the IMPLAN model. He also fails to offset the impacts 
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from closure of fractionators with the positive impacts from labor associated with rail and truck 

transport.  

• While PSC is able to conclude that the greenhouse gas emissions associated with truck transportation 

vastly exceed those associated with rail, it is not able to compare rail or truck to the emissions 

associated with pipeline transportation due to lack of publicly available data. However, PSC is able to 

conclude that the emissions associated with any of these modes of transportation are overshadowed 

by the emissions associated with consumption of the product being transported.  

PSC has organized this report as follows:  

• Assessment of the National, Regional, and Local Propane and Butane Markets  

• Identification and Costing of Alternative Supply and Transportation Options  

• Considerations of Rail and Trucking Feasibility 

• Review of Economic Impacts from Fractionator Closures 

• Environmental Impacts of Transportation Options 

Section Two: Assessment of the National, Regional, and Local 
Propane and Butane Markets  

Background 

Line 5 forms part of Enbridge’s Mainline System, which originates in Edmonton, Alberta, and transports 

crude oil, NGLs, and other refined products to the Midwest. Exhibit 1 illustrates the Enbridge Mainline 

System. 

EXHIBIT 1. Enbridge Mainline System 

 

Source: Enbridge 2019 
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5 supplies 55 percent of Michigan’s propane needs.19 In considering the impacts of a Line 5 closure, PSC 

does consider the totality of Line 5-related production at the Sarnia fractionator whether consumed in 

Michigan or Ontario.  

EXHIBIT 13. Proportion of Statewide Demand Met by Line 5-related Resources 

 

Source: PSC calculations 

As a percentage of PADD 2 production, Wisconsin’s 2019 propane consumption was 7.1 percent and 

Michigan’s was 8.5 percent. Wisconsin’s 2019 consumption was equal to 1.7 percent of U.S. propane 

production and Michigan’s was 2.0 percent. The average annual growth in U.S. propane production since 

2010 has been 8 percent, or nearly double the consumption of Wisconsin and Michigan combined. The 

rapid growth in production of propane in the U.S. relative to the consumption of propane in Wisconsin 

and Michigan assures adequate supply will be available in the event of a Line 5 closure. 

Propane Production and Consumption in Canada and Ontario 

As is the case in the U.S., propane production in Canada has grown significantly in the past decade and is 

expected to continue to grow.20 The most recent data available, shown in Exhibit 14, portrays the 

historical propane supply through 2018 and projected supply through 2021. Propane supply in 2019 was 

estimated at 270,000 b/d, with 88 percent coming from gas processing and 3 percent from oil sands 

(represented together as field production), 7 percent from refineries, and 2 percent from imports.21 

Exhibit 15 shows propane consumption in Canada and exports from Canada. Exports to the U.S. in 2019 

 
19 Enbridge. n.d.a “About Line 5.” Enbridge. Accessed April 4, 2022. https://www.enbridge.com/projects-and-infrastructure/public-
awareness/line-5-michigan/about-line-
5#:~:text=Line%205%20supplies%2065%25%20of,which%20are%20refined%20into%20propane. 
20 Canada Energy Regulator. July 24, 2019. “Market Snapshot: The NEB Projects Increased Propane Production from Natural Gas 
Processing.” Canada Energy Regulator. Accessed April 4, 2022.  https://www.cer-rec.gc.ca/en/data-analysis/energy-markets/market-
snapshots/2019/market-snapshot-neb-projects-increased-propane-production-from-natural-gas-processing.html 
21 It is not clear where the  b/d produced at Sarnia is accounted for, but PSC assumes it is included in production from gas 
processing. 
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• Transportation of propane via truck from one of several intermediate locations in the Midwest, either 

procuring propane at a “rack” price from the intermediate location or arranging delivering of propane 

from a major hub via pipeline to the intermediate location39 

• Continued operation of the Sarnia fractionator with NGLs from the Marcellus/Utica Shale play in the 

Appalachian region 

A key to securing adequate supplies will be to identify multiple supply alternatives that can be used as 

needed. Use of multiple supply alternatives will mitigate risks of overreliance on a single source where 

supply disruptions or pricing changes could impact the availability or cost of propane. Expanded supply 

diversity would also likely reduce any price impacts by increasing competition between propane suppliers.  

In section three, PSC calculates the cost of the identified supply options and the impact on the per-gallon 

price of propane at the wholesale and retail levels and the resulting cost impacts for a typical household 

that uses propane for space and water heating and for states and regions currently served by Line 5.  

Section Three: Identification and Costing of Alternative Supply 
and Transportation Options  

Alternative Propane Supply in Michigan and Wisconsin 

In Mr. Earnest’s expert report, he estimates minimum price impacts for the various locations impacted by 

a Line 5 closure:  

• $4.3 million in increased propane costs in Wisconsin40 

• $8.3 million in increased propane costs in the Upper Peninsula of Michigan41 

• $75.0 million in increased propane costs in the Lower Peninsula of Michigan42 

• $83.1 million in increased propane costs in Ontario43  

• $53 million increase in regional costs for butane44 

PSC’s analysis shows much lower cost impacts for Wisconsin and Michigan residents and in some cases, 

potential savings. Only under “worst-case” scenarios do PSC cost impact estimates compare to Mr. 

Earnest’s. The methodology and results of the PSC analysis are described below.  

Approach 

PSC developed an Excel-based model to estimate the cost of alternative propane supplies. The model 

calculates the cost of a wide range of alternative routes and delivery options based on inputs comprising 

commodity cost; pipeline, rail, and trucking transportation costs; and storage needs and costs. The 

advantage of the model developed is that it provides transparent and consistent calculations, a central 

 
39 Prevailing wholesale prices are not readily available information. PSC obtained 2020 rack prices from OPIS/IHS Markit as a proxy for 
wholesale prices for Rapid River and Marysville. The rack price incorporates the commodity costs and transportation to the rack 
location, as well as terminal fees and other undisclosed costs. 
40 Earnest, Expert Report, Workpaper 1. 
41 Earnest, Expert Report, Workpaper 2. 
42 Earnest, Expert Report, Workpaper 3. 
43 Earnest, Expert Report, Workpaper 4. 
44 Earnest, Expert Report,  Workpaper 5. 
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repository for all calculation inputs with appropriate references, and the ability to scale key assumption 

for consideration of multiple scenarios. PSC modeled supply alternatives for several scenarios, including:  

• Reference case 

• High rail costs 

• Sudden disruption 

• Sudden disruption with higher trucking costs45 

PSC selected these scenarios to understand the sensitivities of key model inputs and to estimate the 

impact of unforeseen or extreme circumstances. For each scenario considered, PSC identified the three 

lowest-cost alternative supply options for delivery to three locations—Rapid River in the Upper Peninsula, 

Marysville in the Lower Peninsula, and Superior, Wisconsin. These locations were selected because they 

are major distribution centers and because data were available to determine the prevailing wholesale price 

in 2020 for those locations, which serves as a comparison to determine the expected impact of alternate 

propane supply options.46 While these locations were used to calculate the incremental cost of propane 

supply alternatives, PSC expects that propane could be delivered at comparable cost to other distribution 

centers in the region.  

PSC uses a portfolio approach (i.e., selection of multiple options) in this analysis to calculate the cost of 

supply alternatives for each scenario. The portfolio approach assumes 50 percent of the new supply is 

sourced from the lowest-cost alternative, 30 percent from the second lowest-cost alternative, and 20 

percent from the third lowest-cost alternative to calculate a weighted average cost of supply alternatives. 

The portfolio approach is used to mitigate risks of overreliance on a single source where supply 

disruptions or pricing changes could impact the availability or cost of propane. A description of PSC’s 

model is included in Appendix A.47  

In addition to identifying the top alternatives for each scenario and the weighted average cost of the 

supply alternatives, the tables presented for each alternative include:  

• The expected wholesale cost impact of the alternative supply options—calculated as the difference 

between the weighted average cost of the supply alternatives and the prevailing wholesale cost for the 

delivery point 

• The expected retail price impact based on the change in wholesale prices—calculated as 70 percent of 

the wholesale price increase based on PSC’s analysis of the relationship and of wholesale and retail 

prices, described in Appendix B 

• The expected impact on a typical household—calculated as the estimated change in retail prices 

multiplied by average annual household propane consumption of homes in Wisconsin, the Upper 

Peninsula, and the Lower Peninsula, as appropriate48 

 
45 PSC analyzes higher trucking costs only with the sudden disruption because most of the low-cost options in the reference case, and 
even the high-cost rail scenario, utilize rail transport. PSC assumes trucking would be used to meet demand in the short term in the 
case of a sudden disruption.  
46 Prevailing wholesale prices are not readily available information. PSC obtained 2020 rack prices from OPIS/IHS Markit as a proxy for 
wholesale prices for Rapid River and Marysville. The rack price incorporates the commodity costs and transportation to the rack 
location, as well as terminal fees and other undisclosed costs.  
47 This model was developed for analysis of options for Michigan’s Upper Peninsula Energy Task Force and has been further developed 
for other analyses. 
48 Estimates of average household consumption are described in Appendix D. 
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• The expected regional cost impact—calculated as the estimated change in retail prices multiplied by 

the propane supply impact of the Line 5 closure in Wisconsin, the Upper Peninsula, and the Lower 

Peninsula49 

In the sections below, the scenarios are defined and results are presented in summary tables. The top 

three alternatives are described in the narrative for each scenario and are shown in the tables using an 

alternative code. The format for the code is origination point, intermediate point (if applicable), and final 

destination; the transportation mode(s); and the acquisition pattern (i.e., whether monthly propane 

acquisition is based on consumption [referred to as “normal weather”] or flat demand [delivering equal 

amounts each month]). The code EA_RR_R_NW indicates propane supply originating in Edmonton, 

Alberta (EA), transported to Rapid River (RR) by rail (R) with monthly shipments that align with 

expected monthly consumption based on normal weather (NW). A key to the codes is included in 

Appendix A: Model Description.  

PSC used a similar analytical approach to calculate costs of alternate butane supplies, but because there 

are fewer supply options and less certainty about the location of butane consumption, PSC did not build a 

model for this analysis.  

Scenario: Reference Case 

PSC used the best available information or midrange input estimates to calculate the cost of each supply 

alternative for a reference case. The lowest-cost alternatives for each location include shipment of 

propane by rail from hub locations. One of the low-cost alternatives for Superior would include shipment 

by pipeline to an intermediate terminal and shipment by truck to the destination. PSC considered the 

alternate supply patterns of just-in-time delivery based on monthly consumption patterns with normal 

weather and flat demand. Shipping propane based on monthly consumption reduces the need for storage 

but does not fully utilize the delivery infrastructure. A delivery infrastructure sized to meet demand 

during the peak heating month would operate only at 60 percent capacity, with lower delivery volume in 

spring and summer during which time trucks or rail cars would not be in full use. In 2020, the lowest-cost 

alternatives assume propane shipped in a just-in-time pattern. In the reference case, the PSC model 

shows a wholesale price increase of $0.07/gallon and a retail price increase of $0.05/gallon at Rapid 

River, which corresponds to a $56 annual increase for an average Upper Peninsula household and less 

than a one dollar increase for an average Lower Peninsula household. Compared to an estimated average 

annual household propane cost of $2,200 in 2020, the increases are modest in the Upper Peninsula (3–4 

percent) and minimal in the Lower Peninsula (less than 1 percent). In Wisconsin, the model projects a 

reduction in overall cost driven based on the cost of obtaining propane by rail from Edmonton, Alberta. 

The estimated reduction in wholesale cost is $0.05/gallon wholesale and retail cost would be reduced by 

$0.3/gallon. The estimated cost reduction per household using the portfolio approach is $37 per year and 

the savings to the state is $1.82 million. Reference case results are shown in Exhibit 23.   

 
49  
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Scenario: Higher Rail Costs 

In the reference case, nearly all lowest-cost alternatives rely on rail transportation. In the estimation of 

rail costs, PSC includes rail car leasing, freight charges, investment in transloaders and storage, and labor 

associated with loading and unloading of rail cars.50 In addition, increased utilization of rail 

transportation may result in cost increases from increased demand. To understand the potential impact of 

higher rail costs on the ranking of supply alternatives and on the potential cost impact of alternate supply, 

PSC calculated the impact of a 25 percent increase in all costs associated with rail transportation.  

As shown in Exhibit 24, even with the assumption of higher rail costs, rail options continue to be a low-

cost alternative. The impact on wholesale prices in this scenario is approximately $0.11/gallon in the 

Upper Peninsula and $0.05/gallon in the Lower Peninsula, with retail price impacts of $0.08/gallon and 

$0.04/gallon, respectively. In Wisconsin, wholesale and retail prices would be approximately $0.01 lower. 

Household and regional cost impacts would be as follows:  

• In Wisconsin, household costs would be about $9.50 lower and regional costs would drop by 

approximately $463,000 

• Upper Peninsula households that use propane would experience a cost increase of around $93 per 

year, or 4.4 percent, and regional costs would increase by about $2.5 million 

• In the Lower Peninsula, household propane costs would increase by about $47, or 2.2percent, and 

regional costs would increase by approximately $8.6 million 

Even assuming higher rail costs, the estimated impacts are lower than Mr. Earnest’s and are modest to 

minimal given propane cost variability and overall household and regional expenditures.  

 
50 Surface Transportation Board. n.d. “Uniform Rail Costing System.” Surface Transportation Board. Accessed April 7, 2022. 
https://www.stb.gov/reports-data/uniform-rail-costing-system/ 
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Scenario: Sudden Disruption 

PSC estimates that arranging procurement of propane from a major hub; arranging rail transportation; 

and ensuring adequate loading, unloading, and storage facilities will take four to 12 months. With advance 

notice, those preparations could be made, but in the case of a sudden disruption—especially during the 

heating season—there may be a need to procure propane quickly and conveniently. Propane would likely 

be purchased from one of several terminals throughout the Midwest and transported by truck to locations 

most directly impacted by closure of Line 5. Similar to the prevailing wholesale prices obtained for 

Superior, Rapid River, and Marysville, PSC obtained 2020 price data for three locations from which 

propane might be procured: Dubuque, Iowa; Janesville, Wisconsin; and Inver Grove Heights, Minnesota.   

The cost impacts of sudden disruption are higher but would not be expected to endure as longer-term 

solutions will be put in place. Exhibit 25 shows the cost of procuring propane from each location and 

transporting it by truck. Using the portfolio approach to determine weighted average cost, the estimated 

impact on wholesale prices in the event of a short-term disruption is approximately $0.15/gallon in 

Wisconsin, $0.24/gallon in the Upper Peninsula, and $0.30/gallon in the Lower Peninsula, with retail 

price impacts of approximately $0.11/gallon, $0.17/gallon, and $0.21/gallon, respectively. PSC calculated 

a range of impacts that considers a disruption that would last from four months (or impacting one-third 

of the average annual household consumption) to a full year (or the entire heating season). Based on the 

length of time needed to implement longer term solutions, the household and regional impacts would be: 

• $43 to $125 per household in Wisconsin and $2.0 to $6.1 million regionally—this equates to a 2.0 to 

5.7 percent increase in household expenditure 

• $65 to $195 per household in the Upper Peninsula and $1.8 million to $5.4 million regionally—this 

equates to 3 to 8 percent increase in household expenditure 

• $85 to $254 per household increase in the Lower Peninsula and $15.4 to $46.5 million regionally—

this equates to a 3.6 to 10.8 increase in household expenditure   
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EXHIBIT 32. Historical Propane Spot Prices at Selected North American Hubs 

 
Source: OPIS n.d. 

PSC’s modeling approach allows for comparison of commodity costs, costs for different transportation 

options, and varying storage needs.57 PSC modeling found supply options originating in Edmonton to 

consistently be the lowest-cost option; higher transportation costs are offset by lower commodity costs. 

Relying solely on propane from Mont Belvieu, as Mr. Earnest suggests, overestimates the cost impact to 

the Lower Peninsula.  

The three lowest-cost options identified by PSC are shown in Exhibit 33. 

 
57 More storage is needed if propane is procured during nonheating months but buying “off peak” can provide cost advantages.  
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Exhibits 40 and 41 show projections for global oil and natural gas demand, respectively, to 2050 from a 

wide variety of organizations, including the International Energy Agency (IEA), British Petroleum, the 

Organization of the Petroleum Exporting Countries (OPEC), and the Intergovernmental Panel on Climate 

Change (IPCC). These projections take into consideration different scenarios, including scenarios that 

consider policy actions to address climate change. The scenarios for both oil and natural gas show that 

there are different perspectives on projected demand for these fuels through 2050. Organizations and 

sources contributing to these projections are shown in Exhibit 42.  

EXHIBIT 40. Global Oil Demand Projections to 205073 

 

Source: Newell, Raimi, Vallanueva, and Priest 2021 

 
73 Richard Newell, Daniel Raimi, Seth Vallanueva, and Brian Priest. June 2021. Global Energy Outlook 2021: Pathways from Paris. 
Accessed April 5, 2022. https://media.rff.org/documents/RFF_GEO_2021_Report_1.pdf 
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Diversification of supply and transportation options—In his analysis, Mr. Rennicke focuses on single 

transportation options for replacing Line 5 volumes, rail or truck, and he considers these from a limited 

number of locations. He does not discuss if and how transportation options could be combined, using rail 

and truck together, to mitigate feasibility issues associated with any one transportation method or supply 

origin point. His suggestion that a competitive marketplace would settle on only one mode of 

transportation from one region of North America to replace Line 5’s supply of NGLs is highly unrealistic.  

Feasibility of Trucking 

Mr. Rennicke argues that trucking is not a feasible option for transporting Line 5 products. More 

specifically, he argues that trucking would not be able to transport the 226.7 thousand barrels per day 

(kbd) of crude oil and the 83.9 kbd of NGLs now transported by Line 5 that, according to Mr. Rennicke, 

could not be diverted to other pipelines. While Mr. Rennicke does not break out his analysis by crude oil 

and NGLs, he estimates that 1,531 trucks would be needed to leave and return to Superior each day, and 

he assumes that one tanker truck can haul 190 barrels of crude or 248 barrels of NGLs.77 Using Mr. 

Rennicke’s same assumptions, PSC calculates that this would equate to approximately 1,193 trucks (78 

percent) needed to transport the crude oil and 338 trucks (22 percent) needed to transport the NGL. 

Again, this is based on the highly unrealistic assumption that the market would work to replace Line 5 

feedstock in only one way. Based on this assumption, Mr. Rennicke provides arguments against the 

feasibility of trucking, and PSC addresses those arguments related to the need to construct 

loading/unloading facilities and storage and limitations of tanker fleet and drivers in the following 

section.  

Need to construct loading/unloading facilities and storage—Mr. Rennicke argues that transloading 

facilities would need to be built at Superior for loading and Sarnia and other refineries for unloading at a 

cost approaching $1 billion. He states that this investment would be unlikely because of the long lead 

times for permitting and construction and the impracticality of operating the necessary volume of trucks.  

In citing long lead times for permitting and construction, Mr. Rennicke assumes time constraints related 

to the construction of a potential 41-mile rerouting of Line 5 around the Bad River Band reservation. 

These time constraints would not hold if the permanent closure of Line 5 were under consideration. When 

it comes to transloading specifically, there is also the possibility of using portable transloading equipment, 

which would not require the same permitting and construction time as permanent facilities. Portable 

equipment could be provided at a similar or lesser cost, and these transloaders could be repurposed to 

other locations if supply or demand requirements were to change in the future. The Michigan Department 

of Transportation (MDOT) also discusses the benefits of portable transloaders in their Propane by Rail 

report, and, according to PSC interviews with transloading manufacturers, the portable NGL transloaders 

used for rail can also be used for transloading to and from tanker trucks.78  

Feasibility of Rail 

In Section I of his report, “Introduction, Qualifications, and Key Findings,” Mr. Rennicke states that “rail 

is not a viable option to transport the crude oil or NGL shortfall for numerous reasons.”79 In Section III of 

 
77 Rennicke, Expert Report, 21. 
78 Michigan Department of Transportation, Office of Rail. November 30, 2021. Propane by Rail in Michigan’s Upper Peninsula. Accessed 
April 8, 2022. https://www.michigan.gov/documents/mdot/Propane_by_Rail_in_Michigans_Upper_Peninsula_745595_7.pdf 
79 Rennicke, Expert Report, 3. 
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his report, Mr. Rennicke changes his emphasis, stating that “rail transportation of Line 5 products would 

face serious hurdles.”80 Mr. Rennicke also discusses how “rail often provides transportation to refineries 

where pipelines are not available or have insufficient capacity.”81 As of December 2019, according to Mr. 

Rennicke, rail in North America transported an average of 314.7 kbd of crude oil from the Midwest.82  

According to Mr. Rennicke, a Line 5 shutdown would create a sudden influx of volume, and this would 

create a “range of problems that are unlikely to be resolved during the uncertain period during which Line 

5 would be shut down.”83 Thus, he is not arguing that rail is not feasible per se, but, as with the feasibility 

of truck, Mr. Rennicke is focusing his attention on a limited time frame, the time he suggests it would take 

to construct an alternative route around the Bad River Reservation. 

PSC disagrees with Mr. Rennicke’s statement on the feasibility of rail overall, as shown in the first section 

of this report. According to PSC analysis, NGL can be delivered to Superior, Wisconsin (or other sites in 

Wisconsin), and sites in Michigan at modest cost to the consumer.  

PSC addresses some of the problems with rail outlined by Mr. Rennicke as they relate to the cost modeling 

conducted for this report. 

Lack of sufficient rail cars—Mr. Rennicke estimates that a fleet of 1,103 high-pressure tank cars on a ten-

day cycle time or 1,324 high-pressure tank cars on a 12-day cycle time would be required to move the 

approximately 83.9 kbd of NGLs from Edmonton to Sarnia over the most direct rail route.  

PSC was unable to replicate Mr. Rennicke’s estimates on the total rental cost for rail cars. Mr. Rennicke 

quotes an average cost of $850 per month per rail car, and he states that it would cost over $52 million for 

4,000 rail cars at that price. Using the same estimates of $850 multiplied by 4,000 rail cars over 12 

months, PSC came to $40.8 million. PSC researchers were unable to determine if there was a reason for 

Rennicke’s $11.2 million overestimation beyond that of mathematical error. Note that in the appendix on 

page 69 of his report, he cites $1,000 for the cost per month per rail car. PSC attempted the calculations 

using this figure as well and, at $48 million, was still short of the $52 million Mr. Rennicke estimated.84  

In developing assumptions for NGL, PSC interviewed three private rail companies to estimate a monthly 

rental fee for railcars of $712.50 per month per car for a five-year operational lease. This fee was used to 

calculate the total railcar cost per month depending on the number of cars used. If applied to Mr. 

Rennicke’s 4,000 rail car assumption, the overall cost would be approximately $34.2 million, which is $18 

million, or 34 percent, lower than Mr. Rennicke’s estimate.  

Insufficient rail terminal loading and unloading capacity along the Edmonton-Sarnia Corridor—Mr. 

Rennicke states that there are currently “no facilities to unload NGLs from rail at Sarnia,” and “no crude 

oil or NGL facilities have ever been built there to serve local refineries.”85 He also states that “additional 

storage tanks would need to be constructed to allow uninterrupted flow of gas liquids to the fractionation 

plant,” and these investments in unloading and storage would be “expensive and take years to complete, 

 
80 Rennicke, Expert Report, 31. 
81 Rennicke, Expert Report, 31. 
82 Rennicke, Expert Report, 31. 
83 Rennicke, Expert Report, 30–31. 
84 Rennicke, Expert Report, 69. 
85 Rennicke, Expert Report, 39–40.  
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given the time required for permitting and construction, and therefore it is highly unlikely that rail could 

serve as an alternative to transporting NGLs to fractionators by pipeline.“86  

In this objection to the feasibility of rail, Mr. Rennicke is focused on the use of rail to serve local refineries 

and fractionators, which is a different issue than the feasibility of supporting these areas and the residents 

of these areas with the delivery of propane and butane directly from Edmonton or other markets.  

In citing long lead times for permitting and construction as a barrier to feasibility, Mr. Rennicke assumes 

time constraints related to the construction of a potential 41-mile rerouting of Line 5 around the Bad 

River Band reservation. These time constraints would not hold if the permanent closure of Line 5 were 

under consideration.  

When it comes to transloading specifically, there is also the possibility of using portable transloading 

equipment, which would not require the same permitting and construction time as permanent facilities. 

Portable equipment could be provided at a similar or lesser cost, and these transloaders could be 

repurposed to other locations if supply or demand requirements were to change in the future. According 

to MDOT’s Propane by Rail report, mobile transloading equipment would transfer propane directly from 

railcar to truck, and the “transload operation could be established using existing rail infrastructure.”87 The 

report goes on to explain that "because transloaders are mobile, no fuel handling infrastructure would 

need to be constructed, reducing the capital cost. Transloaders would not represent a sunk cost. If 

pipeline service were disrupted and then restored in several years and the need for rail unloading capacity 

were to decrease, the transloading equipment could be repurposed elsewhere.”88  

While storage for the purpose of providing an uninterrupted flow of gas liquids to the fractionation plant 

could require additional investment, Mr. Rennicke does not discuss the use of existing NGL storage 

capacity in the Sarnia area. According to MDOT, there are 582 million gallons of storage available (13.9 

million barrels) in the Lower Peninsula and another 785 million gallons (18.7 million barrels) in the 

Sarnia-Windsor area.89 

When it comes to the feasibility of investment in rail terminals, there is funding and financing available 

through the Bipartisan Infrastructure Law that could facilitate investment by private and public entities. 

According to the White House Build Back Better Framework, there is $66 billion in total rail funding 

available, and there is also financing available through the Railroad Rehabilitation & Improvement 

Financing (RRIF) program.90 

Higher rail transportation costs compared to pipeline—According to Mr. Rennicke, rail is not a feasible 

alternative to pipeline because it is more expensive, and he estimates that rail costs 3.4 times more to 

transport one barrel of NGL from Edmonton, Alberta, to Sarnia, Ontario. More specifically, he estimates 

 
86 Rennicke, Expert Report, 41. 
87 Office of Rail, Propane by Rail, 26. 
88 Office of Rail, Propane by Rail, 26. 
89 Office of Rail, Propane by Rail, 19. 
90 The White House. 2021. Building a Better America: A Guidebook to the Bipartisan Infrastructure Law for State, Local, Tribal, and 
Territorial Governments, and Other Partners.  Accessed April 8, 2022. https://www.whitehouse.gov/wp-
content/uploads/2022/01/BUILDING-A-BETTER-AMERICA_FINAL.pdf; U.S. Department of Transportation, Build America Bureau. 
February 25, 2022. “Railroad Rehabilitation & Improvement Financing (RRIF).” Build America Bureau. Accessed April 8, 2022. 
https://www.transportation.gov/buildamerica/financing/rrif 
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secured. PSC’s rebuttal focuses on the fact that alternative transportation of NGLs or propane is feasible, 

including at higher volumes as needed to replace the transportation by Line 5. PSC agrees that it would be 

feasible to transport NGLs or propane by rail, which is argued in this report, and has also argued that 

truck is feasible at a modest cost increase to consumers. 

Edmonton to Rapid River—With regard to Edmonton to Rapid River, Mr. Rennicke makes similar 

arguments—that it would be feasible to supply Rapid River with propane directly from Edmonton at low 

volumes because trucks and drivers could be located, but the 3,000 round trip would make it 

economically “infeasible” for trucking.97 Mr. Rennicke does not define economically infeasible. PSC argues 

in this report that it would be feasible to supply Rapid River at a modest increase in the cost of propane to 

consumers. Mr. Rennicke further states that it would be infeasible to supply Rapid River by rail from 

Edmonton, since the terminal is not rail served. He does not discuss the possibility of investing in 

alternative rail transloading facilities.  

According to a recent MDOT report, there are potential sites in the Upper Peninsula where additional 

investment in rail unloading capacity has been planned or proposed.  

• Sawyer rail terminal—A new rail unloading facility has been proposed for the K.I. Sawyer Airforce 

Base in Marquette County. The site could unload 700 rail cars of propane per year and store 450,000 

gallons of propane. The estimated project costs are $6.5 million.98 

• Rapid River rail terminal—MDOT also discussed the possibility of extending rail service to the Rapid 

River fractionator facility via a 1.75-mile rail spur, which they estimate could cost approximately $25 

million. If rail served, Rapid River could distribute propane that arrives by rail, and fractionation 

would not be needed.99 

• Other potential sites exist in Humboldt, Ishpeming, Negaunee, Escanaba, Menominee, and Iron 

Mountain.100 

As discussed above, there is also funding and financing available through the Bipartisan Infrastructure 

Law that could facilitate investment in terminals by private and public entities. According to the White 

House Build Back Better Framework, there is $66 billion in total rail funding available, and there is also 

financing available through the Railroad Rehabilitation & Improvement Financing (RRIF) program.101  

He does not discuss the possibility of alternative approaches for providing NGLs to parts of the Upper 

Peninsula by rail by transporting to intermediate points such as Superior or Kincheloe and then trucking 

NGLs from these locations to destinations in the Upper Peninsula, including Rapid River. Kincheloe is 

currently completing a $2.7 million rail facility enhancement, and according to MDOT, “once completed, 

the propane unloading facility in Kincheloe along with other rail unloading locations will have enough 

capacity to meet the needs of the eastern portion of the Upper Peninsula.”102  

Edmonton or Superior to Sarnia—Mr. Rennicke argues that it would not be feasible for trucks or rail to 

deliver NGLs to Sarnia. For trucks, he argues that delivery would not be feasible due to the number of 

 
97 Rennicke, Expert Report, 64. 
98 Office of Rail, Propane by Rail, 29. 
99 Office of Rail, Propane by Rail, 29. 
100 Office of Rail, Propane by Rail, Page 29–31. 
101 The White House, Building a Better America; U.S. Department of Transportation, “Railroad Rehabilitation.” 
102 Office of Rail. November 30, 2022. Propane by Rail in Michigan’s Upper Peninsula. Michigan Department of Transportation. Page 26. 
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trucks required (300 per day), and the distance, quoting 700 miles in each direction.103 This again 

depends on his highly unrealistic assumption that all Line 5 NGL supply would be made up from one 

region using one mode of transportation. PSC discussed these objections in the trucking material above 

regarding how diversity of supply from different sites could mitigate the number of trucks and distance 

for any given site, using Superior, Wisconsin as an example. Sarnia communities are also partnering on an 

oversized load corridor, a dedicated transportation route that will facilitate the movement of freight in the 

area.104 

Mr. Rennicke argues that rail is not viable for Sarnia because of a lack of unloading facilities. Among other 

things, this ignores the possibility of investing in portable transloaders as a means of addressing increased 

supply. These transloaders could be repurposed to other locations if supply or demand requirements were 

to change in the future. Sarnia rail facilities currently have a normal working capacity of 1,100 rail cars per 

day, with capacity to handle up to 1,600 rail cars per day.105 

Section Five: Review of Economic Impacts from Fractionator 
Closures 
In this section, PSC responds to the fractionator shutdowns in Rapid River, Michigan, and Superior, 

Wisconsin, as a result of a Line 5 closure modeled in the testimony titled Report of Dr. Corbett Grainger 

January 31, 2022. The section begins with an overview of input-output (IO) models and the IMPLAN 

software that both Dr. Grainger and PSC used in their testimonies. The section discusses the modeling 

results summary from IMPLAN, the different values provided by the software, and what each of the values 

means. PSC’s results for value added, a measure of gross regional product (GRP), are much less than the 

total impact in Dr. Grainger’s report, but the figures are a better representation of the total loss that will 

result from the fractionator shutdowns.  

After an introduction to IO analysis and IMPLAN, PSC attempts to recreate Dr. Grainger’s model of the 

fractionator shutdowns using the oil and gas extraction industry in IMPLAN and discusses why it is 

impossible to recreate his model without additional information on the methods and inputs. PSC then 

models the fractionator shutdown using the petroleum refineries sector at the state and county levels 

using a more appropriate sector for analysis and compares the firm’s results to Dr. Grainger’s.  

PSC also discusses the economic benefit attributed to the fractionator purchases of natural gas and crude 

petroleum, the supply and demand for propane, and the additional economic benefit created by the 

purchase of rail and truck transportation that would replace Line 5. The remaining sections focus on the 

impacts to surrounding states in the Midwest, the tax impacts of a Line 5 shutdown, and the Canadian IO 

software used in Dr. Grainger’s model. 

 
103 Rennicke, Expert Report, 65. 
104 Sarnia-Lambton Economic Partnership. 2019. Sarnia-Lambton Petrochemical & Refining Complex. Accessed April 5, 2022. 
https://33sgq1wqdn71n18qv11fgblh-wpengine.netdna-ssl.com/wp-content/uploads/2019/11/SLEP-Petrochemical-and-Refining-
Complex-Booklet.pdf 
105 Sarnia-Lambton Economic Partnership, Sarnia-Lambton Petrochemical, 5. 
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Overview of Input-output Models 

IO analysis examines the relationships between industries within an economy and uses those 

relationships to determine the impacts of a change in economic activity or to measure the overall 

contribution of an industry or industries to a region.106 Models are a collection of data and relationships 

used to describe an economic change to the best of our ability using the information available. The 

information available are often referred to as inputs and can represent aspects such as job loss or an 

increase in production of a given good. The relationships between inputs and model results (outputs) are 

determined by a given production function.  

In PSC’s review of Dr. Grainger’s testimony, researchers utilized IMPLAN, a widely used economic IO 

model that focuses on interdependence among various producing and consuming sectors in the economy. 

IMPLAN uses the Leontief production function (LPF) to determine how each industry allocates total 

output. Traditionally, the LPF denotes output as a function of fixed proportions of capital and labor. 

IMPLAN modifies the LPF formula to consist of additional variables beyond just capital and labor when 

estimating output. These are intermediate inputs, employee compensation, proprietor income, taxes, and 

other property income.107 The relationship between output and the other portions of the production 

function is highlighted in Exhibit 44. 

EXHIBIT 44. IMPLAN Formula for Total Output108 

Source: Lucas 2020 

The data used in IMPLAN come from various government agencies, including the U.S. Census Bureau, the 

U.S. Bureau of Labor Statistics, and the U.S. Bureau of Economic Analysis. IMPLAN utilizes the standard 

key assumptions of IO analysis, which are summarized in greater detail on their website.109 

 
106 Analysis can be performed at the firm level as well.  
107 Commonly referred to as profit. 
108 Maria Lucas. February 26, 2020. “Understanding Output.” IMPLAN. Accessed April 5, 2022. https://support.implan.com/hc/en-
us/articles/360035998833-Understanding-Output 
109 Candi Clouse. April 16, 2021. “Overview of Assumptions of Input-output Analysis.” IMPLAN. Accessed April 5, 2022. 
https://support.implan.com/hc/en-us/articles/360044458734-Overview-of-Assumptions-of-Input-Output-Analysis 
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IMPLAN Modeling 

IMPLAN Results Summary 

The IMPLAN software provides four primary economic indicators to summarize the modeled effects: 

employment, labor income, value added, and output.110 For each of these indicators, IMPLAN summarizes 

the direct, indirect, and induced effects of the modeled scenario. These effects can be summarized using 

the following:  

• Direct effects: The economic activity supported directly by a facility.111 This includes employees, 

wages and benefits paid, value added generated, economic output, taxes paid, etc. 

• Indirect effects: The economic activity supported through business-to-business purchases of goods 

and services in a region, such as key supply chain inputs. 

• Induced effects: The economic activity supported through direct and indirect employee spending in 

their local communities, such as on housing, restaurants, and retail stores.  

• Total effects: The sum of direct, indirect, and induced economic effects. 

See Exhibit 46 for an example of a complete summary results table. Employment is a mix of full-time, 

part-time, and seasonal employment and includes wage and salary employees and proprietors. Labor 

income is the sum of the total wages and benefits paid to employees and any income generated by 

proprietors.112 These two summary indicators are easily understood when reported and commonly used to 

estimate economic impact on a given region. The next section summarizes value added and output and 

how to appropriately report IMPLAN results using those values.  

Output Compared to Value Added  

Value added is the difference between output and intermediate inputs and is equivalent to gross regional 

product, gross state product (GSP), or gross domestic product depending on the region evaluated.113,114 

Value added includes employee compensation, proprietor income, taxes, and profits. Output includes all 

of the pieces of value added plus intermediate inputs, represents the total annual production value for 

each industry, and is equal to revenue plus net change in inventory.115 Selling out of inventory does not 

generate indirect and induced impacts because the commodity was produced in a prior year and would 

overstate total output if included in the summary results.116 Conceptually, output can be thought of as 

total revenue for nonretail industries. 

When reporting IMPLAN modeling results, it is important to conceptualize what the summary results 

mean. For example, when estimating the impact of a new factory opening or closing, value added 

represents the factory’s addition to or subtraction from gross regional product and is an accurate overall 

measure of the facility’s benefit to or loss from a region. Output will be greater because it includes value 

 
110 IMPLAN provides additional detailed results on various topics, such as taxes, other sectors affected, etc.  
111 In the case of a factory shutdown or loss of industry in a region, the activity supported would be lost (i.e., the economic activity 
supported directly by a factory that was lost as a result of a shutdown).  
112 The sum of total wages and benefits to employees is also referred to as employee compensation. 
113 The BEA defines intermediate inputs as “goods and services that are used in the production process of other goods and services 
and are not sold in final-demand markets. 
114 Gross regional product is similar to GSP but for a given region, such as a county or set of counties. 
115 Net change in inventory is the difference between additions to inventory and sales out of inventory. 
116 Lucas, “Understanding Output.” 
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added in addition to intermediate inputs (goods and services not sold in final-demand markets); however, 

output is likely a less accurate estimate of the facility’s total impact on a region because it represents total 

revenue rather than the addition or subtraction from gross regional product. According to IMPLAN, 

“Output is simply a measure of the total value of all goods produced—value added is a subset of output 

and is a useful measure of wealth created by an economy.”117 Furthermore, output is duplicative in nature 

because calculating output requires output from other industries and double counts if used as a measure 

of aggregate production.118 In summary, value-added is a more appropriate metric to use when reporting 

economic impact results and, at the very least, should be reported with output to provide context for the 

results.   

Dr. Grainger does not discuss valued added in his report even though typical industry practice is to report 

value added if output is also reported.  Instead, he relies on output for describing the economic impacts.119 

Accordingly, he overstates the economic loss of the fractionator shutdowns due to a Line 5 closure 

throughout his opinion. Specific consequences of such overstatement are discussed below, but this leads 

to an overestimate of the economic loss due to the shutdown of over four times the impact to GSP. 

IMPLAN would have reported the value-added figure in the summary results, and this figure would have 

provided additional context for the analysis if provided by Dr. Grainger. IMPLAN notes that, “while 

output is an essential statistical tool needed to study and understand the interrelationships of the 

industries that underlie the overall economy, because of its duplicative nature it may not be a good stand-

alone indicator of the overall health or contribution of an industry.”120 Exhibit 45 provides a summary 

table highlighting the summary results table in IMPLAN and the figures that Dr. Grainger did not report 

in his analysis that would have allowed for additional comparison and discussion of modeling results.  

Fractionator Shutdown Model of Oil and Gas Extraction 

Dr. Grainger notes that, in the event of a Line 5 shutdown, it is likely that fractionators in Superior, 

Wisconsin (Douglas County) and Rapid River, Michigan (Delta County) would close.121 He then models 

the impact of the fractionator shutdown using an industry output event in IMPLAN. PSC attempted to 

recreate Dr. Grainger’s model to the extent possible given the information and modeling inputs provided 

in his testimony: Report of Dr. Corbett Grainger January 31, 2022.122 

The first step in IMPLAN is selecting the regions where the impact will take place. IMPLAN allows users 

to select down to the county level, but Michigan and Wisconsin may have been selected for Dr. Grainger’s 

model given the size of the total impact noted in his testimony—Dr. Grainger does not explain which 

regions he selected in his testimony. PSC attempted to set up the initial fractionator shutdown model at 

both the state and county levels using an industry output event, IMPLAN sector 20—oil and gas 

extraction, and the following figures, which were provided in Dr. Grainger’s testimony at page 12: 123,124 

 
117 In terms of a shutdown, this would be loss of wealth. 
118 Clouse, “Output, Value-added, & Double-counting.” 
119 Grainger, Expert Report, 3 and 13. 
120 Candi Clouse, “Output, Value Added, & Double-counting.” 
121 Grainger, Expert Report, 12. 
122 Grainger, Expert Report, 12–15. 
123 Michigan and Wisconsin 
124 Delta County, Michigan, and Douglas County, Wisconsin 
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researchers believe it to be an error in the report. Exhibit 45 above represents the economic impact 

summary results in the body of the testimony rather than in the exhibits in Dr. Grainger’s report. 128,129 

PSC used the direct results reflected in Exhibit 45 as model inputs for both county and statewide models.  

Fractionator Shutdown Model of Petroleum Refineries 

IMPLAN utilizes 546 sectors to model economic scenarios, and users choose the sector they believe 

accurately represents the real-world impacts being modeled. These sectors are based off of, and often 

aggregate, multiple six-digit North American Industry Classification System (NAICS) codes, which 

provide additional information on the industries represented by a given IMPLAN sector. 130,131,132 It is 

essential to select the correct sector(s) in order to produce accurate results in IMPLAN. 

Dr. Grainger models the fractionator shutdown in Superior and Rapid River using IMPLAN sector 20—oil 

and gas extraction, which includes NAICS code 211120—crude petroleum extraction and 211130—natural 

gas extraction.133,134 These industries focus on the extraction of crude petroleum and natural gas rather 

than the fractionation process. While NAICS code 211130 does include fractionating natural gas liquids, 

this is likely at the extraction site rather than at a separate refinery.  

IMPLAN sector 154—petroleum refineries is a more accurate sector to use when modeling the shutdown 

of the fractionators because it is based on NAICS code 324110—petroleum refineries, which includes one 

or more of the following activities “(1) fractionation; (2) straight distillation of crude oil; and (3) cracking.” 

Furthermore, that sector 154—petroleum refineries is the more accurate sector is further supported by the 

fact that IMPLAN includes no employees statewide in Wisconsin for sector 20—oil and gas extraction, but 

includes 92 employees for sector 154 in Wisconsin and 522 employees for sector 154 in Michigan.135,136 

Some level of employment in the sector chosen for analysis or some discussion of creating that sector in 

Wisconsin to accurately reflect the fact that there are employees at the Superior fractionator would be 

expected.  

PSC re-created Dr. Grainger’s model with sector 154—petroleum refineries (instead of Dr. Grainger’s 

selected sector 20—oil and gas extraction) using industry output event and MRIO in IMPLAN. 

Researchers used all other aspects of Dr. Grainger’s model given the information in his testimony and to 

the extent it is possible to ascertain his modeling methods. PSC modeled the impacts of the fractionator 

shutdown at both the state and county levels using Michigan and Wisconsin and Delta, Michigan, and 

Douglas, Wisconsin, Counties (i.e., the counties in which the Rapid River and Superior fractionators are 

 
128 Grainger, Expert Report, 12–15. 
129 Grainger, Expert Report ,14–15. 
130 The current list of 546 IMPLAN industries crosswalk with 2017 NAICS codes: https://support.implan.com/hc/en-
us/articles/360034896614-546-Industries-Conversions-Bridges-Construction-2018-Data  
131 2022 NAICS codes were released in 2021, but a crosswalk between IMPLAN sectors and the 2022 codes has not been released. 
132 Certain 546 codes represent a single six-digit NAICS code. 
133 U.S. Census Bureau. n.d.a. “211120 Crude Petroleum Extraction” North American Industry Classification System. Accessed April 5, 
2022. https://www.census.gov/naics/?input=211120&year=2017&details=211120 
134 U.S. Census Bureau. n.d.b. “211130 Natural Gas Extraction.” North American Industry Classification System. Accessed April 5, 2022. 
https://www.census.gov/naics/?input=211130&year=2017&details=211130 
135 U.S. Census Bureau. n.d.c. “324110 Petroleum Refineries.” North American Industry Classification System. Accessed April 5, 2022. 
https://www.census.gov/naics/?input=324110&year=2017&details=324110 
136 These figures include wage and salary employees as well as proprietors, but the presence of employee compensation shows that a 
portion of these employees are not proprietors. 
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Dr. Grainger reports the economic loss due to the fractionator shutdown in terms of total output, which 

does not provide an accurate measure of the loss to GRP and GSP.145 Output can be reported with 

summary statistics but should be reported along with value added to provide the full context of results. 

The value-added column represents the loss in GRP and GSP due to the fractionator shutdowns in 

Michigan and Wisconsin. The output column overstates the impact to the state and county economies 

from the shutdowns and should be reported with value added for a better representation of the overall 

impact of the fractionator shutdowns.  

Commodity Purchases and Multipliers 

IMPLAN provides the value that each industry spends on a given commodity.146 Dr. Grainger highlights 

the demand for commodity 3020—natural gas and crude petroleum as a loss and lists the top ten 

industries that spend money on natural gas and crude oil petroleum along with those industries’ output 

and employment multipliers.147 However, as noted in PSC’s analysis and conclusion in Section 2 of this 

report, there will be ample propane supply to replace the current Line 5 delivery.148 Consequently, PSC 

does not agree with Dr. Grainger’s assessment that these industries will be unable to secure propane. 

These multipliers are provided for informational purposes.  

These multipliers represent the total output or jobs generated as a result of $1 of direct output or one 

direct job. Exhibit 49 demonstrates the total value of individual industry purchases of natural gas and 

crude oil petroleum and the associated output and employment multipliers for Michigan. When an 

industry or a firm spends a dollar or hires employees, those actions generate a ripple effect, or what is 

commonly referred to as a “multiplier.” The concept measures the industry or businesses’ connection to 

the broader economy through purchases of inputs, wage and salary payments, and other expenditures. 

This initial spending has a direct effect but also sets off a chain of additional spending through indirect 

and induced effects. For example, if a furniture store spends $100 on the wood to make a dresser, a 

portion of that $100 will be used to pay the wages of the employee at the lumber company that processed 

a tree into lumber. That employee will then spend their wages on household goods, taxes, and other items. 

This multiplier effect diminishes over time, but the impact of the initial $100 is felt in multiple other 

places. 

  

 
145 GRP represents both Douglas and Delta Counties, and GSP represents both Michigan and Wisconsin.  
146 IMPLAN. “Understanding the Social Accounts Tables.” IMPLAN. Accessed April 5, 2022. https://support.implan.com/hc/en-
us/articles/115009674728-Understanding-the-Social-Accounts7444444444444444444444444444.-
Tables333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333 
147 Grainger, Expert Report, 17. 
148 PSC’s understanding is that the Bad River Band has retained another expert who has examined the effects of a Line 5 shutdown on 
crude supply. Assuming that there will be available crude supply, there will not be shortages or the associated price increases.  
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• $1.9 million in state taxes 

• $3.7 million in federal taxes  

• $36.5 million in property tax across Wisconsin and $67.4 million for Line 5 and all associated 

facilities 

Comparing these figures to similar metrics from the county, state, and federal levels provides additional 

context for the magnitude of these changes.  

• $1.5 million in county and subcounty taxes represents 4.54 percent of the combined county tax 

revenue for Delta and Douglas Counties154,155 

• $1.9 million in state taxes represents 0.004 percent of the combined state tax revenue for Michigan 

and Wisconsin156,157 

• $3.7 million in federal taxes represents 0.0002 percent of federal income tax revenue158 

• $103.9 million in property tax across Wisconsin and Michigan represents 0.39 percent of the total 

property tax levied in both states, 0.33 percent in Wisconsin and 0.44 percent in Michigan159,160 

“Large” is a relative term and depends on interpretation but based on these relatively modest percentages, 

PSC cannot concur with his ultimate conclusion that the tax implications of a Line 5 closure would be 

large. To begin, PSC does agree with Dr. Grainger that effects on county and subcounty taxes, state taxes, 

and federal taxes would be “modest.”161 The largest tax loss would be less than 5 percent of the 

comparative metric at the county level. Notably, however, the local, state, and federal governments are 

likely to offset lost tax revenues in whole or in part through increased tax revenues from the entities that 

step in to provide alternative transportation options for the product that is currently transported through 

Line 5.  

Dr. Grainger’s conclusion that the tax implications of a Line 5 shutdown would be large or severe seems to 

stem primarily from the possible loss of property tax revenue from Enbridge. However, Dr. Grainger 

implies that the full measure of property taxes that Enbridge pays to Wisconsin ($36.5 million) and 

Michigan ($67.4 million) would be lost to those states if Line 5 shuts down, which is incorrect. In 

Wisconsin, most Enbridge pipeline miles and facilities are not associated with Line 5, but rather a system 

of pipelines that extend from the northernmost boundary to the southernmost boundary of the state, 

including Line 6A, Line 13, Line 14, and Line 61.162 Given the comparative mileage of Line 5 in Wisconsin 

 
154 Douglas County. 2021. Adopted Budget. Accessed April 8, 2022. https://www.douglascountywi.org/Archive/ViewFile/Item/3641 
155 Delta County. n.d. Citizen’s Guide to Local Unit Finances—Delta County (21-0000). Accessed April 8, 2022. 
https://deltacountymi.gov/wp-content/uploads/2021/12/21-22-Citizens-Guide.pdf 
156 Michigan Department of Treasury. n.d. 2019–2020 Annual Report of the Michigan State Treasurer. Accessed April 8, 2022.  
https://www.michigan.gov/documents/treasury/STAR_2019-20_730605_7.pdf 
157 Wisconsin Division of Research and Policy. May 6, 2021. “State and Local Taxes: Taxes as a Percent of Personal Income.” Tableau. 
Accessed April 8, 2022. https://public.tableau.com/app/profile/research.policy/viz/WIStateandLocalTaxes/Story1 
158 Data Lab. n.d. “Federal Revenue Trends Over Time.” Data Lab. Accessed April 8, 2022. https://datalab.usaspending.gov/americas-
finance-guide/revenue/trends/ 
159 State of Michigan. 2020. 2020 Ad Valorem Property Tax Report. Accessed April 8, 2022. https://www.michigan.gov/taxes/-
/media/Project/Websites/taxes/Uncategorized/2021/2021_2020_Ad_Val_Tax_Levy_Report_FINAL.pdf?rev=b07c1fac51df4c91a7ec7f8a
1f2796f3&hash=36020607374BBEBFB4D59FF817F07228 
160 Wisconsin Division of Research and Policy. December 27, 2019. Property Tax Overview. Accessed April 8, 2022. 
https://www.revenue.wi.gov/DORReports/ProTax.pdf 
161 Grainger, Expert Report, 22–23. 
162 Enbridge. n.d.b. Enbridge Pipelines in Wisconsin: Fueling Wisconsin’s Economic Engine. Accessed April 8, 2022. 
https://www.enbridge.com/~/media/Enb/Documents/Projects/Wisconsin/FS_EnbridgePipelinesInWisconsin.pdf 
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to Enbridge’s overall pipeline network in the state, as well as the facilities associated with the various 

other pipelines, the property tax implications of a shutdown of Line 5 in Wisconsin are likely to be much 

smaller than Dr. Grainger implies. The same would be true in Michigan, where Line 5 is only one of 

multiple Enbridge pipelines through the state, including Line 17, Line 6B/78, Line 79, the Vector Pipeline, 

and the Nexus Gas Transmission pipeline.163 Consequently, any property tax implications from a 

shutdown of Line 5 are also likely to be modest (and well below the 1.55 percent of total property tax 

revenue in Wisconsin and Michigan described above). 

StatCan Input-output Model 

PSC does not have expertise with StatCan, the Canadian IO model used as the counterpart to IMPLAN for 

the economic impacts of a Line 5 shutdown in Ontario. However, given Dr. Grainger’s use of output as the 

primary reporting metric in his IMPLAN analysis, it can be assumed that the same is the case with the 

Ontario model. Using the percentage difference between Dr. Grainger’s estimate of output using IMPLAN 

and PSC’s estimates of GSP using IMPLAN, PSC estimated the negative impact on Ontario’s economy. A 

69 percent reduction of Dr. Grainger’s StatCan estimate of $18.9 billion is approximately $5.9 billion. 

Using the total job loss of 25,478 from the Dr. Grainger model, these figures can be put into perspective as 

was done with the IMPLAN results. A $5.9 billion economic loss represents 0.67 percent of GSP, and the 

job loss of 25,478 represents 0.3 percent of the total labor force in Ontario. For reference, Ontario’s GSP 

grew by 2.4 percent in the third quarter of 2021, and the labor force grew by 54,300 jobs from January 

2022 to February 2022. 164,165,166,167 Furthermore, Dr. Grainger assumes a price of $2 per gallon for 

propane and butane in the StatCan model, which PSC presumes is a retail price. PSC assumes the 

fractionator would sell propane and butane to distributors or manufacturers at a wholesale price, which 

have averaged closer to $1 per gallon for the last decade.168  

Rail and Trucking Economic Impact 

So far, this report has focused on the economic loss caused by a shutdown of Line 5; however, as noted in 

Dr. Grainger’s testimony, the demand for NGLs is inelastic, and the demand for transportation fuel will 

not change in the short run.169 Those served may purchase less propane or other petroleum products in 

the long run, but that is likely not feasible in the short term.170 Given this, other transportation methods 

will replace Line 5 in the event of a shutdown. These transportation methods will mitigate if not eliminate 

any economic loss associated with the Line 5 shutdown and fractionator closures. More than 16 truck and 

rail employees will be employed to replace the demand supplied by Line 5 as well as additional 

employment in ancillary services, such as transloading. The top three industries that purchase natural gas 

and crude petroleum according to IMPLAN are petroleum refineries, electric power generation—fossil 

 
163 Enbridge. n.d.c. Enbridge Pipelines in Michigan: Fueling Michigan’s Economic Engine. Accessed April 8, 2022. 
https://www.enbridge.com/~/media/Enb/Documents/Factsheets/FS_Line5_and_Pipelines_in_Michigan.pdf?la=en 
164 The most recent data available.  
165 The most recent data available.  
166 Ministry of Finance. April 4, 2022. “Ontario Economic Update.” Ontario.ca. Accessed April 5, 2022. 
https://www.ontario.ca/page/ontario-economic-update 
167 Statistics Canada. March 11, 2022. “Labour Force Characteristics by Province, Monthly, Seasonally Adjusted.” Statistics Canada. 
Accessed April 5, 2022. https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1410028703 
168 https://apps.cer-rec.gc.ca/CommodityStatistics/Statistics.aspx?language=English 
169 Grainger, Expert Report, 7 and 17. 
170 For the purposes of this summary, short term can be thought of as one year.  
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fuel, and natural gas distribution. This demand will still exist and will be combined with the greater 

economic impact of increased demand for trucking and rail services. Furthermore, construction and 

maintenance of the infrastructure required to support these transportation alternatives will create 

additional positive impact. The IMPLAN modeling discussed above indicates some measure of economic 

loss; however, it is likely that any such loss would be offset in whole or in part by the economic impact 

from increased demand for trucking and rail services.   

Conclusion 

PSC’s economic loss figures are substantially less than Dr. Grainger’s overall estimate of economic loss. 

This is primarily because PSC estimates the economic impact as a loss to GRP and GSP (value added) 

rather than overall output and uses sector 154 rather than sector 20 in the research model. PSC compares 

its results to the economic results in Dr. Grainger’s report; however, it is difficult to truly do a comparative 

analysis because Dr. Grainger does not provide a full methods section in his testimony. PSC’s modeled 

loss to GSP is $37.6 million, which represents a 69 percent reduction in the total loss to the economy 

compared to $121.3 million in output and is 0.004 percent of the Michigan and Wisconsin combined GSP 

in 2020. While the fractionator shutdowns will result in an economic loss at the county and state levels, 

the demand for propane and butane is inelastic, so rail and truck alternatives will be used to make up the 

capacity difference. The addition of the employment, labor income, GRP, and tax revenues will have a 

positive economic impact at the county and state levels. Furthermore, construction and maintenance of 

the infrastructure required to support these transportation alternatives will create additional positive 

impact. Finally, Dr. Grainger’s report notes multiple times that a Line 5 shutdown would create a propane 

shortage and drastically increase prices. As noted in PSC’s analysis and conclusion in Section 2 of this 

report, there will be ample propane supply to replace the current Line 5 delivery, and PSC describes the 

price impacts as modest (less than 5 percent impact on prices or price impact expected to last for duration 

of two years or less) or minimal (less than 2 percent impact on prices). As noted in PSC’s commodity 

purchases discussion, modest price impacts and ample supply of propane combined with the additional 

economic impact of rail and truck will mitigate if not eliminate any losses due to a Line 5 shutdown.   

Section Six: Environmental Impacts of Transportation Options 
Mr. Earnest states in his expert report that greenhouse gas emissions will be higher if transporting 

propane or butane by rail or truck but does not quantify the impact.171 PSC has estimated the emission 

impact of rail and truck transportation of propane and butane, and compared emissions associated with 

the use of propane for context. 

Comparison of Greenhouse Gas Emissions Between Pipeline, Rail, and Truck 

PSC compared different alternatives when it comes to greenhouse gas (GHG) emissions. PSC focused on 

establishing an apples-to-apples comparison for the GHG emissions associated with the transportation of 

one gallon of petroleum products. PSC based its comparison on the amount of fuel required to transport 

one gallon of petroleum products between two locations by truck, rail, and pipeline. PSC did not include 

estimates for the total amount of GHG emissions beyond spent fuel, such as fugitive emissions, assuming 

 
171 Earnest, Expert Report, 12, 56, 78. 
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for the sake of comparison that these emissions would be consistent across transportation modes. These 

estimates therefore do not present a complete picture of GHG emissions associated with transportation. 

PSC used two approaches, one where distances were held constant based on the length of Line 5 and 

another using actual truck and rail routing between two locations—Janesville, Wisconsin, and Rapid 

River, Michigan—which was then replicated for Edmonton, Alberta, to Superior, Wisconsin. These 

locations were chosen to see how rail and truck compare at different distances.  

To develop an estimate for truck, PSC used its prior assumptions for tractor trailer storage size and miles 

per gallon. PSC calculated the gallons used per cycle by dividing the distance travelled by the miles per 

gallon. PSC then estimated the total gallons of petroleum products that could be delivered for each gallon 

of diesel fuel used by dividing the gallons delivered per cycle by the gallons used per cycle. PSC used the 

U.S. Environmental Protection Agency’s (EPA’s) GHG calculator to estimate the GHG equivalent for each 

gallon of diesel used and then divided by the gallons of NGL delivered per each gallon of diesel used. The 

result of that calculation is the GHG emissions per gallon of NGL delivered (0.0002245 metric tons 

carbon dioxide equivalent [MTCO2e]).172 

To develop an estimate for rail, prior PSC assumptions were used as the basis for calculations. For an 

estimate for miles per gallon, PSC used a study from the Upper Great Plains Transportation Institute at 

North Dakota State University that estimated the revenue train miles per gallon (RTM/G) for petroleum 

and coal products, defined as the miles per gallon for the cargo only, all else held constant.173 Following a 

similar methodology as truck, PSC was then able to estimate the amount of fuel used per cycle by dividing 

the distance by the miles per gallon. PSC then estimated the total gallons of petroleum products that could 

be delivered for each gallon of diesel fuel used by dividing the gallons delivered per cycle by the gallons 

used per cycle. Similarly, the EPA GHG emissions calculator was used to estimate the GHG emissions for 

each gallon of diesel fuel used, which were then divided by the total gallons of propane delivered per trip 

per gallon of diesel fuel used to determine the GHG emissions per gallon delivered (0.0000012 MTCO2e).  

  

 
172 US EPA. March 28, 2022. “Greenhouse Gas Equivalencies Calculator.” “Energy and the Environment.” Accessed April 8, 2022. 
https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator 
173 Denver Tolliver, Pan Lu, and Douglas Benson. May 2013. Analysis of Railroad Energy Efficiency in the United States. Accessed on 
April 6, 2022. https://www.ugpti.org/resources/reports/downloads/mpc13-250.pdf 
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that while emissions resulting from transportation by truck are significantly higher than rail, and even if 

we assume that emissions from rail are higher than pipeline, transportation emissions are small when 

compared to the emissions created when the transported fuel is utilized by customers for typical uses of 

propane or butane. A typical Michigan propane-heated home uses 1,180 gallons per year.177 Exhibit 56 

compares the emissions related to transporting that amount of propane by truck or rail the distance of 

Line 5 to the emissions resulting from the use of propane at the household level.178  

EXHIBIT 56. Greenhouse Gas Emissions from Propane Transportation and Household Use, Line 5 
Distance Equivalent 

 

Source: PSC calculations using Line 5 distance equivalents 

PSC also compared the CO2 emissions of propane to the emissions from other petroleum products that 

may be transported by rail or truck as a result of Line 5 closure.179 As shown in Exhibit 57, other products 

have even higher emissions per gallon when consumed. PSC expects that the relationship between 

emissions related to transportation and emissions related to consumption shown for propane will persist 

across any Line 5 transported product or products produced from inputs from Line 5. Transporting crude 

oil or NGLs by rail or truck will not result in an appreciable increase in total emissions as stated by Mr. 

Earnest.  

 
177 Public Sector Consultants, Analysis of Propane Alternatives, 28.  
178 U.S. EIA. November 18, 2021. “Carbon Dioxide Emissions Coefficients.” Environment. Accessed April 6, 2022. 
https://www.eia.gov/environment/emissions/co2 vol mass.php 
179 U.S. EPA. April 4, 2012. “Emission Factors for Green House Gas Inventories.” EPA. Accessed April 8, 2022. 
https://www.epa.gov/sites/default/files/2015-07/documents/emission-factors_2014.pdf 
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EXHIBIT 57. CO2 Emissions from Line 5 Products 

 

Sources: EPA 2012 and PSC calculations  

Section Seven: Final Conclusion 
In summary, and contrary to the reports of Mr. Earnest and Mr. Rennicke, PSC estimates that closure of 

Line 5 will have minimal impact on the availability and cost of propane and butane. Substantial increases 

in natural gas production and related NGLs ensure that there will be adequate supply to meet the needs of 

Wisconsin, Michigan, and Ontario. The plethora of supply options will ensure affordable and reliable 

propane and butane supplies. Increased supplier diversity will give propane retailers more options to 

serve their customers, increase supply competition in the market, and potentially decrease prices for 

propane in the long run. Industrial users of butane may find more direct routes for their supply. 

PSC projects much smaller impacts on the economies of the Wisconsin, Michigan, and Ontario than does 

Dr, Grainger. While no amount of job loss is preferred, PSC predicts new employment opportunities in the 

United States and Canada due to the increase in demand for transportation alternatives to Line Five.  The 

minimal job loss at the Michigan and Wisconsin fractionators will be more than made up for by the 

increase in truck and rail employees. The growing and vibrant economy of Eastern Canada, where over 

54,300 new jobs were created from January 2022 to February 2022, will likely absorb any workers 

affected in Sarnia. Further, PSC sees options for continued operation of the fractionator there. 

Supply diversity serves to increase alternate transportation options including truck and rail. PSC 

concludes that rail and trucking are feasible transportation alternatives to Line 5. Further, the 

environmental impact of using these transportation methods is vastly overshadowed by the 

environmental impacts of using the products shipped on, or produced using inputs from, Line 5. These 

transportation methods will support demand for propane and butane use in Canada and the Midwest 

until demand for NGLs diminishes in response to state and federal initiatives to reduce carbon emissions.  
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Appendix A: Modeling Methodology 
PSC developed a cost-based model to assess the cost of alternate propane supplies in the event of Line 5’s 

closure. Exhibit A1 provides an overview of the model framework.  

EXHIBIT A1. Model Framework 

 

Using historical consumption and weather data, PSC estimated monthly propane consumption for Upper 

and Lower Peninsula households based on normal weather conditions. Propane can be procured in 

different patterns that may nor may not be synchronous with the seasonally driven consumption of 

propane. For this analysis, PSC considered two acquisition patterns: flat demand, in which the same 

amount of propane is purchased each month, or just in time, which is based on expected monthly 

consumption under normal weather conditions. The acquisition pattern dictates the size of the delivery 

infrastructure required, that is, the number of rail cars and/or the number of trucks/tankers, and the 

utilization of that infrastructure.  

If propane is procured just in time, the delivery system would be sized to meet peak demand, estimated to 

occur in January, as shown in Exhibit A2, whereas if propane is procured in even amounts each month, 

the delivery system would be sized to meet average demand. However, when propane is procured in a 

different pattern than monthly consumption, storage is required to balance supply and demand.  
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Appendix B: Relationship Between Wholesale and Retail Prices 
PSC analysis indicated wholesale prices would likely not be fully passed on to retail consumers. For each 

one dollar increase in wholesale propane prices over the course of a year, retail consumers would 

experience approximately a $0.70 increase in the price of propane.  

Reasons for the lack of a full wholesale cost increase pass-through include consumer price sensitivity of 

demand and a competitive retail company market. In response to higher prices, consumers may, to a 

modest degree, reduce propane consumption, resulting in a retail price increase that is lower than the 

wholesale price increase. Additionally, given that the retail propane company market appears competitive 

(i.e., one or two companies do not appear to dominate market share in Michigan), it may be difficult for 

companies to fully pass on wholesale price increase to consumers. However, PSC recognizes that 

switching propane companies in the short term (within a year) may be unrealistic for some households, 

given the prevalence of annual contracts and some propane companies' requirements that households 

rent propane tanks as a condition of purchase. PSC did not differentiate competitive retail markets by 

region (e.g., in the Upper or Lower Peninsula), indicating that some consumers in more sparsely 

populated areas may have fewer propane options than those located near more populated areas.  

Finally, PSC’s analysis did not assume any energy efficiency improvements that households and 

businesses may make from winter to winter (e.g., insulation, more efficient appliances), which could lead 

to lower propane consumption and winter heating costs over time. PSC also did not assume any 

reductions in propane consumption due to residential electrification for heating purposes.  

London Economics’ previous research also concluded that prices would not be fully passed on to retail 

consumers. Their analysis indicated that a one-dollar increase per gallon propane supply price increase 

would increase retail prices by $0.45 per gallon.180 

Data and Methodology 

Wholesale and Retail Prices 

PSC utilized publicly available wholesale and retail propane price data from the U.S. Energy Information 

Administration.181 Retail and wholesale prices are only available for the state of Michigan during the 

winter heating months (October–March). There are no regional price breakdowns. Retail price data is 

available for the years 1990 to 2021, while wholesale data is only available for 2016 to 2021. Price data is 

available for weekly levels at the state level, and there are six years of corresponding winter wholesale and 

retail price data (equivalent to 130 weeks). PSC generally utilized weekly propane data for analysis, which 

is priced as of 8:00 AM every Monday. The weekly price covers Monday through Sunday each week. PSC 

used weekly prices to calculate average monthly prices as well.  

PSC analyzed wholesale and retail price relationships between 2016 and 2021. There appears to be a 

positive, reasonably strong, and linear relationship between wholesale and retail prices as shown in 

Exhibit B1. Additionally, the average monthly retail propane price between 2011 and 2021 was 

 
180 London Economics International, LLC. Assessment of Alternative Methods of Supplying Propane. Accessed April 8, 2022. 
https://www.londoneconomics.com/wp-content/uploads/2018/07/LEI-Enbridge-Line-5-Michigan-Propane_7_27_2018.pdf 
181 U.S. Energy Information Administration. n.d.a. “Heating Oil and Propane Update.” U.S. Energy Information Administration 
Independent Statistics and Analysis. Accessed November 2021. https://www.eia.gov/petroleum/heatingoilpropane/ 
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70-cent change in retail prices (Exhibit B3). As a result, increases in wholesale prices do not lead to one-

to-one increase for households and businesses, implying that retail companies would absorb the cost 

through lower margins. Similarly, a reduction in wholesale prices likely does not result in a commensurate 

reduction in retail price. While PSC did not build a propane supply and demand propane model for 

Michigan, the results suggest that retail consumers are somewhat price sensitive and would reduce 

demand under higher prices. A competitive retail market also suggests that it may be difficult for 

companies to fully pass wholesale price increases over time. Furthermore, demand for propane is 

relatively inelastic in the short term due to the administrative difficulties in changing suppliers, annual 

contracts, and lack of other heat sources in the home. However, demand for propane is likely more elastic 

in the long term because consumers can switch suppliers, perform energy efficiency upgrades, or install 

additional home-heating methods.  

EXHIBIT B3. Retail and Wholesale Price Regression Output, 2016–2021 

Regression Statistics        
Multiple R 0.81        
R Square 0.66        
Adjusted R 
Square 0.65        
Standard 
Error 0.14        
Observations 104        

         

  
Coefficient

s 
Standard 

Error t Stat P-value 
Lower 
95% 

Upper 
95% 

Lower 
95% 

Upper 
95% 

Intercept -0.04 0.01 -2.68 0.01 -0.07 -0.01 -0.07 -0.01 

HDDs 0.68 0.05 14.01 0.00 0.58 0.78 0.58 0.78 

Source: PSC analysis of EIA data. 
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