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Presentation Notes
Thanks for attending this session. We’ll start with a short summary of the Pathways project followed by a panel discussion. The Pathways project was funded by the Minnesota Department of Transportation and the Environmental Quality Board. It was led by a multi-agency steering committee with technical support from external advisors with the goal of starting a conversation about a low-carbon transportation future.



Minnesota’s GHG emissions, 1990-2016, compared to the 2015 and 2025 
goals of the Next Generation Energy Act. Although emissions are decreasing, 

we did not meet the 2015 emissions reduction goal. 

Presenter
Presentation Notes
We initiated the project based on the state’s progress toward the Next Generation Energy Act goals. This statute, enacted in 2007, established goals for the state to reduce greenhouse gas (GHG) emissions by 15% below 2005 levels by 2015, 30% by 2025, and 80% by 2050. However, the state did not meet our 2015 goal and we are not on track to meet our future goals.



Presenter
Presentation Notes
Transportation is now the largest emitter of greenhouse gas emission in our state. This is shown in this chart of greenhouse gas emissions by sector in Minnesota. By focusing on the transportation sector, the Pathways project aimed to start the conversation about making meaningful progress toward the Next Generation Energy Act goals.



Project Overview
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Presentation Notes
The project had three key components: Technical Stakeholder engagement – working with experts to inform modeling assumptions and strategiesModeling – modeling different pathways for a low carbon transportation futurePublic engagement – meeting with the public to gather feedback on the modeling and other insights on transportation emissions reduction strategies



Public Engagement

Presenter
Presentation Notes
Public engagement on the project involved in-person meetings in Bemidji, Duluth, Marshall, Minneapolis and Rochester. We also collected input through online surveys and comments. The majority of respondents were between the ages of 31 and 65 with 17% of respondents age 30 or younger. Most people who participated in the process self-identified as white, with only 6% identifying as non-white or multiracial.



Surface Transportation
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Presenter
Presentation Notes
The project focused on surface transportation: so cars, trucks, busses, RVs, and motorcycles, which are 70% of all transportation sector emissions. Aviation, maritime, pipeline, and rail emissions were not included because, in most cases, they have a different set of stakeholders and potential “solutions”. 



Technical Stakeholder Meetings
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• Input on GHG reduction strategies, 
data, and assumptions for modeling

• 74 organizations invited, >50 
attended one or more meeting

• State and local agencies, industry 
associations, tech companies, auto 
manufacturers, environmental 
advocacy groups, nonprofits, 
others…

Technical stakeholder meeting #1

Presenter
Presentation Notes
We hosted three technical meetings with 106 unique attendees. These technical stakeholders represented public, private, and nonprofit organizations. They met to discuss inputs for the modeling, metrics, and constraints. This work resulted in two scenarios that I’ll describe more in a minute.



Actions to reduce emissions in transportation
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Presenter
Presentation Notes
The technical stakeholders identified a set of potential actions that were modeled for this project. They included:Drive vehicles that pollute less per mile drivenDrive less, especially in more urban and suburban areas where things like transit, biking, walking, and living in more dense communities is easierIncreasing electric vehicle useAnd Cleaning up the fuels we use, which involves both cleaning our electric grid and using cleaner biofuelsThe model looked at what combination of things would get us to our target. It didn’t say how these things are going to happen. That’s what we collected public input on.



Minnesota Greenhouse Gas Emissions Reduction Measures in Transportation, 80x50 
Scenario
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55% blend of low-carbon biofuels in gasoline and diesel
90% zero-carbon electricity

80% electric vehicle 
sales in light duty100% of new vehicles sold use low global 

warming potential refrigerants

20% blend of low-carbon 
biofuels in gasoline and diesel

Start ramping up sales of electric vehicles 
in light, medium, and heavy duty vehicles

Reduce urban miles traveled by 6% (relative to reference)
30% sales of hybrid vehicles in medium and heavy duty

40% electric vehicle sales in light duty
750,000 electric passenger vehicles on the road
50% electric bus sales

Reduce urban miles 
traveled by 10%

Presenter
Presentation Notes
The model layers in more and more of each of these actions listed on the previous slide until 2050



Emissions Reduction Scenarios
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Total Surface Transportation Emissions by Scenario

Presenter
Presentation Notes
We modeled 3 scenarios:1. Reference ScenarioBusiness as usual scenario including current policies (e.g. expected adoption of electric vehicles)This tells us what will happen if we take no action2. Two scenarios where action is taken to reduce GHG emissions:Shows a combination of actions that could come together to achieve our goals.  This is not the only combination, however.  They are meant to be a starting point for discussion80x50 Scenario – Achieve the Next Generation Energy Act goals for the transportation sector by 2050 This is the scenario we’ll focus on for the sake of time100x50 Scenario – Goes beyond the Next Gen goals to achieve 0 GHG emissions from transportation by 2050



Emissions Reductions
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Presenter
Presentation Notes
This graph shows the potential emissions reductions that could lead to the 80 x 50 scenario. The pink is the reduction from fuel economy standards, the red is from reductions in urban miles traveled, the blues are reductions from electrifying vehicles, green is biofuels, and beige is mobile refrigerants1% Remaining GHG emissions 5% Mobile Refrigerants 25% Biofuels 17% Heavy Duty Electric and Hybrid Vehicles 13% Medium Duty Electric and Hybrid Vehicles 29% Light Duty Electric Vehicles 3% Reduction in Urban Miles Traveled 8% Fuel Economy Standards 



Actions and Recommendations

Actions

• What MnDOT can do now in response public input

Recommendations

• Outside of MnDOT’s control and suggested for consideration by other state agencies 
and the Governor
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Presenter
Presentation Notes
The public feedback was about goals, strategies, and outcomes for decarbonizing transportation but there was not a lot of discussion about specific policies, regulations, or incentives.  Actions and recommendations were based on feedback from the public, the effectiveness of related policies in other states, and input from the other state agencies and external advisors (GPI, McKnight, Energy and Environmental Economics – modelers).  MnDOT made the final decision.MnDOT used public feedback to develop actions and recommendations



Actions

Find Integrated Solutions

• Sustainable Transportation Advisory Council (STAC)

• Regional Collaboration on EV Corridors

Fund EV Infrastructure

• Clean Transportation Funding 
Pilot Program
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I-94 near Albertville

Presenter
Presentation Notes
On slide: bolded text is the feedback we heard from the public.  Bullets are how we responded.STACMnDOT will create a new council to advise the state on reducing transportation GHG emissions, while promoting safety, equity, environmental justice, economic development, and multimodal transportation options. We released a call for applicants in early December. The STAC will develop criteria and oversee the Clean Transportation Funding Pilot Program, which I’ll describe in a moment.Regional Collaboration on EV CorridorsMnDOT will coordinate with other state agencies in MN and throughout the Upper Midwest to promote a shared EV experience and make it easier to travel around the Midwest by EV.  This will build off work on I-94 that was the first signed EV Charging Corridor in the US.Clean Transportation Funding Pilot Program3-year pilot program to provide partial funding for EV charging infrastructure around the state support increased adoption of EVs in personal, public, and corporate fleets in Minnesota. Help support testing of new clean transportation technologies and adoption of existing clean transportation technology in communities that cannot afford the current cost premium on some new low carbon technologies, especially communities in Greater MN. Potential question about cost of Clean Transportation Program - information provide to House Republicans (10/1/19)MnDOT is working to develop a new Clean Transportation Funding Program that would support the adoption of low carbon transportation (vehicles, equipment, systems).  MnDOT is still working on funding but has tentatively identified up to $2M of federal funding per year for 3-years as a pilot.  All funding would require at least a 20% local match.



Actions

Provide More Transportation Options on Projects

• Analyze GHG emissions on transportation projects

Provide EV Incentives

• MnPass Incentive
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Example: electric transit bus

Presenter
Presentation Notes
Image: Morris, MN, was unsuccessful with an FTA grant request for this type of electric transit bus.  Example of the type of funding that may be provided by the Clean Transportation Funding Pilot ProgramAnalyze GHG emissions on transportation projectsMnDOT will analyze GHG emissions for project construction and operations (traffic emissions) as part of the Minnesota Environmental Policy Act (MEPA) documentation for transportation projects starting in January 2020.We’ll  use these results to inform project planning and design about ways to reduce emissions from transportation projects.MnPass IncentiveRecently, MnDOT launched a pilot project to help increase the number of EVs in Minnesota and create new MnPASS users. The incentive is for the purchase or lease of a new or used EV between November 1, 2019, and October 31, 2022. It is a one-time toll credit in the customer’s account to pay toll charges for using MnPASS lanes. 



Recommendations

Build an EV Market and Provide More EV Options

• Adopt the Clean Car Standards

• https://www.pca.state.mn.us/air/clean-cars-mn-about

Promote Biofuels to Reduce GHG Emissions and 
Support Rural Minnesota

• Strengthen petroleum replacement goals

• Expand biofuel infrastructure

• Higher biodiesel blends and renewable diesel

• Reduce the carbon impact of biofuels
Star Tribune, Sept 16, 2019

Presenter
Presentation Notes
Adopt the Clean Car StandardsTechnical stakeholders, the public, and representatives from Minnesota’s largest employers all highlighted the need for more EV options in the marketplace and the lack of option as a barrier to EV adoption. There was also general dismay from public meeting participants about the proposed weakening of fuel economy standards by the federal government and the impact that would have on GHG emissions. Gov Walz directed the MPCA to begin rulemaking to adopt low emission and zero emission standards in September. There are handouts in the back with more information about how to engage with this process.BiofuelsMany participants wanted to make sure that biofuels played a role in Minnesota’s low carbon transportation future and modeling showed that action is needed across all vehicle classes and sectors to achieved the NGEA goals.There was additional public support for biofuels when the team discussed opportunities for advanced biofuels and lower carbon biofuel production to create new markets for farmers and particular interest in conversations about how new biofuel markets could help fund farming practices with water quality benefits (e.g., cover crops). All of these recommendations will be addressed by the recently announced Governor’s Biofuel Council (applications due Nov 1).(Note: biofuels were not universally supported by the public, especially ethanol, but public was understanding/more supportive in light of flooding and Trump actions: production waivers, tariffs)LEV/ZEV – more infoMinnesota could pursue rulemaking to adopt Low Emission Vehicle Standards (LEV) and Zero Emission Vehicle (ZEV) standards. Thirteen states and the District of Columbia have adopted the LEV standard and 10 states have adopted the ZEV standard19. LEV and ZEV would reduce carbon pollution while reducing exposure to air pollution, especially for communities living near major roadways. Major roadways often run along and through communities of concern for environmental justice; reducing tailpipe emissions from vehicles will reduce exposure to harmful air pollution in these vulnerable communities. The LEV standard requires improved fuel economy (miles per gallon) for all passenger vehicle types, from SUVs and pickup trucks to cars. The standard is different depending on the vehicle size but applies to all vehicle types and will save Minnesotans money, regardless of what vehicle they choose to buy. The LEV standard applies to GHG emissions and other air pollutants for light-duty vehicles. LEV standards currently align with federal fuel efficiency standards, but the federal standards are expected to be weakened through a new rule that is likely to be finalized this fall. The ZEV standard is about consumer choice. It requires auto manufacturers to deliver a certain number of ultralow-emitting vehicles each year, including battery electric vehicles (EVs), plug-in hybrid electric vehicles (PHEVs), and hydrogen-fueled vehicles for sale in a ZEV state. Adopting the ZEV standard will give Minnesotans access to more EV models that can better fit their budgets, preferences, and business needs. For example, in January 2019, there were 43 different EV models on the market but only 19 were available in Minnesota20. Adopting the LEV/ZEV standards could be done through MPCA rulemaking. The rulemaking process involves significant opportunities for public feedback and could take 18 to 24 months to complete. 

https://www.pca.state.mn.us/air/clean-cars-mn-about


Panel

• Joe Smentek, Executive Director, Minnesota Soybean Growers Association

• Mary Morse Marti, Executive Director, Move Minneapolis

• Margaret Cherne-Hendrick, PhD, Director, Beneficial Electrification, Fresh 
Energy

• Jeff Haase, Manager, Member Services & End Use Strategy, Great River Energy

12/18/2019 16

Presenter
Presentation Notes
Margaret leads Fresh Energy’s strategic imperative to decarbonize fossil fuel-dependent sectors of Minnesota’s economy. Her professional and academic background in climate science and energy policy informs her approach to developing efficient, cost-effective, and inclusive decarbonization strategies across Minnesota’s transportation and building sectors. Mary Morse Marti is executive director of Move Minneapolis where she promotes multimodal commuting downtown. She’s also the founder of Hourcar carsharing.Jeff Haase is the Manager of Member Services and End Use Strategy for Great River Energy.  In this capacity he manages member-owner collaboration to facilitate consensus on business issues and provides leadership for Great River Energy’s energy efficiency, electrification, and member demand response operations.  Jeff focuses on optimizing GRE’s program offerings and quantifying the benefits these programs bring to member-owners. Jeff earned a Bachelor’s of Mechanical Engineering from the University of Minnesota and is a registered professional engineer.



Emissions Remaining
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Key Scenario Assumptions by Scenario

80x50 Scenario 100x50 Scenario

Measure 2030 2050 2030 2050

Fuel Economy Standards Included 2021-2026 Included 2021-2026

LDV VMT Reductions 3% below Reference 5% below Reference 5% below Reference 10% below Reference

Light-duty vehicles 40% sales of EVs 80% sales of EVs 60% sales of EVs 100% sales of EVs (by 
2040)

Medium-duty vehicles 30% sales of hybrids
10% sales of EVs

30% sales of hybrids
50% sales of EVs

30% sales of hybrids
20% sales of EVs

40% sales of hybrids
60% sales of EVs

Heavy-duty vehicles 30% sales of hybrids
10% sales of EVs
6.5% sales of CNG 
vehicles

30% sales of hybrids
50% sales of EVs
6.5% sales of CNG 
vehicles

30% sales of hybrids
20% sales of EVs
6.5% sales of CNG 
vehicles

33.5% sales of hybrids
60% sales of EVs
6.5% sales of CNG 
vehicles

Biofuels 20% blend
~40% reduction in CI 
relative to 2016

55% blend
~50% reduction in CI 
relative to 2016

20% blend
~50% reduction in CI 
relative to 2016

100% blend
100% reduction in CI 
relative to 2016

Electricity 22% reduction in 
carbon intensity 
relative to 2016

90% reduction in 
carbon intensity 
relative to 2016

22% reduction in 
carbon intensity 
relative to 2016

100% carbon-free

Mobile Refrigerants 100% sales by 2035 100% sales by 2025

1812/18/2019 mndot.gov



Key Drivers for Reference Scenario
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Sector Key Driver
Compound annual growth 

rate proposed for this 
study [%]

Data Source

Light-Duty Autos and 
Trucks

VMT 1% (2016-2025)
0.44% (2030-3050)

Projected growth through 2025, 
trending towards Population 
growth by 2030

Medium-Duty Vehicles VMT 1.4% EIA AEO 2019

Heavy-Duty Vehicles VMT 1.4% EIA AEO 2019

Buses VMT 1.4% EIA AEO 2019

RVs Gasoline 
consumption

-0.9% EIA AEO 2019

Motorcycles Gasoline 
consumption

-0.9% EIA AEO 2019



Reference Scenario Assumptions
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Sector Measure Assumption

LDVs

Federal Fuel Economy Standards Included through 2020, not extended 2021-2026

LDV EV Sales 8.9% sales of EVs by 2030, 16% by 2050 (from EIA AEO)

LDV VMT growth 1% growth 2016-2025, transitioning to 0.44% growth by 2030 (tracking with 
population)

MDVs
MDV EV + Hybrid Sales N/A
MDV VMT growth 1.4% 2016-2050

HDVs
HDV EV + Hybrid Sales N/A
HDV VMT growth 1.4% 2016-2050

Buses
Electric Buses N/A
Bus VMT growth 1.4% 2016-2050

Biofuels

Ethanol 7.4% average blend in 2016 (energy basis)
Ethanol carbon intensity Constant carbon intensity
Biodiesel 20% biodiesel by 2018 (12.5% annual average)
Biodiesel carbon intensity Constant carbon intensity

Electricity Electricity 48% zero-carbon generation statewide, 22% decrease in carbon intensity by 2025
RVs Biofuels for RVs N/A

Motorcycles Electric Motorcycles N/A
Mobile Refrigerants Lower GWP Refrigerants N/A



80x50 Scenario Assumptions
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Sector Measure Assumption

LDVs

Federal Fuel Economy Standards Extended through 2026

LDV EV Sales 40% sales by 2030, 80% by 2050 

LDV VMT growth 3% reduction relative to reference (for whole state) by 2030, 5% by 2050

MDVs MDV EV + Hybrid Sales 40% sales by 2030, 80% by 2050 
MDV VMT growth 1.4% 2016-2050

HDVs
HDV EV + Hybrid Sales 40% sales by 2030, 80% by 2050
HDV CNG Vehicle Sales 6.5% sales by 2030
HDV VMT growth 1.4% 2016-2050

Buses
Electric Buses 50% sales by 2030 (of those 100% BEV)
CNG Buses 7.5% sales by 2030
Bus VMT growth 1.4% 2016-2050

Biofuels

Ethanol 20% blend by 2030, 55% by 2050
Ethanol carbon intensity Declining carbon intensity (58% improvement by 2030, holding constant thereafter)
Biodiesel 20% blend by 2030, 55% by 2050
Biodiesel Carbon Intensity Declining carbon intensity (25% improvement by 2030, 50% improvement by 2050)

Electricity Electricity 90% zero-carbon generation statewide by 2050
RVs Biofuels for RVs 20% blend by 2030, 55% by 2050

Motorcycles Electric Motorcycles 50% of motorcycles are electric by 2050
Mobile Refrigerants Lower GWP Refrigerants All vehicles sold by 2035 have low-GWP refrigerant



100x50 Scenario Assumptions
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Sector Measure Assumption

LDVs

Federal Fuel Economy Standards Extended through 2026

LDV EV Sales 60% by 2030, 100% by 2040 

LDV VMT growth 5% reduction relative to reference (for whole state) by 2030, 10% by 2050

MDVs
MDV EV + Hybrid Sales 50% sales by 2030, 100% by 2050 
MDV VMT growth 1.4% 2016-2050

HDVs
HDV EV + Hybrid Sales 50% sales by 2030, 100% by 2050
HDV CNG Vehicle Sales 6.5% sales by 2030
HDV VMT growth 1.4% 2016-2050

Buses
Electric Buses 50% sales by 2030 (of those 100% BEV)
CNG Buses 7.5% sales by 2030
Bus VMT growth 1.4% 2016-2050

Biofuels

Ethanol 20% blend by 2030, 100% by 2050
Ethanol carbon intensity Declining carbon intensity to carbon-neutral fuels by 2050
Biodiesel 20% blend by 2030, 100% by 2050
Biodiesel Carbon Intensity Declining carbon intensity to carbon-neutral fuels by 2050

Electricity Electricity 100% zero-carbon generation statewide (emission factor goes to zero by 2050)
RVs Biofuels for RVs 20% blend by 2030, 100% by 2050

Motorcycles Electric Motorcycles 100% of motorcycles are electric by 2050
Mobile Refrigerants Lower GWP Refrigerants All vehicles sold by 2025 have low-GWP refrigerant



Vehicle Fuel Economy
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• Fuel economy standards for light-
duty vehicles has a significant 
impact on the energy 
consumption and emissions from 
internal combustion engine 
vehicles

• Reference Scenario
• Include improved vehicle fuel 

economy through 2020
• 80x50 and 100x50

• Include extended 
improvements through 2026



Changes in Urban Vehicle-Miles Traveled
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• There are many ways to reduce urban or 
metro vehicle-miles traveled (VMT)* including 
improved public transit, smart city design, 
carpooling, walking or biking

• Reference
• Near-term growth (1%) through 2025, 

transitioning to population growth rate 
by 2030 (0.44%)

• 80x50 Scenario
• Reductions of 6% by 2030 and 10% by 

2050 (in light-duty vehicles only)
• 100x50 Scenario

• Reductions of 10% by 2030 and 20% by 
2050 (in light-duty vehicles only)

VMT reductions in urban areas can provide significant co-benefits 
for cities. This analysis only captures direct changes in energy 
consumption, GHG emissions, and statewide air pollutants.

*Urban and metro VMT was assumed to be 49% of total statewide VMT. No VMT reductions were 
assumed outside urban areas.



Mobile refrigerants
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• Existing refrigerants in vehicles have a 
very high global warming potential 
(GWP). We assume that new vehicles can 
switch to a low-GWP refrigerant (e.g. 
CO2). Successful action in MN will depend 
on other states (e.g. CA) and US EPA.

• Reference

• Grows with total number of vehicles (0.44% 
per year)

• 80x50 Scenario

• All new cars sold by 2035 use low GWP 
refrigerant

• 100x50 Scenario

• All new cars sold by 2025 use low GWP 
refrigerant



Low-carbon fuels: Biofuels
Blending rates over time
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• We assume that biofuel blend rates hold 
constant in the Reference scenario, and 
slowly ramp up over time in the 80x50 and 
100x50 scenarios

• Biofuels are treated as technology-agnostic, 
to leave room for either conventional or 
advanced biofuels to meet MN’s need for 
low-carbon fuels

• If conventional biofuels are blended at rates 
beyond ~20%, fueling infrastructure and 
vehicle fleet factors will need to be addressed



Low-carbon fuels: Biofuels
Upstream Emissions Only
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Biofuels are a key measure to reduce GHG 
emissions from vehicles that use gasoline and 
diesel. We have assumed that carbon intensities 
are reduced through one of the following 
measures: 

• Agricultural practices
• Process efficiency and renewable 

energy substitution
• Carbon capture and storage
• Advanced biofuel production

• Reference
• Maintain current carbon intensity (CI)

• 80x50 Scenario
• Low-carbon diesel: 50% reduction in CI 

by 2050
• Low-carbon gasoline: 58% reduction in 

CI by 2050
• 100x50 Scenario

• 100% reduction in CI by 2050
ILUC = International Land Use Change. No 
emissions sources outside of MN were included.



Low-carbon fuels: Electricity
Upstream Emissions Only
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• As electric vehicles are more prevalent, 
it is important to also decarbonize the 
sources of electricity generation within 
the state

• Reference

• Moderate reductions due to fossil 
retirements (20% reduction in current 
carbon intensity by 2025)

• 80x50 Scenario

• 90% carbon-free electricity by 2050

• 100x50 Scenario

• 100% carbon-free electricity by 2050



Carbon intensity assumptions
Documentation
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• Current ethanol carbon intensity comes from the 2017 USDA Ethanol LCA report. “2014 Current 
Conditions” is used as the 2016 value.

• Current biodiesel carbon intensity comes from the Argonne National Laboratory GREET model, 
calculated for Midwest-produced soybean biodiesel.

• 2030 carbon intensity reduction assumption for ethanol in the 80x50 and 100x50 scenarios comes 
from the “2022 Building Blocks” carbon intensity in the 2017 USDA Ethanol LCA report (carbon 
intensity is assumed to be reduced by the ratio between the 2014 current conditions and 2022 
Building Blocks numbers)

• Less data is available on the carbon intensity reduction potential for biodiesel, so simple assumptions 
are made on future carbon intensity

• Indirect Land Use Change is not included

• Current electricity carbon intensity is calculated from EIA and MN PCA data

• 2025 electricity carbon intensity in all three scenarios is assumed to be 22% below 2016 levels, based 
on projected near-term coal retirements

• 2050 carbon intensity for 80x50 scenario is calculated based on 10% natural gas generation
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