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Table 1: ZEB case study summary (Data as of December 2021) 

  

Metro 
Transit  

Minneapolis -
Saint Paul, 
Minnesota  

Foothill 
Transit  

Greater Los 
Angeles, 
California  

King County 
Metro  

King County, 
Washington  

Chicago 
Transit 

Authority 
(CTA) 

Chicago, 
Illinois  

Toronto 
Transit 

Commission 
(TTC) 

Toronto, 
Ontario  

Total Bus Fleet  910 347 1,391 1,854 2,096 

Type of ZEB  BEB BEB FCEB Electric 
Trolleybus  BEB BEB BEB 

Year of First In -
Service ZEB  2019 2010 2022-

2023 1940 2015 2014 2019 

ZEBs in Service  
(Dec. 2021) 8 34 0 174 51 8 60 

ZEBs on Order 
or Programmed  100 0 33 0 250 93 300 

Programmed 
Time Horizon  2022-2027 2021-2024 2025-2028 2020-2027 2023-2025 

Total ZEBs 
Identified  

108 
(12% of bus fleet) 

67 
(19% of bus fleet) 

475 
(34% of bus fleet) 

101 
(5.4% of bus 

fleet) 

360 
(17% of bus fleet) 

Current ZEB 
Transition Goal  

20% of 40-foot 
bus 
replacement 
procurements 
from 2022-2027 
will be BEB 

100% zero-
emissions by 
2040 

Set by CARB 

100% zero-
emissions powered 
by renewable 
energy by 2035 

Set by King County 
Metro 

100% zero-
emissions by 
2040 

Set by City 
of Chicago 

100% zero-
emissions by 
2040 

Set by TTC 

Year Goal 
Established  2022 2019 2020 2019 2017 



https://www.psmarketresearch.com/market-analysis/us-electric-bus-market
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Table 2: Strategies and objectives to address ZEB barriers, constraints, and risks 

Barrier, Constraint, or 
Risk Addressed   Mitigating Strategy or Objective   Discussed in 

Section   

Electrical Grid Capacity  

Metro Transit will collaborate with Xcel Energy to 
develop  ZEB project timeline s that coordinate  with 
Xcel Energy timeline s for planning, engineering, 
construction  

Section 8.2.2.2 

Level of Service Changes 
Continually evaluate ZEB service implementation 
prioritization methodology to tailor service to 
ridership and available workforce levels   

Section 8.3.4 

Speed of Innovation  

Level of Service Changes 

Identify learning objectives for each package of 
project s up front and p air ZEB projects with the 
development of other areas of the business 
including software tools  and workforce 
development   

Section 10 

Level of Service Changes Provide paid training to operators and mechanics  Section 11.1.2 

Speed of Innovation  

Supply Chain Constraints 

Evaluate multiple ZEB and supporting 
infrastructure manufacturers in smaller orders 
before proceeding to larger orders  

Section 11.3 

Speed of Innovation  

Supply Chain Constraints 

Allow for approximately two years between 
procurements of ZEBs and supporting 
infrastructure  to evaluate their performance and to 
understand how the industry is changing  

Section 11.3 

 

1.4. ZEB Policies and Guidance  
Three guiding principles and six supporting actions were established as the framework for the 
Transition Plan and for use in defining the definition of a successful transition to ZEBs (Figure 1). 
Building upon these principles, numerous additional policies and recommendations are identified 
and interspersed throughout the Transition Plan. The full list of implementation policies, guidance, 
and recommendations are summarized in Table 3. 
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Figure 1: ZEB Transition Plan guiding principles and supporting actions summary 

 







https://www.congress.gov/bill/117th-congress/house-bill/3684/text








https://www.pca.state.mn.us/air/greenhouse-gas-emissions-data


https://www.metrotransit.org/Data/Sites/1/media/about/facts/2018/2018_factbook.pdf


https://www.metrotransit.org/our-facilities


https://www.transit.dot.gov/funding/grants/fact-sheet-buses-and-bus-facilities-program
https://www.revisor.mn.gov/statutes/cite/473.3927


https://metrocouncil.org/News-Events/Council-News/News-Articles/Met-Council,-Xcel-Energy-work-to-get-Council-to-10.aspx
https://metrocouncil.org/Council-Meetings/Committees/Committee-of-the-Whole/2020/09-16-20/Info-Item-Xcel-Energy-Green-Energy-Partnership-ppt.aspx




https://www.metrotransit.org/electric-buses


https://metrocouncil.org/Council-Meetings/Committees/Transportation-Committee/2021/September-27,-2021/Info-1-_-2022-2027-CIP.aspx


https://metrocouncil.org/Planning/Publications-And-Resources/Thrive-MSP-2040-Plan-(1)/1_ThriveMSP2040_Introduction.aspx










https://www.epa.gov/environmentaljustice/learn-about-environmental-justice
https://www.pca.state.mn.us/air/disproportionate-impacts-minnesota






https://www.transit.dot.gov/sites/fta.dot.gov/files/2020-06/FY20-Low-or-No-Emission-Program-Implementation-Guidance.pdf


https://www.transit.dot.gov/ntd




https://cdn.mbta.com/sites/default/files/2021-01/2020-11-09-fmcb-bus-electrification-fleet-facilities.pdf
https://madisonparktimes.com/MobileContent/News/Top-Stories/Article/Madison-BRT-nearing-90-percent-design/26/284/31365
https://cafcp.org/by_the_numbers
https://afdc.energy.gov/files/u/publication/fc_bus_status_2020.pdf


https://h2stationmaps.com/costs-and-financing
https://www.actransit.org/sites/default/files/2021-06/0604-20%20Report-ZEB%20Perf_FNL_062321.pdf
https://www.transit.dot.gov/sites/fta.dot.gov/files/docs/research-innovation/134491/zero-emission-bus-evaluation-results-sarta-fta-report-no-0140_0.pdf
https://www.transit.dot.gov/sites/fta.dot.gov/files/docs/research-innovation/134491/zero-emission-bus-evaluation-results-sarta-fta-report-no-0140_0.pdf
https://afdc.energy.gov/stations/states


https://www.energy.gov/eere/fuelcells/hydrogen-production-natural-gas-reforming
https://onlinepubs.trb.org/onlinepubs/tcrp/docs/tcrp_J11-Task33-FinalGuidebook.pdf


https://www.nrel.gov/docs/fy21osti/76932.pdf
https://www.gillig.com/post/gillig-s-next-generation-battery-to-provide-32-percent-increase-in-onboard-energy






https://www.trb.org/Main/Blurbs/180811.aspx








https://www.masstransitmag.com/40-under-40/article/21246399/2021-40-under-40-carrie-desmond-pe








https://weather.com/sports-recreation/ski/news/20-coldest-large-cities-america-20140107
https://www.weather-us.com/
https://www.weather.gov/media/mpx/Climate/MSP/feb2021.pdf








http://foothilltransit.org/news/sustainability/
http://foothilltransit.org/wp-content/uploads/2021/07/07-23-2021-Agenda-Packet-Executive-Board-Meeting.pdf
http://foothilltransit.org/foothill-transit-announces-all-electric-bus-fleet-by-2030


http://foothilltransit.org/wp-content/uploads/2021/09/10-01-2021-Agenda-Packet-Governing-Board-Meeting1.pdf
https://www.nrel.gov/docs/fy21osti/80022.pdf






http://foothilltransit.org/wp-content/uploads/2014/05/Burns-McDonnell-In-Depot-Charging-and-Planning-Study.pdf


http://foothilltransit.org/wp-content/uploads/2021/09/10-01-2021-Agenda-Packet-Governing-Board-Meeting1.pdf


https://kingcounty.gov/~/media/depts/metro/programs-projects/zero-emissions-fleet/battery_buses_august_2019_final.pdf
https://www.transit.dot.gov/ntd
https://metro.kingcounty.gov/up/projects/pdf/Metro_TB_20110527_Final_LowRes.pdf
https://www.masstransitmag.com/home/press-release/12189738/proterra-proterra-completes-toughest-road-test-to-date
https://www.nrel.gov/docs/fy17osti/68412.pdf
https://kingcounty.gov/council/news/2020/February/2-4-JKW-electric.aspx


https://kingcounty.gov/~/media/depts/metro/programs-projects/zero-emissions-fleet/battery-electric-bus-implementation-report.pdf
https://kingcounty.gov/elected/executive/constantine/news/release/2020/January/30-metro-battery-electric-bus-order.aspx
https://kingcounty.gov/elected/executive/constantine/news/release/2020/January/30-metro-battery-electric-bus-order.aspx


https://www.transit.dot.gov/research-innovation/zero-emission-bus-evaluation-results-king-county-metro-battery-electric-buses
https://kingcounty.legistar.com/View.ashx?M=F&ID=8835508&GUID=393533B9-7F58-4CE8-A368-FD0D4ECC8212






https://kingcounty.gov/~/media/elected/executive/constantine/news/documents/Zero_Emission_Fleet.pdf


https://www.transitchicago.com/chicago-transit-authority-concludes-fuel-cell-bus-demonstration-program/
https://www.transitchicago.com/cta-announces-first-electric-powered-buses-added-to-its-fleet/
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Table 19: Case studies summary (Data as of December 2021) 

  
Metro Transit  

Minneapolis -Saint 
Paul, Minnesota  

Foothill Transit  
Greater Los 

Angeles, California  
King County Metro  

King County, Washington  
Chicago Transit 
Authority (CTA)  

Chicago, Illinois  

Toronto Transit 
Commission (TTC)  

Toronto, Ontario  

Total Bus 
Fleet  910 347 1,391 1,854 2,096 

Type of ZEB  BEB BEB FCEB Electric 
Trolleybus  BEB BEB BEB 

Year of First 
In-Service 
ZEB 

2019 2010 2022/2023 1940 2015 2014 2019 

ZEBs in 
Service  
(Dec. 2021) 

8 34 0 174 51 8 60 

ZEBs on 
Order or 
Programmed  

100 0 33 0 250 93 300 

Programmed 
Time 
Horizon  

2022-2027 2021-2024 2025-2028 2020-2027 2023-2025 

Total ZEBs 
Identified  

108 
(12% of bus fleet) 

67 
(19% of bus fleet) 

475 
(34% of bus fleet) 

101 
(5.4% of bus fleet) 

360 
(17% of bus fleet) 

Current ZEB 
Transition 
Goal  

20% of 40-foot bus 
replacement 
procurements from 
2022-2027 will be 
BEB 

100% zero-emissions 
by 2040 

Set by CARB 

100% zero-emissions 
powered by renewable 
energy by 2035 

Set by King County Metro 

100% zero-emissions by 
2040 

Set by City of Chicago 

100% zero-emissions by 2040 

Set by TTC 

Year Goal 
Established  2022 2019 2020 2019 2017 
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Suburban Local  routes typically operate in a suburban context and are often less productive than 
Core Local routes. These routes serve an important role in providing a basic level of transit 
coverage throughout the region. 

6.2.2.2. Commuter and Express Service 
Commuter and Express Bus routes primarily operate during peak periods to serve commuters to 
downtown areas or a major employment center. These routes typically operate non-stop on 
highways for portions of the route between picking up passengers in residential areas or at park-
and-ride facilities and dropping them off at a major destination. 

6.2.2.3. BRT 
BRT is a package of transit enhancements that adds up to a faster trip and an improved 
experience. A network of BRT lines is planned for the Minneapolis-Saint Paul area. BRT is part 
of the METRO network which provides fast and frequent all day service. Figure 27 depicts the 
METRO network including BRT. 

Arterial BRT lines operate in high demand urban arterial corridors with service, facility, and 
technology improvements that enable faster travel speeds, greater frequency, improved 
passenger experience, and better reliability. Arterial BRT lines currently operated by Metro Transit 
include the A Line, operating along the Snelling Avenue corridor in Saint Paul, and the C Line 
which serves north Minneapolis neighborhoods. As shown in Figure 27, six future arterial BRT 
lines (D, B, E, F, G, and H Lines) are currently planned as part of the future Rapid Transit Network. 

Highway BRT lines operate in high demand highway corridors and dedicated BRT  lines primarily 
operate in dedicated corridors with service, facility, and technology improvements providing faster 
travel speeds, all-day service, greater frequency, an improved passenger experience, and better 
reliability. Highway BRT lines include the Red and Orange (opened December 2021) Lines. 
Future Gold and Purple lines are planned as dedicated BRT.  
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implications for electric vehicle scheduling including, for example, increasing interlining (mixing of 
routes on the same vehicle block) or scheduling vehicle blocks to be as long as possible in order 
to create cohesive, attractive work shifts for operators. 

Transit scheduling software increasingly features electric bus scheduling tools that account for 
vehicle charging activities, rates of battery discharge, and other factors. As ZEB transition plans 
proceed, Metro Transit will review available scheduling tools and practices to incorporate electric 
vehicles while maintaining service efficiency and operability. In the future, new scheduling 
techniques may also be used to create additional BEB-compatible blocks while adhering to 
standards of efficiency and operability. 

6.2.5. Service Blocks by Garage  
As discussed in Section 6.2.4, block length and characteristics can vary between service 
schedules which are updated four times a year. For the August 2021 schedule, Metro Transit built 
its schedule from 1,189 blocks in their original, long form (672 weekday, 293 Saturday, and 224 
Sunday blocks). These blocks ranged in length from 10 miles to over 300 miles long. The average 
service block operated by Metro Transit in this August 2021 service schedule was approximately 
133 miles long and was composed of approximately 10 trips distributed across one to two routes. 

As shown in Table 22 and Table 23, each garage stores buses assigned to blocks of differing 
lengths. For example, based on the August 2021 service schedule, the majority of 40-foot bus 
blocks at Heywood Garage are less than 88 miles long, while the East Metro Garage has the 
greatest number of blocks operated by 40-foot buses that are longer than 131 miles. As BEBs are 
more range-limited than traditional diesel or diesel-hybrid buses, block length is one of the critical 
determinants in assessing the suitability and implementation timeframe of BEBs.  

Table 22: August 2021 blocks using 40-foot buses by facility 

Block 
Length*  

Heywood  East 
Metro  

Ruter  Nicollet  South  Total  

< 88 miles  80 50 20 55 36 241 
88-131 miles  11 28 9 55 49 152 
 > 131 miles  72 126 52 123 88 461 
Total  163 204 81 233 173 854 

*Block length thresholds correspond with anticipated BEB battery technology ranges in Minnesota winters as outlined 
in Section 8.3.1.2. Blocks greater than 131 miles are assumed to require on-route charging, significant technology 
advancements and/or to be divided into multiple blocks for short-term 40-foot BEB service. 

Table 23: August 2021 blocks using 60-foot buses by facility 

Block 
Lengt h*  

Heywood  East Metro  Ruter  South  Total  

< 79 miles  26 16 16 14 72 
 > 79 miles  115 36 26 34 211 
Total  141 52 42 48 283 

 *Block length thresholds correspond with anticipated BEB battery technology ranges in Minnesota winters as 
outlined in Section 8.3.1.2. Blocks greater than 79 miles are assumed to require on-route charging, significant 
technology advancements and/or to be divided into multiple blocks for short-term 60-foot BEB service. No 60-foot 
buses operate out of the Nicollet Garage. 
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