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Foreword 
Reimagine RTD’s Mobility Plan for the Future is a comprehensive, forward-thinking plan that identifies 
strategies to address the future mobility needs of the region. Ongoing industry advancements and 
societal shifts are substantially altering how and when people travel, how cities function, and how 
mobility factors into broader visions and goals; transit agencies must evolve and adapt to remain a 
relevant part of the mobility equation. The MPFF, intended to help guide RTD’s long-term decision 
making, is the culmination of extensive technical analysis, stakeholder and public engagement, and 
intra-agency coordination, as well as several previous planning efforts. Key context, findings, and 
recommendations are broken into a series of technical memoranda focusing on individual components 
of the overall planning effort. This report documents the work done to summarize the battery electric 
bus and bus/rail maintenance facilities component of the plan. 

 
 



Bat te ry  E lect r i c  Bus  & Bus/Ra i l  Ma in tenance  Fac i l i t i es  Summary  Repor t  

  

 i  

Table of Contents 
Page 

1. Introduction and Overview .................................................................................. 1 

1.1 Report Purpose and Approach ........................................................................................... 1 

1.2 Report Structure .............................................................................................................. 1 

1.3 Analysis Background ......................................................................................................... 1 

2. Zero Emissions Bus Transition Feasibility ............................................................ 5 

2.1 Existing Conditions ........................................................................................................... 6 

2.2 Key Considerations ........................................................................................................... 6 

2.2.1 BEB Technology Overview ................................................................................. 6 

2.2.2 RTD BEB Experience ......................................................................................... 6 

2.2.3 Division-Specific Analysis ................................................................................... 7 

2.3 Next Steps and Recommendations ................................................................................... 12 

2.4 Summary of Findings ...................................................................................................... 14 

3. Battery Electric Bus Facility Needs Assessment ................................................. 16 

3.1 Background and Existing Conditions ................................................................................. 16 

3.2 Key Considerations and Bus Facility Needs ....................................................................... 18 

3.2.1 Boulder Division ............................................................................................. 19 

3.2.2 East Metro Division ......................................................................................... 19 

3.3 Summary of Findings ...................................................................................................... 20 

3.3.1 Platte Division ................................................................................................ 20 

3.4 Implementation Strategies and Next Steps ....................................................................... 21 

3.4.1 BEB Facility Strategies .................................................................................... 21 

3.4.2 BEB Scenario Development and Additional Considerations .................................. 22 

3.4.3 Next Steps ..................................................................................................... 23 

4. Bus Facility Condition Assessment ..................................................................... 25 

4.1 Existing Conditions ......................................................................................................... 25 

4.1.1 Platte Division ................................................................................................ 25 

4.1.2 District Shops ................................................................................................. 26 

4.1.3 East Metro Division ......................................................................................... 26 



Bat te ry  E lect r i c  Bus  & Bus/Ra i l  Ma in tenance  Fac i l i t i es  Summary  Repor t  

  

 i i  

4.1.4 Boulder Division ............................................................................................. 27 

4.2 Space Needs Program for Greenfield Sites ........................................................................ 27 

4.2.1 Existing Conditions ......................................................................................... 27 

4.2.2 Projected Fleet Growth ................................................................................... 27 

4.2.3 Proposed Facility Sizes .................................................................................... 29 

4.2.4 Space Needs Program ..................................................................................... 30 

4.3 Conclusion and Next Steps .............................................................................................. 30 

5. Rail Facilities ....................................................................................................... 31 

5.1 Existing Conditions ......................................................................................................... 33 

5.1.1 Commuter Rail Maintenance Facility ................................................................. 33 

5.1.2 Light Rail Maintenance Facilities ....................................................................... 33 

5.2 Next Steps and Recommendations ................................................................................... 34 

5.2.1 Commuter Rail Maintenance Facility ................................................................. 34 

5.2.2 Elati Light Rail Maintenance Facility .................................................................. 35 

5.2.3 Mariposa Light Rail Maintenance Facility ........................................................... 35 

5.3 Summary of Findings ...................................................................................................... 36 

  



Bat te ry  E lect r i c  Bus  & Bus/Ra i l  Ma in tenance  Fac i l i t i es  Summary  Repor t  

  

 i i i  

List of Figures 
Page 

Figure 1. RTD Bus Maintenance Facilities with SOP Routes ............................................................ 3 

Figure 2. RTD Rail System Map ................................................................................................... 4 

Figure 3. Typical Scenario ........................................................................................................... 8 

Figure 4. Conservative Scenario .................................................................................................. 9 

Figure 5. Timeline for BEB Implementation Module ..................................................................... 18 

Figure 6. Vehicle Capital Costs (Per Vehicle, 2021 Dollars) ........................................................... 23 

Figure 7. Total Vehicle and Infrastructure Upgrade Costs ............................................................ 23 

Figure 8. RTD Rail System Map ................................................................................................. 32 

 

List of Tables 
Table 1. Boulder Implementation Phases .................................................................................. 19 

Table 2. East Metro Implementation Phases .............................................................................. 20 

Table 3. Platte Implementation Phases ..................................................................................... 21 

Table 4. Existing Bus Quantity by Facility and Total Fleet Projection Needs .................................. 28 

Table 5. Comparison of Bus Facility Site Metrics ......................................................................... 29 

  



Bat te ry  E lect r i c  Bus  & Bus/Ra i l  Ma in tenance  Fac i l i t i es  Summary  Repor t  

  

 i v  

Acronyms and Terms 

Acronym Definition 

BEB Battery Electric Bus 

CPUC Colorado Public Utilities Commission 

CRMF Commuter Rail Maintenance Facility  

CRV Commuter Rail Vehicle 

DBFOM Design Build Finance Operate Maintain 

DTO Denver Transit Operators 

DTP Denver Transit Partners 

EMU Electric Multiple Unit 

EV Electric Vehicle 

FCEB Fuel Cell Electric Bus 

FTA Federal Transit Administration 

HVAC Heating, Ventilation, and Air Conditioning  

ICEB Internal Combustion Engine Bus 

LRMF Light Rail Maintenance Facility 

LRV Light Rail Vehicle 

MOW Maintenance of Way 

P3 Public-Private Partnership 

RTD Regional Transportation District 

SOP System Optimization Plan 

ZEB Zero Emissions Bus 

ZEV Zero Emissions Vehicle 

 

 



Bat te ry  E lect r i c  Bus  & Bus/Ra i l  Ma in tenance  Fac i l i t i es  Summary  Repor t  

  

 1  

1.  Introduction and Overview 
1.1  Report  Purpose and Approach 
This report documents findings from the battery electric bus (BEB) feasibility assessment and the 
transit vehicle maintenance and storage facilities assessment for the Regional Transportation District 
(RTD). The documentation and findings herein are a part of the Reimagine RTD project – a multi-year 
effort to evaluate and forecast the changing transportation needs in the region, looking at specific 
implementation strategies in the near term (within the next five years) and long range (planning 
horizons to 2030 and 2050). The information presented is considered feasibility only until official 
decisions are made and the RTD Board of Directors offers direction. 

1.2  Report  Structure 
This report is organized into five main sections:  

1 Introduction and Overview – Identifies the purpose and provides an overview of this Battery 
Electric Bus & Bus/Rail Maintenance Facilities Summary Report.  

2 Zero Emissions Bus Transition Feasibility – Discusses Zero Emissions Bus (ZEB) feasibility with 
specific considerations for BEB technology transition. 

3 RTD Battery Electric Bus Facilities – Analyzes requirements for RTD facilities to support a 
phased transition to a BEB fleet. 

4 Bus Facility Conditions Assessment – Identifies conditions of existing RTD bus transit 
maintenance facilities and the space needs program for potential greenfield transit facility sites. 

5 Rail Facilities – Summarizes overall conditions and capacity findings and considerations for 
commuter rail and light rail maintenance facilities. 

1.3  Analysis  Background 
The report addresses the primary transit facilities in the entire RTD area, which consists of 
2,324 square miles, includes 8 counties, and has a population of approximately 3.08 million. RTD 
provides bus transit service with a fleet of 1,026 total buses, commuter rail service with 66 total 
vehicles, and light rail service with 201 total vehicles. RTD fixed-route bus service is provided by 
RTD-operated drivers and buses, along with private contractor-operated drivers and buses. RTD 
operates approximately 50 percent of its bus service (including its on-demand FlexRide service and 
Access-a-Ride paratransit) through private contractors. Private contractor facilities are not owned by 
RTD but the individual private contractor and each site varies by the company and specific transit 
function.  
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RTD and private contractor bus divisions (also called bus garages) and RTD rail divisions (also called 
yards) support the vehicles that provide service. Throughout the subsequent analysis, the following bus 
and rail facilities are discussed: 

 Boulder Division – RTD-operated bus maintenance facility 

 East Metro Division – RTD-operated bus maintenance facility 

 Platte Division – RTD-operated bus maintenance facility 

 First Transit Commerce City Division – Private contractor (First Transit)-operated bus 
maintenance facility  

 First Transit Denver Division – Private contractor (First Transit)-operated bus maintenance 
facility 

 First Transit Longmont Division – Private contractor (First Transit)-operated bus 
maintenance facility 

 Transdev Englewood Division – Private contractor (Transdev)-operated bus maintenance 
facility  

 Fox Facility – Primary commuter rail maintenance facility 

 Elati Facility – Primary light rail maintenance facility 

 Mariposa Facility – Light rail maintenance facility 
used for heavy repairs 

 District Shops – RTD-operated facility primarily 
for heavy bus repairs and parts inventory 

Figure 1 highlights the location of all transit maintenance 
facilities overlaid with the System Optimization Plan (SOP) 
bus and rail routes. Figure 2 shows a map of rail transit 
and freight corridors and associated maintenance facility 
locations.  

RTD System Optimization Plan 
The System Optimization Plan (SOP) is a 
detailed evaluation of travel patterns, 
demographics, and transit routes in the 
RTD District. The SOP recommends 
modifications to routes to best meet the 
region's near-term mobility needs within 
the existing workforce and financial 
constraints.  

Learn more at rtd-denver.com/reimagine  

http://www.rtd-denver.com/reaimagine


Bat te ry  E lect r i c  Bus  & Bus/Ra i l  Ma in tenance  Fac i l i t i es  Summary  Repor t  

  

 3  

Figure 1. RTD Bus Maintenance Facilities with SOP Routes 
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Figure 2. RTD Rail System Map 

 
  



Bat te ry  E lect r i c  Bus  & Bus/Ra i l  Ma in tenance  Fac i l i t i es  Summary  Repor t  

  

 5  

2.  Zero Emissions Bus Transition Feasibi l ity  
In 2016, RTD deployed one of the largest electric bus fleets in the country at the time, with 36 BEBs to 
serve the shuttle service on the 16th Street Mall in downtown Denver. Although other agencies now have 
larger fleets, RTD’s experience with the mall shuttle operations represents one of the longest practices 
with BEB fleets in public transportation service in the U.S. More than two years later, in January 2019, 
Colorado Governor Jared Polis announced his first executive order, “Supporting a Transition to Zero 
Emission Vehicles.” In May2019, the Colorado Legislature passed Senate Bill 19-077, which included a 
requirement for utilities to “support widespread transportation electrification” and to introduce 
“investments or incentives to facilitate the electrification of public transit and other vehicle fleets.” That 
same year, Colorado followed a policy similar to that of California, adopting a Zero Emissions Vehicle 
(ZEV) rule that requires automakers to increase sales of ZEVs from the current 2.6 percent of cars sold in 
Colorado to 6.23 percent by 2030. Similar state policies have also incentivized adoption of heavy-duty 
ZEVs such as transit bus fleets. Additionally, Colorado’s EV Plan states goals of transitioning 1,000 transit 
vehicles in the State of Colorado to ZEV by 2030, with full fleet transition by 2050. Although there are no 
specific goals for RTD’s fleet at this time, this assessment provides foundational information for RTD to 
understand what it would take to transition to BEBs. 

As part of the Reimagine RTD initiative, both BEB and Fuel 
Cell Electric Bus (FCEB) technologies were reviewed. While 
both technologies were assessed, the electrification work 
focused primarily on what it would take to transition the 
agency’s vehicles to BEB for the 2030 and 2050 planning 
horizons. The Zero Emissions Bus Transition Feasibility 
Assessment is a culmination of the analyses conducted to 
assess the feasibility of transitioning RTD’s bus services 
using current conditions as a snapshot. Analyses include 
assessing RTD’s current transit fleet and facilities 
conditions, operational parameters, current state of ZEB 
technologies, transition, findings, and conclusions and 
recommendations. Analyses inform decision-makers about 
the process, feasibility, and limitations based on current 
operating, technological, and financial conditions that need 
to be further considered to implement 100 percent BEBs for 
the three RTD-owned bus garages and the four RTD-
contracted bus garages and fleets. As such, it is important 
to note that findings and recommended approaches will be 
outdated within a few years due to the rapid evolution of 
technology, and the ZEB transition process will need to be 
iterative to minimize risk and accommodate new 
developments in this industry and market. 

“Battery Electric Buses” 
A BEB uses onboard batteries to store and 
distribute energy to power an electric motor 
and other onboard systems. Similar to many 
other battery-powered products, BEBs must 
be charged for a period of time to be 
operational. Just as the amount of fuel 
onboard limits the range of Internal 
Combustion Electric Buses (ICEB), the 
battery capacity limits the range of BEBs. 
ICEBs require refueling at the division when 
fuel runs out, and BEBs require charging 
when batteries are depleted. However, BEB 
recharging times are typically greater than 
ICEB refueling times. 
“Fuel Cell Electric Buses” 
FCEBs are electric vehicles that use 
compressed hydrogen as fuel to create 
electricity through a fuel cell. This electricity 
then powers an electric drivetrain in the 
vehicle. These vehicles share many of the 
same capabilities as BEBs, such as zero 
harmful tailpipe emissions, near silent 
operations, and regenerative braking (a 
method of capturing kinetic energy when 
stopping to supply additional power to the 
battery). Unlike electric buses, FCEBs are 
fueled in a manner similar to that of 
compressed natural gas vehicles.  
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2 .1  Exist ing Condit ions  
Assessments were conducted for all three RTD-owned and four RTD-contracted bus divisions. The 
results show that all divisions, except for one RTD-contractor division (Transdev in Englewood), are 
considered viable for both near- and long-term BEB implementation under the right conditions. Despite 
this initial result, long-term BEB implementation is still considered to be challenging, especially if the 
bus replacement ratio is greater than one for one (replacing one existing diesel bus with one BEB). 
When operating at capacity, there is insufficient room on the existing sites to accommodate the 
additional BEBs without adding some type of system optimization such as current service modifications, 
on-route charging, or charge management systems. This means comprehensive operation analyses and 
charge management studies will be needed in future phases of analysis to support a BEB transition. 

2.2  Key Considerat ions 
2.2.1 BEB Technology Overview 
A BEB uses onboard batteries to store and distribute energy to power an electric motor and other 
onboard systems. Like many other battery-powered products, BEBs must be charged for a period of 
time to be operational. Just as an Internal Combustion Engine Bus (ICEB) range is limited by the 
amount of fuel onboard, a BEB range is limited by the battery capacity. ICEBs require refueling at the 
division when fuel runs out, and BEBs require charging when batteries are depleted. However, BEB 
recharging times are typically longer than ICEB refueling times, though more expensive fast chargers 
can significantly reduce charge times. Fast chargers are typically used for on-route/demand charging to 
provide a quick boost of charge in approximately 5 to 20 minutes while the bus is on a layover during 
its route. The on-route charging is not meant to recharge BEBs fully. 

Among the most involved considerations for BEB technology selection is how and when buses will be 
charged. The determination of charging equipment to support a BEB fleet depends on a myriad of 
factors, including vehicle operational needs, garage space availability, and local utility and energy 
costs. In general, BEB charging infrastructure can be divided into two categories: depot charging and 
on-route charging. Each category contains currently available technology options that can be applied 
based on operational conditions and needs. 

Both at present and well into the foreseeable future, BEBs cannot meet the distance ranges that ICEBs 
can. BEBs typically have a current range of 125 to 150 miles, which is highly dependent on a myriad of 
factors, such as climate, driving behavior, and topography. For this reason, if an agency’s service 
blocks cannot be completed with BEBs, other capital-intensive strategies may be needed to meet range 
requirements, including, but not limited to, additional BEBs, on-route charging infrastructure, service 
changes, a mixed-fleet strategy with the incorporation of Fuel Cell Electric Buses (FCEBs), and/or other 
vehicle technologies. 

2.2.2 RTD BEB Experience 
The initial thirty-six 45-foot BEBs were incrementally deployed between December 2016 and 
February 2018, exclusively for the 16th Street Free MallRide service, with stops at every intersection 
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along a 1.2-mile route from Union Station to Civic Center Station. The service runs approximately every 
traffic signal light cycle during the rush hours and every 3 to 15 minutes all other times. The route 
serves approximately 10 million riders based on 2019 pre-pandemic statistics. As of March 2020, this 
fleet had traveled more than 1.2 million revenue and non-revenue miles. The fleet is charged overnight 
at the Platte Maintenance Facility located 2 miles north of Union Station. RTD has 30 plug-in chargers 
at the facility that charge each bus in about 3.5 hours. 

One major challenge associated with transitioning from traditional propulsion technology to battery 
electric is higher recharging versus refueling costs (i.e., 73 cents per mile on a BEB compared to 
46 cents per mile on a typical 40-foot diesel bus). Recognizing that, RTD has been actively engaging 
stakeholders and partners, such as Colorado Public Utilities Commission (CPUC) and Xcel Energy (Xcel), 
to work on improving electricity rates for BEB fleets to encourage electric vehicle (EV) adoption across 
all transportation sectors. 

Leveraging this experience, RTD is purchasing 17 additional 40-foot BEBs and related charging 
equipment and infrastructure with a $2.6 million grant from the Federal Transit Administration (FTA) 
5339(c) Low or No Emission Vehicle program and $8.5 million from the Volkswagen Settlement 
program. RTD will put these buses in service in 2023, depending on infrastructure engineering and 
facility design completion, to replace existing diesel buses serving the local fixed-routes operating out 
of the East Metro Division in Aurora, Colorado. Because the fixed-routes have different operating 
conditions as compared to the MallRide service, this initial deployment will serve as an important pilot 
program for determining how BEBs could operate and potentially be deployed throughout RTD’s 
system. 

2.2.3 Division-Specific Analysis 
The noted advantages, disadvantages, and potential for near-term and long-term BEB implementation 
are summarized for each of the seven bus transit divisions. All divisions are limited by the amount of 
crush capacity currently being used. Crush capacity refers to using a site to store and maintain more 
buses than what the facility is designed for. All divisions have issues with not being able to charge all 
buses to meet their block requirement, which is the time between when a bus leaves the garage and 
when it returns to the garage. As some bus blocks are longer than others, with the bus away from the 
garage for a significant part of the day, not all buses can be fully charged and ready for the next 
service day. This is known as a ”block failure issue” and varies by each division.  

Two scenarios, Typical and Conservative, were modeled to understand potential extremes as part of 
this analysis. These scenarios are based on a fully charged battery.  
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Key differences between the “Typical” and “Conservative” scenarios include:  

 Overall energy consumption based on route 
travel distance 

 Number of vehicle stops on a route 

 Heating, Ventilation, and Air Conditioning 
(HVAC) needs 

 Terrain 

 Powertrain 

The scenarios inform vehicle replacement ratio needs, 
charging requirements, and facility modifications and 
upgrades.  

Figure 3 shows the percentage of blocks complete for each division under the “Typical Scenario,” and 
Figure 4 shows the percentage of blocks complete for each division under the “Conservative 
Scenario.” 

Figure 3. Typical Scenario 
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Figure 4. Conservative Scenario 
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vicinity, resulting in a relatively compact layout for electrical infrastructure. The close proximity of bus 
parking in track lines eliminates the possibility for ground-mounted plug-in charging. Implementation 
will be more challenging if charging infrastructure is needed for crush capacity areas. Continued 
technology assessment, operational analysis, and charge management studies are needed to address 
the failed block issues. 

 

P la t te  D iv is ion  (RTD owned) 
Interior parking at the RTD Platte Division provides an existing structure to which overhead drop-down 
charging solutions can likely be implemented. Open, exterior space at the perimeters of the south and 
east buildings can be used for electrical infrastructure. Existing electrical service at the south property 
line indicates that additional electrical service dedicated to BEB charging could be located along 
Ringsby Court, resulting in a relatively compact layout for electrical infrastructure. Only some staging 
tracks have islands and close proximity of most track parking prevents ground mounted plug-in 
charging. Earthwork or platforms are likely needed for electrical equipment infrastructure due to the 
presence of slopes on the south and west sides of the building. Platte has the highest level of block 
completion rate, but at 59 percent under the Typical Scenario, there will still be a large service gap that 
requires technology assessment, operational analysis, and charge management studies to address the 
failed block issues. 

 

F i rs t  Trans i t  Commerce  C i ty  Div i s ion  (RTD contracted)  
First Transit Commerce City Division is not owned by RTD, but has the potential for a straightforward 
transition to BEBs. Rows for light poles can be used for columns supporting an overhead structure for 
support of drop-down plug-in charging or for pantographs above the bus. There is no apparent space 
for expansion beyond the existing number of buses. The potential area identified for low voltage 
electrical equipment will need to be expanded to accommodate needed equipment, which will eliminate 
parking spaces to the west. Because ground mounted plug-in charging is not realistic at this exterior 
parking site, an overhead structure will be required. Having one of the lowest block completion rates 
(49 percent completion rate under the Typical Scenario), it will require continued technology 
assessment, operational analysis, and charge management studies to address the failed block issues. 

East Metro Division Block Completion Rate 
Typical Scenario: 36% 
Conservative Scenario: 24% 

Platte Division Block Completion Rate 
Typical Scenario: 59% 
Conservative Scenario: 44% 
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F i rs t  Trans i t  Denver  D iv is ion  (RTD contracted) 
The First Transit Denver Division, a private contractor division not owned by RTD, has on-site capacity 
for displaced diesel buses for all implementation phases. Existing light pole aisles allow both ground 
mounted plug-in charges for some buses and structural columns of an overhead support structure. This 
facility has exterior track parking and will require an overhead structure for drop-down plug-in chargers 
or for a pantograph above the bus. Areas along the southeast property line are steep and will require 
earthwork or raised platforms to support the electrical infrastructure. The area along the southwest 
property line, currently used by NRV vehicles, will need to be eliminated for the proposed electrical 
infrastructure. Continued technology assessment, operational analysis, and charge management 
studies are needed to address the failed block issues. 

 

F i rs t  Trans i t  Longmont Div is ion  (RTD contracted) 
Ground mounted plug-in charging is possible at the First Transit Longmont Division, a private 
contractor facility not owned by RTD, and the facility has the potential for a fairly simple near-term 
implementation, with some conditions. The lease agreement and expansion can be challenging, 
particularly because of having an electrical provider other than Xcel at this facility. Existing site capacity 
is not conducive for increasing the number of buses or for installing needed infrastructure. Charging of 
crush capacity buses is more difficult and likely requires overhead drop-down plug-in dispensing due to 
current parking configurations. Given that only 52 percent of the blocks at this division are able to be 
completed under a Typical Scenario, continued technology assessment, operational analysis, and 
charge management studies are needed to address the failed block issues.  

 

Transdev Div i s ion (RTD contracted) 
The Transdev Division, a private contractor division not owned by RTD, consists of separated blocks of 
parking, requiring back-in parking and spaces needed to maneuver. The site is exterior, requiring a 
new overhead structure for drop-down dispensing. Columns needed for the overhead structure will 
interfere with bus maneuverability. On-site parking, an area for electrical infrastructure, and expansion 

First Transit Commerce City Division Block Completion Rate 
Typical Scenario: 49% 
Conservative Scenario: 15% 

First Transit Denver Division Block Completion Rate 
Typical Scenario: 54% 
Conservative Scenario: 23% 

First Transit Longmont Division Block Completion Rate 
Typical Scenario: 52% 
Conservative Scenario: 29% 
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to house a bigger fleet are all limited. Continued technology assessment, operational analysis, and 
charge management studies are needed to address the failed block issues. 

 

2.3  Next Steps and Recommendations 
As with any major capital plan and infrastructure program, should the agency elect to undertake a ZEB 
transition program, the next steps required include further analysis to develop RTD’s Rollout Plan and a 
more detailed Fleet Transition Master Plan. The analysis presented herein represents only the 
beginning of the process. Much more will be required as RTD revises its fleet management schedule to 
procure ZEBs and engages firms to design and build the needed infrastructure, while ensuring that 
such a transition program incorporates the most cost-effective options, especially with respect to their 
impacts on service operation and maintenance. A human resourcing and training strategy should be 
timed in parallel to detailing infrastructure needs as support staff requirements will change with 
transitioning to a larger ZEB fleet. 

Additionally, it is important to note that it is a complicated undertaking to completely transition a 
traditional fleet to a BEB fleet. The transition involves more than addressing technological and facility 
constraint challenges. Several other key factors need to be considered, including the financial 
implication and funding availability, contractual/agreement complications with service providers (both 
private operators and utility providers), policy implications, ridership projections, construction schedule 
and logistics uncertainties, etc. In anticipation of the capital challenge, RTD must begin the process of 
planning for funding, including tailoring its grant strategies based on its own needs and resources to 
leverage other available funding sources. 

Should it elect to commit to a ZEB transition, RTD will accordingly need to update and refine the 
information herein to develop both a Rollout Plan and its Fleet Transition Master Plan to address the 
following issues: 

 BEB and/or FCEB fleet mix at each division – Both a Rollout Plan and Fleet Transition 
Master Plan are necessary to address each agency’s specific needs and policy choices and to 
determine what is feasible for each. FCEBs, for example, could be more feasible due to 
concerns about range and length of its service blocks. The recommendations contained herein 
address what appears to be the most feasible and cost-effective means of implementing the 
mix of ZEB types for the agency. However, RTD staff and the Board will have to readdress 
these issues and determine whether these recommendations associated with feasibility related 
to costs, service requirements, availability, and staff support change as the agency 
implements its transition toward ZEBs. 

Transdev Division Block Completion Rate 
Typical Scenario: 26% 
Conservative Scenario: 11% 
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 Addressing incomplete service blocks – The preliminary service analysis revealed that 
many blocks cannot be completed when considering BEBs and FCEBs; meaning, staff and the 
Board will have to determine if it wants to continue to operate its fleet with conventionally 
powered buses, purchase additional BEBs to compensate for range deficiencies, restructure 
the bus service to accommodate these technological limitations (including equity 
considerations), implement charge management strategies, or invest in charging locations 
outside the division, such as on-route charging. These choices are rooted in the agency’s 
policies and plans outside ZEB considerations. This should include a charge management and 
fleet blocking strategy. Because construction, capital, operating, and maintenance costs vary, 
it is important early in the process to understand the up-front costs, the lifecycle costs (whole 
life costs with set service level and performance measures), and the savings of investing in 
ZEBs. 

 Collaboration opportunities – Whether purchasing buses via available state procurement 
schedules, seeking unexercised options on other transit agencies’ contracts, or employing 
other strategies such as joint procurements for opportunity charging, RTD can explore these 
and other options by engaging with other regional and local agencies. It important for all 
agencies to continue to participate in groups such as the ZEBRA working group, Colorado 
Association of Transit Agencies, Colorado Electric Vehicle Coalition and the transit 
subcommittee, the American Public Transportation Association’s Bus Technology Committee, 
and other industry working groups. 

 Cost – Adoption of ZEBs has many benefits, including potential vehicle lifecycle cost savings, 
which need to be further evaluated. However, the investment required for capital and change 
management across the system can be very expensive. RTD will have to be creative with 
funding mechanisms and sources to ensure that the transition to ZEB will not be detrimental 
to its operations and service while clear objectives and benefits should be set to measure cost-
benefit more accurately. Costs should be targeted at lowest whole life cycle costs while 
managing performance and risk, regardless of the technology chosen. 

 Phasing and transition – Transitioning to ZEBs without any service interruptions will be 
challenging due to the limited space for temporary construction and bus relocation. RTD will 
need to evaluate the viability of division-by-division or concurrent transition. Funding will likely 
be part of the decision-making for phasing. 

 Utility upgrades – For divisions or potential on-route charging that requires crossing over 
multiple jurisdictions with different utility providers, rate structures and protocols might be 
different. These nuances will make it challenging due to the variances in schedule and 
procedure. 

 Managing power demand – The transition to BEBs will require strategies to ensure that 
RTD can use power in the most cost-efficient way. Utility negotiations and demand modeling 
will be needed to determine methods to reduce peak demand. 
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 Uncertainty due to COVID-19 – COVID-19 has impacted all facets of our global economy 
and transit is no exception. During the pandemic, ridership and revenues have plummeted and 
impacted agencies’ budgets, which, in turn, have impacted capital programs and operations. 
Supply chain issues are also impacting vehicle and parts availability for all technologies, which 
increase costs. At this time, it is unclear what short- and long-term impacts will be for service. 
There is a possibility that ridership levels may not return to previous levels resulting in 
changes to procurement and funding. RTD will need to continue to analyze trends to 
determine service changes and plans. 

 RTD-contracted divisions – As noted, for divisions owned and operated by second and 
third parties, RTD will need to determine how the existing and future contractual agreements 
affect the overall feasibility for transition, considering factors such as ownership, funding 
allocation, site capacities, etc. 

 Safety assessment and safety plan – Fire occurs in all types of vehicles, but an electric 
vehicle fire, particularly one with a large battery, can be challenging to manage. Unlike petrol 
or diesel, an electric battery fire burns hotter and can take a long time to extinguish and emits 
toxins into the environment. The other is that with any new technology, there can be a 
perception that it is less safe than the old technology. Further assessment is needed to 
develop robust processes and systems to minimize safety risk from the adoption of the new 
technology. 

2.4  Summary of  Findings 
This analysis provides an overview of a number of key components to RTD’s ZEB transition, including 
current facility and fleet operation conditions, technological and infrastructural considerations, 
projected service and operational challenges, financial cost considerations, and high-level milestone 
and schedule development. 

Based on the results of this initial division-by-division assessment, all divisions, except Transdev, are 
considered viable for both near- and long-term BEB implementation under the right conditions. 
Nonetheless, long-term BEB implementation is still considered to be challenging, especially if the 
required bus replacement ratio is greater than 1:1. When operating at capacity, there is insufficient 
room on the existing sites to accommodate all the additional BEBs without making adjustments to the 
current service parameters. This means comprehensive operation analyses and charge management 
studies are required beyond just identifying the capital investments. 

Due to the rapidly evolving nature of ZEB technologies, it is possible that the findings and 
recommended approaches herein will be outdated within a few years. Therefore, it is important to 
approach the ZEB transition process in an iterative manner to minimize risk and to accommodate new 
developments in this constantly evolving market. 

As with any major capital plan and infrastructure program, should the agency elect to undertake a ZEB 
transition program, the required next steps include further analysis to develop RTD’s Rollout Plan and a 
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more detailed Fleet Transition Master Plan that complies with FTA Transition Plan requirements. The 
analysis presented herein represents only the beginning of the process. Much more will be required as 
RTD revises its fleet management schedule to procure ZEBs and engages firms to design and build the 
needed infrastructure, while ensuring that such a transition program incorporates the most 
cost-effective options, especially with respect to their impacts on service operation and maintenance. 
Additionally, it is important to note that it is a complicated undertaking to completely transition a 
traditional fleet to battery electric and involves more than the technological and facility constraint 
challenges. Several other key factors will need to be considered, including: 

 Title VI and equity 

 Human resourcing and staffing needs 

 Financial implications and funding availability 

 Contractual/agreement complications with service providers (both private operators and utility 
providers) 

 Policy implications 

 Ridership projections 

 Construction schedule and logistics uncertainties, etc. 

In anticipation of the capital challenge with transitioning to ZEBs, RTD must begin the process of 
planning for funding, including tailoring its grant strategies based on its own needs and resources to 
leverage other available funding sources.  
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3.  Battery Electric  Bus Faci l ity  Needs Assessment 
This analysis focuses on RTD-owned bus maintenance facilities and examines each to determine the 
potential effectiveness of deploying BEBs in the near-term, potential developments and impacts of BEB 
deployment in the long-term, and possibilities of modularized implementation.  

While this analysis focuses on BEBs as the primary alternative fuel source, it does so only to properly 
consider their complex and unique impacts and consequences on facility infrastructure, facility space 
planning, and general facility operations should RTD choose to implement them. This assessment is not 
intended to promulgate or recommend BEBs or any other alternative fuel source. Neither is it intended 
to be a comparison between BEBs and other alternative fuel sources. Instead, the intentions are to 
inform the practical matters concerning BEB implementation at RTD’s existing bus facilities, including 
their issues, impacts, and challenges. 

The analysis of each facility examines existing conditions and traffic/work flows within the facility to 
uncover any major issues that would either benefit or impede a BEB implementation plan. Any noted 
issues are further investigated and potential strategies identified to either mitigate or overcome them. 
The analysis also examines potential infrastructure and facility modifications and potential long-term 
BEB implementation at each bus facility. 

3.1  Background and Exist ing Condit ions 
The known information of the near-term BEB implementation allows preliminary determination of 
facility needs and resultant electrical and infrastructure needs. Additionally, certain “worst case” 
information can be generally assumed for the purposes of this high-level analysis. This provides some 
reasonable design flexibility during any possible design phase of a BEB implementation plan, while also 
providing a real benchmark for analysis and facility comparisons. The “worst-case” scenario information 
and the rationale are presented, along with the application to each site. 

RTD is currently acquiring 17 new 40-foot BEBs with 9 supporting chargers that will be housed at the 
East Metro Division. The chargers will be rated at 150 kW, have a daily/nightly charging time of at least 
4 hours, and the BEB batteries will have a gross capacity of 435–500 kWh. The systems will also use 
sequential charging, comply with a fast-charging standard, and use two manual plug-in charging areas 
on the bus, each within 5 feet of each end of the bus, one on each side. The buses will be equipped 
with auxiliary diesel-fueled/electric hybrid heaters (switching from electric to diesel when ambient 
temperatures reach a certain point) to help the chargers to last longer in cold weather. 

This facility assessment offers a modular BEB implementation based on the largest regularly and 
commercially available switchgear sizes from which a certain quantity of BEBs can be served. Smaller 
modules could be implemented, although the larger module assumption provides a worst-case scenario 
in terms of electrical demand that is also efficient (in terms of amount of switchgear equipment) for a 
future full build-out. This assessment defines a long-term BEB implementation module and shows how 
multiples of these modules will be required to convert a facility to 100 percent BEBs. However, it also 
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modifies this module to include a fast-charging system for the initial near-term BEB implementation of 
each facility. 

For bus battery capacity, 600-kWh batteries are assumed as the upper limit charging scenario based on 
the accepted 4-hour charging window using a 150-kW charger. While the specification calls for 435–
500 kWh battery capacity, it also allows the vendor the option of offering increased battery sizes. As 
such, an upper limit is not mentioned but is needed for the purpose of the analysis. At present, 
600-kWh buses are available but not widespread in the market; however, they are expected to become 
increasingly available in coming years. In contrast, 150-kW chargers are readily available at this time 
and generally represent the median expected performance of the market at the time of this writing.  

These two opposing extremes, large bus battery capacity and mid- to lower-charger output, are 
selected as the baseline for analysis because they should still result in a full bus charge within the 
expected 4-hour charging window. For a long-term BEB implementation, it also represents the 
maximum battery size of future long-term bus procurements that could still successfully be energized 
on the charging units installed in a near-term BEB implementation, while maintaining the 4-hour charge 
window. 

It should be noted that mixing different chargers, potentially with differing charge outputs, and mixing 
different buses with differing battery capacities are real possibilities in a long-term BEB implementation 
when public bid procurements are used. Mixed capabilities are likely to become more pronounced as 
the marketplace matures and products are further developed. To avoid adversely affecting any charge 
time window, RTD should consider both battery size and charger capability simultaneously in the event 
of any potential future bus or charger procurements. Chargers need to have an effective useful life 
benchmark and use whole life cycle costs for evaluation, in addition to understanding software on both 
vehicles and chargers. 
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Figure 5 shows a general timeline for implementation of a BEB module. 

Figure 5. Timeline for BEB Implementation Module 

 

3.2  Key Considerat ions and Bus Faci l i ty  Needs 
New, separate dedicated electrical service for BEB charging at all facilities is assumed and likely 
required by the power utility company (Xcel). The new electrical services are generally larger than the 
existing facility electrical service by comparison. Early coordination with the electrical utility company is 
critical. The impact analysis of scenarios should be tested and modeled during design changes. 

BEB implementation is recommended in a phased, modular approach based on standard commercially 
available switchgear sizes, with a quantity of phases offered to reach the full physical bus capacity of 
each facility. This is independent of the number of BEBs required to complete routes and blocks based 
on the electrification modeling work completed for RTD’s bus fleet. 

Some level of resiliency, or electrical supply redundancy, is needed to maintain service levels in case of 
power interruptions and emergencies. RTD will need to determine desired level and type of BEB 
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resiliency, as multiple policy driven factors could affect any resiliency strategy. Also, some levels of 
on-site resiliency may not be possible at all sites due to spatial constraints. 

RTD-owned facilities, the emphasis of this facility assessment for BEB transition, generally provide 
existing structure from which charging infrastructure can be suspended, but a detailed structural 
analysis will be needed for each facility. Some additional structure or construction modifications to 
existing facilities may be needed. 

Codes regarding housing of BEBs at indoor facilities are currently not in place, and this is likely to 
change in the future. 

3.2.1 Boulder Division 
Per high-level conversations with Xcel, power to the Boulder Division has more flexibility and capacity 
to potentially support BEBs but would require some upgrades that could take up to two years to 
implement. The structure at the interior parking may support drop-down plug-in solutions. Unlike the 
East Metro Division, the interior clear height does not appear to be sufficient to allow facility-mounted 
drop-down pantograph chargers. 

Chargers cannot be located at the interior of the parking structure and locating them outside is the 
likely solution. Due to the limited space, some additional multilevel structure may be required to fit all 
chargers. Because the garage is operating at crush capacity, room for temporarily displaced diesel 
buses during BEB infrastructure construction is limited and may pose operational issues for a time. 
Table 1 shows Boulder Division implementation phases based on electrical infrastructure. 

Table 1. Boulder Implementation Phases 

 

3.2.2 East Metro Division 
Per high-level conversations with Xcel, there is currently insufficient power for an expanded BEB fleet, 
and a new substation would be needed for the area. Xcel prefers the new substation to be located on 
the East Metro site and would require 6 to 10 years for implementation. Because there is probably 
insufficient space on the site for the substation, an off-site substation would be needed, further 
complicating planning and implementation of it with Xcel. 
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Interior parking provides structure that can potentially be used to support drop-down charging 
solutions. Some unused space at the perimeters of the parking area can be used for charging cabinets 
and switchgear locations, requiring relatively little building improvements compared to other sites. 
Clear interior height of structure may allow facility-mounted drop-down pantographs, which may be a 
less labor-intensive charging solution than manual plug-in charging. Table 2 shows East Metro Division 
implementation phases based on electrical infrastructure. 

The East Metro Division is considered viable for all implementation phases up to the designed bus 
capacity of the facility. As with all sites, the East Metro Division is considered difficult for any long-term 
BEB implementation that requires more buses than the facility can currently handle. Any building 
expansion onto adjacent properties may be difficult, and vertical expansion within the property is not 
realistic. RTD owns property adjacent to East Metro, which could be utilized for expansion, although 
approval from the municipality would be required. 

Table 2. East Metro Implementation Phases 
  

 

3.3  Summary of  Findings 
The Boulder site is considered viable for all phases of implementation up to the designed bus capacity 
of the facility. Similar to other facilities, Boulder is considered difficult for any Long-Term BEB 
Implementation requiring a number of BEBs beyond the facility’s capacity. Further facility expansion is 
not considered realistic. 

The Platte site is considered viable for all interior parked locations but becomes increasingly difficult for 
phases located exterior to the main building and more so when the facility approaches capacity. 
Additional structures and/or earthwork will likely be required for any of the initial phases, further 
complicating implementation to a degree. Readily available opportunities for facility expansion beyond 
current capacity are not present and would require significant effort. 

3.3.1 Platte Division 
Per high-level conversations with Xcel, there is currently insufficient power for an expanded BEB fleet, 
and a new substation would be needed for the area. Xcel prefers that the substation be located on the 
Platte Division site and would require 6 to 10 years for implementation. Because there is probably 
insufficient land at Platte Division for the substation, an off-site substation would be needed, further 
complicating planning and implementation with Xcel. 

There is insufficient interior space to locate chargers. Chargers will need to be located outside, likely 
with support structure to fit all of the needed infrastructure. Because there is insufficient interior space 
for facility-mounted drop-down pantograph solutions, drop-down manual plug-in is the likely charging 
solution. Configuration of exterior canopy covered bus parking will require additional electrical runs, 
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making future phasing more complex and potentially more expensive. Table 3 shows Platte Division 
implementation phases based on electrical infrastructure. 

Table 3. Platte Implementation Phases 

 

3.4  Implementat ion Strategies and Next  Steps 
3.4.1 BEB Facility Strategies 
The following subsections discuss suggested high-level strategies for a successful BEB implementation 
of all facilities, looking toward a 2050 planning horizon.  

Deve lop BEB Elec tr i ca l  Res i l iency Pol i cy 
It is suggested that, if it does not already exist, an RTD policy on BEB electrical resiliency (backup 
energy supply) be developed to address various levels of power outages, from minor blips to major 
outages lasting for prolonged time periods. Such a policy would likely address the amount (if any) of 
on-site battery storage systems required or preferred per site. It would likewise address the number of 
buses that would be backed up by this system and for how long. It should also address if, and under 
what circumstances, use of diesel or natural gas burning electric generators as BEB charge backup 
systems may be permissible. It is possible that this policy may be included with, or an extension of, any 
larger emergency preparedness plan. 

Coord ina te  wi th  Loca l  Ut i l i ty  Prov ider 
As the electrical service to any given site is anticipated to increase significantly, and the increase is 
expected to happen across at least seven sites in quick succession, it is imperative to coordinate with 
the local electrical provider as early as possible. Coordination between RTD and Xcel through the life of 
the near-term and systemwide long-term BEB implementations will be critical for success. 
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Coord ina te  wi th  Loca l  Code Enforcement  
Early coordination with local code enforcement authorities is highly suggested. As fire codes generally 
prohibit stationary lithium-ion battery installations greater than 600-kwH (approximately enough to 
charge two 60-foot buses), this potentially becomes a concern in two specific areas. The first would be 
installation of any lithium-ion backup battery system, and is a reasonable assumption meet code 
requirements. Second, while most codes do not currently address mobile (bus) lithium-ion batteries, 
this may change in the near future as increasing numbers of BEBs are deployed. The code officials may 
have requirements for fire protection of large numbers of BEBs being parked inside a facility. 
Alternatively, buses with other battery chemistries may be considered. 

Assess  Charge  Management  Sys tems 
Consideration should be given to implementing charge management systems. Such systems allow 
dynamically charging and maintaining charge over a large fleet. Certain systems can also aid in 
planning and bus/battery maintenance. As BEBs are implemented systemwide, and as buses are 
currently known to occasionally migrate from facility to facility as needed, consideration of deploying a 
systemwide charge management network is suggested and is assumed within the scenarios discussed 
below.  

3.4.2 BEB Scenario Development and Additional Considerations 
Four BEB scenarios were developed for comparative analysis purposes: 

 Baseline: No addition of BEBs to fleet; replace all vehicles with clean diesel 

 Build 1 Scenario: Replace all diesel vehicles with Hydrogen Fuel Cell Vehicles (FCEBs) 

 Build 2A Scenario: Replace all diesel vehicles with BEBs (no on-route charging) 

 Build 2B Scenario: Replace all diesel vehicles with BEBs (with on-route charging) 

The Baseline Scenario is used as a comparison of the three build scenarios and is not intended as a 
strategy for future implementation. The three build scenarios provide various options to fully transition 
the fleet to BEBs. The Build 2B Scenario involves strategically located on-route chargers to help with 
higher distance routes or longer blocks that require some charging during the day before the bus can 
return to the division for a full charge. 

All three build scenarios have a higher capital cost in terms of both vehicles and support infrastructure 
over the Baseline. The BEB scenarios match recent trends that other transit agencies have been using 
to meet ZEB goals and are overall less expensive than implementing FCEBs. Figure 6 presents vehicle 
capital costs by vehicle type for replacing the entire ICEB fleet.  
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Figure 6. Vehicle Capital Costs (Per Vehicle, 2021 Dollars) 

 

Figure 7 shows the total capital cost, in multiples over the baseline. 

Figure 7. Total Vehicle and Infrastructure Upgrade Costs 

 
*Note: Does not include land acquisition or utility connection costs. 

3.4.3 Next Steps 
In addition to the BEB facility strategies, RTD should pursue other activities in the near-term should it 
decide to transition its fleet to BEBs, including: 

 Implement the real-world testing of BEBs to validate modeling assumptions, which involves 
putting the incoming 17 BEBs in normal route service and gathering data from the operating 
performance of the buses and the charging capabilities in the transit service environment. 

 Determine interest in moving toward fleet electrification and/or if additional alternative fuels 
studies are warranted. 

 Complete additional phases of ZEB planning to comply with the FTA's Transition Plan 
requirements, including a comprehensive Rollout Plan.  
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 Identify funding and grant opportunities to develop future plans and to support 
implementation. Funding will be imperative to offset the nature of higher capital costs for ZEB 
buses and infrastructure.  

 Continually evaluate the evolution of ZEB technology and trends in ZEB implementation with 
other transit agencies. 
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4.  Bus Facil ity Condition Assessment 
Understanding the current and future long-term conditions of RTD’s existing bus maintenance facilities 
is an important consideration when looking out to the 2050 planning year horizon as a part of the 
Reimagine RTD process. The Bus Facility Condition Assessment provides, at a high-level, the long-term 
maintenance requirements for RTD bus maintenance facilities and a conceptual long-term plan for 
repairing and maintaining them.  

Additionally, a Space Needs Program provides a high-level analysis of projected future needs for bus 
maintenance facilities to support estimated ridership growth for the 2050 planning horizon. The Space 
Needs Program presents information about considerations and supporting space requirements for a 
new 250-bus facility and a 500-bus facility. 

4.1  Exist ing Condit ions  
4.1.1 Platte Division 
Despite its age, the Platte facility has generally been well maintained, even with the understanding that 
there are areas of the facility that obviously require more attention than others. The following key 
finding are associated with the Platte Division: 

 Due to the age of the building, it is recommended that RTD carry out a general structural and 
foundation analysis of the building in the coming years. This is suggested as a preventative 
measure aimed at finding any potential issues before they compound into something more 
significant.  

 Anecdotally, it is understood that the site was originally built on land that may not be ideal 
from a structural stability standpoint, and this seems likely with the site’s proximity to the 
Platte River. Observations of the condition of the concrete paving and column bases at the 
interior parking structure may support these concerns.  

 Consideration for the possibility of using the existing overhead structure to support additional 
conduits for bus electrification is recommended. In some areas, because these conduits can 
be quite large, a general structural analysis is warranted prior to any implementation. 

 For the Building Envelope, it was noted in the most recent Transit Asset Management plan 
that the roof was scheduled to be replaced in 2020, which was then pushed back to 2022.  

 For the Building Envelope, many of the windows and doors appear to be worn and in need of 
replacement sooner rather than later.  

 The vehicle lifts observed in the maintenance bays appeared to be past their prime and, 
therefore, in need of replacement. 
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4.1.2 District Shops 
District Shops is the newest facility, and as such, it is reasonable that the facility condition rating is 
above average. Project team members confirmed this at the in-person site visit. The following are key 
findings associated with District Shops:  

 The Repair and Replacement Schedule indicates that the most immediate needs are typical 
concrete work, ductwork, etc., with more critical needs scheduled later in the facility’s lifespan. 

 There are issues with some of the exterior doors at the northwest side of the building sticking 
and being difficult to open. It appears this could be caused by insufficient space for thermal 
expansion of the wall, but more in-depth analysis is needed.  

 Some interior remodeling work to the existing office spaces is ongoing, and staff indicated that 
further remodeling is planned. 

4.1.3 East Metro Division 
Similar to the Platte Division, the East Metro Division is generally well maintained despite its age. Also 
similarly, certain areas of the facility require attention, some of which is reflected in the Major Repair 
and Replacement Schedule. Key findings associated with East Metro Division include: 

 The age of the East Metro Division building points to the need for a general structural and 
foundation analysis in the near future, primarily as a preventative measure to discover and 
address any potential issues and avoid future complications. 

 The East Metro site is located on an old riverbed, and while there is no independent 
documentation of this, further investigation on the part of RTD seems prudent as further 
modifications to the facility are made. 

 There appears to be some settling and/or differential movement of the support walls of the 
maintenance pits, which over time has caused pit gratings to no longer be properly supported. 
As these walls support the vehicles themselves, the issue is critical. RTD is currently 
investigating this and work is planned. This issue may further point to the need for a general 
structural and foundation analysis. 

 Generally, the doors and windows of the facility appear to be worn and will be approaching 
the end of their useful life in the coming years. 

 Some wear and damage at the soffits above the various bus entries and exits of the main 
structure were noted but are largely cosmetic. 
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4.1.4 Boulder Division 
As with Platte and East Metro divisions, Boulder Division seems to be well maintained despite its age. 
Findings for the Boulder Division include: 

 There is an unused, empty storage structure under the floor of the parking area. This seems 
to be evident in the observable curvature of the slab. While issues with it were not specifically 
apparent at the time of the site visit, the presence of the structure, combined with the age of 
the facility, may elevate the need for a structural and foundation analysis.  

 There appeared to be evidence of site drainage issues, namely at the southeast parking areas. 
The extent of these issues and their causes would need a more in-depth analysis. 

4.2  Space Needs Program for  Greenf ie ld  Sites 
4.2.1 Existing Conditions 
The Space Needs Program is a preliminary high-level analysis of RTD’s projected future needs and an 
overall understanding of RTD’s existing facilities and their characteristics. The programs identified 
provide lists of the functional needs and resulting physical space requirements of possible future bus 
maintenance facilities. At a high level, the intent is to advise RTD on the real acreage needed for one 
or more new facilities, while simultaneously providing underlying justification for that real acreage. 
More specifically, the intent is to provide information to plan for one or more new facilities if, and 
when, needs are imminent and RTD starts the design process.  

Two programs are presented to help RTD plan for future facilities: one for a new 250-bus facility type 
and one for a new 500-bus facility type. A 250-bus capacity facility type would generally be considered an 
industry standard and is commensurate with the current capacities of RTD-owned facilities. Due to the 
projected needs of RTD out to 2050, a 500-bus capacity facility is also presented. Experience and 
industry knowledge have shown that 500-bus capacity facilities are much rarer but suitable for dense 
urban environments or otherwise where route efficiency (avoiding deadhead trips) can be maintained. 

It is expected that RTD will need multiple new facilities and may consist of all 250-bus capacity 
facilities, all 500-bus capacity facilities, or a mixture of both. 

4.2.2 Projected Fleet Growth 
Future facility quantities and individual facility capacities are a function of projected future bus needs. 
Bus needs are based on projected bus boardings, as well as diesel bus replacement ratios to buses 
with other technologies (should RTD elect to go forward with a different technology). The two 
technologies considered are BEBs and FCEBs. 

Bus boardings are forecast to increase approximately 93.9 percent by year 2050, from a baseline of year 
2020 numbers, per Appendix E of the 2050 Transportation System Mobility Performance Measures, taken 
from the DRCOG 20500 Metro Vision Regional Transportation Plan, adopted April 21, 2021. At a high 
level, it is simply assumed this 93.9 percent increase can be directly applied to the current RTD bus fleet 
quantities. Table 4 shows the existing bus quantities by division and the 2050 projection. 
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Table 4. Existing Bus Quantity by Facility and Total Fleet Projection Needs 

 

Notes: 
1 Bus capacity and quantity numbers are from RTD email, dated July 22, 2021. 
2 The number includes both existing BEBs and ICEBs at this site. 
3 Forecast from Appendix E of 2050 Transportation System Mobility Performance Measures, from the DRCOG 2050 Metro 
Vision Regional Transportation Plan, adopted April 21, 2022. 

With current technology, it is generally acknowledged that it is difficult to replace diesel buses with 
BEBs or FCEBs at a 1:1 ratio and that more BEBs or FCEBs will likely be needed to replace diesel buses. 
The actual replacement ratio can vary greatly depending on routes, weather, manufacturer, and if the 
supplied power is either electrical DC (BEBs) or hydrogen (FCEBs), as well as other factors. 
Additionally, any replacement ratio can be expected to change or be eliminated with future technology.  

The Reimagine RTD project team assumes a 1:1.1 diesel bus to BEB/FCEB replacement ratio, which 
can be a minimum useful ratio for high-level planning and to inform overall fleet needs and the types 
of system optimization that may be needed to minimize 1:1 replacements. While it is acknowledged 
there are differences in BEB and FCEB performance, using the same replacement ratio for both for a 
high-level planning effort is reasonable. An in-depth analysis on any proposed locations, routes, and 
bus technologies would be needed for a more precisely defined bus replacement ratio. Based on 
projections, the total required number of fleet vehicles for 2050 is 1,998 ICEBs and 2,198 BEBs or 
FCEBs. With the current fleet capacity of 1,229 buses at existing bus maintenance facilities, by 2050 an 
additional 969 new buses will need to be housed at RTD facilities.  
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4.2.3 Proposed Facility Sizes 
The high-level Space Needs Program examines a 250-bus capacity facility and a 500-bus capacity 
facility to provide two options for new facilities. While a 250-bus facility would be far more common, a 
500-bus facility in the United States is rare, but they do exist. For example, VIA in San Antonio, Texas, 
operates an approximately 500-bus facility, while NJT in New Jersey is currently planning a 500-bus 
facility. While currently uncommon, it does seem reasonable that 500-bus facilities may become more 
common due to projected ridership increases and increased urban densification resulting from 
population growth. Due to the number of buses in need of housing, a 500-bus facility does seem 
reasonable, as at least one of these facilities will have a significant impact, and two 500-bus facilities 
will house the larger anticipated 2050 fleet size. Table 5 compares some relevant metrics for the 
existing facilities and the proposed facilities, sorted by bus capacity. 

Table 5. Comparison of Bus Facility Site Metrics 

 
Notes: 
1. Bus capacities for each facility are provided by RTD. 
2. Facility size and site size are approximations from the project team. 
3. 500- and 250-bus capacity “Greenfield” sites are further developed in a separate report. 
4. This number for Platte includes the outdoor bus parking canopy as part of the Building Area. 

While the maximum fleet capacity for any facility should currently max out at 500 buses, other 
increments less than that, including the proposed 250-bus facility, can also be considered. The existing 
RTD facilities, both RTD-owned and contracted, can be examined to determine workable high-level 
requirements for other facility sizes. 
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4.2.4 Space Needs Program 
The Space Needs Program includes several major space type categories, such as Administration, 
Depot, Support Areas, etc. Each major category is further subdivided into individual space functions to 
justify and obtain an overall area for a new bus maintenance facility. 

Total space requirement for a 250-bus maintenance facility is approximately 1,138,710 square feet, and 
the total space requirement for a 500-bus maintenance facility is approximately 2,145,411 square feet. 

4.3  Conclusion and Next  Steps 
All existing RTD bus facilities are recommended to have a structural and foundation analysis in the 
near-term to determine long-term issues with the site. This is particularly important to complete before 
further investing in the buildings and/or making any upgrades required to transition to a full ZEB fleet. 
For the RTD-owned facilities, Platte and East Metro divisions have identified foundation issues that may 
need to be addressed or could cause the site to not be warranted for long-term use. 

The structural and foundation analysis should include an analysis of the RTD contractor-owned bus 
facilities and a discussion with the contractors regarding plans for long-term use of each facility. This 
analysis can then help guide future decisions about which bus maintenance facilities should be retained 
for future long-term use and if any existing sites may need to be replaced with a new facility. 

After the structure and foundation analysis is completed, the next step is to plan for the new bus 
maintenance facilities – “Greenfield Sites” – that will be needed to replace aging facilities and support 
the increase in the required bus fleet to meet the projected 2050 ridership demand. This should include 
the following actions: 

 Refine the type (BEBs, FCEBs, and ICEBs) and number of buses that need housing 

 Conduct a site location identification analysis 

 Provide high-level design of the facilities for the final sites 

It is important that this study include both RTD-owned and contracted sites. Partnering with the bus 
contractor companies will support a long-term path forward for both RTD- and contractor-owned 
facilities.  
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5.  Rail  Facil it ies 
As a part of Reimagine RTD, the project team assessed existing rail facilities to inform current and 
future needs. The study included identifying facility deficiencies and operational capacity limitations for 
future rail expansion. The study recommended changes to the existing rail vehicle maintenance facility 
infrastructure to meet the needs of the rail vehicle fleet over the timeline of the implementation of 
Reimagine RTD. 

RTD currently operates multiple light rail and commuter rail lines that serve the Denver metropolitan 
area. RTD runs a fleet of 267 rail cars, 201 light rail vehicles (LRVs) and 66 commuter rail vehicles 
(CRVs), with 60.1 route miles of light rail track and 61.35 route miles of commuter rail track. RTD 
began running light rail service in October 1994, and the first commuter rail line opened in April 2016. 
Figure 8 shows the existing RTD light rail and commuter rail system, as the service is operating in 
2022. This is the same as the service approved in the SOP.  
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Figure 8. RTD Rail System Map 
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5 .1  Exist ing Condit ions  
5.1.1 Commuter Rail Maintenance Facility 
The Commuter Rail Maintenance Facility (CRMF) is operated by Denver Transit Operators (DTO), a 
private contractor, over a 34-year concession period (2010–2044). The CRMF is located at 5151 Fox 
St., Denver, CO 80216. Covering approximately 30 acres, the site was built in 2015 with a public-
private partnership (P3) between Denver RTD and Denver Transit Partners (DTP), named Eagle P3. 
The Eagle P3, part of the RTD FasTracks public transportation expansion plan, was the first P3 
agreement for a full Design Build Finance Operate Maintain (DBFOM) transit public-private partnership 
in the United States. DTO is also responsible for the N Line commuter rail fleet, which uses the same 
vehicles. This is the only facility where CRV maintenance activities take place. The commuter rail 
system uses two other facilities, although neither facility is used for vehicle maintenance activities. The 
Steele Street facility is the primary Maintenance of Way (MOW) facility for the N Line, and the 711 
Building is the primary base for RTD commuter rail operations. 

The CRMF is currently sufficient in size for the existing fleet of 66 vehicles (33 married pairs), which is 
planned to meet the needs of the current commuter rail system and the eventual extension of the 
N Line to the North Thornton-Hwy 7 Station. The facility is not capable of handling additional vehicles 
and does not allow facility expansion, additional storage tracks, or maintenance bays. 

As the commuter rail system expands beyond the existing lines, an additional CRMF will need to be 
built to maintain the additional CRVs required for this service. An alternative approach to a new 
maintenance facility is to build an overnight storage and light maintenance facility at or near the outer 
end of the N Line in concert with the planned extension. It may be easier and less costly to locate 
property for maintenance facilities in the outer end areas and this will also save operations and 
maintenance costs by reducing the non-revenue CRV movements required to start and end service 
from the northern/outer end of the line. In either case, any new maintenance facilities should be 
designed to allow building and site expansion over time. 

5.1.2 Light Rail Maintenance Facilities 
There are two separate facilities for the maintenance of LRVs within the RTD system – Elati and 
Mariposa, both of which are owned and operated by RTD. The main facility for the light rail system is a 
125,000-square-foot facility referred to as Elati and located at 2701 S Elati St, Englewood, CO 80110. 
Opened in 2015, the facility functions as the service/inspection facility, light repairs, and storage yard 
for the entire LRV fleet. Mariposa, the heavy repairs facility located at 655 Mariposa St, Denver, CO 
80204, handles all the major equipment repairs and may store vehicles overnight when necessary. The 
primary MOW facility for the light rail line is the Rio Court Facility, less than 2 miles from the Mariposa 
Facility and approximately 7 miles from the Elati Facility. This facility is centrally located within the light 
rail system, allowing quick and efficient dispatching of teams. 
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The Elati Light Rail Maintenance Facility (LRMF) is currently over capacity and cannot handle any 
additional vehicles. Of the 201 LRVs in the system, this facility can comfortably handle 160 of them. 
Decreasing the number of vehicles here will increase the operational efficiency by decreasing the 
congestion in the yard and decreasing the number of vehicles that need to be cleaned, serviced, and 
maintained each day. The Elati Facility does not have adequate space for facility expansion, and the 
existing track and site layout does not allow additional storage tracks and maintenance bays to be 
added without decreasing the operational efficiency of the yard. 

An additional maintenance facility located within the light rail system should be considered even 
without increasing the overall fleet size due to existing capacity constraints. There is no plan to 
increase the LRV fleet as the remaining two planned light rail extensions (Central and Southwest) may 
be operated with the existing fleet. The additional facility can assist with the transition to low-floor or 
level boarding vehicles (as it could be designed to accommodate this newer type of vehicles only) and 
should be designed with future expansion in mind. A location in the northeast area of the light rail 
network can also help reduce non-revenue LRV moves as this can be the base for H, R, and possibly E 
Line trains. The new facility should be designed to allow building and site expansion. 

The Mariposa LRMF has similar issues as the Elati LRMF being limited by capacity for the work required 
for the current LRV fleet in addition to lacking adequate space to construct storage tracks and 
additional maintenance bays. Its position as the site for all heavy maintenance activities for the light 
rail system means that it relies on specific functions, currently being performed by inadequate and 
out-of-date equipment that needs to be overhauled or replaced. Therefore, it is recommended to either 
overhaul or replace the Mariposa Facility. If an overhaul of the Mariposa Facility is not desired, then a 
new LRMF for heavy repairs should be considered and the Mariposa Facility could revert back to a 
traditional maintenance and overnight storage facility. This could be useful as the base for the L and W 
Line trains, of which service is located near the Mariposa Facility. This would reduce the operations and 
maintenance cost of non-revenue moves to start and end service days. The Mariposa Facility could also 
serve as a backup control center if a new central control center is built. 

5.2  Next Steps and Recommendations 
5.2.1 Commuter Rail Maintenance Facility 

Capaci ty  Issues 

 Currently sufficient in size for the existing fleet, which is planned to meet the needs of the 
current commuter rail system and the N Line extension. 

 Not capable of handling additional vehicles. 

 No adequate space for facility expansion. 

 Existing track/site layout does not allow additional storage tracks to be added without 
decreasing the operational efficiency of the yard. 

 Additional maintenance bays cannot be added without removing storage tracks. 
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Recommendat ions 

 If the Electric Multiple Unit commuter rail system expands beyond the existing lines, an 
additional CRMF will need to be built to service the additional CRVs required for this service. 

 An alternative approach to a new maintenance facility is an overnight staging and cleaning 
facility at an outer end of one of the lines (such as the north end of the N Line extension) to 
help with the capacity issue and reduce non-revenue moves. 

 Any future CRMF should be designed to allow building and site expansion. 

5.2.2 Elati Light Rail Maintenance Facility 

Capaci ty  Issues 

 Overcapacity for maintenance capabilities at Elati Facility. 

 Elati Facility can comfortably handle 160 of 201 LRVs for overnight storage and regular 
maintenance activities. 

 No adequate space for facility expansion at Elati Facility. 

 Existing track/site layout at Elati Facility does not allow additional storage tracks to be added 
without decreasing the operational efficiency of the yard. 

 Additional maintenance bays at Elati Facility cannot be added without removing storage 
tracks. 

Recommendat ions 

 Consider an additional LRMF in the northeast area of the light rail network, such as the site 
near the Peoria Station, of which conceptual design work was completed with the I-225 Rail 
Extension. The new LRMF should be designed to allow building and site expansion. 

 A new LRMF could be designed to accommodate low-floor or level boarding vehicles only and 
help with the transition to a low-floor or level boarding fleet. 

 Design a new LRMF with long-term expansion in mind. 

5.2.3 Mariposa Light Rail Maintenance Facility 

Capaci ty  Issues 

 No storage tracks. 

 Lacking adequate space to construct storage tracks. 

 Lacking space to construct additional maintenance bays. 

 Major facility overhaul required. 
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Recommendat ions 

 Overhaul the Mariposa Facility to better handle heavy maintenance activities. 

 If an overhaul to the Mariposa Facility is not desired, then provide space at a new LRMF for 
heavy repairs and consider reverting the Mariposa Facility to a traditional maintenance and 
overnight storage facility or another function such as non-revenue vehicle maintenance. 

5.3  Summary of  Findings 
The RTD commuter rail and light rail facilities can support the fleet in the short term, although in order 
to support the projected increases in ridership over the Reimagine RTD planning timeline, additional 
infrastructure is needed to increase vehicle capacity. Projections for 2050 show increases of over 50 
percent in light rail and commuter ridership for the lines currently operating. This should eventually 
require the return of a full utilization of the RTD rail fleet as it was before COVID. 

The CRMF should be adequate to meet the existing commuter rail system, even with increases in 
ridership, although any expansion of service beyond the planned N Line extension will require 
augmented facilities. The LRMFs require both additional facility resources and updated equipment. With 
the Elati Facility running over capacity for the number of vehicles that are stored and maintained, an 
additional site should be studied. The Mariposa Facility needs to be analyzed for new equipment to 
better serve heavy maintenance, 
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