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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 estimate emissions ramifications 
various future scenarios developed and analyzed for the plan.
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Initial travel demand modeling efforts produced metrics related to estimated or forecasted travel 
behavior. Subsequently, estimates of emissions were requested for several scenarios for a high-level 
analysis of the impacts of changes to transit services and assumptions. Because the analysis was 
intended to provide only high-level estimates, a low level of effort for estimating emissions was 
requested. Cambridge Systems recently developed estimates of emission rates (per vehicle-mile 
traveled [VMT]) for the City and County of Denver. For RTD Reimagine, these same “off-the-shelf” 
emission rates were applied to Reimagine scenarios. This memo presents the methodology, application, 
and results of the GHG modeling effort for Reimagine. 

1.  Emission Rates Methodology 
To conduct the emission rate analysis, MOVES3 software was run on inventory mode using the default 
national database, with default state and local allocation factors. Denver County, Colorado was selected 
as the geographic bound, and 2050 was selected as the analysis year. To develop emission rates, 
outputs were generated by vehicle source type for the following:  

 VMT (activityTypeID 1)  

 CO2 equivalent (pollutantID 98)  

 NOx (pollutantID 3)  

 VOC (pollutantID 87)  

 Exhaust PM2.5 (pollutantID 110)  

 Brakeware PM2.5 (pollutantID 116) 

 Tireware PM2.5 (pollutantID 117)  

During post-processing, emissions from “off-network” activity (RoadType 1), such as vehicle starts and 
off-network idling, were omitted to specifically estimate running emissions. Running emission rates 
were then calculated by source type by dividing the total running emissions by VMT.  

 Emissions rates for light-duty vehicles were calculated as a weighted average of Passenger 
Cars (SourceType 11), Passenger Truck (SourceType 21), and Light Commercial Truck 
(SourceType 32).  

 Emission rates for medium-duty trucks were calculated as a weighted average of Refuse Trucks 
(SourceType 51), Single Unit Short Haul Trucks (SourceType 52, Single-Unit Long Haul Trucks 
(SourceType 53), and Motor Homes (SourceType 54).  

 Emission rates for heavy duty trucks were calculated as a weighted average of Combination 
Short-Haul Trucks (SourceType 61) and Combination Long Haul Trucks (SourceType 62).  
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As a final step, because MOVES3 does not assume any electrification in its default assumption, 
emissions rates were adjusted to account for anticipated electric vehicle (EV) adoption. Rates were 
developed for the following three scenarios: 

 Minimum Adoption 

 Baseline Adoption  

 Maximum Adoption 

Table 1 details the assumed EV adoption across vehicle classes and the basis of those assumptions. 

Table 1. 2050 Electric Vehicle Adoption Scenarios and Assumptions 
Vehicle 
Class 

Today Minimum Baseline Maximum Notes 

Light Duty 
Vehicles 

7.5% 28% 83% 100% Minimum value sourced from the NREL Electrification 
Futures Study’1 “Medium Adoption” scenario. 
Baseline value sourced from Colorado EV Plan2 
target of 940,000 EVs by 2030, with assumed 100% 
electric sales by 2040. Maximum value is illustrative.  

Medium 
Duty 
Trucks 

0.9% 25% 66% 91% Minimum value sourced from the NREL Electrification 
Futures Study “Medium Adoption” scenario. Baseline 
value is based on estimates from the Colorado 
Medium and Heavy Duty Study3, under a scenario 
where Colorado adopts California’s Clean Trucks 
Rule. Maximum value is based on the “Aspirational 
100x40” scenario from the same study.  

Heavy 
Duty 
Trucks 

0.0% 9% 66% 91% Same as Medium Duty.  

Since EVs do not produce any tailpipe emissions, all emissions rates (except PM2.5 emissions from 
tireware and brakeware) are adjusted according to the EV adoption. Even under a life-cycle approach 
for greenhouse gases (GHGs), Denver’s electricity grid is planned to be powered by 100 percent 
renewable energy by 2030 according to Office of Climate Action, Sustainability, and Resiliency (CASR)4. 
Therefore, it can be assumed that EVs traveling on the roadway will not be producing any GHG 
emissions. 

 
1 https://www.nrel.gov/docs/fy18osti/71500.pdf 
2 https://energyoffice.colorado.gov/zero-emission-vehicles/colorado-ev-plan-2020 
3 https://energyoffice.colorado.gov/press-releases/polis-administration-releases-new-colorado-medium-and-

heavy-duty-vehicle-study 
4 https://denvergov.org/files/assets/public/climate-action/cpf_fiveyearplan_final.pdf 
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Table 2 displays the final emission rates of local pollutants in milligrams per mile, and Table 3 
displays the final emission rates of carbon dioxide equivalent (CO2e) in grams per mile, both adjusted 
for electrification by scenario.  

Table 2. Milligrams of Pollutant per Mile (2050), Adjusted for Electrification 

Vehicle Class 
Today Minimum EV 

NOx VOC PM2.5 NOx VOC PM2.5 

Light Duty 6.8 28.8 5.5 4.8 20.7 5.2 

Medium Duty 809.5 108.6 18.4 608.8 81.7 17.1 

Heavy Duty 2424.1 94.9 35.2 2,203.5 86.2 33.4 

Vehicle Class 
Baseline EV Maximum EV 

NOx VOC PM2.5 NOx VOC PM2.5 

Light Duty 1.2 4.9 4.6 0.0 0.0 4.5 

Medium Duty 275.2 36.9 15.0 72.9 9.8 13.7 

Heavy Duty 824.2 32.3 22.6 218.2 8.5 17.9 

Table 3. Grams of CO2e per Mile (2050), Adjusted for Electrification 

Vehicle Class 
Today Minimum EV Baseline EV Maximum EV 

CO2e CO2e CO2e CO2e 

Light Duty 259.5 186.0 44.4 0.0 

Medium Duty 822.3 618.4 279.6 74.0 

Heavy Duty 1239.9 1,127.1 421.6 111.6 

2.  Application of Emission Rates for Reimagine 
Since the Reimagine scenarios did not assume any changes to the electric fleet mix, all GHG estimates 
assumed “Today” levels of electric fleet adoption. It was most important that the rates remain constant 
across all scenarios to isolate the impacts of service changes and related assumptions, alone, on 
emissions. 

3.  Emission Results by Scenario for Reimagine 
Emissions were estimated for five scenarios: 

1. Today (2020 pre-pandemic conditions) 

2. Today (2020 pre-pandemic conditions)with all transit service frequency doubled 

3. 2050 Baseline 



Mode l ing  Greenhouse  Gas (GHG) Assumpt ions  

  

 4  

 

4. 2050 Baseline with a High Transit Investment network 

5. 2050 Baseline with a High Transit Investment network and frequencies doubled 

Table 4 presents the results of the model effort for each of these scenarios. 

Table 4. Total Emissions (annual million metric tons) by Scenario 
Emission
s 

2020 Baseline 2020 w/ 
Doubled 

Frequency 

2050 Baseline 2050 High 
Transit 

Investment 

2050 High 
Transit 

Investment w/ 
Doubled 

Frequency 

CO2e  7.9 7.9 12.2 12.2 12.1 
NOx   1.9 1.9 2.8 2.8 2.8 
VOC  0.9 0.9 1.3 1.3 1.3 
PM2.5  0.2 0.2 0.3 0.3 0.3 

 

As shown in Table 4, emissions reduce less than 1% for any scenario, even with significant increases in 
transit service. This shows that transit alone will not solve air quality concerns. Other modeling efforts 
showed that electric vehicle fleet conversion and disincentivizing driving are the two most effective 
changes that result in lower emissions. In the case disincentivizing driving, the consequences are 
higher costs for transportation, which leads to lower mobility and accessibility. It is important that 
other low-cost, efficient transportation options be provided as an alternative to driving. While transit 
alone will not solve air quality concerns, it should be considering an important part of the solution. 
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