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Air, Climate, and Energy Linkages

• Major pollutants include nitrogen 
dioxides – triggering ozone 
formation – and PM2.5 (or fine 
particles) 

• Air pollution leads to asthma 
attacks and cause a range of other 
health issues such as heart attacks, 
strokes, lung cancer and even early 
death

Transportation sector is one of the biggest contributors to air pollution.

In the U.S., 5.1 million children and 20 million adults have asthma. 



• What are the air emission impacts of transportation decarbonization and 
electrification pathways at national, state, county and local neighborhood 
levels?
• When we capture drive cycles that are inherently distinct among city/urban and rural 

conditions, would we be able to see and identify hot spots areas or areas that are 
prime for emission reductions?

• Can this information be layered with GIS info to capture EJ issues, and reinforce just 
transition efforts?

• What would be national decarbonization pathways? 

• What would be the main drivers to initiate change?

• How much additional criteria pollutant reduction benefits can be observed?

Research Questions



What emissions benefits will 
battery electric medium-duty 
and heavy-duty vehicles 
provide?



Policies to Decarbonize Medium- and Heavy-Duty Sector

• Federal fuel economy standards: Heavy-Duty Greenhouse Gas Phase 2 rule and the 
Safer Affordable Fuel-Efficient (SAFE) Vehicles Rule

• Federal electric bus program

• CA Hybrid and Zero-Emission Truck and Bus Voucher program

• CA Low Carbon Fuel Standard

• CA 1 metric ton weight exemption

• CA Innovative Clean Transit Rule
• all bus sales ZEV by 2029

• CA Advanced Clean Truck Rule
• 75% Class 4-8 straight truck sales ZEV by 2035
• 40% of tractor trailer sales ZEV by 2035



Multi-State Medium- and Heavy-Duty Zero Emission Vehicle 
Memorandum of Understanding

• Non-binding agreement 

• Signed by 15 states and the District of Columbia in 2020

• 30% of medium- and heavy-duty sales to be ZEV starting in 2030

• By 2050, all medium- and heavy-duty sales to be ZEV

• Incentives, outreach/education, standards
• Removing weight barriers, utility corporation, enable increased use of public transit



EPA’s US Nine Region Times Database

Reference Energy System EPAUS9rT DATABASE

Background: MARKAL/TIMES modeling framework originally 
developed in 70s by BNL.  Continued development through the IEA 
ETSAP community.

Type: a dynamic, bottom-up, large-scale, linear optimization 
modeling framework for energy systems 

Developer:  US EPA/ORD 

Time Horizon:  2010 – 2055, 1,3, and 5-year increments

Spatial Resolution:  9 US Census Divisions

Sectors: Resources, EGUs, transportation, buildings, industrial

Main data source: DOE’s Annual Energy Outlook (AEO)

Pollutants: GHG and criteria air pollutants

Runtime:  30 mins

Requirements:  Desktop PC

Availability:  Developed and housed at EPA/ORD, publicly available SCENARIO Analysis



Scenario framework to analyze cross sector emission benefits

Policies No ZEV Target ZEV Target

No CO2 tax BAU ZEV

CO2 tax TAX ZEV+TAX

• 30% of the new truck and bus purchases in 
2030 to be “Battery Electric”

• 100% of the new truck and bus purchases 
in 2050 to be “Battery Electric”

• Interpolate linearly between 2030-
2050

ZEV target implementation

• Energy system level CO2 only tax
• $100 per ton of CO2 in 2025
• Increasing 5% per year

CO2 tax implementation

R1R2
R3R4

R5

R6
R7

R8R9



Updates to transportation emission representation

• EPA’s MOtor Vehicle Emission Simulator (MOVES)* - State-of-the-science emissions 
modeling system 
• Estimates air pollution emissions for criteria air pollutants, greenhouse gases and air toxics
• Covers onroad vehicles such as cars, trucks and buses, and nonroad equipment such as 

bulldozers and lawnmowers
• Does not cover aircraft, locomotives, and commercial marine vessels
• Incorporates the latest data on vehicle populations, travel activity, and emission rates as well 

as updated fuel supply information at the county level
• Improved modeling to better account for vehicle starts, long-haul truck hotelling, and off-

network idling
• Incorporated the impacts of the Heavy-Duty Greenhouse Gas Phase 2 rule and the Safer 

Affordable Fuel-Efficient (SAFE) Vehicles Rule

• Ran MOVES3 at state scale aggregated to nine-census region
• Gathered separate emissions factors for states 
• Updated MOVES2014 based national emission factors to regionally differentiated 

factors
• Weighted average based on state reported vehicle miles traveled

* https://www.epa.gov/moves

https://www.epa.gov/moves


Transportation sector input parameters and assumptions

• Demands: Annual Energy Outlook (2021)

• Fuel efficiencies:
• Light-duty: Annual Energy Outlook
• Heavy-duty: NREL or AFLEET2020 tool

• Costs:
• Light-duty: Annual Energy Outlook
• Heavy-duty: NREL or AFLEET2020 tool
• Battery electric trucks:

• Long-haul: $248,108 (Phadke, et al., 2021)
• Short-haul: $211,831 (Phadke, et al., 2021)

• Assumptions:
• No fuel cell technology/hydrogen economy
• Chargers available and fast enough for all subsectors
• Limited electricity storage



Fossil fuel consumption in medium- and heavy-duty transport

• The ZEV scenarios result 
in electrification of fleets

• Vehicle turnover, and 
increased push to 
purchase BEVs in this 
sector yields 66% 
reduction in fuel 
consumption

• Even with 100% fleet 
purchases in 2050 (ZEV 
scenario), there is some 
fossil fuel consumption



• ZEV scenario results 
in significant increase 
in electricity demand 
to power 
transportation sector
• ~15% increase in 

demand by 2050 for 
both ZEV and ZEV+Tax
scenario 

Changes in electricity consumption by end-use sector



Electricity generation by source

• Tax scenarios result in 
replacement of 
additional NG capacity 
with renewables

• Added electricity demand 
due to electrification of 
fleets, results in more 
renewables when there is 
carbon tax

• Interestingly, the 
additional electricity 
demand is met by 
increased NG capacity in 
ZEV scenario



• ZEV target results 
in marginal CO2 
decrease

• Observed further 
reductions in 
power sector and 
transportation 
sector when 
scenario included 
both tax and ZEV 
targets

CO2 Emissions by sector



• Without tax, increased 
ZEV target resulted in 
more NG capacity 
addition

• CO2 tax resulted in 
replacement of NG with 
renewables 

• Meeting ZEV target 
with CO2 tax resulted in 
net increase in 
renewables

Regional capacity expansion to meet increased demand



Regional NOx emissions in 2050National NOx emissions 2010-2050

• Without ZEV and/or tax, transportation sector 
is already on a path to significant reductions in 
NOx emissions due to implementation of 
various emissions and fuel standards



• Differences highly influenced by 
coal use in power sector

• Tax scenario resulted in some of 
the coal capacity to be retained 
and utilized –
• increased resource extraction 

and production 

• Region 6 - ZEV + Tax scenario
• Model finds it cheaper to keep 

some of the coal capacity and 
incur the tax

• All the scenarios meet the 
mandate along with air quality 
standards included in the model 

PM2.5 emissions in 2050 by region



General 
Insights

Mandating electrification of the heavy-duty 
transport sector will result in net CO2 benefits
despite increasing electricity demand

NOX, SO2, and PM2.5 benefits from transportation 
is not significant compared to reductions seen in 
resource and electric sector

Even marginal decrease in transportation NOx and 
PM2.5 could have impacts since these emissions 
are happening close to population centers

A carbon tax of $25/ton CO2e or higher can 
reduce emissions but is not essential for the 
mandate to have benefits



Future Directions for 
COMET and applications



• COMET can aid city officials and their stakeholders 

better design policies to reduce emissions. 

• Cities like NYC have set ambitious greenhouse gas 

reduction targets, now they have a tool to inform 

those decisions 

Through scenario analysis, COMET can:

• Model a pre-specified energy system scenario

• What would be system-level interactions if we 

add off-shore wind to the grid? 

• The model can provide insights on unintended 

environmental consequences and potential co-

benefits of changes in the energy system

• What would be the air emissions impacts of 

electrifying school bus fleets?

• How much energy and cost savings observed if 

we change all lights in buildings to LED?

City Scale – Climate Change – Greenhouse Gas Mitigation

https://www.epa.gov/air-research/city-based-optimization-model-energy-technologies-comet

https://www.epa.gov/air-research/city-based-optimization-model-energy-technologies-comet


• Integrated framework to better understand socio-economic 
trends in the borough and its relation to energy transitions

• Translating cost and emission impacts of energy 
technologies from borough to zip code level

• Linking emission savings to health benefits
• With a goal of understanding of UHI, AQ, GHG and energy 

implications of energy retrofits in buildings and 
transportation

Integrated modeling system for 
understanding relationships between 
climate change and community level socio-
economic and political factors 

COMET can aid decision making for 
various regional programs

Current Work in Progress

• Formation of stakeholder advisory groups 
– clusters of cities in Northeast key to 
subnational climate policies, and 
intersection with air, energy and climate

• Developing custom versions of COMET to 
other locations to assist program and 
regional offices with various programs



Integrated modeling system to analyze relationships between climate change 
and community level socio-economic and political factors 

• Estimating changes in economic structure and activities in NYC and Brooklyn
•Input: Shift-share analysis of employment by industry for US, NYC metro and Brooklyn, 2000-2020 → Output: Index of NYC 
and Brooklyn economic activity

NYC metro and Brooklyn economic activity

• Estimating change in economic activity by industry
•Input: GRPs by industry → Output: Annual change in economic activity by industry

Economic activities

• Estimating the changes in personal income (retail spending) and demand for housing
•Input: Economic activity change and employment numbers → Output: Change in employment by industry for Brooklyn 
residents

Employment by industry

• Estimating the changes in personal income and demand for housing
•Input: employment, age cohorts, mortality, birth and migration rates → Output: Change in population for Brooklyn

Demographics

• Estimate change in commercial activity
•Inputs: consumer expenditures and population change → Output: Change in consumer spending

Commercial activity

• Estimating number of housing units
•Inputs: total housing units, vacancy rates, changes in population → Output: Change in demand for housing

Housing

• Collaborating with CUNY to design an integrated framework to better understand socio-economic trends in the borough 
and its relation to energy system changes

• CUNY built a System Dynamics Model for NYC Metro area and Brooklyn to capture socio-economic trends in the borough
• Outputs from the system dynamics model will inform COMET’s inputs on housing and commercial space demand and 

population 
System Dynamics Model Components



1. Model a pre-specified energy system scenario
- Technology penetrations are determined a priori 
- COMET tracks outputs, e.g., fuel use, GHG and 

pollutant emissions, water use

2. To prescribe a least cost energy system
- User provides constraints (e.g., emission limits, energy 

demands)
- COMET identifies the least cost strategy for meeting the 

constraints

3. Examine the sensitivity of the least cost 
pathway to the:

- application of new policies
- introduction of new technologies

- changes to fuel prices or fuel availability

4. Examine very different scenarios of the future

How can COMET be used…?

• Air quality management 
• Pathways to attainment
• Peak load shaving 
• Energy efficiency and renewable energy
• Electricity generation capacity 

expansion
• Building energy technology evaluations
• Transportation futures, impacts on air 

quality
• Growth of emissions from heavy 

manufacturing sectors

Potential applications…



Electrifying long-haul freight trucking may soon become a cost effective and practical 
component of strategies to decarbonize the transportation system, a result of 
technology advancements that are reducing lithium-ion battery costs and allowing 
much faster charging times. While battery-electric trucks have zero tailpipe 
emissions, the associated increase in electric sector grid emissions could offset a 
portion of these reductions. This study utilizes USEPA’s nine region TIMES model 
(EPAUS9rT) to assess the cross-sector carbon dioxide (CO2) and criteria air pollutant 
emissions impacts of a multi-state, medium- and heavy-duty zero-emission vehicle 
target in the United States. Results suggest that transitioning to 100% zero-emission 
medium- and heavy-duty vehicles by 2050 without any CO2 tax would result in net 
CO2 emission benefits despite increasing electric sector emissions, even in portions 
of the country with higher percentages of coal and natural gas. 

Abstract



We welcome any questions and comments.

Thank you for your interest

Ozge Kaplan, PhD (PI)

Kaplan.Ozge@epa.gov

919-541-5069

Kaplan and Isik (2020) City-based Optimization Model for Energy Technologies: COMET - New York City Documentation. EPA 
600/R-19/124. February 2020. https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=CEMM&dirEntryId=348535

https://www.epa.gov/air-research/city-based-optimization-model-energy-technologies-comet
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