
A Modeling Framework for Evaluating the 
Environmental, Health, and Equity Impacts of 

Large-Scale U.S. Transportation Energy Transition
April 29, 2024

C. Anna Spurlock

BILD A

BILD AQ Contributors:
Xiaodan Xu, Ling Jin, Yuhan Wang, Corinne Scown, Wilson McNeil, Carlos Guirado, and C. Anna Spurlock, Lawrence Berkeley National Laboratory (LBNL)
Karen Ficenec, Catherine Ledna, Vikram Ravi, Lily Hanig, and Eric Wood, National Renewable Energy Laboratory (NREL)



Acknowledgements
This work was authored by researchers at Lawrence Berkeley 
National Laboratory, which operates under Contract No. DE-
AC02-05CH11231 with the U.S. Department of Energy (DOE) 
and the National Renewable Energy Laboratory, operated by 
Alliance for Sustainable Energy, LLC, for DOE under Contract 
No. DE-AC36-08GO28308. 

Funding provided by the U.S. Joint Office of Energy and 
Transportation (JOET). A portion of this research was 
performed using computational resources sponsored by the 
U.S. DOE’s Office of Energy Efficiency and Renewable Energy 
and located at the National Renewable Energy Laboratory. 

The views expressed in this presentation do not necessarily 
represent the views of JOET, DOE, or the U.S. Government. 



• Estimate the air quality emissions 
concentration and mortality benefits, 
and to whom they accrue, of: 

• alternative fuel refueling infrastructure 
deployment

• power generation decarbonization
• alternative fuel vehicle adoption incentives 

(rebates, tax credits, technology costs, etc.)

• Primary application so far: the 
Bipartisan Infrastructure Law-funded 
EV infrastructure deployment and 
Inflation Reduction Act incentives.

Goals and Overview

• Integrated modeling framework, 
known as Benefits of Infrastructure 
in Large-Scale Deployment: Air 
Quality (BILD AQ)

• Major features of BILD AQ:
• Geographic scope: full United States; 

spatial resolution at census tract level 
(with 11-state WECC region example).

• Evaluates passenger vehicles for now, 
with heavy-duty vehicles able to be 
incorporated.

• Incorporates spillover effects of EV 
adoption, operation, and grid dispatching 
across states.

Goals Approach



BILD AQ Workflow

Grid scenariosState plan input 
scenario

Change in EV 
adop�on in 
surrounding regions
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generated by EV vs ICE 
vehicles in surrounding tracts
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road vehicle 
emissions

Change in charging load 
profile

Change in grid 
emissions
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(ambient PM2.5 concentra�on 
[µg m-3 ]) by census tract

Changes in health metric (e.g., 
Health Burden [mortality])

EVI-Pro

Cambium
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EV adoption scenarios:
• Baseline: Infrastructure deployed at current 

(2022) levels.

• National Electric Vehicle Infrastructure 
(NEVI) program: Charging infrastructure 
deployed under proposed NEVI plans 

• Inflation Reduction Act (IRA): purchase 
incentives

• Considers build-out of infrastructure in 
neighbor states

Electric Vehicle (EV) Adoption
EV Adoption Change Compared to Baseline (%)

The Transportation Energy & Mobility 
Pathway Options (TEMPO) model is 
used to estimate EV adoption.*Preliminary results



Electric Vehicle (EV) Adoption

The Transportation Energy & Mobility 
Pathway Options (TEMPO) model is 
used to estimate EV adoption.

EV Adoption and Penetration Change by State
• Overall 3.3% increase 

in EV adoption across 
the WECC region. 

• Increase in the share 
of the fleet made up 
of EVs is larger in 
DACs compared to 
non-DACs in a 
majority of the states, 
the exceptions being 
ID and WY.

*Preliminary results



EV VMT penetration:
• Simulate passenger VMT using a four-step approach:

• Generate trips based on land use typology and income 
group.

• Apply destination choice model

• Apply shortest path for through traffic.

• Allocate observed VMT to home tract.

EV Vehicle Miles Traveled (VMT)

EV VMT Penetration Change Compared to Baseline (%)

NAVIGAT

• Across the whole WECC region EV 
VMT increased 8.1% compared to the 
2030 Baseline. 

• Electrified VMT increases 8.5% in DAC 
tracts and 7.8% in non-DAC tracts.

*Preliminary results



On-road emission model with 
InMAP Source-Receptor Matrix 
(ISRM):
• Key inputs: 2017 on-road emission inventory from 

the U.S. Environmental Protection Agency 
allocated to ISRM grids; change in VMT by tract, 
powertrain type, and scenario.

• Generate changes in on-road vehicle emissions in 
each ISRM grid using a difference in VMT 
approach.

On-Road Emissions

On-road Emissions Change

• All pollutants reduced from on-road 
emissions.

• Per-capita reductions are larger in 
Non-DAC tracts compared to DAC 
tracts.

*Preliminary results



Charging load from Electric Vehicle 
Infrastructure – Projection (EVI-Pro):
• TEMPO’s EV adoption rates are used as EVI-Pro Lite 

inputs.
• Estimate 15-minute charging load in a day, with 

temperatures and charging strategy as inputs.
• Hourly EV charging loads in and around urban areas 

are aggregated spatially to balancing areas on the grid.

Electricity Generation and Grid Emissions

Charging Load Change

EVI Pro Lite: Load profile tool

• Charging load increases in majority of 
balancing areas in WECC region, 
some as high as 200 MW during a 
typical weekday peak hour.

*Preliminary results



Grid emissions from McGrid model:
• Use load profile change from EVI-Pro Lite and Cambium grid 

scenarios.
• Electricity load proportionally allocated to power plant locations 

across the United States based on the shared marginal generator to 
estimate annual emissions. 

• IRA Scenario: includes clean energy incentives for greening the grid 
included in the IRA as characterized by the new Cambium grid 
scenarios for the scenario results, compared to a baseline without 
those investment.

Electricity Generation and Grid Emissions

Annual Primary Power Plant PM2.5 Change

Cambium and McGrid Model
*Preliminary results



Electricity Generation and Grid Emissions

Cambium and McGrid Model

• Power generation from biomass, 
nuclear and renewable plants 
increase slightly more in relative terms 
in power generating units located in 
DAC regions compared to non-DAC 
regions.

• This results in relatively comparable 
increases in emissions across various 
pollutants from power generating units 
located in DAC regions compared to 
non-DAC regions.

*Preliminary results



Air quality and health outcomes using 
InMAP:
• Transport and transformation of pollutants and resulting 

mortality are modeled using InMAP.

Air Quality and Health Outcomes
Decrease in PM2.5 Concentrations From NEVI and IRA (μg/m3)

*Preliminary results



Air Quality and Health Outcomes

Changes in All-Cause Mortality
• Significant improved PM2.5 

concentrations, especially in more 
populated regions.

• Mortality benefits across full WECC: 
97 avoided deaths per year by 2030 
(1.2% of premature deaths in the 
region due to transportation 
emissions)7. 

• In population normalized terms, DAC 
regions experience proportionally 
higher mortality benefits than non-
DAC regions.

*Preliminary results



Highlights:
● Demonstrated the full chain impacts of large-scale EV charging deployment, EV 

adoption and EV clean power generation incentives on EV adoption, operation, 
emissions, air quality, and health outcomes.

● Populations living in DACs avoid more deaths per million people than those in non-
DACs under the NEVI plus IRA scenario. 

Future work:
● Extending analysis out to 2040 and refining some of the analyses

Highlights and Future Work
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