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The world faces an urgent climate crisis and existential
threat driven by greenhouse gas emissions. The United
States has committed to reducing emissions by 50% by
2030 and achieving net-zero emissions by 2050 as part of
a global concerted effort.

dThe transportation sector, responsible for over a third of
U.S. emissions, presents both challenges and
opportunities.
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O U.S. power grid relies
heavily on fossil fuels, with
coal and natural gas
accounting for 60% of the
total electricity generation
of about 4,200 TWH.

d Of the total 1,186 GW
installed capacity, only 39%
comes from non-GHG
sources like nuclear, wind,
hydro, and solar.

US Electricity Generation Mix (2023)

US Installed Capacity by Type in 2023
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Natural Gas

Coal |GG 180.8

Wind [ 147.6

Source: US Energy Information

5083 42.8% 0035(2024/10)
e, . (]

Administration (EIA), October 2024
Monthly Energy Review, DOE/EIA-

Hydro [N 103.3
Nuclear |ENNNNNNNN 957 8%
Solar 913 7.7%
Petroleum B 29.1
Biomass W 12
Battery Storage WM 15.4

Geothermal | 2.7

0 100 200 300

US Net Electricity Generation by Source in 2023

(Terawatt-hours)

Natural Gas

Biomass M 47 (1.1%)
Petroleum 1 16 (0.4%)
Geothermal

Other Gases | 11 (0.3%)

1,802
43.2

Nuclear GGG 775 (18.6%) (43.2%)

Coal M 675 (16.2%)

Wind s 425 (10.2%)

Hydro MEEEEEN 234 (5.6%)

Solar 165 (3.9%)

16 (0.4%)
0 500 1000 1500 2000




Q

E DRl e s, " 2025

conference on systems engineering research

The transportation sector is the largest
contributor to US GHG emissions,
accounting for about 39%, followed by
the electricity sector at 30%.

Light-duty vehicles (cars and SUVs)
account for nearly half of the emissions in
the transportation sector, while medium
and heavy-duty vehicles add another
significant portion.

Likewise in the electricity sector, 99% of
the GHG emissions are due to the burning
of coal and natural gas.

The emissions of the electricity sector is
allocated to the other economic sectors in
proportion to their electricity
consumption.

US GHG Emissions by Sector (2023)
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Number of BEV and PHEV on the Road in 2023
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LThe US lags behind global EV leaders such as

China and the European Union, with only 4.8 china NN o
million EVs on the road compared to China’s

22 million and EU’s 11.2 million. Europe TS .’
UThe market share of light-duty electric
vehicles in the US, which was 6% in 2022, is us TS i
projected to attain 13%-29% range depending
on the price of oil during 2030-2050 period. Rest 26
Projections indicate that by 2030, over 26.5
million or 10% of the vehicles on US roads will (millions of vehicles)
be light duty electric vehicles. source: [EA Global EV Outiook 2024
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U EVs themselves do not produce emissions, but
the electricity used to charge them leaves a

carbon footprint depending on the mix of the
sources used in generating it.

Are EVs Truly Clean?

U A vehicle charged in Vermont, where clean energy plays a

major role, results in far fewer emissions than one charged
in coal-reliant West Virginia. The overall impact of EVs must
be evaluated not just by the number on the road, but also
by the carbon intensity of the electricity they consume.

Assumptions Used in Calculating Emissions of EVs and Light Duty Gasoline Vehicles

ELECTRIC VEHICLE GASOLINE VEHICLE

Vehicle Miles Traveled Annually (VMT) ! 11,579 miles

Average Energy Consumption 2

Annual Consumption/Vehicle 4,006 KWH

1. Average annual vehicle miles traveled for light duty vehicles 2019,
Transportation Energy Data Book, Edition 39, 2020

2. Based on the average consumption of 231 light-duty EVs produced during 2000-2022 and

tracked by EPA’s fueleconomy.gov.

34.6 KWH/100 miles

Vehicle Miles Traveled Annually (VMT) ! 11,579 miles
Average Tailpipe CO, Emission 2 0.4 KG/mile
Annual CO, Emission/Vehicle 4,632 KG

1. Average annual vehicle miles traveled for light duty vehicles 2019,
Transportation Energy Data Book, Edition 39, 2020

2. EPA estimates, Tailpipe Greenhouse Gas Emissions from a Typical Passenger
Vehicle, https://www.epa.gov/greenvehicles/greenhouse-gas-emissions-typical-
passenger-vehicle



https://tedb.ornl.gov/wp-content/uploads/2021/02/TEDB_Ed_39.pdf
https://fueleconomy.gov/
https://www.epa.gov/greenvehicles/greenhouse-gas-emissions-typical-passenger-vehicle
https://www.epa.gov/greenvehicles/greenhouse-gas-emissions-typical-passenger-vehicle
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EMISSIONS due to CHARGING ELECTRIC VEHICLES from the GRID

CO, Emissions = (Annual Energy Consumption/EV) x (CO, Output Emission Rate for the State) ! x (No. of EVs Registered in the State)

1. The CO, Output Emission Rate is the amount of CO, generated in producing a unit of energy using the generation mix of the power plants in each State.
https://www.epa.gov/egrid/data-explorer.

EMISSIONS due to TAILPIPE EMISSIONS from GASOLINE VEHICLES

CO, Emissions = (Annual Tailpipe Emission/vehicle) x (No. of GVs Registered in the State)



CO, Total Output Emission Rate by State - 2022
(Ib/MWh)
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CO, Emission Rates depend on the generation mix of each State. States with more fossil-fueled generation emit more CO2.

ALABAMA

MONTANA 1,023
NEBRASKA 1,097

ALASKA
ARIZONA NEVADA — 676.96
ARKANSAS 1,056 NEW HAMPSHIRE - 302.93
CALIFORNIA - 455.94 NEW JERSEY - 486.63
COLORADO - 1,166 NEW MEXICO I 985.81
CONNECTICUT - 520.86 NEW YORK - 489.71
DELAWARE —- 899.25 NORTH CAROLINA — 654.57
DISTRICT OF COLUMBIA - 553.98 NORTH DAKOTA 1,311
FLORIDA 815.57 OHIO 1,156
GEORGIA 737.19 OKLAHOMA — 686.63
HAWAII 1,453 OREGON -  298.21
IDAHO - 247.85 PENNSYLVANIA 711.37
ILLINOIS — 588.41 PUERTO RICO 1,593
INDIANA | 1,567 RHODE ISLAND 811.32
IOWA - 617.35 SOUTH CAROLINA — 556.74
KANSAS 820.17 SOUTH DAKOTA - 325.11
KENTUCKY 1,720 TENNESSEE — 693.63
LOUISIANA 818.06 TEXAS 818.54
MAINE - 336.61 UTAH 1,514
MARYLAND - 637.05 VERMONT - 35,63
MASSACHUSETTS 851.74 VIRGINIA — 587.45

MISSOURI 1,506

MICHIGAN 1,009 WASHINGTON - 184.81
MINNESOTA 768.24 WEST VIRGINIA 1,959
MISSISSIPPI 886.21 WISCONSIN 1,171
WYOMING 1,804

Source: EPA eGRid Data
https://www.epa.gov/egrid/data-explorer

527

700

839

1.16k

lb/MWh
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(d A few States were selected and categorized in three groups for the
analyses based on their CO, Output Emission Rates centered around the

US average (0.401 kg/KWH).
U Three states were selected in each category as shown below:

Below-average Average Clean

(States with high emission rates) (States with moderate emission rates) (States with low emission rates)

U West Virginia (0.889 kg/kWh) Ll Delaware (0.408 kg/kWh) U Idaho (0.112 kg/kWh)
U Wyoming (0.819 kg/kWh) U Texas (0.371 kg/kwh) U Washington (0.084 kg/kWh)
U Kentucky (0.780 kg/kWh) L Massachusetts (0.386 kg/kWh) U Vermont (0.016 kg/kWh)

12
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Generation Mixes of Select "Average", "Below-average" and "Clean" States

m Coal mOil m Gas m Other Fossil

|
80% I
60%
40%
20%
0%
wv wy

m Biomass m Wind Solar

m Nuclear Hydro

|
MA ™

KY D WA VT

T
Selected "Average" States Selected "Clean" States

T
Selected "Below Average" States

U Generation mix in “Below-Average” States is dominated by coal-fired power plants
with some natural gas and wind energy generation.

U Generation mix in “Average” States is predominantly natural gas powered with
some solar and wind energy generation.

U ”Clean” States generate most of their electricity from hydro with some solar, wind
and nuclear generation.

100%

Generation Mix after Doubling Solar and Wind Generations of Average and Below-Average States

W Coal mOil " Gas M Other Fossil M Nuclear Hydro M Biomass ® Wind Solar

80% I I I
[

60%

40%

m I I I

0%

wv KY wy DE MA ™ D WA vT
L T I : 1L T
Selected "Below Average" States Selected "Average" States Selected "Clean” States

O The Solar and Wind components of the generation mixes of “Below-Average”
and “Average” States were doubled at the expense of the dominant fossil-fuels,
i.e., Coal and Natural Gas.

O Wyoming and Texas had the most impact from doubling their wind energy
generation, followed by impact of solar PV in the generation mixes of
Massachusetts and Texas.

U Generation mixes of the “Clean States” were left unchanged.

13
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0 Wyoming and Texas attained
significant reductions in their States
CO2 output emission rates when
solar and wind generation were
doubled replacing equivalent
amounts of coal and natural gas
fired generation. This was due to
the large wind energy generation
(about 20-25%) in their mix.

Estimated CO, Output Emission
Rate after Doubling Renewables in
the Generation Mix

CO, Output Emission Rate

(Actual Generation Mix)

West Virginia 0.889 kg/kWh

Wyoming 0.819 kg/kWh

0.854 kg/kwh

0.579 kg/kwh
O Alternatively, West Virginia, with a

generation mix composed mostly
of coal (89.5%), natural gas
(8.7%), wind and solar (3.5%)
and hydro (2.9%) was only able to
achieve a slight improvementin
its CO, output emission rate.
Although its Wind generation was
doubled to 7.0%, it still had a
large share of its generation mix
based on coal (82.5%).

U000 0Do

Kentucky
Delaware
Massachusetts

Texas

0.780 kg/kWh
0.408 kg/kwh
0.386 kg/kwh
0.371 kg/kwh

0.778 kg/kwh
0.394 kg/kwh
0.341 kg/kwh
0.170 kg/kwh

14
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U The revised CO, output emission rates,
resum'ng from the dOUbImg Of SOlar and Average Annual CO2 Emission per Electric Vehicle (kG)
Wind in the generation mix, were used 4500
to recalculate the average annual CO,

H 1 1 1 4000
emissions that would be incurred in - 3675 m EV Emission Before Doubling Solar and Wind Generation

charging an electric vehicle using the 0 = EV Emission After Doubling Solar and Wind Generation
grid.

D AS expected electnc Veh|c|e5 |n 3000 ' Significant Reductions in Emissions
7
Wyoming and Texas will have a 2500
significant reduction in their annual CO2
KY

emissions by 27% and 54%, respectively. 2000
|| II Il I 0 i
wYy DE MA X D WA
) |

3,286 3,279

1,880

U The contribution of electric vehicles in 1500
reducing emissions in states dominated
by fossil fuel-based electricity
generation may be minimal. Conversely, s
in states with a more favorable
generation mix featuring a higher 0

. wv
percentage of Solar and Wind ‘ ' : : ;
generat|on EVS COU|d prOV|de a p|VOta| Selected "Below Average" States Selected "Average" States Selected "Clean" States
7
role in helping states achieve emissions
reduction goals.

1000

VT
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O The energy generation mix in many states remains far from carbon-free
and is expected to stay that way for the foreseeable future.

O Although electric vehicle registrations are still orders of magnitude
lower than those of gasoline vehicles across all states, the market share
of EVs is gradually increasing due to growing public acceptance,
awareness, incentives, and infrastructure improvements.

U Tailpipe emissions from gasoline vehicles will always exceed the indirect
emissions associated with charging an electric vehicle from the grid.
Even in West Virginia, the state with the highest CO2 emission rate in
the country, gasoline vehicles emit an average of 4,362 kg of CO2
annually, compared to 3,571 kg for electric vehicles. This highlights the
clear environmental benefits of transitioning to electric vehicles.

16
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O The shift to electric vehicles must go hand in hand with a
transition to renewable energy. States with cleaner grids will
experience the greatest benefits, while regions still dependent on
fossil fuels must prioritize clean electricity to maximize the value
of EV in emissions reduction. By electrifying transportation and
decarbonizing the energy sector, these regions can build a
sustainable, low-carbon future.

[ Most importantly, as the adoption of electric vehicles grows,
transitioning to a cleaner energy mix will shift emissions from
distributed tailpipe sources to centralized point-source emissions
at power plants. This change will enable the implementation of
the best available technologies for capturing, sequestering, or
processing emissions, further enhancing environmental
sustainability.



