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Potential contribution to net emission reduction (2030) GtCO;-eq yr'

Mitigation options 0

Wind energy

Solar energy

Bioelectricity

Hydropower

Geothermal energy

Nuclear energy

Carbon capture and storage (CCS)
Bioelectricity with CCS

Reduce CH, emission from coal mining

L Reduce CH4 emission from oil and gas

[ Carbon sequestration in agriculture

Reduce CH. and N;0 emission in agriculture
Reduced conversion of forests and other ecosystems
Ecosystem afforestation,

p | ble forest
Reduce food loss and food waste
Shift to balanced, sustainable healthy diets

Avoid demand for energy services

Efficient lighting, appliances and equipment
New buildings with high energy performance
Onsite renewable production and use
Improvement of existing building stock
Enhanced use of wood products

[ Fuel efficient light duty vehicles

Electric light duty vehicles

Shift to public transportation

Shift to bikes and e-bikes

Fuel efficient heavy duty vehicles
Electric heavy duty vehicles, incl. buses
Shipping - efficiency and optimization
Aviation — energy efficiency

Biofuels

[ Energy efficiency

Material efficiency

Enhanced recycling

Fuel switching (electr, nat. gas, bio-energy, H,)
Feedstock decarbonisation, process change
Carbon capture with utilisation (CCU) and CCS
Cementitious material substitution

Reduction of non-CO; emissions

[ Reduce emission of fluorinated gas

Reduce CHa emissions from solid waste
Reduce CH, emissions from wastewater

0
Source: IPCC 2022 Mitigation Report, Figure SPM.7
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EV's are coded gray
(i.e. IPCC does not
want to talk about EV
decarbonization costs)

Net lifetime cost of options:

I Costs are lower than the reference

[ 0-20 (USD tCO;-eq")

I 20-50 (USD tCOx-eq”)

I 50-100 (USD tCO-eq)

I 100-200 (USD tCO;-eq")

[ Cost not allocated due to high
variability or lack of data

+~——— Uncertainty range applies to
the total potential contribution
to emission reduction. The
individual cost ranges are also
associated with uncertainty

GtCOz-eqyr'
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In mi. about 4,108 billion kilowatthours (kWh) (or about 4.11 trillion kWh) of electricity were generated at utility-
scale elactricity generation facilties in the United States." About 61% of this electricity generation was from fossil
fuels—coal, natural gas, petroleum, and other gases. About 19% was from nuclear energy, and about 20% was from

renewable energy sources.
The U.S. Energy Information Administration estimates that an additional 49 billion kWh of electricity generation was
from small-scale solar photovoltaic systems in 2021.2

US. utility-scale electricity generation by source, amount, and share of total in 2021"
Data as of November 2022

Billion kWh Share of total




Car+Fuel Emissions, Miles Only Car+Fuel  gmission

Cost, NREL NREL On Lifetime Lifetime
Type (S/mile)  gCO,e/mi Electricity  ($/life)  (mtcoy/life)
Gas S 0.30 425 0 S60K 85
HEV, Hybrid, noplug S 0.31 305 0 S62K 61
Plugin Hybrid 20mi S 0.39 274 20 S78K 55
Plugin Hybrid 50mi S 0.47 248 S0 S94K 50
EV 200mi S 0.38 167 200 S76K 33
EV 300mi S 0.47 179 300 S94K 36

*Conditions: NREL Avg Car 2021, 14 yrs x 14.3K mi/yr = 200K lifetime miles



Switch From Gas Vehicle Switch From HEV (no plug)
Car+Fuel Emissions, AvgCar Car+Fuel Emissions| costto Co, Decarboniz |  Cost ta CO, Decarboniza
Cost, NREL NREL  Cost NREL Cost Metric |switch from Reduction ation Cost |switch from Reduction tion Cost
Type (S/mile) gCO,e/mi (S MSRP) (S/year) mtCO,efyr| Gas(S/yr) (mtCO,efy (S/mtCOy) | HEV (S/yr) (mtCO,efy ($/mtCO,)
Gas S 0.30 425 525970 54,279 6.1
HEV, Hybrid, no plug $ 0.31 305 S$30,960 S4,422 4.4 $143 1.7 583
Plugin Hybrid 20mi $ 0.39 274 $36,460  $5,563 3.9 51,284 2.2 5596 $1,141 04 52,581
Plugin Hybrid 50mi $ 0.47 248 545,660 $6,704 3.5| $2,425 i3 $960 $2,282 0.8 52,807
EV 200mi S 038 167 $43,060 $5,420 24| S$1,141 3.7 $310 $998 2.0 $507
EV 300mi S 047 179 $55,660 $6,704 2.6] 52,425 3.5 $691 $2,282 1.8 $1,270

*Conditions: NREL Avg Car 2021, 14 yrs x 14.3K mi/yr = 200K lifetime miles



Gas Gas/Elect. Replace Car+Fuel+ Car+Fuel Lifetime
Mileage  Battery Car Cost Lifetime  Battery Battery Cost/mile Emissions

Model Type (MPG) (kWh)  (SMSRP}) Cost(5) Once(S) Cost($) (S/mile) mtCO,/life
2022 Hyundai Kona, SEL Auto FWD Gas 33 $23,100 519,077 542,177 50.21 68.9
2022 Hyundai Kona EV, SEL FWD EV 258mi 64 $34,200 56,797 13,520 $54,517 $0.27 20.5

Difference: $11,100 -512,280 $12,340 50.06 -49.4

48% -64% 29% 29% -71%

2022 MINI Cooper FWD Gas 31.5 $22,900 519,683 542,583 S0.21 72.1
2022 MINI Electric Cooper SE FWD EV 110mi 29 529,900 $7,224 7,220 544,344 $0.22 21.8
Difference: 57,000 -512,459 51,761 $0.01 -50.4

31% -63% 4% 4% -70%

*Conditions: 53.1/gal gas (US 2021), 50.14/kWh electricity (US 2021), 14 years x 14.3K mifyr = 200K lifetime miles, replace EV battery once.



Kona Gas  Kona EV
Sel Fwd Sel Fwd

2022 2022
Lifetime costs $23,100 $34,200 S MSRP  Initial cost, no rebate
$6,797 S/life Electricity lifetime cost
$19,077 S/life Gasoline lifetime cost
13,520 s/life Battery replacement (once)
$42,177 554,517 s/life Total cost over a lifetime
$0.21 50.27 S/miles Lifetime cost per mile
Emissions 69.9 20.5 mtC02/life CO2 emissions over lifetime
Switch to EV $12,340 S Additional cost to switch to EV
49.4 mtCO2  Amount of CO2 reduction
$250 S/mtC0O2 Decarbonization cost
Gasoline 32,5 MPG Gas mileage, 50/50 city/hwy
6,154 gallons  Gallons of gas over lifetime
Battery 64 kWh/life Battery capacity
258 miles Range
$13,520 S Battery Cost (estimated)
4.03 mi/kWh Miles per unit of electricity
49,612 kWh/life Electricity per lifetime
Conditions 14,263 14,263 miles/yr Miles driven per year
14 14 years Lifetime duration
200,000 200,000 mi/life Miles driven per lifetime
$3.10 S/gal Cost of gasoline
$0.137 S/kWh  Electricity cost
0.011 mtC02/gal CO2 from gas, well-to-wheels
0.000413 mtC02/kwh CO2 emissions from electricity
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Car cost

Car Cost 2022 after Battery Battery Miles per Passenger Battery
Type (S MSRP)  Rebate rebate ($) HP (kWh) {miles) kWh Vol (cu ft} Warranty
EV 267mi 2022 Tesla Model 3 RWD $46,990 S0 546,990 184 50 267 5.34 97 100K/8yr
EV 258mi 2022 Hyundai Kona EV, SEL FWD $34,000 $7,500 526,500 201 64 258 4.03 93 100K/10yr
EV 250mi 2022 Chevrolet Bolt EUV, FWD 4dr  $33,500 $7,500 $26,000 200 65 250 3.85 99 100K/8yr
EV 226mi 2022 Nissan Leaf § PLUS Hatchbach  $32,400 $7,500 524,900 214 62 226 3.65 93
EV 149mi 2022 Nissan Leaf S Hatchback $27,400 $7,500 $19,900 147 40 149 3.73 93 100K/8yr
EV 110mi 2022 MINI Electric Cooper SE FWD 529,900 $7,500 522,400 181 33 110 3.33 80 100K/8yr
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available local, state or federal incentives.

Most Efficient Electric Vehicles (Energy Use Per
100 Miles)

1. 2022 Tesla Model 3 RWD: 25 kWh
2. 2022 Lucid Air Grand Touring w/19-inch wheels: 26 kWh

3. 2022 Chevrolet Bolt EV: 28 kWh

Feedback

4. 2022 Hyundai Kona EV: 28 kWh

5.2022 Tesla Model S: 28 kWh

6. 2022 Tesla Model Y Long Range: 28 kWh
7. 2022 Chevrolet Bolt EUV: 29 kWh

8. 2022 Kia EV6 RWD: 29 kWh

9. 2022 Hyundai lonig 5 RWD: 30 kWh

10. 2022 Kia Niro EV: 30 kWh




The future is electric }}
Projected cumulative sales of electric vehicles (2015 - 2040)
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M +10.1% to +219.2% M 99% to 0% | -49.9% to -25% ™ No data
M +0.1% to +10% W -24.9% to -10% ™ -81.5% to -50%




