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• Most emissions 
from conventional 
vehicles occurred 
during operation

• Most vehicles 
relied on a single 
fuel

Greenhouse Gas Emissions from Conventional ICE Vehicles



But fuel and vehicle
technology are changing

Low-carbon and 
alternative fuels, 
as well as vehicle 
technologies like 
light weighting 

and battery 
storage, shift 

emissions 
upstream.
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A new option is emerging:
Lyft is helping shift from ownership 

to ridership

Patterns of vehicle ownership
and use could also be changing

32

Most 
commuters 
drive by 
themselves
 American Community Survey, 2013

2%
3%

4%
5%

10%

76%

Drove alone Carpool Public transportation WFH Walking Other

• On-demand

• Integrated 
with other 
modes

• Automated

• Pooled

Dan Sperling
riding an

automated shuttle



Could LCA be a framework 
for regulation of vehicles and fuels?
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In this study, for both 16-year and 11-
year life, the heavier vehicle had 

lower life cycle emissions.LCA and GHG Mitigation

• A life cycle perspective is 
critical to avoid 
leakage/unintended 
consequences

• New technologies can increase 
efficiency, but not reduce 
emissions on a life cycle basis



Materials, Energy, and Resources
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LCA is a method for 
characterizing, 

quantifying, and 
interpreting 

environmental flows for 
a product or service 

from a “cradle-to-grave” 
perspective

Life Cycle Assessment (LCA)



Study
Vehicle 

Type

Battery Capacity 

(kWh)

Vehicle 

Production 

(g CO2e/km)

Battery 

Production 

(g CO2e/km)

Vehicle Operation

(g CO2e/km)

Samaras and Meisterling (2008) PHEV 20 31 10 40

Notter et al. (2010) BEV 34 25 7 101

Majeau-Bettez et al. (2011) BEV 24 29 19

Dunn et al. (2012) BEV 28 28 4

Hawkins et al. (2013) BEV 24 31 18

Ellingsen et al. (2014) BEV 27 26

Zivin et al. (2014) BEV 24 69 - 293

Miotti et al. (2015) BEV 19 - 60 29 4 120 - 185

Tamayao et al. (2015) BEV 24 41 - 144

Kim et al. (2016) BEV 24 30 14

Archsmith et al. (2016) BEV 28 31 6 124 - 194

Average Convetional ICE Vehicle 

(N=11 Studies)
ICEV 33.2 - 191.5

24 29 34 0 12 24 40 120 200



24 kWh/vehicle

74 kWh74 kWh/vehicle



Energy Use and GHGs per Mile for 
US Passenger Cars and Vans 

MPG g CO2 per 
vehicle mile

Avg. 
Passengers

g CO2 per 
person mile

1980 Passenger Car 20 485 1.6 303

2015 Passenger Car 28 325 1.5 217

1980 Passenger Van 14 650 2 325

2015 Passenger Van 22 425 2.5 170

SAVs with high 
utilization could realize 
800,000 miles over 12 

years (~5 x current 
average mileage for a 

personal vehicle)

Use-phase



 1 
Figure 4: Daily Travel Distance per SAV in Austin Network-Based Setting 2 

 3 
Most currently available BEVs for sale in the U.S. have all-electric ranges between 60 and 100 4 
miles (e.g., the Chevrolet Spark, Ford Focus, Honda Fit, Mitsubishi i-MiEV, and Nissan Leaf). 5 
For these, the U.S. EPA (2014) estimates typical charge times (to fully restore a depleted battery) 6 
to vary between 4 and 7 hours on Level 2 (240 volt) charging devices. This could pose a serious 7 
issue for all-electric BEVs in an SAV fleet, but not much of an issue for the Tesla Model S 8 
(which enjoys a 208- to 265-mile range and a charge time of under 5 hours when using a Level 2 9 
dual charger [EPA 2014]) or plug-in hybrid EVs (PHEVs), like the Chevrolet Volt, Honda 10 
Accord Plug-in, Ford C-MAX Energi, Ford Fusion Energi, and Prius Plug-in Hybrid. 11 
Furthermore, fast-charging Level 3 (480-volt) systems can charge large batteries in under an 12 
hour, so SAVs that need more frequent daytime charging may need to rely on these devices. Of 13 
course, some time is required to develop the automation technology and legal frameworks 14 
needed to successfully deploy SAVs. In the meantime, battery charging times, BEV ranges and 15 
costs will improve, along with deployment of fast-charging facilities and remote inductive 16 
charging devices (allowing SAVs to self-charge wirelessly [MacKenzie 2013]). 17 
  18 
SAV Emissions Implications and Grid-Based Comparisons 19 

 20 
SAV emissions implications were also evaluated, using that the same method described by 21 
Fagnant and Kockelman (2014). This method applies life-cycle energy usage and emissions rates 22 
associated with vehicle manufacture, per-mile running operations, cold-vehicle starts, and 23 
parking infrastructure provision, all using rates estimated by Chester and Horvath (2009).  The 24 
current U.S. light-duty vehicle fleet distribution (BTS 2012) was used, as split between 25 
passenger cars (sedans), SUVs, pick-up trucks and vans was assumed here, for comparison with 26 
an SAV fleet consisting entirely of passenger cars. It is possible that SAVs will include other 27 
vehicle types, but many may be built as smaller cars, perhaps even two-seaters like Car2Go is 28 
currently using for its shared vehicles and as Google is planning for its SAV fleet (Markoff 29 
2014).  Thus, fleet purchase decisions could result in even greater (or lower) emissions and 30 
energy savings than estimated here, though smaller vehicles potentially limit ride-sharing (to 31 
fewer persons) and cargo-carrying opportunities.  32 
 33 
Table 1 shows anticipated emissions outcomes, as well as estimates generated by Fagnant and 34 
Kockelman (2014) using a grid-based SAV model for an idealized city and network.  This 35 
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autonomous vehicle fleet for austin, texas, market. Transportation Research 
Record: Journal of the Transportation Research Board, (2536), 98-106.



Scenarios Considered

Leaf (2012) Compact Sedan SUV

Battery (kWh) 24 60 100 100

Range (miles) 84 209 299 254

Battery (kWh) 60 100 100

Range (miles) 214 318 282

Battery (kWh) 100 125 175

Range (miles) 312 363 443

2017

2025

2025 
(Long Range)
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Trends in Vehicle Design
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High-mileage SAVs
• SAVs with high utilization could realize 800,000 miles over 12 

years (~5 x current average mileage for a personal vehicle)

• Battery replacement is a concern
Average SAV Replacements to Reach 12 Years of Service

SAV Low 
Car

SAV Low 
SUV

SAV High 
Car

SAV High 
SUV

Vehicles Chassis Replacement 2.0 2.0 3.3 3.3

Vehicles Battery Replacements (2000 cycles @ 80%DOD) 0.0 0.0 1.4 1.1



Moving Beyond the Tailpipe

• Bigger batteries, more impacts, longer service lifetimes

• Potential for emissions creep from changing vehicle 
design and model choices

• EVs with long range could meet daily driving required for 
SAV fleet with single charge event per day



Could LCA be a framework 
for regulation of vehicles and fuels?



Thank You

https://www.sfchronicle.com/thetake/article/San-Francisco-from-7-2K-6159220.php?t=1e80687d7a0a4808f6


