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While the Chinese economy is booming, the skies above its cities are darkening. One of the biggest causes is the phenomenal growth in the number of cars and
exhaust emissions. To kick off their ‘20 tips for sustainable development' campaign and drive people to their 20t020.0rg mini-site, WWF expressed one tip in dramatic
fashion. Along with an increase in new volunteers, WWF received coverage of the event in a number of Chinese newspapers as well as on CCTV 9, Beijing TV,

Phoenix TV; even international news stations as far away as Deutsche Welle Broadcasting in Germany and Al Jazeera in the Middle East

On balloon:
Drive one day less and look how much carbon monoxide you'll keep out of the air we breathe.
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Source: Committee on Health, Environmental, and Other External Costs and Benefits of Energy Production and Consumption, 2010,
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Research Questions

What are the life cycle cost and GHG
Implications of PHEVS?

How much do they vary for different vehicle designs anc
different drivers?

What Is the best size for a PHEV battery pack?

More batteriess more range, but higher cost, weight,
and production implications

Which drivers should we target for most impact?
Are electrified vehicles worth the cost?

How much are emissions and olil security benefits
worth?



Life-cycle Scope

_ _ Vehicle Cycle
Vehicle Manufacturing =y

Battery Manufacturing
Gasoline Production

Electricity Production
Gasoline Combustion
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Image source:
http://greet.es.anl.gov/ [ Well—to-Pump



Environmental Indicators

Energy
Air Emissiongl Secondary Particle Formation ~ ENergy
SO, Respiratoryirritant, acid deposition Inputs
CO PM formation
NO, Respiratoryirritant, smog
VOC Photochemicakmog, cancerous
PM Respiratoryand cardiovascular damage Process
Greenhouse Gases
CO,,CH,, NO

Costs ~ Emission |
Outputs
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Benefits of PHEVs

Greenhouse gas emissions

28% of GHG emissions from transportation (EPA)
Alir pollution

22,00052,000 deaths per year from air pollution
(JAMA)

Oil dependency
Cost U.S. economy ~$0.5 trillion in 2008 (Greene)



How much can xEVs help?

XEVsoffset gasoline use
Reduces oll dependency
XEVschange emissions profile

Fewer emissions associated with gasoline production
and combustion

More emissions associated with battery and
electricity production

XEVschange location of emissions
, TAAOET T AT AOIT 60 1 AOOAO
Damage done by air pollution highly depends on
where it Is released (population density, etc.)



Location Drives Air Pollution Damage
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Data

. AOET T Al 2AOAAOAE #1 Ol AE
%l AOCUDO
Air Pollution Emission Experiments and Policy analysis
model. Externality damages due to:
Human health (morbidity and mortality)

Crop Loss
Buildings, etc.

$6M value of statistical life
Argonne National Labs (GREET)

Vehicle efficiency, emissions, and design

Life cycle emissions from refineries, factories, etc.
National Household Travel Survey (NHTS)

Distribution of driving patterns in the U.S.




Critical Parameters

Location

Vehicle Operation
Urban / Rural

Battery Lifetime /
Replacements

Energy Production
Gasoline Refining

Gasoline Feedstock
Production (& source)

Electricity Generation

Electricity Feedstock
Production

Vehicle Manufacturing

Costs

Vehicle & Energy Prices
Vehicle
Gasoline
Electricity

GHG Valuation

Bounds
Mean
5th and 9% Percentiles

Best/Worst for
Electrification
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XEV Battery Considerations

Baseline Using GREET 2.7A

CV: 16kg leaécid 23 KW peak
HEV: 38 kg NiMH pac S
XEVs 15.3 kg Lion pac
SaftVL41M cell af
135Wh/kg
@ % 6R&@ted Capacity

PHEV20: 4.6 kWh
PHEVG60: 15.9 kWh
BEV240: 66.1 KWh

sssss
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Uncertainty Bounding Analysis

Factor Base Case Utopia Case for ~ Dystopia Case for

Electrification Electrification
Grid Mix Weighted Average 5% Best 95% Worst
Electricity (Hydroelectric) (Coal)
Upstream Location 5% best 5% Best 95% Worst
Refining Location Weighted Average 95% Worst 5% Best
: Upstream Location Weighted Average 95% Worst 5% Best
crllie Upstream Counties Oil/Gas Counties Oil/Gas Counties  Oil/Gas Counties
Oil Source (GREET) 9.4% Oibands 100% Oibands 0% Oil Sands
Assembly Location Weighted Average 5% Best 95% Worst
: Upstream Location Weighted Average 5% Best 95% Worst
Manufacturing Auto Mfg. Counties
Electricity Supply U.S. Average Grid Mix 5% Best (Hydro)  95% Worst (Coal)
Tailpipe Location Weighted Average 95% Worst (Urban) 5% Best (Rural)
_ NHTS Truncation 200 mi. 200 mi. 200 mi.
Operation NiMH Battery Life 12 years 12 years 6 years
Lron Battery Life 12 years 12 years 6 years
: GHGValuation Medium High High
Valuation (Examined Separately) $42/Mg $140/Mg $140/Mg
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Lifetime Emissions Damages

(Best Electrification Case) (Worst Electrification Case)

Preliminary Results.
2010 USD.
Model v33.



