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Activity Emissions Concentration q Exposure Intake Dose Effect 

ά5ǊƛǾŜ ƻƴŜ Řŀȅ ƭŜǎǎ ŀƴŘ 
look how much carbon 
ƳƻƴƻȄƛŘŜ ȅƻǳΩƭƭ ƪŜŜǇ ƻǳǘ 
ƻŦ ǘƘŜ ŀƛǊ ǿŜ ōǊŜŀǘƘŜΦέ 
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Source: Committee on Health, Environmental, and Other External Costs and Benefits of Energy Production and Consumption, 2010, 
bŀǘƛƻƴŀƭ wŜǎŜŀǊŎƘ /ƻǳƴŎƛƭΣ άIƛŘŘŜƴ /ƻǎǘ ƻŦ 9ƴŜǊƎȅΥ Unpriced /ƻƴǎŜǉǳŜƴŎŜǎ ƻŦ 9ƴŜǊƎȅ tǊƻŘǳŎǘƛƻƴ ŀƴŘ ¦ǎŜΣέ bŀǘƛƻƴŀƭ !ŎŀŘŜƳƛŜǎ tǊŜǎǎΦ 
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Source: Committee on Health, Environmental, and Other External Costs and Benefits of Energy Production and Consumption, 2010, 
bŀǘƛƻƴŀƭ wŜǎŜŀǊŎƘ /ƻǳƴŎƛƭΣ άIƛŘŘŜƴ /ƻǎǘ ƻŦ 9ƴŜǊƎȅΥ Unpriced /ƻƴǎŜǉǳŜƴŎŜǎ ƻŦ 9ƴŜǊƎȅ tǊƻŘǳŎǘƛƻƴ ŀƴŘ ¦ǎŜΣέ bŀǘƛƻƴŀƭ !ŎŀŘŜƳƛŜǎ tǊŜǎǎΦ 



Urban Air Emissions Damages (¢2010/VMT) 
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Source: Y. MashayekΣ tΦ WŀǊŀƳƛƭƭƻΣ aΦ /ƘŜǎǘŜǊΣ /Φ IŜƴŘǊƛŎƪǎƻƴΣ ϧ /Φ ²ŜōŜǊΣ нлммΣ ά/ƻǎǘǎ ƻŦ !ǳǘƻƳƻōƛƭŜ !ƛǊ 9Ƴƛǎǎƛƻƴǎ ƛƴ ¦Φ{Φ aŜǘǊƻǇƻƭƛǘŀƴ 
!ǊŜŀǎΣέ tǊƻŎŜŜŘƛƴƎǎ ƻŦ ǘƘŜ нлмм ¢ǊŀƴǎǇƻǊǘŀǘƛƻƴ wŜǎŜŀǊŎƘ .ƻŀǊŘ !ƴƴǳŀƭ aŜŜǘƛƴƎΣ Lƴ wŜǾƛŜǿ ŦƻǊ ¢ǊŀƴǎǇƻǊǘŀǘƛƻƴ wŜǎŜŀǊŎƘ wŜŎƻǊŘΦ 
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1. What are the life cycle cost and GHG 
implications of PHEVs? 
ÁHow much do they vary for different vehicle designs and 

different drivers? 
2. What is the best size for a PHEV battery pack? 
ÁMore batteries ­ more range, but higher cost, weight, 

and production implications 

ÁWhich drivers should we target for most impact? 
3. Are electrified vehicles worth the cost? 
Á How much are emissions and oil security benefits 

worth? 



ÁVehicle Manufacturing 
ÁBattery Manufacturing 
ÁGasoline Production 
ÁElectricity Production 
ÁGasoline Combustion 
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Well-to-Pump 
Image source: 
http://greet.es.anl.gov/ 



Á Energy 
 

Á Air Emissions ü Secondary Particle Formation  
ÁSO2 Respiratory irritant, acid deposition 
ÁCO PM formation 
ÁNOX Respiratory irritant, smog 
ÁVOC Photochemical smog, cancerous 
ÁPM Respiratory and cardiovascular damage 

 
Á Greenhouse Gases 
ÁCO2, CH4, N2O 

 
ÁCosts 

Energy 
Inputs 

Process 

Emission 
Outputs 
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1. Greenhouse gas emissions 

Á28% of GHG emissions from transportation (EPA) 

2. Air pollution 

Á22,000-52,000 deaths per year from air pollution 
(JAMA) 

3. Oil dependency 

ÁCost U.S. economy ~$0.5 trillion in 2008 (Greene) 



ÁxEVs offset gasoline use 
ÁReduces oil dependency 

ÁxEVs change emissions profile 
ÁFewer emissions associated with gasoline production 

and combustion 

ÁMore emissions associated with battery and 
electricity production  

ÁxEVs change location of emissions 
Á,ÏÃÁÔÉÏÎ ÄÏÅÓÎȭÔ ÍÁÔÔÅÒ ÆÏÒ '('Óȟ ÂÕÔȣ 

ÁDamage done by air pollution highly depends on 
where it is released (population density, etc.) 
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Location Drives Air Pollution Damage 

3100 Counties 



Á.ÁÔÉÏÎÁÌ 2ÅÓÅÁÒÃÈ #ÏÕÎÃÉÌȭÓ Ȱ4ÈÅ (ÉÄÄÅÎ #ÏÓÔÓ ÏÆ 
%ÎÅÒÇÙȱ 
ÁAir Pollution Emission Experiments and Policy analysis 

model. Externality damages due to: 
ǐHuman health (morbidity and mortality) 
ǐCrop Loss 
ǐBuildings, etc. 

Á$6M value of statistical life 
ÁArgonne National Labs (GREET) 
ÁVehicle efficiency, emissions, and design 
ÁLife cycle emissions from refineries, factories, etc. 

ÁNational Household Travel Survey (NHTS) 
ÁDistribution of driving patterns in the U.S. 



Á Location 
ÁVehicle Operation 
ǐUrban / Rural 

ǐBattery Lifetime / 
Replacements 

ÁEnergy Production 
ǐGasoline Refining 

ǐGasoline Feedstock 
Production (& source) 

ǐElectricity Generation 

ǐElectricity Feedstock 
Production 

ÁVehicle Manufacturing 

ÁCosts 
ÁVehicle & Energy Prices 
ǐVehicle 

ǐGasoline 

ǐElectricity 

ÁGHG Valuation 
 

ÁBounds 
ÁMean 

Á5th and 95th Percentiles 

ÁBest/Worst for 
Electrification 
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Baseline Using GREET 2.7A 
ÁCV: 16kg lead-acid 
ÁHEV: 38 kg NiMH pack 
ÁxEVs: 15.3 kg Li-ion pack 

 
Ø%6ȭÓ Rated Capacity 
ÁPHEV20: 4.6 kWh 
ÁPHEV60: 15.9 kWh 
ÁBEV240: 66.1 kWh 
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23 kW peak 
battery power 

Saft VL41M cell at 
135 Wh/kg 
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Factor Base Case 
Utopia Case for 
Electrification 

Dystopia Case for 
Electrification 

Electricity 

Grid Mix Weighted Average 5% Best 
(Hydroelectric) 

95% Worst  
(Coal) 

Upstream Location 5% best 5% Best 95% Worst 

Gasoline 

Refining Location Weighted Average 95% Worst 5% Best 

Upstream Location Weighted Average 95% Worst 5% Best 

Upstream Counties Oil/Gas Counties Oil/Gas Counties Oil/Gas Counties 

Oil Source (GREET) 9.4% Oil Sands 100% Oil Sands 0% Oil Sands  

Manufacturing 

Assembly Location Weighted Average 5% Best 95% Worst 

Upstream Location Weighted Average 
Auto Mfg. Counties 

5% Best 95% Worst 

Electricity Supply U.S. Average Grid Mix 5% Best (Hydro) 95% Worst (Coal) 

Operation 

Tailpipe Location Weighted Average 95% Worst (Urban) 5% Best (Rural) 

NHTS Truncation 200 mi. 200 mi. 200 mi. 

NiMH Battery Life 12 years 12 years 6 years 

Li-ion Battery Life 12 years 12 years 6 years 

Valuation 
GHG Valuation 

(Examined Separately) 
Medium  
$42/Mg 

High 
$140/Mg 

High 
$140/Mg 



Preliminary Results. 
2010 USD. 

Model  v33. 

(Best Electrification Case) (Worst Electrification Case) 


