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GHG mitigation: Can transport be 60‐80% below 
2005 levels by 2050? (Greene & Plotkin, Pew Center for Global 
Climate Change, forthcoming)

Energy Security: Can the U.S. achieve oil 
independence?  (Energy Policy, 2009, v. 34, #4, pp. 1614‐1621)

Energy Sustainability: Can we accomplish a massive 
energy transition for the public good?

Traffic congestion

Safety

Sustainable finance



“The IPCC 2007 Fourth Assessment of climate change science concluded 
that large reductions in the emissions of greenhouse gases, principally 
CO2, are needed soon to slow the increase of atmospheric concentrations, 
and avoid reaching unacceptable levels. However, climate change is 
happening even faster than previously estimated; global CO2 emissions 
since 2000 have been higher than even the highest predictions, Arctic sea 
ice has been melting at rates much faster than predicted, and the rise in the 
sea level has become more rapid. Feedbacks in the climate system might 
lead to much more rapid climate changes. The need for urgent action to 
address climate change is now indisputable. For example, limiting 
global warming to 2°C would require a very rapid worldwide implementation 
of all currently available low carbon technologies.”
(May 2009)
Emphasis added.
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Transportation Energy Use by Type: 1950-2007
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World Price of Crude Oil
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The economic theory of the behavior of partial monopolists, like
the OPEC oil cartel, was developed more than half a century ago 

by Heinrich von Stackelberg.

P = profit maximizing price
C = marginal cost of producing oil
β = price elasticity of world oil demand
S = OPEC share of world oil market ( 0 < S < 1 )
µ= non-OPEC supply response ( -1 < µ < 0 )  

Oil prices are uncertain because short-run elasticities
are 1/10th as large as long-run elasticities.
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1. Loss of potential GDP = producers’ & consumers’ surplus losses 
in oil markets (dynamic). 

2. Dislocation losses of GDP due to oil price shocks (temporary).
3. Transfer of wealth due to monopoly pricing and price shocks 

(requires counterfactual competitive price). 

Transfer of wealthTransfer of wealth is not is not 
a loss of GDP but a a loss of GDP but a 
change in the ownership change in the ownership 
of GDP.  of GDP.  It can occur in It can occur in 
disrupted and disrupted and 
undisrupted markets and undisrupted markets and 
occurs whether or not occurs whether or not 
OPEC is the cause of the OPEC is the cause of the 
disruption.disruption.
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Oil independence is NOT:
Use no oil 
Import no oil

Oil independence is:
Reduce the economic costs of oil dependence to an 
acceptable level, e.g., less than 1% of GDP with 95% 
probability.
Huh?  It’s a measurable goal.
▪ Greene, D.L., “Measuring energy security: can the United States achieve oil 

independence?”, Energy Policy, 2010, v. 38, pp. 1614‐1621.

Reduced petroleum consumption by 1/3, increase supply 
of liquid fuels by 1/3.  
▪ National Commission on Energy Policy, 2004. Ending the Energy 
Stalemate, http://www.bipartisanpolicy.org/library/report/ending‐
energy‐stalemate.



U.S. Petroleum Supply, 1950-2006
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The 2007 NPC report expects 
1.1 trillion barrels of oil production
over the next 25 years.  More than 
consumed in in all of human history.

Cumulative Production to end of 2005

979

2002

Billions of Barrels

Remaining recoverable crude oil*
Not reserves, ULTIMATE RESOURCES

33%

67%

* From USGS 2000, USGS 1995, and MMS 1996

Cumulative Production to the
end of 1995 was 710!  Over ¼
of all oil ever consumed was
consumed in the last 10 years.





Source: ExxonMobil, The outlook for energy: a view to 2030, January 14, 2009.
http://www.exxonmobil.com/Corporate/energy_outlook.aspx
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Energy Information Administration Analysis of Alternative GHG 
Reduction Policies ($30/tCO2 in 2010, $50/tCO2 in 2030)
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Undervaluing energy efficiency by half or more: 
(Greene, D.L., in press. “Uncertainty, Loss‐Aversion and Markets for 
Energy Efficiency, Energy Economics.)

Co‐benefits and externalities
Interdependency with land use
Interdependency with transportation infrastructure
Roads as public goods
Re‐pricing transportation without increasing its cost
Unpredictable evolution of technology requires adaptable policies.
Requires comprehensive, realistic assessment of mitigation potential. 

USDOT, 2010, “Transportation’s Role in Reducing Greenhouse Gas Emissions”, April.

Greene and Plotkin, 2010, “Reducing Greenhouse Gas Emissions from US Transportation”, Pew 
Center on Global Climate Change, forthcoming.

Energy independence by 2030 and a 50% to 80% reduction in 2050 GHG 
emissions versus 2010 is likely to be cost‐effectively achieveable.







Fuel Economy Of New Light-Duty Vehicles 
Versus On-Road Fleet MPG, 1975-2005

0

5

10

15

20

25

1975 1980 1985 1990 1995 2000 2005

M
ile

s 
pe

r G
al

lo
n

New Vehicle On-Road MPG

On-Road Fleet MPG



0

25000

50000

75000

100000

125000

150000

175000

200000

225000

0

500000

1000000

1500000

2000000

2500000

3000000

1965 1970 1975 1980 1985 1990 1995 2000 2005

G
al

lo
ns

 (m
ill

io
ns

)

Ve
hi

cl
e 

M
ile

s 
(m

ill
io

ns
)

Miles of Travel and Fuel Use by Light-duty Vehicles: 1965-2008

Vehicle Travel

Fuel Consumption









$1.10
$4.20

$2.70

$5.40

$4.80

$1.70

$6.80



Examples of “Low Scenario” Policies:
35% additional fuel economy improvement
5% reduction in fuel carbon intensity of energy
Carbon price (rising to $0.75/gal. in 2050)
Road user tax on energy indexed to efficiency

Examples of “High Scenario” Policies
80% additional increase in MPG for cars, 40% for heavy trucks
45% reduction in carbon intensity of energy
Pay‐at‐the‐Pump auto insurance ($1.30/gal. in 2050)
Feebates ($30 per g/mi in 2050)
Congestion pricing, intelligent vehicles and roadways, land use,
etc. reduce VMT by 15% from projected level.
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Source: NRC, 2008. Transitions to Alternative Energy Technologies: A Focus on Hydrogen.
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Cost Sharing and Subsidies, Scenario 3, Fuel Cell 
Success, Policy Case 2
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Cumulative Cost Sharing and Subsidies, 
Scenario 3, Fuel Cell Success, Case 2
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Simulated Auto Industry Cash Flow From Sale of 
Hydrogen Fuel Cell Vehicles, Policy Case 2
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These are not total costs.  NAS 
estimated H2 infrastructure 
cost alone at $400B.
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Simulated Auto Industry Cash Flow From Sale of 
Hydrogen Fuel Cell Vehicles, No Policy Case
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Source: Greene et al., 2008. Analysis of the Transition to Hydrogen Fuel Cell Vehicles
& the Potential Hydrogen Energy Infrastructure Requirements, ORNL/TM-2008/30.



y = 15498x2 + 4973.4x

y = 448.33x2 + 1677x
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Potential for Advanced Technologies to Increase Fuel Economy by 2030
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Need for technological advances
Learning by doing
Scale economies
Resistance to novel technologies (early 
adopter, early majority, late majority, 
laggards)
Lack of diversity of choice
Chicken or egg?

Lack of fuel availability
Lack of vehicles to use new fuel



Consumer chooses among available range of vehicles.
Fuel economy decreases with vehicle size, performance, 
accessories.
Fuel economy = cheap, small, weak.

Manufacturer (as consumers’ agent) determines design and 
technological content.

Fuel economy increases with more expensive, advanced 
technology.
Fuel economy = higher first cost, lower operating costs.
ALL fuel economy improvement in the U.S. over the past 30 
years attributable to this process.



Price and Value of Increased Fuel Economy to
Passenger Car Buyer, Using NRC Average Price Curves
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miles/year when new, decreasing at  
4.5%/year, 12% discount rate, 14 year 
vehicle life, $2.00/gallon gasoline, 
15% short fall between EPA test  and 

on-road fuel economy.

Greatest net value 
to customer at 
about 36 MPG



Payback Periods Inferred from Responses to Two Survey 
Questions About Fuel Savings and Vehicle Cost

May 20, 2004
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Distribution of Net Present Value to Consumer of a 
Passenger Car Fuel Economy Increase from 28 to 35 MPG
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Consumer Loss Aversion Function
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Net Present Value Distribution of Loss Averse Consumer
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Price and Value of Increased Fuel Economy to
Passenger Car Buyer, Using NRC Average Price Curves
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Assumes cars driven 15,600 
miles/year when new, decreasing at 
4.5%/year, 12% discount rate, 14 year 
vehicle life, $2.00/gallon gasoline, 
15% shortfall between EPA test and 

on-road fuel economy.

Greatest net value 
to customer at 
about 30 MPG
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“Climate change is real”
“There will always be uncertainty in understanding a system as complex as 
the world’s climate. However there is now strong evidence that 
significant global warming is occurring. The evidence comes from direct 
measurements of rising surface air temperatures and subsurface ocean 
temperatures and from phenomena such as increases in average global 
sea levels, retreating glaciers, and changes to many physical and 
biological systems. It is likely that most of the warming in recent decades 
can be attributed to human activities (IPCC 2001). This warming has 
already led to changes in the Earth's climate.”

Joint statement of the National Academies of Sciences of 
Brazil, Canada, China, France, Germany, India, Italy, Japan, 
Russia, United Kingdom and United States of America (a.k.a. 
G8+5), 2005.



“The scientific evidence is clear: global climate change caused 
by human activities is occurring now, and it is a growing threat
to society. Accumulating data from across the globe reveal a 
wide array of effects: rapidly melting glaciers, destabilization of 
major ice sheets, increases in extreme weather, rising sea 
level, shifts in species ranges, and more. The pace of change 
and the evidence of harm have increased markedly over the 
last five years. The time to control greenhouse gas emissions is
now.”
Board of Directors, American Association for the Advancement 
of Science, December 9, 2006.



Leaving the envelope of 
the Earth’s experience



Most likely, we won’t like
it there.  Can we avoid
dangerous climate change?



Stabilizing emissions rates won’t stabilize greenhouse gas 
concentrations and stabilizing atmospheric concentrations
won’t stabilize temperatures right away.
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• The lower the target stabilisation level 
limit, the earlier global emissions have 
to peak.

• Limiting increase to 3.2 – 4°C requires 
emissions to peak within the next 55 
years.

• Limiting increase to 2.8 – 3.2°C 
requires global emissions to peak 
within 25 years.

• Limiting global mean temperature 
increases to 2 – 2.4°C above pre-
industrial levels requires global 
emissions to peak within 15 years and 
then fall to about 50 to 85% of current 
levels by 2050.

E: 850-1130 ppm CO2-eq

D: 710-850 ppm CO2-eq

C: 590-710 ppm CO2-eq

B: 535-590 ppm CO2-eq

A2: 490-535 ppm CO2-eq

A1: 445-490 ppm CO2-eq

Stabilisation targets: 

Multigas and CO2 only studies combined
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Carbon Reservoirs

BiomassBiomass
~500 ~500 GtCGtC

SoilsSoils
~1,500 ~1,500 GtCGtC

Atmosphere 800 GtC (2004)

OilOil
~270 ~270 GtCGtC

N. GasN. Gas
~260 ~260 GtCGtC

Unconventional Fossil Fuels
15,000 to 40,000 GtC

CoalCoal
5,000 to 8,000 5,000 to 8,000 GtCGtC

Source: Edmonds, 2005Source: Edmonds, 2005



Transportation GHG Emissions by Mode, 2005
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Source: USEPA, 2007, U.S. GHG Inventory, table 2-17.


