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The good news:
Domestic production from tight (shale) oil is way up.
Travel demand is down.
Energy efficiency is improving.

The bad news:
World olil prices remain very high.
It appears that supply and demand have become less price-responsive.
OPEC’s market share is likely to remain at 40-45% for the next 30 yeatrs.
US oil imports are likely to remain at 30% or so for the next 30 yeatrs.

Unless we make a transition to sustainable energy.



GOOD NEWS: INCREASED DOMESTIC OIL PRODUCTION AND NO GROWTH IN
DEMAND HAVE REDUCED US OIL IMPORT DEPENDENCE FROM 60% TO 40%.

. _— AEO 2014 Early Release
Figure 12. U.S. petroleum and other liquid fuels supply, 1970-2040

(million barrels per day)
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THE REDUCTION IN IMPORTS IS DUE TO: 1) INCREASED PRODUCTION OF
TIGHT OIL, 2) DECREASED DEMAND DUE TO THE “GREAT RECESSION” AND
3) NO GROWTH IN DEMAND DUE TO INCREASED EFFICIENCY.
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IMPROVEMENTS IN LIGHT-DUTY VEHICLE FUEL ECONOMY AND
MODEST GAINS IN HEAVY VEHICLE FUEL ECONOMY HOLD
TRANSPORTATION PETROLEUM USE NEARLY CONSTANT TO 2040.

Projected Car and Truck Fuel Economy: AEO 2014
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THE BAD NEWS: OIL PRICES ARE AT HISTORIC HIGHS AND PROJECTED TO
GO HIGHER IN THE FUTURE.
AEO 2014: $90-$100/BBL THROUGH 2020, RISING TO $140/BBL BY 2040.

World Price of Crude Oil
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THE SEEMINGLY RANDOM WALK OF WORLD OIL PRICES TAKES PLACE WITHIN
THE SPACE DEFINED BY OPEC’S SHORT-RUN AND LONG-RUN MARKET POWER

(PROFIT MAXIMIZING PRICES).

2012 $/Barrel

OPEC Cartel Market Share and World Oil Prices: 1965-2012

(Annual Averages)
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Peaking of conventional oil means has made it more difficult
and more costly to find and produce oil outside of OPEC.

Environmental impacts are greater, as well.

And it is the vast unconventional resources of fossil carbon that
humans must not put into the atmosphere in order to avoid
dangerous climate change.

Demand has become concentrated in less price sensitive
sectors (i.e., transportation).

Demand has shifted towards less price sensitive economies
(i.,e., non-OECD countries).

J.M. Dargay and D. Gately, 2010, Energy Policy, v. 38, pp. 6261-6277; C. Baumeister and G. Peersman, 2013. J. Applied Econometrics, v. 28, pp. 1087-1109.



IF PRICE ELASTICITIES HAVE DECREASED THAT MUCH THE WORLD OIL
MARKET IS NOW OPERATING IN A DIFFERENT, MORE COSITLY SPACE.

OPEC Cartel Market Share and World Oil Prices: 1965-2012
(Annual Averages)
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“Without question a radical
transformation of the present energy
system will be required over the coming
decades.”

GEA, 2012: Global Energy Assessment — Toward a Sustainable Future,
Cambridge University Press, Cambridge UK and New York, NY, USA and
the International Institute for Applied Systems Analysis, Laxenburg, Austria.
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INSIGHTS FROM THE NRC STUDY, TRANSITIONS
TO ALTERNATIVE VEHICLES AND FUELS.

- “...a comprehensive analysis of energy use

within the light-duty vehicle transportation
sector...”

ALTERNATIVE

- “Scenarios will consider technology as well HEI-[III[F:HIEE?_S

as policy options and consider the
likelihood of achieving 50 percent
reduction in petroleum consumption by
2030 as well as 80 percent reduction in
petroleum consumption and greenhouse
gas emissions by 2050.”

http://www.nap.edu/catalog.php?record_id=18264
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CONTINUOUSLY IMPROVING ENERGY EFFICIENCY
APPEARS TO BE A NECESSARY STRATEGY.
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BY REDUCING POWER REQUIREMENTS, EFFICIENCY EVENTUALLY MAKES
E-DRIVE VEHICLES CHEAPER THAN INTERNAL COMBUSTION ENGINE
VEHICLES (POWERPLANTS SCALE MORE LINEARLY WITH LOAD).

Retail Price Equivalents: Passenger Cars
High Volume, Fully Learned
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THE COST OF PRODUCING “DROP-IN" BIO-FUEL VIA PYROLYSIS AND
REFINING IS EXPECTED TO DECREASE OVER TIME TO $3-$4 PER GALLON.

TABLE 3.5 Estimatzs of Future Biofual Avalability
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THE BASE CASE INCLUDES FUEL ECONOMY & EMISSIONS STANDARDS, THE RFS,
TECHNOLOGICAL PROGRESS AND A HIGHWAY ENERGY TAX INDEXED TO MPG.
NO VEHICLE SUBSIDIES AFTER 2014, NO EARLY INFRASTRUCTURE (2011 AEO+).
TRANSITION COSTS AND BENEFITS ARE RELATIVE TO THIS CASE.
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EFFICIENCY/EMISSIONS STANDARDS, ADVANCED TECHNOLOGY
PLUS BIOFUELS, PLUS FUEL TAX INDEXED TO FUEL ECONOMY ACHIEVE
A 52% GHG REDUCTION, 64% PETROLEUM DECREASE BY 2050.

Greenhouse Gas Impacts and Petroleum Usage, Efficiency
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PROMOTING FCVS, BEVS AND PHEVS PRODUCED AN 88% REDUCTION IN GHG
EMISSIONS AND A 100% REDUCTION IN PETROLEUM USE BY 2050.
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SUBSIDIES COME FIRST, AND CONTINUE FOR AT LEAST A DECADE.
BENEFITS EXCEED COSTS BY AN ORDER OF MAGNITUDE, AND INFRASTRUCTURE
SUBSIDIES ARE LIKELY TO BE A SMALL RELATIVE TO VEHICLE SUBSIDIES.
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EVEN CONSIDERING BOTH TECHNOLOGICAL AND MARKET
UNCERTAINTIES EXCESS COSTS (SUBSIDIES) SEEM LIKELY TO BE
SMALL RELATIVE TO BENEFITS. BUT HOW DO WE GET THERE?

Discounted (2.3%) Annual Social Value of Transition to Electric-Drive Vehicles in the U.S.
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It takes decades. The difference between social and private discount rates becomes critical.
It requires technological progress which is inherently uncertain.

Externalities are involved but not all the social costs are externalities (e.g., monopoly power in
world oil market).

There are other important market inefficiencies (e.g., energy paradox).

The transition creates external benefits which are difficult for private agents to capture.
Reduction of risk-aversion of majority via cumulative sales (Direct Network External Benefit)
Value of fuel availability to car buyers (Indirect Network External Benefit)
Learning-by-doing spillover
Value of choice diversity (versus scale economies)

External benefits and positive feedbacks (scale economies, LBD) are powerful, creating tipping
points.

“Deep Uncertainty” (Requires knowledge about technologies and markets that we don’t yet
possess.) 20



Innovators/majority: How many? How much? How long?
How important is fuel availability?

How important is limited range/long recharging time?
How many PEV buyers will also purchase level 2 charging?
How valuable are workplace & public recharging?

How valuable is diversity of choice?

How big are scale economies?

What will future technology costs be?

How will costs be affected by learning by doing?

How important is coordination with the rest of the world?
How sensitive are consumers’ to vehicle and fuel prices?
What are viable policy & business models for early recharging and refueling infrastructure?

Which policies are most cost-effective and acceptable?
21



THANK YOU.
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ALTERNATIVE
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Analyzing the Transition to Electric Drive in California

Changzheng Liu
al Laboratocy, Ok Ridge, Tennessee

Final Report to

The International Council on Clean Transportation

D.L. Greene, et al., Futures (2013), http://dx.doi.org/10.1016/j.futures.2013.07.003

http://bakercenter.utk.edu/wp-content/uploads/2013/06/Transition-to-Electric-Drive-2013-report.FINAL_.pdf http://www.nap.edu/catalog.php?record_id=18264



