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Premises matter.  
Only premises matter.  
What was the question?

Premise #1: We are not likely to meet appropriate GHG reduction goals for light-duty vehicles 
without a transition to low-carbon energy.  Fuel economy improvement is essential but not 
sufficient.

Premise #2: If low-carbon biofuels are successful, quantities will be limited and will go to 
aircraft, heavy-duty road vehicles or other modes.

Premise #3: This leaves electrons and protons produced by low-GHG processes to power light-
duty vehicles.

Premise #4: The current status of plug-in electric and hydrogen fuel cell technologies is not 
sufficient to achieve a cost-effective, eventually self-sustaining transition of sufficient 
magnitude.  And, yet, we need to start a transition yesterday.

Premise #5: The probabilities of success for plug-in electric and hydrogen fuel cell technologies 
are largely independent.
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U.S. Bureau of Transportation Statistics, Transportation Statistics Annual Report, 2015.

Reducing light-duty vehicle emissions by 80% by 2050 requires zero 
emission vehicles and low-carbon energy.



This leads to a (hugely simplified) decision analysis.

Assume probability(success) = 0.5 for both.

Outcome Probability Payoff

Both

Only One

Neither

0.25

0.5

0.25

Great! = 2

Good = 1

Bad = 0

With both options, the expected payoff is doubled and the probability of at least one success increases by 50%.
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Battery technology has 
made impressive 
progress towards 
performance targets 
that will make PEVs 
competitive with ICEs. 

2030: $250/kWh; 
2050: $160/kWh

NRC 2050



And so have fuel cells.  In 20 years, fuel cell cars have been 
taken from an experiment to a (nearly) commercial product.
Durability increased 4X from 2006 to 2015, cold start at -37˚ C.
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2014 F-Cell

2015 Toyota Mirai



The recent progress of fuel cells has also been rapid but like PEVs further cost 
reductions are needed.  In addition, a new refueling infrastructure is essential.
(e.g.,700 bar, 5 kg tank is estimated to cost $2,500 in high-volume production.)
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Refueling infrastructure costs are also a challenge.  Cost of dispensed 
hydrogen CA is about $13/kg (untaxed).  Station and dispensing costs 
now average $6.50-$8.00/kg, largely due to low utilization.

12 Open, 29 to open in 2016.



A recent U.S. National Research 
Council study estimated that meeting 
future fuel economy standards would 
require reduced road load and 
therefore power requirements, 
enabling electric drive vehicles to 
become cheaper than ICE vehicles 
(NRC, 2013).

9

BEV – Battery Electric Vehicle PHEV – Plug-in Hybrid Electric Vehicle
FCV – Hydrogen Fuel Cell Vehicle HEV – Hybrid Electric Vehicle

ICE – Internal Combustion Engine Vehicle
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The U.S. NRC study’s estimates of the costs and benefits of transition to 
electric drive, though pioneering, illustrate important features of the transition 
process.  The scenario shown below achieved an 80% reduction in GHGs by 
2050 with successful adoption of both plug-in and fuel cell electric vehicles.



The transition to low-carbon energy for vehicles is 
a new challenge for public policy.  
Ultimate success is uncertain.
Fortunately both FCEVs and PEVs have made enormous progress over the past two decades, 
consistent with reaching technical goals.

Hydrogen fuel cell electric vehicles 
◦ Reduce fuel cell system and hydrogen storage costs

◦ Reduce cost of dispensed hydrogen

◦ Deploy refueling infrastructure

Plug-in electric vehicles
◦ Reduce battery costs

◦ Reduce recharging time/increase range

◦ Expand recharging infrastructure

Both require low-carbon upstream energy production.

Pursuing both technologies simultaneously, “doubles the expected payoff and increases the 
chances of meeting GHG goals by 50%”.
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THANK YOU.

http://bakercenter.utk.edu/wp-content/uploads/2013/06/Transition-to-Electric-Drive-2013-report.FINAL_.pdf
http://bakercenter.utk.edu/wp-content/uploads/2014/01/704176-White-Paper-Template-114.FINAL_.Greene2.pdf

http://www.nap.edu/catalog.php?record_id=18264

D.L. Greene, et al., Futures (2013)

http://dx.doi.org/10.1016/j.futures.2013.07.003

McNutt, B. and D. Rodgers, 2004. “Lessons Learned from 15 Years of Alternative Fuels Experience – 1988-2003”, in D. Sperling and J.S. 
Cannon, eds., The Hydrogen Energy Transition, Academic Press, San Francisco, California.

D.L. Greene, S. Park and C.Z. Liu (2014)
http://www.sciencedirect.com/science/article/pii/S2211467X14000455

“If it were easy…”

http://bakercenter.utk.edu/wp-content/uploads/2013/06/Transition-to-Electric-Drive-2013-report.FINAL_.pdf
http://bakercenter.utk.edu/wp-content/uploads/2014/01/704176-White-Paper-Template-114.FINAL_.Greene2.pdf
http://www.nap.edu/catalog.php?record_id=18264
http://dx.doi.org/10.1016/j.futures.2013.07.003
http://www.sciencedirect.com/science/article/pii/S2211467X14000455

