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“The reports of my 
death have been greatly 

exaggerated”
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“The reports of my 
(impending demise) 
have been greatly 

exaggerated”
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Key Takeaway Messages

1. Significant work is still underway focused on improving ICE 
efficiency and emissions…

… but each successive improvement increases vehicle cost and complexity

Image: Steve Ciatti, PACCAR, SAE HEICE Symposium 2019
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Key Takeaway Messages

2. Electrification is the 800 lb gorilla in the (board) room – for
both passenger and commercial vehicles

Electric vehicles are still (really) expensive, but can be cheaper to operate, and battery 
prices continue to fall
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Key Takeaway Messages

3. e-fuels won’t save the day…

… for a while at least, and likely not without a lot of help
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What’s new in the world 
of ICEs?
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ICE efficiency continues to increase
(because regulations are requiring them to)
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HD Fuel Consumption Reductions Mandated by the 
US HD Greenhouse Gas Rules

Source: Cummins, SAE 2019-01-0247 
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Why are we focused so much on the engine?

Source: Steve Ciatti, PACCAR, SAE HEICE Symposium 2019
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Engine optimization opportunities (“silver buckshot”)

Source: Steve Ciatti, PACCAR, SAE HEICE Symposium 2019
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Integration with other vehicle components

Source: Cummins SAE paper 2013-01-2421 2010 baseline
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Source: Stuhldreher et al., 
EPA, SAE 2018-01-0319 

“However… no engine incorporates all 
potential improvements. There is significant 
untapped efficiency improvement potential 
still available for future vehicle use, both from 
the technology already implemented in some 
form in the current production engines listed 
and from technology that 
has not been applied in 
combination with the other 
advanced technologies.” 
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Emissions regulations are also becoming more stringent

Source: Corning SAE presentation 2019
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Cost curves



NREL    |    16

EV Battery Cost Reductions
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Many of the layoffs will 
happen at GM's 
technical center near 
Detroit. Most work on 
components for internal 
combustion engines 
and discontinued car 
models.

Chicago Tribune, Feb 4, 2019
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Erik Neandross, CEO of Gladstein, 
Neandross & Associates, joked that 
the event had morphed from a 
natural gas vehicle conference a 
few years ago into a "commercial 
electric vehicles summit."
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Why all the hysteria about 
electrification?
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LD ICE – EV cost parity (up front)

LD ICE – EV cost parity (over vehicle life)

Battery cost reductions are now believable…
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And then there’s California
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And then there’s California
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And then there’s China

Shenzhen's silent revolution: world's first 
fully electric bus fleet quiets Chinese 

megacity

“All 16,000 buses in the fast-growing Chinese megacity are now 
electric…

… and soon all 22,000 taxis will be too”
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A perspective on battery costs

• The majority of battery cost reductions over the past decade have been realized due to 
engineering improvements

• Achieve the next round of dramatic cost reductions requires chemistry changes

• These chemistry changes are going to be
hard to realize and commercialize 

• Recycling will also likely need to be adopted 
at the same scale as lead-acid batteries
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What are e-fuels?

Electrofuels (“e-fuels”) are hydrocarbon or oxygenate fuels synthesized primarily 
using a carbon source and electricity
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e-fuels attributes
• e-fuels are not new

− But some technical approaches are new and have significant potential benefits

• e-fuels can be made with pretty much any desired structure/property

− The same is true with biomass- and petroleum-derived fuels

• Much of the current interest in e-fuels results
from their potential to be a low-GHG 
alternative to petroleum-derived fuels

− Maximum benefit assumes abundance
of cheap clean electrons
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Max
Min

How much electricity is required?

http://www.fvv-net.de/fileadmin/user_upload/medien/materialien/FVV__Future_Fuels__Study_report__Defossilizing_the_transportation_sector__R586_final_2018-09-01__EN.pdf

Germany’s
current
annual
electricity
production

Energy required to convert 100% of Germany’s LD and HD fleet

http://www.fvv-net.de/fileadmin/user_upload/medien/materialien/FVV__Future_Fuels__Study_report__Defossilizing_the_transportation_sector__R586_final_2018-09-01__EN.pdf
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e-fuels: are they feasible at scale?
• In a world with constraints on low-cost, carbon-free electrons…

− Is it cheaper and easier just to electrify the on-road fleet?

• Do e-fuels make most sense for jet and marine applications, where incumbent technologies are 
harder to substitute?
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Summary/Conclusions
• Significant ICE efficiency gains are still possible

− Technologies exist to meet future fuel economy and emissions targets but are increasingly expensive

− Who is willing to pay for the needed R&D?

• Electrification promises to transform the entire on-road fleet 

− Cost (including TCO) and performance are driving the transformation

− The pace will be slow; squeezing costs out will be hard

• e-fuels could be a low-GHG technology that helps extend the life of ICEs (in theory)

− We need to use our renewable electrons wisely

TCO = Total cost of ownership
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