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Waste Heat Recovery Technology c
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GHG Penalty at Low Tallpipe NOx c
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GHG Penalty at Low Tallpipe NOx c
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GHG Penalty at Low Tailpipe NOXx c

Diesel + Path to 0.02 g/hp*hr with advanced combustion with good CO,

* 15 - oy
Natural Gas > 1 |+ stillin research
Advanced

Combustion 10 -

Improving Current Conventional

S - Diesel Combustion w/SCR
/ Improved Current Technology

Stoichiometric EGR w/TWC

;/ New Diesel Technologies

Advanced = / New Nat Gas Technologies
Combustion |=™——

-

0 0.05 0.1 0.15 0.2 0.25
Tailpipe NOx Standard (g/hp*hr)

* Includes methane emissions as equivalent CO, 7




Summary c

= Engine can provide significant improvement in fuel consumption and CO,
emissions

= Lower NOx levels achievable with minimal CO, penalty
— 0.1 g/hp*hr for diesel
— 0.02 g/hp*hr for natural gas

= Research needed to reach 0.02 g/hp*hr for diesel

Additional considerations
— ldentifying the right levers for reducing NOx — certification standards, cycles, etc.
— Other challenges in certifying to low NOx such as design margin and OBD
— Keeping CO, and NOXx certification protocols linked




