THE END OF THE COMBUSTION ENGINE
OR A NEW LIFE?

LUCIEN KOOPMANS
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GLOBAL OBJECTIVES
Sustainable Mobility
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REQUIRED EFFICIENCY
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WELL-TO-WHEEL & LIFE

Manufacturing™
Use phese [150,000 ke) Rucycing Batterles
110 gCO,/1 Wh

Driving” on
electricity™ :
100 gCO2/km

(24,3 kWh battery) *WLTP driving
** Average/EUmix

http://www.greencarcongress.com/2015/06/20150608-garcia.html

http://www.a-pointduurzaamheid.nl/files/4914/2348/7329/e_golf_Env_Comm.pdf
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ENERGY CONSUMPTION
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Source: U.S. Energy Information Administration | International Energy Outlook 2016
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ICE

Torque [Nm]
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NEED NEW ENGINE OPTIMIZATION

Batiery Electric
Vehicle with Range
Extender

Stop / start Mild Full Plug-in
Micro Hybrid Hybrid Hybrid Hybrld

Battery Electric
Vehicle

Increased vehicle cost, battery size, welght
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STANDARD EMISSIONS

—ANOXTP.S gm
—ATHCTP.S gm
—DYNSPD.S km/hr
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Energy carriers

Biomass

Primary Energy Sources i Infrastructure Powertrains

Gasoline

FT Gasoline Liquid Fuel
Infrastructure

Diesel

FT Diesel

ICEs and
ICE Hybri

Biodiesel

Renewable
Energy

Ethanol

Methanol

] Wind A Gaseous Fuel

. Infrastructure Hydrogen

Hydrogen

i Electricity I
Nuclear

Electr-fuel

Adapted from: The_sustainable_mobility_project.(2004) Mobility. 2030: meeting.the challenges to sustainability. World Business.Council for. Sustainable Development,,

POSSIBLE TO CLEAN EXISTING FLEET!

Josefine Preuss & Tankai Zhang
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ENGINE OPERATION REAL DRIVING
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Throttle

Compressor
recirculation

HP compressor
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Kristoffer Clasén
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WATER INJECTION

100

Gasoline
(Direct Injection)

|15 bar IMEP@ 4800rpm |

Water/Fuel Ratio

Jayesh Khatri
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Wall heat losses
Engine efficiency
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Technology / Cycle

Waste heat recovery

NEDC

0-1%

WLTP
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Source: VCC

Engine Speed, rpm

HWFET 130 km/h

5-6% 10%
Fredrik Ekstrom & Jelmer Rijpkema
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Lower Emissions

Michael Saccullo & Andreas Nygren
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CONTINUOUS OPTIMIZATION

Energy and Emissions@ment

N
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Sreelekha Etikyala
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