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Electric Mobility with Hydrogen Fuel Cell Technology

 > 500 km range

 < 5 min refueling

 10 – 40 g CO2/km

 H2 infrastructure

 cost reduction

 temperature increase 
80  > 100 °C

 reduce # of parts



||
SCCER Efficient Technologies and Systems for Mobility

Fuel Cell 

Fuel recirculation 

H2 

Air 

Coolant 

Heat exchanger 

H2O (vap) 
Vapor 

exchanger 

 simplified system

 temp up to 120 °C

 needs material development
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2014 – 2016    TRL 1 (basic principles) –TRL 3 (exp. proof of conc.)

16.09.20163rd Annual Conference SCCER Mobility 4

Materials development

& characterization

Modeling Proof of concept

 develop GDL materials  understand evaporation
in GDL

 understand cell level 

 experimentally 
demonstrate concept in 
laboratory cell (TRL 3)
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Material Development – GDLs with patterned wettability

200 mm

Carbon

Boillat, P.; Forner-Cuenca, A.; Gubler, L.; Padeste, C.; Büchi, F.N. 
European Patent Application, EP14184065.2 (2014)

 successful materials development

 application also for conventional FC 
operation
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Lattice Boltzmann Modeling of evaporation from
porous materials

16.09.2016

 understand the 
processes limiting the 
evaporation rate from 
the porous materials

  a mixed kinetic and 
transport limited 
regime

GDL	top	

Rela ve	Humidity	

140 200 
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Cell level Modeling of gas diffusion layers with patterned 
wettability

 understand the transport of 
the liquid and the gaseous 
water and the phase change 
processes

Model domain: cathode side with
focus on GDL
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New test environment with thermal instrumentation

H2 

Air 

Water injection channel

 water pattern fills in 
operation 

Heat flux sensorsTemperature sensorsCell module
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Measurement results: Heat fluxes
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 Total heat flux negative

→ fully evaporatively cooled

 Operated at 80°C with 
dry gases

 Resistivity is low 
→ good humidification
→ good performance



||
SCCER Efficient Technologies and Systems for Mobility

CA A2.1: Development of thermoneutral FC concept 
(evap. cooling)

 Combined modeling & experimental development
→ proof of concept in laboratory cell (TRL 3)

 Licensing discussions with industry ongoing

 Phase II (as of 2017): Critical review, materials optimization 
and scale up to kW demonstrator (TRL 4 - 5)
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Overview and Selected Topics from the Capacity Area A2.2

Christian Bach, Empa – Co-Coordinator A2

Chemical Energy Converters  
Topic: Internal Combustion Engines
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Research groups
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Combustion Fundamentals Engine system control Combustion process

Automotive Powertrain Technology Lab

Focus on renewable energy operated ICEs:

- Ignition and early flame behavior (fundamental and applied research)

- Gas exchange and engine control optimization (applied research)

- Efficiency increase; pollutants reduction (applied research and prototyping)

Main industrial partner:

Cooperation with CA A1 (FC vehicles, hybrids), SCCER HaE, FURIES, CREST 

(electricity based fuels), SCCER biosweet (renewable organic fuels)
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CNG Prechamber Combustion Modeling – Hierarchical Approach
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Reactive DNS Simulations

• Combustion regime
• Main chamber/jet effects
• Generic geometries/conditions

Optical Combustion Diagnostics

• Optical data for model
development/validation 
from in the PC and the 
main chamber

• Near-engine conditions 
and generic setups

1-cyl Engine Experiments

• Combustion, performance 
and emission data

• Extension of 
operating range
to higher loads

• Understanding of
emission and 
C2C trends

CFD Combustion Models

• Novel flame description in LES 
• Flame wall interactions, HT 
• Modelling of turbulent jet ignition

under real engine conditions

Phenomenological 0/1-D Models

• Fast combustion and emission
models used for engine design
and parameter tuning
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 Diesel-Ignited Gas Engine
 Methane/CNG – primary fuel

 Diesel – ignition source

 Low CO2 emissions

 Operation modes

 Lean / stoichiometric / EGR / diesel-only

 Challenges
 Operation mode influences

 exhaust gas temperature & TWC conversion efficiency

 and raw-emissions

NextICE: WP Next Generation of Alternative Fuel Converters
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Best strategy?
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 Simulated cumulative emissions on WLTC:

 Switching from Diesel-only 
to natural gas yields up to
-16% CO2 and -77% NOx

 CO2 benefit of lean combustion
is counteracted by low 
conversion efficiency of TWC

Options:
→ use stoichiometric combustion
→ use EGR
→ use different after treatment

NextICE: WP Next Generation of Alternative Fuel Converters
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mostly
stoichometric
combustion

increased
use of Diesel

Diesel-only

mostly lean
combustion

𝐸Diesel

𝐸Total
in %
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NextICE: WP Dual Fuel Combustion with OME

 Dual fuel engines operated with 
natural gas as main fuel and a liquid 
fuel as pilot

 Liquid fuel used in small amounts, 
can be produced renewably:  OME

 OME used:
 Blend  with n = 2, 3 and 4

 Properties:
 No C-C bonds -> low potential to form 

soot precursors

 Cetane number of OME2-4 > Diesel
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Structure of OMEn:
CH3 –O – [CH2 –O]n –CH3
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NextICE: WP Dual Fuel Combustion with OME

 Low load operation, variation of 
EGR, swirl and injection settings:
 Very low PM mass levels using OME as 

pilot fuel

 High detected PN (small particles) using 
OME most likely volatile

 Chemical properties of OME inhibits 
soot formation in DF combustion
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OP 1: 1500 rpm, 4 bar BMEP, 35% EGR, Swirl no

OP 2: 1500 rpm, 4 bar BMEP, 35% EGR, Swirl yes 

OP 3: 2000 rpm, 4 bar BMEP, 40% EGR, Swirl no, DOI 700 μs

OP 4: 2000 rpm, 4 bar BMEP, 40% EGR, Swirl no, DOI 600 μs
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Main goals

 Camless engine, no need for a camshaft

 Full flexibility of gas exchange valve actuation regarding valve 
timing and valve lift

 Fast response, valve timing changes from cycle to cycle

 Equal or lower dissipation than classical (mechanical) valvetrains

 Feasible for low-cost production

Approach

 Electrohydraulic system with hydraulic recuperation

NextICE: WP Fully Variable Valvetrain
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NextICE: WP Fully Variable Valvetrain
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Final design (2016) Prototyping (2016)

Validation prototype (2015)
Multiphysics simulations, 

system optimization

Engine assembly (2017)
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 Diesel Engines
 Reliable and durable

 Very fuel efficient

 Large market segments

 Challenges:
 Tight emission limits

 Large number of actuators & applications

 Calibration of control algorithms is complex and time-consuming

Heavy-Duty Diesel Engine Emission Control
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 In-engine actuators
calibrated for all optimal
strategies within 2 
working days

 Optimality of results 
validated

 Future:
Combined optimization
of engine and after-
treatment controls

Method for Quick and Optimal Engine Calibration

16.09.20163rd Annual Conference SCCER Mobility 21

Range of all optimal 
strategies

Decreasing NOx will 
increase consumption

Load Cycle = WLTC

Decreasing soot
will increase consumption

NOx-efficiency trade-off 
with fixed weighting
between soot and efficiency
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1500 mm

720 mm

1100 mm1 cyl. gas engine

electric generator

exhaust heat
exchanger Small and decentral

 Near zero emissions

 𝜂el = 30%, 𝜂tot > 90%

 Low market price

 Supervisory Control Challenges
 Minimize operating cost

 Varying demands of heat and electricity

 Degree of freedom: boiler heat capacity

Aladin: Gas-powered micro decentral CHP station

16.09.20163rd Annual Conference SCCER Mobility 22



||
SCCER Efficient Technologies and Systems for Mobility

Horizon2020 project

Main goals

 Dedicated (monofuel) CNG powertrains with 20% fuel 
consumption reduction

 Post Euro-6 pollutant emissions and 2020+ CO2 emissions in 
new homologation cycle & in real driving conditions

 Improved performance compared to the actual state-of-the-art

Focus on

 Injection, ignition and boosting concepts

 Advanced exhaust gas aftertreatment system

 Detecting gas-quality and composition
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Horizon2020 project
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IDSC & LAV

Automotive 

Powertrain

Technologies

Lab.
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Horizon2020 project
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Ignition cell @ Empa

 Development of spectroscopic 
methods for ignition and early 
flame diagnostics

GasOn engine @ Empa

 Multi-cylinder engine to 
implement the basic findings

 Fully flexible control systems, 
developed and implemented 
by ETH-IDSC
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Efficiency potential of gas engines for utility vehicles 

16.09.20163rd Annual Conference SCCER Mobility 26

1D-Simulation Intake manifold

1D/3D-Simulation

Design and realization

of adv. EGR concepts
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felix.buechi@psi.ch

christian.bach@empa.ch

Questions?
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