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Capacity Area “Chemical Energy Converter” (A2)

Motivation

= Renewable hydrocarbon operated hybrid/IC engine powertrains with improved
efficiency

= Simplified renewable hydrogen operated fuelcell systems with reduced costs
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Operation of passenger cars: high relevance of long-distance trips
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Microcensus:

The 70% shortest typical car trips account for
30% of the mileage resp. the 30% longest car
trips account for 70%.

Transfer to vehicles:

A small portion (e.g. 30%) of vehicle
applications are responsible for the majority
(e.g. 70%) of the CO, emissions.

Complementary technologies:
Electromobility and synthetic fuel powered
vehicles are complementing concepts.
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CO2 emissions in city and motorway driving

City driving profile Highway driving profile

Compact car with gasoline, gas and electric powertrain Compact car with diesel, gas and electric powertrain
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Main question: Availability of renewable energy for road mobility

Hypothetical electricity profile of Switzerland _ _
Mean values 2010 - 2016; minus nuclear power (25 TWh); plus 25 TWh PV-Strom Wlth acom plete day/nlght
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If this is not made usable,
PV expansion could become
decelerated.
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Cooperation ETHZ-FHNW-PSI
Kai Hermann (FHNW), Konstantinos Boulouchos (ETHZ)

* Project “Adapted Fuels”

= Experimental combustion investigations in optical engine test facility
= Dual fuel (gas engine with diesel/alternative fuel ignition jet)

= Diesel combustion with alternative (tailored) liquid fuels

Project partner:

Schweizerische Eidgenossenschaft
Confédération suisse PAUL SCHERRER INSTITUT

Confederazione Svizzera ’ FPT
Confederaziun svizra ( | —_— —

Swiss Federal Office of Energy SFOE PONERTRAMTECHNOLOGES
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Characterization of Dual-Fuel Combustion Processes

- investigation of ignition, flame propagation and combustion under engine-relevant conditions

Simultaneous Schlieren | OH* chemiluminescence measurements

Optical engine test facility
"Flex-OeCoS"

- wide range of parameter variation: process conditions (p, T, flow, air-fuel ratio) and injection (pilot fuel, nozzle, timing)

Topic A2.2:IC engine powertrain efficiency increase
Task A2.2.1: Multi-mode/minimal emission combustion process: SFOE project "Adapted Fuels"
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Characterization of Dual-Fuel Combustion Processes

- relevance for industry: optimal conditions in terms of low emissions and operation stability
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Cooperation ETHZ-FHNW
W. Vera-Tudela, Ch. Schirch, Ch. Barro, D. Sakellarakis, Yuri M. Wright, K. Boulouchos (ETHZ)

= Project: High pressure gas direct injection
= Experimental combustion investigations in optical engine test facility

Project partner:

«- 8.
weizerische Eidgenossenschaft s g e *
) ) et

® ..

Confederazione Svizzera WV . ®
Confederaziun svizra .,
%

0, o

Swiss Federal Office of Energy SFOE
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FlexOeCoS optical test facility — high-speed schlieren imaging setup

Gas injector
Pressure ratio [-]

4 6 8 10
300 | 75 50 | 37.5 | 30
400 | 100 | 66.7 | 50 | 40
500 | 125 | 83.3 | 62.5 | 50

Pin-hole Lens Lens
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Injection
pressure
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Chamber pressure @ SOI
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Cooperation ETHZ-Empa
Konstantinos Boulouchos, Christopher H. Onder (ETHZ), Patrik Soltic (Empa)

* Project“"GasOn"” (completed in May 2019)
= Investigation of a new pre-chamber combustion process for passenger cars
= Target: 20% efficiency increase compared to a state-of-the-art gas engine 2016

Project partner:

Hori 2020
AKTIENGESELLSCHAFT Europgan_ Ez:(«)zpoenan Union funding
Commission for Researc h & Innovation
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Pre-chamber gas engine combustion process

Main tasks of the SCCER Mobility project partner

ETH:zurich LAV: Detailed fluid dynamic simulation in pre-chamber
and experimental combustion studies

IDSC: Dual fuel benchmark investigations as well as
design and realization of the engine control
system

VOLKSWAGEN Design, optimization and manufacturing of

AKTIENGESELLSCHAFT prototype eng|ne hardware
° Empa Combustion process investigations on a 4 cylinder L]

Materials Science and Technology

prototype engine
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Pre-chamber gas engine combustion process

ITFE n|w

in collaboration with

LAV 72 ETHziirich

- Target: 20% efficiency increase compared to state-of-the-art gas engine 2016

Pre chamber system (volume: 1.8 cm3)

Brake thermal efficiency:
33-37%
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NOx emissions [g/kWh]
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Very low NOx emission
Challenge: HC emissions
(not shown)
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Cooperation ETHZ-HESS
Andreas Ritter, Fabio Widmer, Christopher H. Onder

= Project: Swiss Trolley plus
= Energy Management of a Hybrid Trolleybus

Project partner:

Schweizerische Eidgenossensc haft ]
Confede —
Confederazione Svizzera

Canfederaziun svizra ——

Swiss Federal Office of Energy SFOE
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SwissTrolley plus: 15% Reduction of Energy Consumption of Trolley Buses

= Trolley buses with traction batteries
= Recuperates braking energy
= Saves infrastructure costs

= Allows to extend existing bus routes
= 15% reduction in energy consumption

= Ongoing project, 2014—2019

= Cooperation with industrial partners
Carrosserie HESS AG and VBZ

= Supported by BFE (federal office of energy)
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Plug-in Hybrid Electric Vehicle with In-Motion Charging

energy source
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Predictive Self-Learning Energy Management System (EMS)

\ calculate

optimal solution
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velocity, demand
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Achievements and Outlook

= 15% reduced energy consumption measured in field campaign
= Implemented custom software framework for current and future EMS versions

= Currently deploying predictive EMS onto the vehicle
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Cooperation PSI-ZHAW
M. Striednig, M. Cochet, P. Boillat, F. N. Buchi (PSI), R. Herrendorfer, J. O. Schumacher (ZHAW)

= Project: Model-based Analysis of Evaporatively Cooled Fuel Cell and System
= Better understanding of heat transfer on cell level
= Quantitative understanding of effects on system level

Project partner:

Swiss Federal Office of Energy SFOE
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[1] A De las Heras, et al, Renewable and Sustainable Energy Reviews, 96 (2018), 29
[2] A. Fly, R. H. Thring, Int J Hydrogen Energy 41 (2016), 14217

[3] A. Forner-Cuenca et al., Advanced Materials 27, (2015), 6317

[4] M. Cochet, et al., Fuel Cells 18 (2018), 5, 619
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Experimental Setup: Swiss Canfederation

Model setup §

Modeling domain:

Hydrophilic
lines
Liquid water
3-D cell model: channel

Continuum, multiphysics model (COMSOL)

Objective:
Better understanding of water and heat transport during evap. cooling

In combination with

0-D sytem model:

MatLab — SimuLink based

Objectives:

Determine operation range and influence of operating parameters
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Simulated evaporative cooled cell and system

Gas channels

line ]

Liquid water:
channel R

Understanding details of cell operation:
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Evaporative Cooling

Conventional Stack

1.0 1.5 2.0 2.5
Pressure in bar,

Understanding of impact on system

3.0

operation: window similar to conventional

FC system

SCCER Mobility

| 17.09.2019 | 24



Confédération suisse

. . s Confederazione Svizzera
Efficient Technologies and Systems for Mobility Confederaziun svizra

Supported by:
SCCE!’ . Schweizerische Eidgenossenschaft
_‘ O ‘ Swiss Competence Center for Energy Research 0 :

Swiss Confederation

Innosuisse - Swiss Innova tion Agency

Conclusion CA A2

= Well established cooperation within the Capacity Area A2 and with relevant industrial
partner.

= Improved efficiency for ICEV/(P)HEV powertrains for disproportionally relevant long
distance vehicles with a focus on gas and diesel engines.

= Reduced costs of fuel cell powertrains for the substitution of ICEV/(P)HEV powertrains
for heavy duty truck short distance and passenger car long distance vehicles
(target: vehicle cost equivalence)

= Utilization of excess electricity based synthetic fuels linked over joint activity projects
with other SCCERs.
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