Spray Chamber

Multi- Cyllnder
e /\
d‘wﬁ?‘ﬁ? L: ﬂl’%

T ; e
R ; /ﬁ ",, 7

\ ‘”C-‘/ RS

'k SR\

Single-CyIinder

O~ 1

. 0‘15 -

‘,J

4 F&*\

FLEDGED Webinar - October 27th, 2020

DME - Solution for Transport Applications of

Today and Tomorrow

W. Willems Ford RIC Aachen



THE DEFOSSILIZATION CHALLENGE

Global Oil Consumption today (4,500 Mt/a)

iy The decarbgnizatic')n Substituting fossile
CE@;@”E&J%E%‘E ; energy carriers with
needed and should : non-fossile
be exploited to the : :
maximum. : replacements will
. require more than one

Flcric cars (330 : technical solution in
' ' : order to decarbonize
transport for new and

existing vehicles

Source: Neste based on |IEA World Energy Outlook 2019, Stated Policies Scenario.
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MARKET PENETRATION AND ITS IMPACT ON GHG REDUCTION

Vehicle Fleetin Germany * Introduction of new technology and
50000000 its market penetration takes time
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40000000

 Disruptive technology changes will
have an impact with a significant
delay time
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* Low-CO,-Technology compatible to
existing IC-based powertrain
technology has the potential to
have a stronger impact on CO,
reduction

Registered Vehicles

10000000

5000000

0
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Year
M Less than 2 years BFrom2to5years K From5to10years M Olderthan 10 years

Source: http://ec.europa.eu/eurostat/data/database Sustainable Synthetlc-fuels
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CHALLENGES AND REQUIREMENTS FOR SYNTHETIC FUELS

¢ Octanol N

= Synthetic fuels should give TtW-CO,-benefits assuming current ! DME \\\e'é“a Gasoline )
CO,-regulation mechanisms | o“‘?""g\ec-“"dme""ethanol
= New fuels should address various problems at the same time \ L

Hydrog®™  Butanol

(CO, and emissions)
* Time and Technology Readiness

= Synthetic fuel solutions need to be available as quickly as
possible

» Fuel standards should be available
= Synthetic fuels should be available globally at reasonable cost

= Synthetic fuels should be compatible with current powertrain
technology

FLECER
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REFUELS = ELECTRO AND/OR BIOBASED (2N° GEN) FUELS
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RENEWABLE FUEL AVAILABILITY

Renewable Fuel production
currently at a low level (< 10 %)
but increasing

Renewable Fuels in Europe « Liquid Bio-fuels
30 _ « Bio-1st Gen will remain but
B Bio-Fuels Gen1 . .
o HVO _ will not increase further
. . 2nd Gen Bio : q o

— 25 A Bio-Fuels Gen 2 [Ligno, Waste..] (53 «  Bio-2"9 Gen will increase
g EFuels_FT_Based significantly (Lignocell
“,;:'-: 50 ¢ rMethane(Bio/eFuel) g y ( 9 ’
= A rMethanol/rDME(Bio/eFuel) reSIdue_' V_VaSte) _
z = ] «  HVO will increase but will
g 15 C 15t Gen Bio stabilize at certain level
L]
IS 4~ rMethane HVO « Methane currently highest
s 10 & ® availability (Biogas, eGas
S .
& evolving)

> &

EFuel_FT_Based « Methanol based fuels steeply
0 increasing (projects North-
2015 2020 2025 2030 2035 2040

Africa, Australia, Patagonia in
vear pipeline)
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BMWI-C3-MOBILITY-CONSORTIUM - " CO,-NEUTRAL FUELS BASED ON METHANOL"

= Project funded by the German Ministry of Economy looking at Methanol-based Fuels (Methanol, MtG, OME, DME) for
PassCar, light/heavy-duty and marine applications

Supported by:

*le IM Iv“

d Ene: gy

]|3 Closed Carbon Cycle

MOBILITY kag e c4

Klimaneutrale Kraftstoffe
flir den Verkehr der Zukunﬂ ab Heute

IFEEVV
RWTHAACHEN
UNIVERSITY DENSO

©

SHV ENERGY

* Fully optimized Engine System % Fraunhofer
* Air-Path, Combustion System, AT ISE

* RDE-Compatible
« Target Euro 6+

FLECER
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BMWI-C3-MOBILITY-CONSORTIUM - " CO,-NEUTRAL FUELS BASED ON METHANOL"

Single-Cylinder Measurements @ VKA/RWTH Aachen

filter smoke number / - Ind. Spec. CO2 / g/(KWh)
Mosty simdar CO2-level
- - e £ T G 7
no oot in DME-operation s+ 61N . in LPO2 th 3 gy
i i i i . ‘smaller nozzle yields f T v mowms s v e NN
Single-Cylinder Multi-Cylinder =] 1] iR e e m e
& ] NOX largely owing to g oo T s, e (4
—. incomplete combustion
: M : ) Ll dics b gw o B
§ Y 0] Pt
]
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Multi-Cylinder Measurements @ Ford R&A

Twin-Pump-System

rDME-Filling Station

|

Filling station in preparation
@ SHV Energy/Primagas

Engine in preparation
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DME-STANDARDIZATION DIN TS 51698

= Kickoff of Standardization Efforts: November 2018
= DIN Standard: Development of a new DME-Standard dedicated to automotive/heating

applications

= DIN Workgroup lead by Ford and Tec4Fuels

1771 1S0 16861

« Translation into German

 Extended ISO-Standard
* Monofuel (= no blend)

N

+ Specificying Lubricity by defining lubricity

Odorant: = 3-nose test (no sulfur additive
preferred)

agent and concentration

 Joint developement of requirements and specifications
 DIN TS 51698 almost finished =» Released early next year
* Fuel in C3-Mobility according to DIN Technical Specification

»

National Standardisation/Mirror organization of ISO

Dimethylether (DME) fur den Einsatz als Kraftstoff
(NAK 51698)

O
P
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UPCOMING ACTIVITIES — DME BLENDING

Start 2021

_ Diesel-Base Powertrain-Solutions

100% Diesel=X DME+X
Fuel/Blend (X=EN590,EN16540, BioDiesel) (X=EN590,EN16540, BioDiesel)
Mono-Fuel Bi-Fuel

Diesel-System Diesel+Pressurized-Tank-System Pressurized-Tank-System
Injection System DieseI-Common-RaiI _ = DME-Common-Rail
Rail/lnjektor/Pump - D'esel'sysmm Oil-lubricated
Combustion System Optimized for Diesel = Dlesel Definition Optimized for DME
Bowl, Nozzle, Swirl

100% DME
Mono-Fuel

Airpath . :
(Turbo-charger, EGR, Optimized for Diesel = Diesel-Airpath n Dlesgl-A_l_rpath
- ) - (evt. simplified)
Cooling circuit)
Aftertreatment System - : S Optimized fur DME
DPELNG.SCR Optimized for Diesel = Diesel-System (Simplified > DPF)

High
+ Tank-System
+ Injection-System
+ Combustion System
+ simplified AT-System

Moderate
+ Tank-System
+ Mixing Unit HP-Pumpe
(dynamic operation)

Complexity

1. Definition of suitable fuel blends: Suitable cold-stable DME-X (X=Diesel(EN590), HVO/GTL (EN15940),
BioDiesel) with appropriate additives are to be developed for operation with an almost unchanged
injection/air/exhaust aftertreatment system.

Demonstration on vehicle: Based on the demonstration in a DME/DME blend capable vehicle, the drivability
of the most promising blend towards the end of the project will be demonstrated
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CONCLUSIONS

= Synthetic fuels have a strong potential to play a major role in future sustainable mobility

= For Cl based powertrain applications, DME is a very attractive Diesel fuel replacement since is
provides benefits with regard to Tank-to-Whell efficiency, criteria emissions and energy density

* The potential of DME has been proven in a public funded project (BMWi) led by Ford, and will
be investigated in follow-up projects including vehicle and infrastructure demonstration

= Continuation of investigations related to DME and other promising Synfuel-candidates
important in order to support defossilization
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