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Impact of 2, 5-dimethylfuran on Engine Performance and
Emissions as New Generation of Sustainable Bio-fuels

cPSRC

Engineering and Physical Sciences EP/F061692/1 h

Research Council

Feb 2009 August 2012 .

E
°ra Low Carbon Futur®

To study the characteristics of combustion and emissions of newly proposed
generation of Bio-fuels for gasoline (SI) engines with bench-marking to
gasoline and ethanol, involving modelling and experimental study of fuel

spray, direct injection mixture preparation, and combustion and emissions
(regulated and unregulated).
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C-ALPS Unlvers@
Centre for Advanced Low-Carbon Propulsion Systems
Research Topics

Development of virtual vehicle powertrain platform

Hybrid system optimization (EM, eBooster, ESA, e-CAT)
Safety of electrified powertrains

Development of validation methods for electrified powertrains

Hybridisation

Dedicated high efficiency ICEs for HEV
ICE related Alternative and synthetic fuels
Exhaust After-treatment concepts

Hydrogen fuel cells
Hydrogen Air path and function development for hydrogen fuel cells




Collaboration with FEV

C-ALPS engine test lab

—our transient powertrain test cells
~ull emission analysis capability
~EV IS 3.0 fast data acquisition
Battery emulator up to 60 kW

FEV Morphee 24/7 full automation

C-ALPS and FEV collaboration

« Mutual fund for the C-ALPS engine test building

» Access to industry standard calibrated GT-Power models

« Access to proprietary FEV Software - SImEx & Virtual Engine
» Access to facilities and knowledge from FEV and Aachen Uni.




Ban of ICEs in passenger cars? oventry%g
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China moves towards banning the

News » Bus » Bus s News

internal combustion engine German court to rule on whether cities

can ban heavily polluting vehicles in
pivotal moment for country's car makers

Its government is developing a plan to phase out vehicles powered by fossil fuels

California Considers Following |
China With Combustion- Englne Car Plenstag, 27, Feoruar 2018, 12.00 Unr
Ban E— Leipziger Bundesverwaltungsgericht urteilt:

Weg fur Diesel-Fahrverbote ist frei
Charge: India in ambitious drive for

all cars to be electric by 2030 Four of world's biggest cities to ban
diesel cars from their centres

ft - News

Diesel and petrol car ban: Plan for 2040 Petrol and diesel cars set to be banned
unravels as 10 new power stations in parts of east London with £130 fines
needed to cope with electric revolution for motorists who flout rules

Paris Wants to Ban the Combustion Engine by 2030



Passenger car in 2030 in Europe: FEV 8%\’,%%@%{52

FEV Scenario Scenario 1: “BEV break-through” Scenario 2: “PHEV”
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emission: <95 g/km* <75 g/km <65 g/km <65 g/km <65 g/km

*: hormalized to NEDC

Source: FEV [_]ICE only [_] Stop-Start& 12V Energy Mgmt [_] Mild Hybrid [ Full Hybrid [l Plug-In Hybrid [] Battery Electric [_] Fuel Cell [l Others

Until 2030, 69%-76% of passenger cars will be hybrid



Global passenger cars in 2050: IEA 8%‘\’/%?5%%#%52
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Until 2050, 49% of passenger cars will be hybrid



Emission challenge

; . . s
Which emissions are issues faced by current CI/SI vehicles” Audi Hyundai
66+74 European cars were tested in ADAC EcoTest cycle for BMW Mazda
the assessment of their gaseous and particulate emissions. Mercedes  Renault

_ Ford SEAT

ADAC EcoTest cycle consists of one cold WTLC +warm
WTLC + ADAC highway cycle. vw Skoda
Citroen Nissan

3150 Source: ADAC Fiat Opel

% 100 Jaguar Peugeot
§ Land

g % Rover Subaru

" | Kia  AlfaRomeo

Time (s)

ADAC EcoTest cycle



Gasoline emission challenge

Euro 6d temp: CF=2.1
Euro 6d : CF=1.5
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Gasoline emission challenge
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Diesel emission challenge
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« Almost 100% of the vehicles pass the PN and PM emissions regulation requirement.
« All the EUS diesel vehicles are equipped with DPF.



Diesel emission challenge

500 100
CF=1
— 400 — 80
= =
< <
T4] oo
.§.300 é 60
5 5
g 200 .2 40
£ =
w L
. O
8100 H - || | ||
0 ||| |‘|II|‘||| |||||.I|‘“I||||‘|I||||...I||||I|| |||‘|||‘II|||.| 0 | 1 H |||| ||‘”‘I‘I”|I ||I|‘|||II| |‘|H‘H|||‘I‘||‘|n||

Tallpipe CO compliance at real world driving is not an issue for diesel passenger cars.



Diesel emission challenge
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« NOx compliance at real world driving is a challenge for diesel passenger cars.
* In the future, diesel vehicles require both in- and out-cylinder NOx treatment.



Diesel emission challenge

C-Segment SUV,; 1810 kg; 2.0l-14D; DOC+SDPF+SCR

Research focus area

Cum. NO,-Emission [g]
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Solutions for diesel NOx emission challenge

Two examples:
1. Hybridization + advanced after-treatment system

2. Smart air path and electrically heated catalyst (eCAT)



Solutions for diesel NOx emission challenge
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Vehicle configurations

350V EM (50 kW, 100 kg*)

Base A Type C-segment SUV
Vehicle WLTC: 1700 kg
Mass
RDE: 2100 kg
. Displacement 1.998 L
¢ Eltlgme. Max. Power 140 kW
( :::r__;:ig‘:;e’ Max. Torque 400 Nm
EGR system uncooled high-pressure + cooled low-pressure EGR
Transmission Type DCT-7
EAS Layout/capacity DOC (1.7 L) / a-cc-SDPF (2.0 L) / p-uf-SCR (1.5 L)
Conlfig. Engine gf;tai[i'fy e C ity
Code apaci
(KWh) Layout (L)
A Base engine 0
B DOC/a-cc-SDPF /p-uf-SCR | 1.7/2.0/1.5
C 48V BSG (12 kW, 25 kg*) 1 LNT/DPF/a-uf-SCR 1.7/2.0/2.6
D ' [LNT/a-cc-SDPF /a-uf-SCR | 1.7/2.0/2.6
E 2 LNT/a-cc-SDPF/p-uf-SCR | 1.7/2.0/1.5

Configuration B VS A: Impact of mild-hybridisation (without engine start-stop strategy)
Configuration B VS C VS D: Impact of EAS (with engine start-stop strategy)

Configuration E VS D: Impact of high-voltage-hybridisation (with engine start-stop strategy)




Simulation setup: Vehicle configurations
| Mild-hybridisation | 48V | High-voltage hybridisation '3.50;\/

Baseline

P e e - - R -

Configuration A

I

I

i

i Clutch
. IcE =
E

|

I

AddBlue injector

Abbreviations
DOC: diesel oxidation catalyst
a-cc-SDPF: active close-coupled SCR-Catalysed
diesel particulate filter with AdBlue injector
p-uf-SCR: passive underfloor SCR without
AdBlue injector
LNT: lean NOx trap
DPF: diesel particulate filter
a-uf-SCR: active underfloor SCR with AdBlue
injector

a-cc-SDPF p-uf-SCR .t
i {2.0L) (150 e

Configuration B

Clutch
BSG
wy B
AdBlue injector

a-cc-SDPF p-uf-SCR
y (20L) g (15U m

Configuration C

Clutch

wo e wpm

AdBlue injector
i * a-uf-SCR .
; (26L) §

Clutch

AdBlue injector 54aiie injector

B 5 cc-SDPF ‘
(2.01) (2.61)

Configuration E |

Clutch

we B o

AdBlue injector
m a-cc-SDPF
(2.01)

* This plot ONLY intends to show configurations of
the engine and exhaust aftertreatment system

* The size of each part does not reflect the reality.

* The number under catalyst indicates the volume.

» Configurations A VS B:
Impact of mild-hybridisation

» Configurations BVS CVS D:
Impact of exhaust aftertreatment system

» Configurations D VS E:
Impact of high-voltage-hybridisation




Vehicle cycles Coventry %ﬁ
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Simulation platform - FEV SimEx Coventry%g
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Road, Cycle and Driver

m Velocity profile (RDE, WLTC,
FTP75, JC08, CADC, ...)

® Driver Selection

B Ambient conditions

® Road, wind velocity

Vehicle

® Powertrain inertias
® Final drive ratio
B Coast down

Engine
Drivability, Trans Cal ® Full load curve /Idle Speed
’ / Torque
B PedalMaps = f(n, T :
® Shift Cuwgs 2 f((rped)a|) ® Physics Mean Value Model
® Different Transmissions i Eurbochar ger| M?delling
i B Emissions calculation
B Gear Ratios
B NOx Based control
concept
Aftertreatment Systems
® 1D Aftertreatment simulation Hybnd System
® All relevant EATS systems SOC control
(DOC, SCR, cDPF, LNT, etc.) ® Control modules for hybrid
® Control modules for LNT and strategy

® Models electric components
(battery, BSG, etc.)

SCR dosing strategy

FEV SimEXx, a dedicated in-house Simulink-based modelling package, is used for simulation.



Results: Impact of 48V hybridization uﬁ.\’%?""%ﬁiﬁ

BN Configuration A:  base DOC / a-cc-SDPF / p-uf-SCR

Configuration A Configuration B with 48V BSG

Il Configuration B: _base + 48V/12kW BSG ~ DOC / a-cc-SDPF / p-uf-SCR 30 -

ICE power output (kW)

800-—{ (a) Engine-out NOx Emissions (mg/km) }— 250'4{ (b)Tailpipe NOx Emissions (mg/km) }7 20 -\A
10 -
200- 0

600 - Euro 6d: 168 mg/km (CF 2.1)

(9%)
I | 1501 .
Euro 6d: 120 mg/km (CF=1.5) BSG power output (kw)

ST N G

45%
501 N \/

400+ (16%)

(14%)
—

200+

(70%) @9%) | 14 ' _ : . . . ' . T
0 0 604 Tailpipe NOX (mg/km)
8.07— () Fuel economy (L/100km) F—————— ;g:
75, 0 .A.— T |
7.0 v

Vehicle speed (km/h)

50'.\/\/\

40 . , . T . , . '
Time (Second)

6.5

4%-5% reduction

6.0

5.51

5.0

* Engine start and stop function was not used



Results: Impactof EAS (MR Se

B configuration B: base +48V/12kWBSG ~ DOC / a-cc-SDPF / p-uf-SCR
- Configuration C: base + 48V/12kW BSG LNT / DPF / a-uf-SCR

B Configuration D: base +48V/12kWBSG ~ LNT / a-cc-SDPF / a-uf-SCR

6001—— (a) Engine-out NOx Emissions (mg/km) —  200+— (b)Tailpipe NOx Emissions (mg/km) |—
Euro 6d: 168 mg/km (CF=2.1)
500+
1501
. 9 Euro 6c; 120 mglkm (CF=L9)
/
100+

300+

200+

100

7.0 7— () Fuel economy (L/100km)

6.5+

o/
6.0 3% increase

5.51

5.0

* Engine start and stop function was used



Results:

Impact of 350V hybridization

I Configuration D: base + 48V/12kW BSG

LNT /a-cc-SDPF / a-uf-SCR

Bl Configuration E: base +48V/12kW BSG + 350V/50kW EM LNT/a-cc-SDPF / p-uf-SCR

B configuration A: base

DOC / a-cc-SDPF / p-uf-SCR

Bl Configuration E: base +48V/12kW BSG + 350V/50kW EM  LNT / a-cc-SDPF / p-uf-SCR

500

400+

3001

2001

100-

501

—{ (b)Tailpipe NOx Emissions (mg/km) }

(8%)

WLTC

—‘ (a) Engine-out NOx Emissions (mg/km) }_
(2%)
N{12%)
\{18%)
WLTC FEV2
7.0

| (f) Fuel economy (L/100km) —

6.5

6.0-

5.5

5.0-

Up to 9% reduction

800

600

(a) Engine-out NOx Emissions (mg/km)

250 (b)Tailpipe NOx Emissions (mg/km)
200+
Euro 6d: 168 mg/km (CF=2.1)
1501
Euro 6d: 120 mg/km (CF=1.5)
100
50+
0.

8.0

7.51

7.01

6.51

6.01

5.51

5.0

H (f) Fuel economy (L/100km) }7

Up to 20% reduction

WLTC




Smart air path vs eCAT

Engine Out Emissions Thermal Management Exhaust After-treatment
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Smart air path VS e-CAT 88&%?‘”%%

Relative tailpipe Nox [%] Temperature @ SDPF upstream [degree] o-CAT:
120 180 '
160 +40 °C 2.5 kW
100
140
80 40% 120
60 - Y 100
80
40 60
20 40
20
0 0
Baseline Bypass+eBooster Baseline Bypass+eBooster
Electric usage [kJ] Fuel consumption [L/100km]
1800 8.5
1600 +33% +16.3%
1400 8

~J

1200
1000 7.5
800
600
400 6.5 l
200
0 6

Baseline Bypass+eBooster e-CAT Baseline Bypass+eBooster e-CAT




Smart air path VS e-CAT
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Summary GRVERIY S

In diesel-based passenger vehicles, PM and PN emissions are not issue since the introduction of Euro 5 emission regulation. NOx emission
is still a concern, especialiy at engine becomes more efficient.

Hybridization, especiaily 380 V high Voitage appiication, and advanced exhaust after-treatment system provide a pathway for the clean
diesel powertrain solution.

Virtual vehicle simulation piatform, for exampie, FEV SimEx, becomes more important as diesel powertrain becomes more and more

compiicated.




Future mobility — Fuels and lubricant Coventr\/%ﬁ
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Compatibility

Lubes

Compatibility

Lubes

Compatibility

Lubes

Compatibility

Lubes

Compalibility

Lubes

Compalibility

Lubes

Compatibility
Lubes T0|[ %
[Fully) compatible * ) With minor restrictions @ With major restrictions No opfion Engine Cil Gearbox/Diff Oil

Source: Shell report



