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Methodology
The ICCT approach

EU vehicle market Vehicle technology cost Vehicle CO, reduction
statistics analysis potential simulation
(ICCT, Okopol) (FEV / University Aachen) (Ricardo)

CO, reduction cost curves for EU vehicle segments
(ICCT, Meszler Engineering Services)

Calculation of effects for society (macro level)
(ICCT, tbd)

accompanying workshops, briefings and publications
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Methodology
Data sources

%k Aok

,l: [ l/ NHTS
’_EI-/ www.nhtsa.gov
FEV cost analysis on Ricardo CO, reduction \%EPAE&E%%@?& Protection

behalf of ICCT potential analysis on

behalf of ICCT EPA / NHTSA 2017-25
proposed rulemaking

[ only where no
EU information
I available
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Methodology
The baseline vehicles

C-segment

- 1

(32% market, 38% diesel) .

n/a n/a

Ford Focus Ford Focus

m 4oyl 161 4oyl 161 4oyl 161 4oyl 171

88 kW 86 kW 75 KW 83 kW

PFI PFI (MS DI=19%) n/a n/a

1,257 kg 1,270 kg 1,413 kg 1,360 kg

6-MT MT (MS=91%)* 6-AT MT (MS=91%)*

1135 10.0's 116

139 g/km 156 g/km 124 g/km 131 g/km

m Start-Stop/Reg. no Start-Stop Start-Stop/Reg. no Start-Stop
Euro 5 eq. Euro 4 (MS=60%) Euro 5 Euro 4 (MS=60%)

PP Ricardo simulations baseline vehicle vs. EU-27 average new vehicle in 2010
t Abbreviations: PFI (port fuel injection), DFI (direct fuel injection), MS (market share), AT (automatic transmission),
I cc MT (manual transmission), vehicle weight is given in mass in running order (includes 68 kg driver and 7 kg of luggage)
ON CLEAN TRANSPORTATION *MS 5-MT: 49%, 6-MT: 42% 5



Methodology
Arriving at the starting point

= Ricardo baseline vehicles include start-stop and improved alternator

— Factoring out alternator efficiency improvement (55% vs. 70%)
-2 = -3% effect

— Factoring out effect of start-stop system, taking into account idling times in
European driving cycle 2 = -10% effect

= Ricardo baseline vehicles include automatic transmissions in some cases
— For all EU segments: manual transmission as starting point
— E.g. going from A6 to M6 = = 4% effect
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Methodology
Plotting technology packages

= C-segment gasoline
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" -10% RL, 66 g/km, 2.7 |
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* /P2 AKGPS, 1.91, 8DCT, 77 gtkm, 3.11
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o

g

=

5 2000 O

8

5 O SS+CEQ, 0.81, 8DCT, 93 g/km, 3.8 |

g [[] ss+sGTDI, 0.81, 8DCT, 97 g/km, 4.0 |
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o

S
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2 [[] ss, 1.6, M5, 136 g/km, 5.6 |

0 || Baseline, 1.6l, M5, 156 g/km, 6.4 | T T T T
- t -5% 15% -25% -35% -45% -55% -65%
I cc CO, reduction relative to 2010 baseline
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Methodology
Plotting technology packages

= C-segment gasoline
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Methodology
Plotting technology packages

= C-segment gasoline

5000
Spray-guided DI +106 EUR
Turbo (two stage series +453 EUR
4000 sequential)
Downsizing -150 EUR P RL. 58 gk 241
Gasoline particulate filter +50 EUR -
P2 AtkCPS, 1.6l, 8DCT, -13% mass,
3000 -10% RL, 66 g/km, 2.7 |
8DDCT instead of M5 +329 EUR /P2 A@PS,TQL 8DCT, 77 glkm, 3.11
D SS+SGTDI, 0.71, 8DCT, -27% mass,
TOTAL +1 540 EUR -20% RL, 74 g/km, 3.0 |

2000 ~ O
\ [ ss+cebA, 0.8, 80CT, 93 g/km, 3.8

[] ss+sGTDI, 0.81, 8DCT, 97 g/km, 4.0 |

1000

[] ss, 1.61, M5, 136 g/km, 5.6 |

Additional direct manufacturing costs [EUR] relative to 2010 baseline

’ 0 [ | Baseline, 1.61, M5, 156 g/km, 6.4 1 T T T T
i c c t 5% 15% -25% -35% -45% -55% -65%

CO, reduction relative to 2010 baseline
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Methodology
Fitting the cost curves

= C-segment gasoline
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Additional direct manufacturing costs [EUR] relative to 2010 baseline
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CO, reduction relative to 2010 baseline
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Methodology
2015 curve for illustrating purposes

= C-segment gasoline
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Methodology
The final result

= C-segment gasoline
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Preliminary results
C-segment cost curve

= C-segment gasoline
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Preliminary results
Comparison with vehicles on the market

= C-segment gasoline

‘ ‘ /2015
200 2012 /
/
Ford Focus Ford Focus EcoBoost /'
/
16L,4cyl., 74kW | 1.0L 3cyl, 74 KW 7
/P2 AtkCPS, 1.2, 8DCT, -27% mass,
. SS+SGTDI / -20% RL, 58 g/km, 2.4 |
s
1,175 kg 1,195 kg /1g2 AtkCPS, 1.6l, SD%ass,
M5, 11.9 s | M5, 12.5's SR 4%
3 o ’ o / /N
/ .

'y P2A , 1.91 CT, 77 g/km, 3.1 1

159 g/km 109 g/km / sl 0. 30(/:5 27 mas,
. o / o N g/km, 3.
/K
7
//,
I [1s .81, 8DCT, 93 g/km, 3.8 |
/7 [ ss .81, 8DCT, 97 g/km, 4.0 |
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"""""""""""""""""" Data source for technical data: Automobil Revue



Preliminary results
Comparison with vehicles on the market

= C-segment gasoline
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Preliminary results
Comparison with vehicles on the market

= C-segment gasoline

2012 /2018
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""""""""""""""""""" Data source for technical data: Automobil Revue
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Preliminary results
Comparison with vehicles on the market

= C-segment gasoline

B-segment hybrid example:

20t 2012 Y

Toyota Prius
1.8L, 4 cyl., 100 kW

/PZ AtkCPS, 1.2, 8DCT, -27% mass,
-20% RL, 58 g/km, 2.4 |

THE INTERNATIONAL COUNCIL

ON CLEAN TRANSPORTATION

Toyota Yaris Toyota Yaris Hybrid 1,370 kg // A
18'., 4 Cy|., 108 kKW 15'., 4 Cy|., 74 kW CVT, 104 s llgz/AtkCPs, 16, sowass,
// -10% RL, 66 g/lgft, 2.7 I‘
— HEV ] 89 g/km y id
1,140 kg 1,100 kg i 2 7180CT 2%k mas,
0% RL, 74 g/km, 3.0 |
164 g/km 79 g/km /
7
//' \
7 s T, 93 g/km, 3.8 |
7 8 g/km,i.OI
P
,/
/,/

Data source for technical data: Automobil Revue
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Preliminary results
C-segment cost curve

= C-segment diesel
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Preliminary results
Comparison with vehicles on the market

= C-segment diesel

THE INTERNATIONAL COUNCIL
ON CLEAN TRANSPORTATION

Additional direct manufacturing costs [EUR] relative to 2010 baseline
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CO, reduction relative to 2010 baseline
Data source for technical data: Automobil Revue
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Preliminary results
Comparison with vehicles on the market

= C-segment diesel

THE INTERNATIONAL COUNCIL
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Additional direct manufacturing costs [EUR] relative to 2010 baseline
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Preliminary results
Comparison with vehicles on the market

= C-segment diesel

THE INTERNATIONAL COUNCIL
ON CLEAN TRANSPORTATION

Additional direct manufacturing costs [EUR] relative to 2010 baseline
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Preliminary results
D-segment cost curve

= D-segment gasoline
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Additional direct manufacturing costs [EUR] relative to 2010 baseline
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Preliminary results
D-segment cost curve

= D-segment diesel

5000 -
P /2015
£ /
© /
] ’
© /
o ’
o /
g /SS+AdvDie P2, 1.3, 8DCT, -27%
S 4000 S —mass;—20% R 74-glkm;2:84
[} / A
- II L
Q
2 / 2020
-~ 4
£ g 2025
Q SS+AdvDie P2, 1.6l,
= mgés, -10% RL, 8
I / A
% 3000 7 £
w » S@+AdvDie P2, 1.8l, 8
— o 371
[ U4
it
I /
8 A S+AdvDie, 1.3, BDCT, -27% mass,
o / -20% RL, 86 g/km, 3.2 |
£ J
5 2000 7
=]
[T} 4
© /
= AdvDie, 1.5, 8DCT, 413% mass,
s 7 -10% RL, 100 g/km), 3.8 |

7 115 g/km, 4.3

£
R ol
3
= 1000
T
©
5
:.E 01, M6, 126 g/km, 4.7 |
-]
° 95 g/lkm 80 g/km 70 g/km
< (3.9 1/100km) (3.3 1/100km)! (2.9 1/100km)

corresponding
fleet targets

icct -

THE INTERNATIONAL COUNCIL
ON CLEAN TRANSPORTATION

NS aan PP
OG- 140rg/ikm;-ot6t

-10%

-20% -30%

-40%

CO, reduction relative to 2010 baseline

-50%

-60%

24



Preliminary results
B-segment cost curve

= B-segment gasoline
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Preliminary results
B-segment cost curve

= B-segment diesel
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Preliminary results
All vehicle segments

= From a 2020 perspective
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Preliminary results
All vehicle segments

= From a 2025 perspective

THE INTERNATIONAL COUNCIL
ON CLEAN TRANSPORTATION

Additional direct manufacturing costs [EUR] relative to 130 g/km baseline
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Conclusions and outlook
Main conclusions

= Based on preliminary EU cost curves
— Technologies to meet 95 g/km target are already in the market

— For average market, 95 g/km can be met by making use of improved
combustion engines

— Going beyond 70-80 g/km will require some lightweighting and / or
hybrid electric technology

— Additional manufacturing costs:
 for meeting 95 g/km in 2020 = 1,000 EUR
 for meeting 70 g/km in 2025 = 2,200 EUR

— Technology requirements and costs may be different for individual
manufacturers

— Payback period from consumer perspective: = 3 years for 95 g/km
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Conclusions and outlook
Outlook

= Additional results to come soon
— Cost curves for N1 (vans) vehicles
— New lightweighting cost results from FEV
= Next steps
— Summarizing report on methodology and results

— Macro-economic modeling
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Contact details

John German
Senior Fellow, Regional Lead US
john@theicct.org

Peter Mock
Senior Researcher, Regional Lead EU
peter@theicct.org
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