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A. Executive Summary

A.1 Project Overview

The International Council on Clean Transportation (ICCT) contracted with FEV, Inc. to
define the net incremental costs for a set of advanceddiglytvehicle technologies for

the European vehiclenarket. The technologies selected are on the leading edge for
reducing fuel consumption and emissions of greenhouse gases in the future, primarily in
the form of tailpipe carbon dioxide (GO

The costanalysis workcoveredin this report is a continuath of the work initiated in
phase lof the project The phase 1 analysfecused orthe transfer and conversion of
information and results from existing advance vehicle powertrain cost analysis studies
performed by FEV, based on U.S. market trends and f&aetioming cost structures, into
comparable European cost studiBise original U.S. cost studies wayerformedoy FEV

for the United States Envinmental Protection Agency (EPA)Advance powertrain
technologies studied in the phase 1 analysis wackuded downsized, turbocharged,
gasoline direct injection engine case studiespé@ed versus-8peed automatic and dual
clutch transmission case studies, and pespdit and P2 hybrid electric vehicle case
studies Additional details may be fouhin ICCT pu bl i s hHight-Duty &ghicle t
Technology Cost AnalysisEuropean Vehicle Market (Phase1)

In the phase2 analysis work,new advance powertraitechnologies were evaluated
Since the technologiesere notpreviouslystudied as either part of ICT or EPA work
assignments, neweardows, hardware assessments, and cost modeling was required as
discussed belowCase studies included in the phase 2 work included:

Diesel Engines Analyses

f Engine Downsizing (14Y13, 14YSmaller |4,

1 High Pressure Injection, 2500 Bar Compared to 1800 Bar System

1 Variable Valve Timing and Lift System Compared to Conventional Valvetrain System

1 High Pressure,Low PressureCooled Exhaust Gas Recirculation (EGR) System
Compared to High PressumoledEGR System

Gasoline Engines Analysis

1 Low Pressre Cooled EGR Compared to Ld&wessuréJncooled EGRSystem
I Addition of Low Pressure Cooled EGR to Conventional ICE without External EGR

Transmission Analyss

1 6-Speed Dry Dual Clutch Transmission Compared-8p6ed Manualransmission
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Micro Hybrid Analysis

1 Conventional Powertrain with ddition of BeltDriven, StarteitGenerator (BSGHtop
startSystemCompared to Conventional Powertrain with&bp startSystem.

A.2 Analysis Methodology

The cost assessment methodology, similar to that applied in previous EPA analyses,
based on detailed teardowns, hardware comparisons, and costing of key components and
assembliesFor each analysis a new technology configuration selected (i.e., thecadva
technology offering) is evaluated against a baseline vehicle technology configuration
(i.e., current technology becoming the standard in the industry) having similar overall
driving performance Both the new and baseline technology configurations are
completely disassembled to a point were accurate assessments on component differences
between both technology configurations can be mademponents assessed as
equivalent in value, between the new and baseline technology, are eliminated from any
further analysis Components which are different (i.e., added, deleted and/or modified)
are evaluated for costShe component differences are costed using detailed cost models
representative of automotive part suppliers and OEM vehicle manufacturing processes
andcost factors

When conducting the cost analysis for each technology configuration, a number of
assumptions and boundary conditions are made upfront in the analysis (e.g.
manufacturing location, manufacturing volumes, product maturityhe same
assumptias and boundary conditions are applied to both the new and baseline
technology configurations establishing a consistent framework for all costing, resulting in
a level playing field for comparisonAll technology configurations evaluated in this
study useéhe same universal boundary conditioince the long term cost effectiveness

of these technologies are being sought, boundary conditions representing matwe, mass
produced components were assumed (e.g. mature product designs, high production
volume, poducts in service for several years at high volume, significant market place
competition) Important to note, no lonterm forecasting of material costs, labor costs or
manufacturing costs are utilized in the analysitie costs calculated in the analyare

based on production costs in the 2010/2011 timeframe.

The costs presented in this report are comprised of three parts: incremental direct
manufacturing costs, addition of OEM indirect manufacturing costs, and cost adjustment
based on learning factor§he incremental direct manufacturing cost is the incremental
difference in cost of components, to the OEM, between the new technology configuration
and the baseline technology configuratiomcluded in the incremental direct
manufacturing costs are fixeahd variable manufacturing costs (i.e., material, labor and
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manufacturing overhead costs) and supplier rugrkcosts (endtem scrap, selling,
general and administrative costs, engineering, design and testing costs, and profit)

To account for OEM indire costs, which includes OEM maup and other cost factors

(e.g, production tooling), indirect cost multipliers (ICMs) are applied to the calculated
incremental direct manufacturing costThe ICM values used for the technologies
evaluated in the ICCT Eapean analysis are the same as those used by the United States
Environmental Protection Agency (EPA) and National Highway Traffic Safety
Administration (NHTSA) i n developing the
Proposed Rulemaking for 202025 Lght-Duty Vehicle Greenhouse Gas Emission
Standards & Corporate Av.gRepog &PAF20[@-11-9CH,c 0 h 0 M)
November 2011).

As discussed above, for all technologies evaluated, the same set of boundary conditions
are assumed in developing threremental direct manufacturing cast® account for
differences between the boundary conditions assumed in each analysis, and the estimated
market place conditions, as a function of production year, learning factors are applied to
the increment direct anufacturing costsThe learning factors are assigned based on
technology complexity and maturity; impartial to cost impaddased on the EPA
methodology, a new technology configuration which has a direct manufacturing cost
savings over the baseline canfration will have less of a savings in the future relative to

the present.

The learning factors used in thbase ACCT analysis are also referenced from the EPA
and NHTSA draft joint technical support documevith the exceptionof one result
outcome For new technology configurations which resulted in a savings relative to the
baseline technology configuration, the learning factor was held constant at one (1) for all
production years evaluated (i.e., 2012 thru 2025his signifies no change in cost
savings as the technology maturesin contrast, the EPA methodology treats new
technology configurations with a cost increase or decrease the same

For each of the studies evaluated, the incremental direct manufacturing costs are provided
separately and wh the added indirect cost multipliers and learning factors applied for
production years 2012, 2016, 2020 and 2025.

Initially, only one case study was evaluated for each technology configuration (e.g. diesel
high pressure injection, dry dual clutch transsron, micro hybrid electric vehicle)
Technical teams helped in the hardware selection process to ensure the hardware under
evaluation, for both the baseline and new technology configurations, were most
representative of the current technology in the stgy and the new technology, most

likely candidate to succeed in the future. Once the primary case studies were completed
for each technology configuration, scaling factors were applied to scale the technology
costs to alternative vehicle segments and gygain configurationsSix (6) different

vehicle segments were evaluated in the analy$ms some cases multiple powertrain
configurations were evaluated for a given vehicle segnk@mtexample, the subcompact
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vehicle segment has either an 13 oreldgine configuration availablen the diesel high
pressure injection system analysis, two cost analyses were required to account for the
differences in the 13 versus 14 fuel induction systémother analyses, like thegpeed

MT compared to the -8peeddry DCT, the engine configuration differences had no
bearing on the transmission costs, so only one powertrain configuration was evaluated in
the subcompact vehicle segment.

A.3 Analysis Results

Tables A-1 throughA-8 provide asummary of the calculated ir@nental costs for each

of the technologies andix (6) vehicle segments evaludtidor the European market
analysis Each cost analysis has a case study numtfecdq®imn in table) The first two

digits identify the technology (i.e., 02** = engine dowaisg analysis) and the second
two digits identify the vehicle segment (i.e., **00 = subcompact passenger vehicle
segment) The letter following the four digit numbeepresents one possible powertrain
option in that particular vehicle segmefte., 0200B= engine downsizinganalysis
subcompact passenger vehicle segméhtengine configuration)in this particular
example the | etter AAO would signify an |3
vehicle segmentor the downsizing analysis, the dheat engine downsizing case study
evaluated was an 14 compared to an I3.

The tables presentincremental direct manufacturing cosied net incremental costs
(direct manufacturing and indirect costplus learning The incrementaldirect
manufacturing costs are calculatedsed on 2010/2011 economidsgh production
volumes(450K units/year)and mature market conditian& completelist of boundary
conditiors assumed in the analysis is provided in the reddré net incremental costs
shown for productioryears 20122016 202Q and 2025 include factors to account for
indirect manufacturing cost contributions and learning adjustmAnt®verviewof the
application of indirect cost multipliers (ICMs) and learning factors to the direct
manufacturingare also includgin the reportThe ICM and Learning factors, along with
application support, wgzovided by EPAo support the ICCT analysis

Funding for this work was generously provided by Stiftuiercator and the Climate
Works Foundation
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Table A-1: Engine Downsizing Costs Analysis Results (Diesel Engines)

ICM and Learning Factor| Net Incremental Manufacturing Costs
Calculated ming (Direct and Indirect Costs) with Applicable
Categorization . N
Incremental Learning Applied
== = Direct
= = =
e = . European Euro;.yean Manufacturing 2 £
e |la| & Baseline Technology New Technology Market Vehicle Cost = s 3
£ |- = Configuration Configuration Segment =z H =
S = Segment 201072011 = = = o~ © = w
- 3 Example | b/ o qyction 5 3 3 S = = g
= (5] = ~ ~ ~ ~
Year 3 = =
a @ =}
2 =
@ (=]
o
Diesel 14 ICE
Ave. Displacement = 1.2-1.4L
Ave. Power = 82.5kW (85HP) |Downsized to Diesel I3 ICE
Ave. Torque = 201N*m with same per Cylinder
(148Ib7ft) Displacement as Baseline |Subcompact
2 |2000B|Typical Tr Type: T y Configuration |Passenger VW Polo (€ 284) n/a nia n/a (€ 215) (€ 215) (€ 229) (€ 229)
5-Speet MT Vehicle
Curb Weight: 1084kg (23901b)
Diesel 14 ICE
Ave. Displacement = 1.6L
Ave. Power = 78.8kW (107HP) |Downsized to Diesel I3 ICE
Ave. Torque = 245N*m with same per Cylinder Cnmpact ar
(1811b=ft) Displacement as Baseline Small
3 | 2001 [Typical Tr Type. T v Configuration P VW Golf (€ 290) n/a nia n/a (€ 220) (€ 220) (€ 234) (€234)
5 or 6 speed MT or DCT assenger
Curb Weight: 1271kg (280310} Vehicle
Di 114 ICE
1ese’ B Downsized to Diesel I3 ICE
Ave. Displacement = 2.0L with same per Cylinder
Ave. Power = 104KW (141HP} per Cy Mid
e, Torque = 321N Displacement as Baseline idsize - B
41 2002 [ onppegy Technology Configuration |Passenger |V Passat (€303) nla nfa nia (€ 229) (€229) (€ 245) (€ 245)
Typical Transmission Type: Wehicle
6-Speed MT or 8-Speed AT
Curb VWeight: 1496kg (32991b)
o
k=
N
w Diesel 4 ICE
E ‘Ave. Displacement = 2.0L Downsized to Diesel I3 ICE
o Ave. Power = 142.5W (202HP)} |with same per Cylinder Midsize or
(=] Ave. Torque = 416N*m Displacement as Baseline Large
2 5 |2003A (3081b*ft) Technology Configuration | VW Sharan (€303) nfa n/a nfa (€ 229) (€ 229) (€ 245) (€ 245)
=) Typical Transmission Type: assenger
= 6-Speed MT or DCT, or &-Speed Vehicle
w AT
= Curb Weight: 1700kg (37491b)
]
pd
O
Diesel 16 ICE
Ave. Displacement = 2.0L
- o )
e, Power = 1485W 202HP) | by wnsized to Diesel 14 ICE
Ave. Torque = 416N"m N N .
(30610*Ft) with same per Cylinder Midsize or
Typical Transmission Type: Displacement as Baseline Large
N - ; e ar e ar
6 (2003B &-Speed T or DCT, or 8-Speed Technology Configuration Passenger VW Sharan (€ 437) nfa nia nfa (€ 332) (€ 332) (€ 353) (€ 353)
AT Vehicle
Curb Weight: 1700kg (37491b)
Diesel M ICE
Ave Displacement =2 0-3.0L |Downsized to Diesel I3 ICE
Ave. Power = 117.6W (160HP} |with same per Cylinder Small or
Ave. Torque = 336N™m Displacement as Baseline Midsize
7| 2005 |(248bft) Technology Configuration |, |,/ VW Tiguan (€303) nfa n/a nfa (€ 229) (€ 229) (€ 245) (€ 245)
Typical Transmission Type: " or
&-Speed 1T or 8-Speed AT Mini Van
Curb Weight: 1590kg (3505Ib)
Diesel V& ICE
Ave Displacement =3.0-421 |Downsized to Diesel I6 ICE
Ave. Power = 213kW (290HP) |with same per Cylinder
Ave. Torque = B23N*m Displacement as Baseline
9 |2006B|(450b*t) Technology Configuration |Large SUV  |VW Touareg (€ 442) nfa n/a nfa (€ 335) (€ 335) (€ 357) (€357)
Typical Transmission Type:
8-Speed AT
Curb Weight: 2207kg (48561b)
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Table A-2: High Pressure Fuel Injection System Cost Analysis Resul(Biesel Engines)

Net Incremental Manufacturing Costs
(Direct and Indirect Costs) with Applicable
Learning Applied

Calculated
Incremental

Technology

D

Case Study #

Baseline Technology
Configuration

Mew Technology
Configuration

European
Market

Segment

European
Vehicle

Segment

Example

Direct
Manufacturing
Cost
201072011
Production
Year

2012

2016

2020

2025

High Pressure Fuel Injection, Diesel Engine

2100A

Diesel 13 ICE

1800 Bar Fuel Injection
System

Ave. Displacement = 1.0L
Ave. Power = 62 5kW (85HP)
Ave. Torgue = 201N"m
(148Ib*ft)

Typical Transmission Type:
5-Speet MT

Curb Weight: 1084kg (23801b)

Diesel I3 ICE
Upgraded to 2500 Bar Fuel
Injection System

Subcompact
Passenger
Vehicle

VW Polo

€9

€9

21008

Diesel 14 ICE

1800 Bar Fuel Injection
System

Ave. Displacement = 1.2-1.4L
Ave. Power = 62 5kW (85HP)
Ave. Torgue = 201N"m
(148Ib*ft)

Typical Transmission Type:
5-Speet MT

Curb Weight: 1084kg (23801b)

Diesel 4 ICE
Upgraded to 2500 Bar Fuel
Injection System

Subcompact
Passenger
Vehicle

VW Polo

w

21071

Diesel 14 ICE

1800 Bar Fuel Injection
System

Ave. Displacement = 1.6L
Ave. Power = T8.6kW (10THP)
Ave. Torgue = 245N™m
(1811b*ft)

Typical Transmission Type:

5 or 6 speed MT or DCT

Curb Weight: 1271kg (2803Ib)

Diesel 4 ICE
Upgraded to 2500 Bar Fuel
Injection System

Compact or
Small
Passenger
Vehicle

VW Golf

2102

Diesel 14 ICE

1800 Bar Fuel Injection
System

Ave. Displacement = 2.0L
Ave. Power = 104kW (141HP)
Ave. Torgue = 321N"m
(237Ib*ft)

Typical Transmission Type:
6-Speed MT or 8-Speed AT
Curb Weight: 1498kg (32991b)

Diesel 4 ICE
Upgraded to 2500 Bar Fuel
Injection System

Midsize
Passenger
Vehicle

WV Passat

@

2103B

Diesel I6 ICE

1800 Bar Fuel Injection
System

Ave. Displacement = 2.0L
Ave. Power = 148.5VW (202HP)
Awve. Torgue = 418N*m
(3061b*ft)

Typical Transmission Type:
6-Speed MT or DCT, or 8-Speed
AT

Curb Weight: 1700kg (3748Ib)

Diesel I6 ICE
Upgraded to 2500 Bar Fuel
Injection System

Midsize or
Large
Passenger
Vehicle

WV Sharan

€23

€21

-

2105

Diesel 14 ICE

1800 Bar Fuel Injection
System

Auve. Displacement = 2.0-3.0L
Ave. Power = 117.6W (160HP)
Ave. Torgue = 3356N™m
(248Ib*ft)

Typical Transmission Type:
6-Speed MT or 8-Speed AT
Curb Weight: 1580kg (3505Ib)

Diesel 4 ICE
Upgraded to 2500 Bar Fuel
Injection System

Small or
Midsize
SUWV/COV or
Mini Van

VW Tiguan

w0

21068

Diesel W3 ICE

1800 Bar Fuel Injection
System

Ave. Displacement = 3.0 -4.2L
Ave. Power = 213kKW (290HP)
Ave. Torque = 623N*m
(450Ib=ft)

Typical Transmission Type:
&-Speed AT

Curb Weight: 2207kg (48661b)

Diesel V3 ICE
Upgraded to 2500 Bar Fuel
Injection System

Large SUV

VW Touareg

€22

£31

€28

£24

€23
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Table A-3: Discrete Variable Valve Time & Lift System Cost Analysis Results (Diesel Engines)

Net Incremental Manufacturing Costs
(Direct and Indirect Costs) with Applicable
Learning Applied

Calculated
Incremental

Technology

D

Case Study #

Baseline Technology
Configuration

Mew Technology
Configuration

European
Market

Segment

European
Vehicle

Segment

Example

Direct
Manufacturing
Cost
201072011
Production
Year

2012

2016

2020

2025

Variable Valve Timing and Lift

22004

Diesel 13 ICE

Conventional Valvetrain
Ave. Displacement = 1.0L
Ave. Power = 62.5kKW (85HP)
Awve. Torgue = 201 N*m
(148Ib*ft)

Typical Transmission Type:
S5-Speet MT

Curb Weight: 1084kg (23301}

Diesel I3 ICE

Upgraded with Discrete
\fariable Valve Timing and
Lift

Subcompact
Passenger
Vehicle

VW Polo

€389

€133

€121

€106

€98

w

220

Diesel 14 ICE

Conventional Valvetrain
Ave. Displacement = 1.6L
Ave. Power = 7T8.68KW (107HP)
Ave. Torgue = 245M*m
(181Ib*ft)

Typical Transmission Type:

S or 6 speed MT or DCT

Curb Weight: 1271kg (28031}

Diesel 4 ICE

Upgraded with Discrete
\fariable Valve Timing and
Lift

Compact or
Small
Passenger
Vehicle

VW Golf

£ 96

€143

€130

€114

€105

2202

Diesel 14 ICE

Conventional Valvetrain
Ave. Displacement = 2.0L
Ave. Power = 104KW (141HP)
Awve. Torgue = 321N*m
(23TIb*ft)

Typical Transmission Type:
6-Speed MT or 8-Speed AT
Curb Weight: 1496kg (32991}

Diesel 4 ICE

Upgraded with Discrete
\fariable Valve Timing and
Lift

Midsize
Passenger
Vehicle

WV Passat

€96

£143

€130

€114

€105

m

2203A

Diesel 14 ICE

Conventional Valvetrain
Ave. Displacement = 2.0L

Ave. Power = 148.5W (202HP)
Ave. Torque = 416N*m
(3061b=ft)

Typical Transmission Type:
6-Speed MT or DCT, or 8-Speed
AT

Curb Weight: 1700kg (374516}

Diesel 4 ICE

Upgraded with Discrete
\fariable Valve Timing and
Lift

Midsize or
Large
Passenger
Vehicle

WV Sharan

€96

£143

€130

€114

€105

@

2203B

Diesel 16 ICE

Conventional Valvetrain
Ave. Displacement = 2.0L

Ave. Power = 148.5W (202HP)
Ave. Torque = 416N*m
(3061b=ft)

Typical Transmission Type:
6-Speed MT or DCT, or 8-Speed
AT

Curb Weight: 1700kg (374516}

Diesel I6 ICE

Upgraded with Discrete
\fariable Valve Timing and
Lift

Midsize or
Large
Passenger
Vehicle

WV Sharan

€112

€167

€152

€133

€123

-

2205

Diesel 14 ICE

Conventional Valvetrain
Ave. Displacement = 2.0-3.0L
Ave. Power = 117.6W (160HP)
Ave. Torque = 336N*m
(248Ib*ft)

Typical Transmission Type:
6-Speed MT or 8-Speed AT
Curb Weight: 1530kg (35051}

Diesel 4 ICE

Upgraded with Discrete
\fariable Valve Timing and
Lift

Small or
Midsize
SUWV/COV or
Mini Van

VW Tiguan

€96

£143

€130

€114

€105

w0

22068

Diesel V& ICE

Ceonventional Valvetrain

Ave. Displacement = 3.0 -4.2L
Ave. Power = 213kW (290HP)
Ave. Torgue = 623N*m
(4501b=ft)

Typical Transmission Type:
2-Speed AT

Curb Weight: 2207kg (48861b)

Diesel V3 ICE

Upgraded with Discrete
\fariable Valve Timing and
Lift

Large SUV

VW Touareg

€192

£ 286

£ 261

€227

€210
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Table A-4: High Pressure, Low Presste Cooled EGR System Cost Analysis Results (Diesel Engines)

Net Incremental Manufacturing Costs
Calculated |(Direct and Indirect Costs) with Applicable
Incremental Learning Applied
= : European Direct
= = B lineiTechnol N el European v h?el Manufacturing
2 2| & asefine lecnnology ew echnology Market ehicle Cost
= = Configuration Configuration Segment
] = Segment 201072011 ~ = = w
= S Ermrls Production = = b= b=
~ ~ ~ ~
Year
Diesel 13 ICE
Cooled High Pressure EGR
Ave. Displacement = 1.0L
Awe. Power = 62.5KW (85HP) B'::;'d': :ﬁi’ih High Subcompact
123004 i;:;;uﬂ?ue = 201N*m Pressure, Cooled Low \F:raﬁsel-nger VW Polo €389 €123 €112 €97 €90
Pressure EGR ehicle
Typical Transmission Type:
S5-Speet MT
Curb Weight: 1084kg (23301}
Diesel 14 ICE
Cooled High Pressure EGR
Ave. Displacement = 1.6L Diesel 14 ICE Cnmpact or
Ave. Power = 7T8.68KW (107HP) Upgrade with High Small
3|23m )(C;\.;I;I;uﬂr?ue = 248N*m Pressure, Cooled Low Passenger VW Golf €389 €123 €112 €97 €90
Typical Transmission Type: Pressure EGR Vehicle
S or 6 speed MT or DCT
Curb Weight: 1271kg (28031}
Diesel 14 ICE
Cooled High Pressure EGR
Ave. Displacement = 2.0L
Awe. Powser = 104KW (141HP) B'::;'d': :ﬁi’ih High Midsize
4 [ 2302 ;:\deﬂ;uﬂr?ue =321N*m Pressure, Cooled Low \F;:EISCEI';QH WV Passat €89 €123 £ 112 €97 €90
Pressure EGR
o Typical Transmission Type:
[C] 6-Speed MT or 8-Speed AT
1] Curb Weight: 1496kg (32991}
2
=3
w
w
3 Diesel 14 ICE
o Cooled High Pressure EGR
% Ave. Displacement = 2.0L . .
a Awve. Power = 145.5W (202HP) |Diesel M4 ICE Midsize ar
E=] Awve. Torgue = 416N*m Upgrade with High Large
@ 5 |2303A (3061671) Pressure, Cooled Low F'asgsenger WV Sharan €89 €123 £ 112 €97 €90
g Typical Transmission Type: Pressure EGR Vehicle
[&] B-Speed MT or DCT, or 8-Speed
& AT
5 Curb Weight: 1700kg (374516}
w
w
=
% Diesel 16 ICE
[=:] Cooled High Pressure EGR
T Ave. Displacement = 2.0L L
Ave. Power = 145.5W (202HP) |Diesel 16 ICE Midsize ar
Ave. Torque = 416N*m Upgrade with High Large
6 (2303B (3061671) Pressure, Cooled Low Passenger WV Sharan €89 €123 £ 112 €97 €90
Typical Transmission Type: Pressure EGR Vehicle
6-Speed MT or DCT, or 8-Speed
AT
Curb Weight: 1700kg (374516}
Diesel 14 ICE
Cooled High Pressure EGR
Ave. Displacement = 2.0-3.0L Diesel 14 ICE Small or
Ave. Power = 117.6W (160HP) Upagrade with High Midsize
7| 2305 f\z:zl;nf:?ue = 336N*m Pressure, Cooled Low SUVICOV or WV Tiguan €89 £123 £ 112 €97 €90
Typical Transmission Type: Pressure EGR Mini Van
6-Speed MT or 8-Speed AT
Curb Weight: 1530kg (35051}
Diesel V& ICE
Cooled High Pressure EGR
Ave. Displacement = 3.0 -4.2L
Ave. Power = 213kVW (290HP) |Diesel V8 ICE
_ . ; .
9 |23068| gy o B e Large SUV  |VW Touareg €88 €123 €112 €97 €90
Typical Transmission Type: Pressure EGR
2-Speed AT
Curb Weight: 2207kg (48861b)
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Table A-5: CooledLow Pressure EGR(Compared to Uncooled LowPressureEGR) System CostAnalysis
Results Gasoline Engines)

Technology

D

Case Study #

Baseline Technology
Configuration

MNew Technology
Configuration

European
Market

Segment

European
Vehicle
Segment

Example

Calculated
Incremental
Direct
Manufacturing
Cost
201072011
Production
Year

Met Incremental Manufacturing Costs
(Direct and Indirect Costs) with Applicable

Learning Applied

2012

2016

2020

2025

Gasoline, Cooled Low Pressure EGR (Compared to Uncooled Low Pressure EGR)

3100A

Gasoline 13 ICE

Uncooled Low Pressure
EGR

Ave. Displacement = 1.2-1.4L
Ave. Power = T4kW (100HP)
Ave. Torgue = 146N*m
(108Ib*ft)

Typical Transmission Type:
5-Speed MT

Curb Weight: 1084kg (23901b)

Gasoline 13 ICE
Upgraded with Cooled Low
Pressure EGR System

Subcompact
Passenger
Vehicle

VW Polo

€43

€60

€55

€452

€44

[

310

Gasoline 4 ICE

Uncooled Low Pressure
EGR

Ave. Displacement = 1.4-1.6L
Ave. Power = 83KW (121HP)
Ave. Torgue = 179N*m
(1321b*#t)

Typical Transmission Type:
6-Speed MT

Curb Weight: 127 1kg (2803Ib)

Gasoline 4 ICE
Upgraded with Cooled Low
Pressure EGR System

Compact or
Small
Passenger
Vehicle

VW Golf

€47

€65

€58

€56

€48

3102

Gasoline 4 ICE

Uncooled Low Pressure
EGR

Ave. Displacement = 1.8-2.0L
Ave. Power = 115kW (157HP)
Ave. Torgue = 2368N*m

(17 41b™ft)

Typical Transmission Type:
6-Speed MT

Curb Weight: 1496kg (3298Ib)

Gasoline 14 ICE
Upgraded with Cooled Low
Pressure EGR System

Midsize
Passenger
Vehicle

VW Passat

€52

€73

€ 66

€63

€53

m

3103A

Gasoline 14 ICE

Uncooled Low Pressure
EGR

Ave. Displacement = 2.0-3.0L
Ave. Power = 172kW (234HP)
Ave. Torgue = 321N*m
(23TIb*ft)

Typical Tranemission Type:
6-Speed MT

Curb Weight: 1700kg (37491b)

Gasoline 4 ICE
Upgraded with Cooled Low
Pressure EGR System

Midsize or
Large
Passenger
Vehicle

VW Sharan

€65

€90

€82

€78

€66

@

3103B

Gasoline I8 ICE

Uncooled Low Pressure
EGR

Ave. Displacement = 2.0-3.0L
Ave. Power = 172kW (234HP)
Ave. Torgue = 321N*m
(23TIb*ft)

Typical Tranemission Type:
8-Speed MT

Curb Weight: 1700kg (37491b)

Gasoline 16 ICE
Upgraded with Cooled Low
Pressure EGR System

Midsize or
Large
Passenger
Vehicle

VW Sharan

€65

€90

€82

€78

€66

-

3108

Gasoline 14 ICE

Uncooled Low Pressure
EGR

Ave. Displacement = 1.2-3.0L
Ave. Power = 131 KW (178HP)
Ave. Torgue = 264N*m
(195Ib*#t)

Typical Transmission Type:
6_Speed MT

Curb Weight: 1590kg (350SIb)

Gasoline 14 ICE
Upgraded with Cooled Low
Pressure EGR System

Small or
Midsize
SUVICOV or
Mini Wan

VW Tiguan

€566

€78

€7

€67

€57

w

31068

Gasoline V8 ICE

Uncooled Low Pressure
EGR

Ave. Displacement = 3.0-5.5
Ave. Power = 268 kW (364HP)
Ave. Torgue = 491N*m
(362Ib*ft)

Typical Transmission Type:
6-Speed MT

Curb Weight: 2207kg (48671b)

Gasoline V8 ICE
Upgraded with Cooled Low
Pressure EGR System

Large SUV

VW Touareg

€87

€120

€110

€104

€88
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Table A-6: CooledLow Pressure EGR(Compared to ICE with No EGR) SystemCost Analysis Results
(Gasoline Engines)

Met Incremental
Manufacturing Costs
Calculated (Direct and Indirect
Incremental | Costs) with Applicable
= _ . "
? = e Errresn Direct . Learning Applied
= = : uropean _ Manufacturing
s la| & Baseline Techpology New Tia{:hn{::l{:»g]|r Market Vehicle Cost
§ @ Configuration Configuration Segment gegme:ﬂ 2010/2011
= S xample Production o™ o 1= o
Year S & & =]
Gasoline I3 ICE
Mo EGR
Ave. Displacement = 1.2-1.4L
Ave. Power = T4KW (100HP) Gasoline I3 ICE Subcompact
1 (32004 | Ave. Torgue = 145N*m Upgraded with Cooled Low |Passenger VW Polo £74 £€102| €94 | €88 |€75
(108Ib*ft) Pressure EGR System Vehicle
Typical Transmission Type:
5-Speed MT
Curb Weight: 1084kg (2359016}
Gasoline 4 ICE
Ho EGR
Ave. Displacement = 1.4-1.6L Compact or
Ave. Power = 33KW (121HP) Gasoline 14 ICE Small
3| 3201 |Awve. Torgue = 179N*m Upgraded with Cooled Low VW Golf €77 €107 €938 (€92 €79
(132Ib*ft) Pressure EGR System Passenger
Twpical Transmission Type: Vehicle
— 6-Speed MT
% Curb Weight: 1271kg (2803Ib)
w Gasoline 14 ICE
2 No EGR
= Awe. Displacement = 1.6-2.0L o
.*E' Ave. Power = 115KW (15THP) |Gasoline 14 ICE Midsize
4 | 3202 |Ave. Torgue = 236N™m Upgraded with Cooled Low |Passenger VW Passat €83 £115|€105| €99 | € 85
3 (174Ib*ft) Pressure EGR System Vehicle
—_ Typical Transmission Type:
2 5-Speed MT
@ Curb Weight: 1456kg (3258lb)
o
f=3 Gasoline 14 ICE
g Ho EGR
Q Ave. Displacement = 2.0-3.0L Midsize or
E Awe. Power = 172KW (234HP) | Gasoline 14 ICE Large
o 5 |3203A | Ave. Torgue = 321H*m Upgraded with Cooled Low g VW Sharan £ 96 £ 133|€121|€ 114 | € 98
hi| (23TIb ) Pressure EGR System F'SS_SB"QEF
@ Typical Transmigsion Type: WVehicle
5 B-Speed MT
g Curb Weight: 1700kg (3745Ib)
=
o Gasoline 16 ICE
= No EGR
3 Awe. Displacement = 2.0-3.0L Midsize or
- Ave. Power = 172KW (234HP)  |Gasoline 16 ICE Large
=z 6 |3203B|Ave. Torgue = 321M*m Upgraded with Cooled Low VW Sharan €96 €133|€121|€ 114 | €98
9 (237Ib*ft) Pressure EGR System Passenger
(&) Typical Transmission Type: Vehicle
o 6-Speed MT
£ Curb Weight: 1700kg (3748lb)
©
o Gasoline 4 ICE
0] No EGR
Ave. Displacement = 1.2-3.0L Small or
Avwe, Power = 131 KW (1T8HP} |Gasoline 14 ICE Midsize
T | 3205 |Awve. Torgue = 254N*m Upgraded with Cooled Low ’ VW Tiguan £ 87 £ 120[€ 110|€ 103 | € 88
(195Ib*ft) Pressure EGR System SUV COV ar
Typical Transmission Type: Mini Vian
6_Speed MT
Curb Weight: 1580kg (3505Ib)
Gasoline V8 ICE
No EGR
Ave. Displacement = 3.0-5.5
Ave, Power = 268 KW (384HP) |Ga=oline V8 ICE
9 |3206B|Ave. Torgue = 491N*m Upgraded with Cooled Low |Large SUV VW Touareg €117 € 163|€ 149 |€ 140(€ 120
(3I62Ib™ft) Pressure EGR System
Twpical Transmission Type:
6-Spesd MT
Curb Weight: 2207kg (48671}
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Technology

Case Study #

Baseline Technology
Configuration

New Technology
Configuration

European
Market

Segment

Eurcpean
Vehicle

Segment

Calculated
Incremental

Net Incremental Manufacturing Costs
(Direct and Indirect Costs) with Applicable

Learning Applied

Direct

Manufacturing
Cost

2010/2011

Prod
Year

2012

2016

2020

2025

Dry Dual Clutch Transmission

26004

Diesel 13 ICE

Ave. Displacement = 1.0L
Avwve. Power = 82 SkW (85HP)
Awve. Torgue = 201N*m
(148Ib*f)

Typical Transmission Type:
6-Speed MT

Curb Weight: 1084kg (239016}

Upgrade with 6-Speed Dry
Dual Clutch Tranmission

Subcompact
Passenger
Vehicle

VW Polo

€ 288

€400

€ 365

€317

€294

w

2601

Diesel 4 ICE

Awe. Displacement = 1.6L
Awe. Power = 7T2.6kW (107THP)
Ave. Torgue = 248N*m
(1811b=ft)

Typical Transmission Type:
6-Speed MT

Curb Weight: 1271kg (28031b)

Upgrade with 6-Speed Dry
Dual Clutch Tranmission

Compact or
Small
Passenger
Vehicle

VW Golf

€291

€404

€ 369

€321

€297

B

2602

Diesel 14 ICE

Awe. Displacement = 2 0L
Awve. Power = 104kW (141HP)
Awe. Torgue = 321N*m
(2376 )

Typical Transmission Type:
6-Speed MT

Curb Weight: 1496kg (32991b)

Upgrade with 6-Speed Dry
Dual Clutch Tranmission

Midsize
Passenger
Vehicle

VW Passat

€297

€412

€377

€ 327

€ 303

L}

2603A

Diesel 14 ICE

Awe. Displacement = 2.0L
Ave. Power = 148.5W (202HP)
Awve. Torgue = 418N*m
(3061b*ft)

Typical Transmission Type:
6-Speed MT

Curb Weight: 1700kg (374910}

Upgrade with 6-Speed Dry
Dual Clutch Tranmission

Midsize or
Large
Passenger
Vehicle

VW Sharan

€304

€422

€ 385

€ 334

€310

@

26038

Diesel 16 ICE

Awve. Displacement = 2.0L
Ave. Power = 148.5W (202HP)
Awe. Torgue = 418N*m
(20610t}

Typical Transmission Type:
6-Speed MT

Curb Weight: 1700kg (374916}

Upgrade with 6-Speed Dry
Dual Clutch Tranmission
(Ave. Max. Input Torque 592
N*m)

Midsize or
Large
Passenger
Vehicle

VW Sharan

€ 304

€422

€ 385

€334

€ 310

-

2605

Diesel 14 ICE
Awe. Displacement = 2.0-3.0L
Awve. Power = 117 6W (160HF)
Awve. Torque = 336N*m
(248Ib*ft)

Typical Transmission Type:
6-Speed MT

Curb Weight: 1580kg (3505Ib)

Upgrade with 6-Speed Dry
Dual Clutch Tranmission

Small or
Midsize
SUNV/COV or
Mini Wan

VW Tiguan

€298

€414

€378

€ 328

€304

w

26068

Diesel VB ICE

Ave. Displacement = 3.0 -4.2L
Ave. Power = 213kW (290HP)
Awve. Torgue = 623N*m
(4601b*ft)

Typical Transmission Type:
6-Speed MT

Curb Weight: 2207kg (4888Ib)

Upgrade with 6-Speed Dry
Dual Clutch Tranmission

Large SUWV

VW Touareg

€320

€443

€405

€ 352

€ 326
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Table A-8: Belt-Driven, Starter-Generator (BSG) Sbp-Start Hybrid El ectric Vehicle System Cost Analysis

Results
Net Incremental Manufacturing Costs
Calculated |(Direct and Indirect Costs) with Applicable
Incremental Learning Applied
> = European ey
= = . European pe Manufacturing
o -—
= :_: Baseline Technology New Technology Market Vehicle B
% - @ Configuration Configuration Seament Segment 20102011 -~ - - -
= Example p = = o o
= =
o Production S S g g
Year
Gasoline 4 ICE
Conventional Powertrain
Ave. Displacement = 1.2-1.4L .
Gasoline |4 ICE, Manual
= A y ’
Ave. Power 74ka\"*(1UUHF‘; Transmission, upgraded Subcompact
2 |3000B|Awve. Torgue = 146N*m with Belt-Driven. Starter- Passenger VW Polo €298 € 589 €414 €349 €31
5 ' N
(1D§Ib ft) o Generator (BSG) System. Vehicle
Typical Transmission Type:
5-Speed MT
Curb Weight: 1084kg (23801b)
Gasoline 14 ICE
Conventional Powertrain
e craiho|Gasoline 41CE, Manual |Compact or
3| 3001 |Ave roraue = 176 |Transmission, Upgraded | Small VW Golf €311 €613 | €431 | €364 | €324
o e with Belt-Driven, Starter-  |Passenger e
) N
Typical Tranemission Type: Generator (B5G) System. Vehicle
5-Speed MT
Curb Weight: 127 1kg (2803Ib}
==
2 Gasoline 14 ICE
=) Conventional Powertrain
c Awve. Displacement = 1.6-2.0L "
S ve. Power - 118k (157Hp) |C2S01ine 14 ICE, Manual Midsize
g . e Transmission, Upgraded
2 | 43002 |Ave. Torque = 238N*m with Belt Driven, Starter. | 255enger  |VW Passat €329 €650 € 456 € 385 €343
) N
o (17‘_1") ) o Generator (BSG) System. Vehicle
= Typical Transmission Type:
= B-Speed MT
g Curk Weight: 1496kg (32991k)
(£}
=
=
o
2
L Gasoline 16 or V6 ICE
z Conventional Powertrain
'_6 Awve. Displacement = 2.0-3.0L  |Gasoline 16 or V& ICE, Midsize or
:?:" Awve. Power = 172KW (234HP)  |Manual Transmission, Large
o 6 |3003B|Ave. Torgue = 321N°m Upgraded with Belt-Driven, Passenger VW Sharan € 352 € 695 € 488 €412 € 367
=) (237Ib*ft) Starter-Generator (BSG) g
a Typical Transmission Type: System. Vehicle
- 6-Speed MT
B Curb Weight: 1700kg (37491k)
w
Gasoline 14 ICE
Conventional Powertrain
Awve. Displacement = 1.2-3.0L
Awe. Power = 131 KW (178HP} |Gasoline 14 ICE, Manual Small or
Awve. Torgue = 264N*m Transmission, Upgraded Midsize .
7| 3005 (195Ib1t) with Belt Driven, Starter- SUVICOV or VW Tiguan € 337 € 666 € 468 € 395 € 351
Typical Tr Type: Generator (B5G) System. Mini Van
6 _Speed MT
Curb Weight: 1590kg (35051k)
Gasoline V8 ICE
Conventional Powertrain
Avwve. Displacement = 3.0-5.5
Ave. Power = 288 kKW (384HP) |Gasoline V& ICE, Manual
Awve. Torgue = 491N*m Transmission, Upgraded
9 |3006B (3621b*f1) with Belt-Driven, Starter- Large SUV VW Touareg €449 €887 €623 € 526 € 468
Typical Transmission Type: Generator (B5G) System.
6-Speed MT
Curk Weight: 220Tkg (48671k)
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B. Introduction

B.1 Project Overview

The International Council for Clean Transportation (ICCdhtracted with FEV, Indo
determine the net incremental cokisa set of advancedgit-duty vehicle technologies
for the European vehicle markdthe technologies selected are on lgmeding edge for
reducingfuel consumption anémissions of greenhouse gases in the future, primarily in
the form of tailpipe carbon dioxide (CO2).

The cost analysis work covered in this report is a continuation of the work initiated in
phase 1 of the pregt The phase 1 analysis focused tbe transfer and conversion of
information and results from existing advance vehicle powertrain cost analysis studies
performed by FEV, based on U.S. market trends and manufacturing cost structures, into
comparable Euq@ean cost studie¥he original U.S. cost studies wayerformedby FEV

for the United States Envinmental Protection Agency (EPAAdvance powertrain
technologies studied in the phase 1 analysis work included downsized, turbocharged,
gasoline direct injetion engine case studiesspeed versus-8peed automatic and dual
clutch transmission case studies, and pespdit and P2 hybrid electric vehicle case
studiesAddi t i onal det ail s may b eLight-Dutyrivdhicle n | CC
Technology CosAnalysisi European Vehicle Market (Phas&1)

In the phase 2 analysis work, new advance powertrain technologies, more common found
the European market were evaluat&ince the technologies were not previously studied,

as either part of ICCT or EPA wodssignments, new teardowns, hardware assessments,
and cost modeling was required as discussed below.

As shown inFigure B-1 below, the process of developing net incremental costs, for
adding advance lighduty powertrain technologies to convention/baseline powertrain
configurations, can be summarized in three stépstep one (1) the Net Incremental
Direct Manufacturing (NIDMC) are calculated for each of the defined technology
configurations using a similar dosy methodology to that employed in the United States
Environmental Protection Agency (EPA) cost studiEsr each technology configuration
studied, a set of hardware representative of the current industry standard, or becoming the
industry standard, iselected for the new and baseline technology configuratidinge
selected hardware, and associated vehicle segment, is considered the lead case study for
developing the NIDMC for the selected technology configuratiorstep two (2), Net
Incremental Diret Manufacturing Costs from the lead case study are scaled to alternative
vehicle segments There are six vehicle segments considered in the anali® to

timing and funding constraints, the NIDMC results from the lead case study are scaled to
the renaining vehicle segments, using relevant powertrain attribliiethe final step,

step three of cost analysis process, factors are applied tdIERMCs to account for
technology maturity differences and OEM indirect coste learning factors account

for differences in the costs associated with the assumptions made in the cost analysis
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relative to product and market maturity versus real world conditions (e.g. production
volumes, market place competition, product maturity, efithe application of OEM
indirect cost factors [also referred to as indirect cost multipliers (ICMs)] account for
items such as OEM corporate overhead/SG&A, OEM engineering, design and testing
(ED&T)/R&D, OEM owned tooling, OEM warranty, etBoth the learning curve factors

and indrect cost multiples were developed and provided by the United StatesVieiPé\
details on all three steps of the cost analysis process are cov&ection B.3

step 1: : : Develop Scaling Fact Apply Alternative Vehici
Establish Vehicle and D pply Afternative Vehicle
Calculate Net A T to Scale Net Incremental Segment Scaling Factors
Incremental Direct Segments for Direct Manufacturing to Net Incremental Direct
. E Market Costs, Applicable to the Manufacturing Costs
—gma"mamu"n Costs, et Lead Caze Study Vehicle
for Selected Advance Segment, to Atternative

Powertrain Technology Wehicle Segments
Configurations, for
Selected Vehicle

Segments
For each Leading Edge
Technology Step Z: Calculation of Net
Configuration, Select Scale Net Incremental Incremental Direct
¥&hr'|°'elseg — "{'h&re Direct Manufacturing Manufacturing Costs for
. . ecnnoio 1S MOS .
gs’fﬂhéﬁh f%.ﬂnliijf;durlpg Apphcamgﬂa_eﬂd Case Costs to Alternative Eﬁfgp’zgﬁlﬁigllile
ounacary Longiions for Vehicle Segments
Cost Analysis Study) g Segment

Develop Cost Models for *
each Technology Apply 2012 thru 2025 Apply 2012 thru 2025
Configuration Learning Factors to Net Indirect Cost Multipliers
Irqcr&rpeatﬂl, Dlrgd - {ICM=) to Net Incremental
DRI T ETE |:> Direct Manufacturing
Costs

Marth American
Manufacturing Databases

Material
Labor SilTEl Step 3:
. Incremental Direct
Manufacturing Overhead Convert Net
Manufacturing Cost for . Calculation of Met
Mark-up Wi e e Incremental Direct Incrementsl Technology
— .
Technology !'u'lanufaciunng Costs, Cost, for each Advance
Configurations and Lead into Net Incremental Technology
g‘;ﬁsﬁ'—g}' Vehicle Technology Costs, for Configuration, for each
2012 thru 2025 timeframe | PP miuaa

Wehicle Segment

Figure B-1: Process Steps for Developihget Incremental Costs for New Advance Powertrain
Technology Configurations
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B.2 Technologies Analyzed in the Phase 2 Analysis

The following list is the technology configurations evaluateatch technology selected is
evaluated against a baseline vehitdehnology configuration representative of the
current state of desigwith similar overall driving performance&Components that are
unique to the new technology, as well as components modified to account for the new
technology adaptation, are identifieddaanalyzed to establish the incremental direct
manufacturing costs.

Diesel Engines Analyses

1 Engine Downsizing
o0 Lead Case Study: #2002, Midsize Passenger Vehicle Segment
A Baseline Technology Configuration: 2.0L 14, 105kW, 306NBMEP 20
Bar, Compresion Ration 16.5, Peak Firing Pressure 150 Bar
A New Technology Configuration: (Theoretical) 1.5L I3, 105kW, 306N
BMEP 27 Bar, Compression Ration 15.5, Peak Firing Pressure 180 Bar
1 High Pressure Fuel Injection System Comparison
o0 Lead Case Study: #2102, dlsize Passenger Vehicle Segment
A Baseline Technology Configuration: 2.0L 14, 130kW, 3601\ 1800 Bar
Fuel Injection System
A New Technol ogy Configuration: (The
& 3 5Ii0nN2500 Bar Fuel Injection System
1 Variable Valve Tming and Lift (/VTL) System Comparison
0 Lead Case Study: #2203A, Midsize to Large Passenger Vehicle Segment
A Lead Case Study: Baseline Technology Configuration: 2.0L |4, 150kW,
400N m, Conventional Valvetrain (i.e., no VVT or VVL system)
A New Technology Configuratior{Theoretical) 2.0L 14, 150kW 400N,
FEV High Efficient Combustion System (HECS) VVTL System
1 Diesel Exhaust Gas Recirculation (EGR) System Comparison
o0 Lead Case Study: #2302, Midsize Passenger Vehicle Segment
A Baseline Technology Configuration: 2.0L 14)3kW, 320Nm, Cooled
High Pressure EGR System
A New Technology Configuration: 2.0L I3, 103kW, 320N High
Pressure and Cooled Low Pressure EGR
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Transmission Analyss

1 6-Speed Transmission System Comparison
0 Lead Case Study: #2602, Midsize PasseNgéicle Segment
A Baseline Technology Configuration: 350N*m -Speed Manual
Transmission (MT)
A New Technology Configuration: 350N*m-$peed Dry Dual Clutch
Transmission (DCT)

Micro Hybrid Analysis

1 Addition of StopstartSystem Technology
0 Lead Case Study: #80B, Subcompact Passenger Vehicle Segment
A Baseline Technology Configuration: 1.5L 14, 70kW Gasoline Engine with
5-Speed MT.
A New Technology Configuration: Baseline Powertrain Configuration (as
defined above) with the ddition of a Belt-Driven, StarteiGenerator
(BSG) StopstartSystem

Gasoline Engines Analysis

1 Gasoline Exhaust Gas Recirculation (EGR) System Comparison
o0 Lead Case Study#3103AMidsize to Large Passenger Vehicle
A Baseline Technology Configuratiotdncooled LowPressure EGR
A New TechnologyConfiguration: Cooled Low Pressure EGR
1 Gasoline Exhaust Gas Recirculation (EGR) System Comparison
o0 Lead Case Study#3203AMidsize to Large Passenger Vehicle
A Baseline Technology ConfiguratioiNo External EGR
A New Technology Configuration: Cooled Low PressEGR

In addition to the new technology configurations listed above, a Toyota Venza mass
reduction and cost analysis project was also condudted project, similar in work
scope to thephase 1 ICCT analysis, focused d¢me transfer and conversion of
information and results from a North American analysis into a comparable European
analysis The North American analysis was-fumded by ICCT and the Unites States
EPA.

The primary objective of the EPA and ICCT North AmaricToyota Venza Mass
reduction and cost analysis project waswaluate, and build upoime massedtction
opportunities presented in a prior publishiedtus Engineering report The report,
entitled AAn Assessment of NA202) MédeldYeac t 1 o n
P r o g rveasnsubmitted to the Internal Council on Clean Transportation for release
during March 2010
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The target maseeduction for the project was 20% of the baseline vehicle mass (1710kg)
or approximately 342kgin addition to evalu@ng various masseduction ideas for
functional and performance feasibility, manufacturing feasibility was also evaluated
ensuring the mas®duction concepts could be implementation ready for the 2017
timeframe Using the same costing methodology as rievpus EPA and ICCT studies,
detailed cost models were developed to assess the financial impact of thedouasen
conceptsThe maximum allowable increase in direct manufacturing costs was set at 10%
or approximately $1670.

A report summarizing the work completed on the Toyota Venza-redsiction and cost
analysis,based on a European manufacturing cost structure, will be issued in the later
part of 2012.

B.3 Process Overview

As discussedSection B.1,the costing methodologig broken into three (3) high level
steps:

1. Develop Net Incremental Direct Manufacturing Cofdr selected technology
configurationsand lead ehiclesegments.

2. Developand apply scaling factor to translate costs from lead case study vehicle segment
to altenative vehicle segments

3. Apply Learning Factors and Indirect Cost Multiplier (ICMs) to Net Incremental Direct
Manufacturing Costs, to each technology configuration and vehicle segment analyzed,
establishing the Net Incremental Technology Costs for eadinaéagy and vehicle
segment combination.

Additional details on each of the high levels steps discussed above are covered in the
following three (3) subsections.

B.3.1 Development of Net Incremental Direct Manufacturing Costs

The Net Incremental Direct Manufacing Costs (NIDMCs)costing methodology is
basedheavilyon teardowns of both new and baseline technology configurahahkave
similar driving performance metrics. Only components identified as being different,
within the selected new and baseline temdbgy configurations, as a result of the new
technology adaptation are evaluated for c@imponent costs are calculated using a
groundup costing methodology analogous to that employed in the automotive industry.
All incremental cost for the new techrlogy are @lculated and presented using
transparent cost modekonsisting of eight (8) core cost elements: material, labor,
manufacturing overhe#nurden end item scrap,SG&A (selling general and
administrative, profit, ED&T (engineering, design, and $&ng),and packaging
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As presented irsection B.2 seven advance powertrain technology configurations were
evaluatedFor each technology configuration a vehicle segment was chosen for the lead
case studySelection of the lead vehicle segment was généry b a s efdi toin fb e
technology based on FEV technical team input, and availability of good comparison
hardware for both the baseline and new technology configurations.

For the ICCT analysis, six (6) primary vehicle segments were considered rétative
adding new advanced powertrain technology configuratibhe vehicle segment ID,
segment descriptions, and vehicle examples representative ségheent are shown in
Table B-1 below. In some cases vehicle segments were furthledigided; primarily on
typical engine configurations available in the vehicle segmehtletter following the
vehicle segment (i.e., 00A3 used to designate engine configuration differences within
the vehicle segment.

Table B-1: Vehicle Segments Classification Defined in Analysis

. Vehicle Segment Typical Engine .
Vehicle Segment ID Description Configuration Vehicle Examples
00A Subcompapt Passenger Inline Three pyllnder (13) VW Polo, Ford Fiesta
Vehicle Engine
00B Subcompapt Passenger Inline Four lemder (14) VW Polo, Ford Fiesta
Vehicle Engine
Compact or Small Inline FourCylinder (14)
01 Passenger Vehicle Engine VW Golf, Ford Focus
02 Midsize Passenger Vehicl Inline Fog;gi:rilgnder (14) VW Passat, BMW 3 Serie
Midsize or Large Inline Four Cylinder (14) VW Sharan, BMW 5
03A d ; .
Passenger Vehicle Engine Series
Midsize or Large Inline Six Cylinder (16) VW Sharan, BMW 5
03B d ’ .
Passenger Vehicle Engine Series
- Executive, Large Size Passenger Vehicle
(Not Included in Analysis)
Small or Midsized, Sport . .
05 Utility, or Cross Over, or Inline Four (_Zyllnder (14) VW Tiguan, BMW X1/X3
S ; Engine
Mini Van Vehicle
06A Large Sport Utility Inline Six Cylinder (16) VW Touareg, BMW
Vehicle Engine X5/X6
06B Large Sport Utility V-Eight Cylinder (V8) VW Touareg, BMW
Vehicle Engine X5/X6
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Listed below, with the aidf Figure B-4 andFigure B-5, is ahigh-level sunmary of the

thirteen (13 major stepsaken during thé&PA detailed teardownost analysis procesa
comprehensive discussion of the costing methodology used to develofNethe
Incremental Direct ManufacturinggStcanb e f ound i n t he LlHgRtA pu bl
Duty Technology Cost -#R099X) s Pil ot Studyo

For additional information concerning the terology used within thee steps, please
reference the glossary of terms at the end of this report.

Step I Using thePowertrain-Vehicle Class Summary Matrix (¥#CSM), a technology
configuration andrehicle segmerits selected for cost analysis.

Step 2:Existing vehicle modelsrepresenting theew technologyconfiguration (i.e., the
advance technology offering) aral baseline vehicle technology configurati@re.,
current technology becoming thestard in the industryare idemified for teardown to
provide the basis for detailed incremental cost calculations

Step 3 PreteardownComparison Bills of Materials (CBOM) are developed, covering

hardware that exists in the new and base technology configurations. Thedevhkigh
CBOMs are informed by the teambés understar
serve to identify the major systems and components targetéshfdown.

Step 4: Phase 1 (higlevel) teardown(Figure B-2) is conducted for all subsystems
identified in Step 3 and the asdalias that comprise #&m. Al high-level processes (e,g.
assembly process of the highessure fuel pump onto thelicgler head assembly) are
recordedduring the disassembly.
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High Pressure Pump Rail Injector

Pipe - Pump to Rail Pipe — Rail to Injector

r 3

. _

Figure B-2: Sample of Components Removed Duringdigh Level Teardown of Fuel Induction System

Step 5: A crossfunctional team (CFT)reviews all the data generated from the high
level teardownand identifies which components and assumptions should be carried
forward into the cost analysishe CBOMs araipdated to reflect the CFT input.

Step 6: When conducting the cost analysis for each technology configuration, a number
of assumptions and boundary conditions are requirefdomp in the analysis prior to the
start of any costing work. The same assumgtiand boundary conditions are applied to
both the new and baseline technology configuratiestablishing a consistent framework

for all costing,therebyresulting in a level playing field for comparison. Tedwundary
conditions include items such aseazge annual production volumes, manufacturing
locations, production year, and technology maturity

Step 7:Phase 2 (component/assembly level) teardownm#iaed based on the updated
CBOMs. Components and assemblies are disassembtedrocesses armgeratons are
mapped in full detail. Photographs of the disassembly process and individual parts are
capturedn Figure B-3. The CBOMs are updated with the additional parts acquired from
the further level of teardown. At this level of teardown component physical attributes are
gathered, component materials es&i®#d, and manufacturing process identified.
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(Ne | Component |
Nozzle module incl.
-Nozzle body

-Nozzle needle
--Supporting

~-Needle bushing
—-Nozzle spring

Servo valve plate incl.
—Plate

—-Semvo valve

--Semvo valve spring
Adapter plate
--Positioning pins
Coupler Module incl.

11 -Tube Spring

12 -Dnving piston

13 --Dnven piston incl. Spring
14 --Spring driven piston
15 -Adapter plate

16 —Coupler body

17 Clamping nut

18 Adjustment plate coupler
19 Injector body

20 Piezo module

21 Edgefilter

22 Sealring

23 Connector body incl.

24 -Retum line connector
25 Thread seal

SWOND OEWN =

Figure B-3: Initial Level of Injector Teardown

Step 8:During the teardown procesa] manufacturing operatienare captureshcluding
all key part input dataral part specific manufacturing datsor simplerprocesseand/or
serial type processefIFMA® software is used tocalculate part manufacturing data
based on entered paattribute data For more complexand customoperations and
processes, externalqress parameter models are developed.

In the customprocess parameter modelghich are developed usindicrosoft Excel,
part input parameterse.Q., material specifications, mass, volumeart geomey, part
features, et arefed into the modelgenerdéing key output parameters (g.gquipment
type, equipment size, operation cycle times, material usage, etc

Subject matter experts develop and validate the process parameter. tmis are
refined and validated by running surrogate pahiough the analysis which have
existing industry data.

The key calculatedmanufacturing process datatien uploaded inttMAQS worksheets
(Step 9)to develop the final manufacturing cost

Step 9: Manufacturing Assumption and Quote Summary (MAQSyorksheetsare
generated for all parts undergoing the cost analy$ie MAQS details all cost elements
making up the final unit costsnaterial, labor, burden, end item scrap, SG&A, profit,
ED&T, and packaging.
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Step 10:Parts with high or unexpected cost results areestdy to anarketplace cross
check, such as comparison with supplier price quotes or wider consultation with
company and industry resources (iselbject matter experts) beyond the CFT.

Step 11:All costs calculated in the MAQS worksheets are automatically inputted into the
Subsystem Cost Model Analysis Templates (CMAThHe Subsystem CMAT igsed to
display and roll up all the differential costs associated with a subsysteraxamplethe
crank-drive subsystem (referendegure B-6) is comprisedof several susubsystems
(e.g, connecting rod sububsystem, piston stgubsystem, crankshaft sghbsystem
The subsubsystemscomprise of several componentsnd assembliesAs shownin
Figure B-6, the Connecting Rodub-subsystentontains several componeniiscluding

the rodconnecting, cajpod connectingpearingrod connectingand boltrod connecting

In the Subsystem CMAT Compom#Assembly costs are grouped together in their
respective suHsubsystems, whiglhin turn, are grouped together provngd) an incremental
subsystem cost.

All parts in a subsystem that are identified for costing in the CBOM are entered into the
Subsystem CMA. Also, both the base and new technology configurations are included
in the same CMAT to facilitate differential cost analysis

Step 12: The System CMATrolls up all the subsystem differential costs to establish a
final system unit cost. ThBystem CMAT ,similar in function to the subsystem CMAT,

Is the document used to display and-tgil all the subsystem costs associated within a
system as defined by the CBOM a System CMAT only the rolledip subsystem cast

are providel. For example, for the engirsgystem Figure B-6), the CMAT would capture

the cost contribution of eadmajor subsystem: cranllrive subsystem, cylinder block
subswtem, cylinder bad subsystenvalvetrain subsystem, etln many study caseshe

cost analysis is based on comparing the cost differences for a single system (i.e., new
engine technology configuration versus baseline ehginethese single system case
studiesthe system CMAT provides the incremental direct manufacturing impact.

Step 13: In case studies where multiple vehicle systems are evaluated, a vehicle level
CMAT is required to capture the vehichet Incremental Direct Manufacturingo€t
(NIDMC) impact In a vehicleCMAT, subtotals for each vehicle system are presented
along with a totalvehicle incremental direct manufacturing cdsgure B-6 highlights

some of the systems which are found in a vehicle anabtsis a€Engine, Transmission,
Body,andSuspension
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Figure B-4: Step 1- Calculate Net Incremental Direct Manufacturing Costs, for Selected Advance Powertrain
Technology Configurations, for Selected Vehicle Segmenitsteraction (Part 1 of 2)



















































































































































































































































































































































