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Updates to “Light-Duty Vehicle Technology Cost Analysis, European Vehicle
Market, Result Summary and Labor Rate Sensitivity Study”

The overall goal of this study was to provide accurate technology assessments through
highly detailed and transparent cost analysis methodologies that compare and contrast
differences and similarities between various technology configurations. Based on that
goal, FEV is hereby issuing an update to the previously released report dated 4/10/13.

Within the Phase 1 configurations evaluated, minor revisions were made to the following
two case studies:

1. 6-Speed Automatic Transmission (AT) to 6-Speed Dual Clutch Transmission
(DCT)
2. 6-Speed Automatic Transmission to 8-Speed Automatic Transmission

The revisions to the two transmission case studies include updates to selected electronic
components and component drivers which were overlooked in the original analyses. The
inclusion of the missed hardware, from the original analyses, resulted in an increase in
the Net Incremental Direct Manufacturing Costs (NIDMC) of approximately €38 for the
6-Speed DCT compared to the 6-Speed AT, and €10 for the 8-Speed AT compared to the
6-Speed AT.

The Phase 1 report “Light-Duty Vehicle Technology Cost Analysis — European Vehicle
Market (Phase 1)” has been updated to reflect these changes. The update to the Phase 1
report comprised of refinements in cost analysis results obtained, as well as detailing the
electronic control system component differentials between the compared transmissions.

These same changes have been added to Phase 1 results within this summary report for
both the Western European and Eastern European analyses.

Updates to Tables in the Report Body

e Table A-1: Average Percent Reduction in Net Incremental Technology Costs with
Average Labor Rate reduced by 77%, Phase 1 and Phase 2 Technology
Configurations

e Table C 3: 6-Speed Automatic Transmission, 8-Speed Automatic Transmission,
and 6-Speed Wet Dual Clutch Transmission Case Study Results
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e Table D 3: 6-Speed Automatic Transmission, 8-Speed Automatic Transmission,
and 6-Speed Wet Dual Clutch Transmission Case Study Results (Eastern Europe
Labor Rate Substitution)

e Table D 17: Average Percent Reduction in Net Incremental Technology Costs with
Average Labor Rate reduced by 77%, Phase 1 Technology Configurations
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A. Executive Summary

The International Council on Clean Transportation (ICCT) contracted with FEV, Inc. to
define the net incremental costs for a set of advanced light-duty vehicle technologies for
the European vehicle market. 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 (CO,). The work performed was compiled through a
two-phase analysis: Phase 1 addressed the transfer and conversion of information and
results from existing North American advance vehicle powertrain cost analysis studies
into comparable European cost studies; Phase 2 carried on the Phase 1 project work with
additional advance technology studies more common to the European market.

The following report summarizes the results from both the Phase 1 and Phase 2 studies.
The full report for both studies, “Light-Duty Vehicle Technology Cost Analysis —
European Vehicle Market (Phase 1)” and “Light-Duty Vehicle Technology Cost Analysis
— European Vehicle Market, Additional Case Studies (Phase 2)” can be found at
http://www.theicct.org/light-duty-vehicle-technology-cost-analysis-european-vehicle-
market

Examples of the light-duty technologies evaluated in the Phase 1 and Phase 2 work are
listed below.

Phase 1:
e (Gasoline Direct Injection, Turbocharge, Downsized Engines
e 6 and 8-Speed Automatic Transmissions
e 6 and 8- Speed Wet Dual Clutch Transmissions
e Power-Split Hybrid Electric Vehicles
e P2 Hybrid Electric Vehicles
Phase 2:
e High-Pressure Diesel Fuel Injection Subsystem
e Variable Valve Timing and Lift Valvetrain Subsystem
e Diesel and Gasoline EGR Subsystems
e 6-Speed Dry Dual Clutch Transmission
e Belt-driven Starter Generator Stop-Start System


http://www.theicct.org/light-duty-vehicle-technology-cost-analysis-european-vehicle-market
http://www.theicct.org/light-duty-vehicle-technology-cost-analysis-european-vehicle-market
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This report also includes a high level, labor cost sensitivity analysis for all technologies
evaluated in the Phase 1 and Phase 2 study. The sensitivity analysis reduces the labor cost
factor by approximately 77%; the difference between the average direct labor rate in
Germany (€33.28/hour for suppliers and €44.16/hour for OEMs) versus an average of
Eastern European Country labor rates (€7.75/hour for suppliers and €10.29/hour for
OEMs). Replacing the Germany labor rates in the cost analyses with the average Easter
European rates reduces the advance technology costs between 2.3 to 21.3% as shown in
Table A-1 below. A negative percentage in the table indicates the baseline technology is
more expensive to manufacture. In these few cases, a reduction in labor rates reduces the
savings as the baseline technology becomes less expensive to manufacture relative to the
advance technology configuration.

Table A-1: Average Percent Reduction in Net Incremental Technology Costs with Average Labor
Rate reduced by 77%, Phase 1 and Phase 2 Technology Configurations

Average Percent
NITC Reduction
Baseline Technology Configuration New Technology Configuration Assuming Average
Eastem European
Labor Rate’

Case
Study 1D

Downsized (DS), Turbocharged

Maturally Aspirated (MA), Port Fuel (Turbo), Direct Injection (DI

o1 Injected (PFI), Gasoline Internal - ~ 21.3%
Combustion Engine (ICE) Gasoline Intemal Combustion
Engine (ICE)
Dual Overhead Cam (DOHC), NA, | Single Overhead Cam (SOHC), NA,
2= PFI, Dual-Variable Valve Timing (O- | PFI, Multi-Air Variable Vahe Timing 18.8%
VWT), Gasoline ICE and Lift (WVWTL). Gasoline ICE
og=* -Speed Automatic Transmission B-Speed Automatic Transmission -19.5%
10 -Speed Automatic Transmission 8-Speed Automatic Transmission 17.7%
0g=~* -Speed Automatic Tra_rlsrnissicln 6-Speed DuE[ Clutch Transmission -27 . 3%
Conventional Powertrain Wehicle
04~ Conventional Powertrain Wehicle Upgraded with a Belt Alternator 19.1%
Starter (BAS) Start-Stop System
5™ Conventional Pq:rwerlrairl WVehicle Power-Split Hybnd Electnc Wehicle 15 2%
oy Conventional Powertrain Vehicle P2 Hybrid Electric Vehicle 15.5%
e Mechanical Air Conditioning Electrical Air Conditioning
06 2.3%
Compressor System Compressor System
. - . Downsized Conventional Diesel "
o ] -19.2%
20 Conventional Diesel Engine Engine (e.g. 14-13, 16-14, V8-I6) 9.2%
. ) . § Conventional Diesel Engine
21 Conventional Diesel Engine with Upgraded with 2500 Bar Fuel 53%
1800 Bar Fuel Injection Subsystem I
Injection Subsystem
. p y . Diesel Engine Upgraded with
2= Diesel Engine with Conventional Discrete Variable Vale Timing and 19.1%

Valvetrain Subsystem Lift (WWTL) Valvetrain subsystem

Corventional Diesel Engine
Upgraded with a High Pressure, Low|

Comventional Diesel Engine with a

23" Cooled High Pressure Exhaust Gas ) 18.9%
Recirculation (EGR) Subeystem Fressure Cooled High EGR
Subsystem
Conventional Gasoline Engine with a Comventional Gasoline Engine
31 Uncooled Low Pressure EGR Upgraded with a Cooled Low 19.1%
Subsystem Pressure EGR Subsystem

Comventional Gasoline Engine with Conventional Gasoline Engine

32 Upgraded with a Cooled Low 19.1%
no EGR Subsystem Pressure EGR Subsystem
an ) . 6-Speed Dry Dual Clutch
26 6-Speed Manual Transmission Transmission (DCT) 19.1%
Conventional Powertrain WVehicle
30+ Corventional Powertrain Wehicle {{(Manual Transmission) Upgraded 19 29,
(Manual Transmission) with a Belt-Driven Starter Generator .

(BSG) Start-Stop System

Notes: ' Negative percentage indicates reduced savings as the base technology
is less expensive to manufacture in the low cost country (i.e., Eastern Europe)
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B. Introduction

This report summarizes the results from two previously completed light-duty vehicle
technology cost studies FEV conducted for ICCT. Both studies investigated the
incremental costs to update conventional light-duty vehicle technology configurations,
with various advanced technology configurations, aimed towards improving fuel
economy and reducing greenhouse gas emissions. The first study, also referred to as the
Phase 1 analysis, primarily involved the conversion and transformation of existing cost
models completed for the United States Environmental Protection Agency into models
representative of the technology and vehicle segments in the European market. The Phase
2 study developed new cost models for additional technologies, more applicable to the
European market, selected by the ICCT team.

In addition to summarizing the results from the Phase 1 and Phase 2 studies, a larger
sensitivity study is included in this report assessing the impact of labor rates on all the
incremental technology costs evaluated in the Phase 1 and Phase 2 reports. Reducing the
labor rate for all the studies by approximately 77%, the difference between the average
German labor rate used in the analyses and a calculated average Eastern Europe rate, new
Net Incremental Direct Manufacturing Costs (NIDMCs) and Net Incremental Technology
Costs (NITCs) were calculated for each case study.

B.1 Phase 1 and Phase 2 Study Overview

The initial study, “Light-Duty Vehicle Technology Cost Analysis — European Vehicle
Market (Phase 1),” addressed the transfer and conversion of information and results from
existing advance vehicle powertrain cost analysis studies performed by FEV, based on
previously completed detail teardown and cost analysis work conducted for the U.S.
Environmental Protection Agency (EPA) by FEV and its subcontractors in a North
American context. Accounting for key differences in manufacturing costs (e.g. material,
labor, and manufacturing overhead) and vehicle segment performance attributes (e.g.
engine horsepower, torque, displacement and configuration) EPA cost models were
converted into European models. The updated European cost models calculate the Net
Incremental Direct Manufacturing Cost (NIDMC) based on Western European cost
factors (e.g. material, labor, manufacturing overhead).

The NIDMC is the incremental difference in cost of components and assembly, to the
OEM, between the new technology configuration and a baseline technology configuration
(i.e. NIDMC = Direct Manufacturing Cost of New Technology Configuration — Direct
Manufacturing Cost of the Baseline Technology Configuration). For each incremental
cost comparison, the new technology configuration, and baseline technology



Analysis Report BAV 11-683-001_2B
August 7, 2013

Page 9

configuration (also referred to as the conventional technology configuration or current
industry standard) share similar primary function and performance attributes.

The cost factors included and excluded in the direct manufacturing costs calculations are
shown below in Figure B-1.

Direct Manufacturing Costs (DMCs)

Included
o Total Manufacturing Costs Mark-Up Packaging
Excluded ; Manufacturing |  End-ltem ; "
Material Labor o — Scrap SG&A Profit ED&T Packaging

Supplier Fabrication and n u u u u n n n
Assembly

OEM Fabrication and n n n _ _ . _ n
Assembly

Figure B-1: Cost Factors Included in Direct Manufacturing Costs

In order to calculate the cost impact of a new technology configuration on multiple
vehicle segments a cost scaling process was employed. Physical attributes (e.g. quantity,
mass, geometric size) and performance attributes (e.g. torque, power) of the technology
under evaluation, are analyzed between the lead case study vehicle segment and the
remaining vehicle segment. Based on identified attributes differences, cost scaling factors
are established to translate the Net Incremental Direct Manufacturing Costs (NIDMCs)
from the lead case study vehicle segment to alternative vehicle segments.

Two factors (ICM and Leaning), both production-year dependent, are applied to the
NIDMCs to arrive at Net Incremental Technology Costs (NITC). The NITC is the
estimated incremental cost an OEM would be expected to sell the new technology
configuration at, relative to the baseline technology configuration, in a given production
year.

The indirect cost multiplier (ICM) factor addresses the OEM indirect costs associated
with manufacturing new components and assemblies. The ICM includes indirect costs
associated with OEM engineering, design and testing (ED&T), corporate operations,
dealership support, sales and marketing material, legal, and OEM owned tooling. The
ICM contribution is calculated by applying an ICM factor to the NIDMC.

The ICM methodology and values were developed by the United States EPA as an
alternative method for accounting for indirect costs, to the existing retail price equivalent
(RPE) methodology. The EPA felt that some of the contributors to RPE, like fixed
depreciation costs, health care costs of retired workers, and pension costs, may not be
affected by the addition of all new vehicle technologies as a result of imposed regulation.
Hence, the EPA developed this modified multiplier referred to as the ICM. In addition,
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the EPA developed a range of ICMs accounting for differences in technology complexity
levels and technology maturity. More details on the development of ICMs can be found in
the EPA published report “Automobile Industry Retail Price Equivalent and Indirect Cost
Multiplier” EPA-420-R-09-003, February 2009.

In addition to the application of indirect cost multipliers, to net incremental direct
manufacturing costs, a second factor referred to as a “learning curve factor,” or
“experience curve factor,” are also applied. The learning curve factors address the
anticipated reduction in direct manufacturing costs as a result of “getting smarter” on the
product design and /or manufacturing of the product as a function of the number of units
produced. Similar to the acquisition of the ICM values, learning factors developed by
EPA for previous reports were also utilized in the ICCT analyses.

The “Light-Duty Vehicle Technology Cost Analysis - European Market, Additional
Case Studies (Phase 2)” then continued the analysis work begun in Phase 1, however
with new powertrain technology evaluations not studied previously as part of either ICCT
or EPA work. Phase 2 was an all-new study conducted using EPA methodology and
European cost values, requiring new teardowns, hardware assessments, and cost models.
The same boundary conditions, costing assumptions and general vehicle segment
attributes were maintained between the Phase 1 and Phase 2 studies providing a level
playing field for comparison.

B.2 Labor Cost Sensitivity Study

B.2.1 Background

As part of the cost analysis work, a set of study boundary conditions is established to
define a common framework for all costing models. The common framework permits
reliable comparison of costs between (1) new and baseline technology configurations
evaluated in the same analysis, and (2) between competing new technology configurations
from two different analyses. In addition, having a good understanding of the analysis
boundary conditions (i.e., what assumptions are made in the analysis, the methodology
utilized, what parameters are included in the final numbers, etc.), a fair and meaningful
comparison can be made between results developed from alternative costing
methodologies and/or sources.

Parameters which make-up the boundary conditions include production volumes,
production timeframe, production location, timeframe for material costs, labor costs, and
manufacturing overhead costs (e.g. utility costs, facility costs, financing expense). For the
ICCT European cost analysis, FEV chose Germany as the production location for all
components within all studies. Therefore all cost factors associated with manufacturing
(e.g. material cost, labor costs, manufacturing overhead, etc.) are generally based on
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German market conditions. This costing approach may be viewed as conservative in
nature as automotive components are manufactured worldwide; in both heavy
industrialized nations as well as low cost countries.

Figure B-2 provides a list of major automotive suppliers and some of their Eastern
European manufacturing locations.

Figure B-3 provides the hourly compensation costs (i.e., average labor rates) for selected
countries in Euros. In comparison, the average automotive part manufacturing rate (i.e.,
component supplier rate) used in the ICCT analysis was €33.28/hour. For automotive
vehicle manufacturing (i.e., OEM manufacturing) the rate used in the analysis was
€44.16/hour.

To fully understand the level of conservatism in the calculated NITCs, one would need to
evaluate the actual cost differential of producing components in higher technology based
Western European industrialized nations (i.e., Germany, Great Britain, Italy, France)
versus lower industrialized Eastern European nations (i.e., Ukraine, Romania, Czech
Republic, Poland). In addition to material, labor and overhead cost structures being
different, the actual manufacturing processes and equipment would also be considerably
different; taking advantage of a low cost labor workforce versus high technology
equipment and automation. New value stream maps for each component would need to
be developed to assess which low cost countries would likely produce specific
components. In addition special consideration to product fallout/scrap rates and other
mark-up categories such as corporate overhead would need to be revisited in the cost
models.

Bulgaria Czech
Republic
-

in Seiki
vinMeritor
idgestone

ER
5 5%

U0 DO0ODD P B
& 6 0 0 0 2 3
2
o

ZF Friedrichshafen

Please note: this table shows existing Tier 1 supplier plants, but it exciudes those announced but not yet operational,
Source: company information

Figure B-2: Automotive Supplier Production Locations in Eastern Europe’

' Ernst & Young, “The Central and Eastern European automotive market Industry overview”, 2010
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Figure B-3: Hourly Compensation/Labor Costs for Selected Manufacturing Countries

(2010 Calendar Year)*?

? United States Bureau of Labor Statistics and Department of Labor, “Charting International Labor Comparisons

2012 Edition, September 2012.

3 Hourly rates were converted from U.S. dollars (as published in the original report) at an exchange rate of 1.326 US

dollars to 1 Euro.
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A detailed study comparing the technology cost differentials, as if they were
manufactured solely in Western Europe versus Eastern Europe, was outside the scope of
this analysis due to timing and funding constraints. As an alternative a labor sensitivity
study was conducted in which the average labor cost contribution for each analysis was
reduced by approximately 77 percent. The reduction represents the difference in labor
costs between Germany and the average of six low cost Eastern Europe countries (Figure
B-4). The six countries selected produce automotive components today.

Based on the 77% rate reduction, the average labor rates used in the Eastern European
sensitivity analysis were €7.75/hour for supplier labor and €10.29/hour for OEM labor.

Germany 100%

Slovenia 38%
Czech Republic 26%
Hungary 22%
Poland 21%
Slovakia 22%
Romania 11%

average scaling factor 23,3%

Figure B-4: Eastern Europe Labor Rate Averages Relative to Germany*

D-Statistics Wissen.Nutzen, “Earnings and Labor Costs 2008”, May 13, 2009
https://www.destatis.de/DE/Startseite.html,
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C. Phase 1 and Phase 2 Results

Section C.1 and C.2 below provide a summary of the calculated incremental costs for
each of the technologies and vehicle segments evaluated in the Phase 1 and Phase 2
analyses. The number of vehicle segments evaluated varied for each technology
configuration based on customer requirements. For each cost analysis, a case study 1D
exists corresponding to a technology type and vehicle class.’

The cost summary tables below present net incremental direct manufacturing costs
(NIDMCs) and net incremental technology costs (NITCs) for production years 2012,
2016, 2020 and 2025.

C.1 Phase 1 Technologies Evaluated

A summary of the baseline and new technology configurations evaluated in the original
Phase 1 analysis, and reference to the corresponding cost summary tables, is summarized
below in Table C-1.

Table C-1: Advance Powertrain Technologies Evaluated in the Phase 1 Analysis

Cost
Case Baseline Technology Configuration New Technology Configuration Summary
Study ID
Table
Naturally Aspirated (NA), Port Fuel Downsized (DS}' Tlurbgcharged
" . . (Turbo), Direct Injection (DI}
01 Injected (PFI), Gasoline Internal ) . Cc-2
Combustion Engine (ICE) Gasoline Internal Combustion
Engine (ICE)
Dual Overhead Cam (DOHC), MA, | Single Overhead Cam (SOHC), NA,
02+ PFI, Dual-Variable Walve Timing (D- | PFI, Multi-Air Variable Valve Timing C-2
VVT), Gasoline ICE and Lift (VWTL), Gasoline ICE
0g** 5-Speed Automatic Transmission | 6-Speed Automatic Transmission C-3
10 6-Speed Automatic Transmission | 8-Speed Automatic Transmission C-3
09+ 6-Speed Automatic Transmission | 6-Speed Dual Clutch Transmission C-3
Conventional Powertrain Wehicle
04+ Conventional Powertrain Vehicle Upgraded with a Belt Alternator C4
Starter (BAS) Start-Stop System
05+ Conventional Powertrain Vehicle | Power-Split Hybrid Electric Vehicle C-5
7= Conventional Powertrain Vehicle P2 Hybrid Electric Vehicle C-6
" Mechanical Air Conditioning Electical Air Conditioning
06 C-7
Compressor System Compressor System

> Case Study ID Number: The first two digits identify the technology (e.g., 02** = engine downsizing analysis) and
the second two digits identify the vehicle segment (e.g., **00 = subcompact passenger vehicle segment). The letter
following the four digit number represents one possible powertrain option in that particular vehicle segment (i.e.,
0200A = engine downsizing analysis, subcompact passenger vehicle segment, I3 engine configuration). In this
particular example the letter “B” would signify an 14 engine configuration for the same analysis and vehicle
segment.
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Table C-2: Downsized, Turbocharged, Direct Injection Gasoline Engine & Multi-Air Variable
Valve Timing and Lift Valvetrain Subsystem Case Study Results

N Net Incremental Technology Cost
- 2= et Incremental (NITC)
= = European European Direct
° 2 Baseline Technology New Technology pe Vehicle Manufacturing
c(2 & Market
=~ = Configuration Configuration Segment Cost (NIDMC)
S = Segment
= = Example
(5] ) 0 (=] o
- -— o~ o
= = = =
o~ o~ o~ o~
Downsized, Turbocharged, Gasoline Direct Injection Internal Combustion Engines
Subcompact
14L, 4, 4V, DOHC, NA,  [1.0L, 13, 4V, DOHC,
110100 PFL dVVT. ICE Turbo. GDI dVVT. ICE F'as_senger VW Polo €230 €423 €379 €305 €276
Vehicle
Compact or
1.6L, 4, 4V, DOHC, NA, [1.20, 4, 4V, DOHC, Small
2| 0107 \pey “gwvT, IcE Turbo, GDI, dVVT, ICE  |Passenger | "' O°ff €360 €811 | €466 [ €402 | €372
Vehicle
241,14, 4V, DOHC, NA, |1.6L. 14, 4V, DOHC Midsize
3| 0102 PFI dVVT. ICE Turbo. GDI dWWT. ICE Pasgenger VW Passat € 367 €532 €484 €415 € 383
] Vehicle
™
= Midsize or
3.0L. V6, 4V, DOHC, NA, |2.0L, 14, 4V, DOHC, Large
40103 PEL dWWT ICE Turbe. GDI dVVT. ICE Passenger VW Sharan €80 €379 €328 €223 €189
Vehicle
541, V8, 3V, SOHC, NA, |3.5L V6, 4V, DOHC,
5| 0106 PFI sVVT ICE Turbo. GDI. dWVT. ICE Large SUV | VW Touareg €648 €992 €900 €760 €698
Variable Valve Timing and Lift, Fiat Multiair System
. Subcompact
14L, 4, 4V, DOHC, NA, (141, 4, 4V-MultiAir,
6| 0200 PFL dVVT. ICE SOHC. NA. PFI. ICE EZE?;;QEF VW Polo €107 €159 €145 €126 €17

Table C-3: 6-Speed Automatic Transmission, 8-Speed Automatic Transmission, and 6-Speed Wet

Dual Clutch Transmission Case Study Results

1+ Net Incremental Net Incremental Technology Cost

> .

= > European Direct (NITC)

o g . European X )

° 1= Baseline Technology New Technology Vehicle Manufacturing

cl|a| & . ) ) ; Market

i= @ Configuration Configuration Segment Cost (NIDMC)

8 2 Segmei Example

I s ° o 9 S 9

o o o o
N N N N
Midsize or
Large .
1| 0802 [5-Speed AT 6-Speed AT Passenger VW Sharan (€79) (€ 60) (€ 60) (€63) (€63)

" Vehicle

c

o

2

‘£ | 2| 0803 [6-Speed AT 8-Speed AT Large SUV VW Touareg €52 €73 €67 €58 €54

2

©

F Midsize or
Large

3| 0902 [6-Speed AT 6-Speed Wet DCT Passenger VW Sharan (€83) (€51) (€51) (€59) (€59)

Vehicle
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Table C-4: Belt Alternator Starter (BAS) Start-Stop System Case Study Results

Net MNet Incremental Technology Cost
3
E ) European European Incg-;?:?tal LA
S |al 2 Baseline Technology New Technology pe Vehicle .
= == Configuration Configuration ek Segment I E IO
E 2 Segment | £ o mple | COSt (NIDNC)
= 8 o~ w = uw
— -— o~ o
= = = =
~ 2] 2] 2]
= Belt Alternator Starter (BAS) -
i HEV
I . . (Brake Regen & Launch Assist)
Conventional Powertrain N idai
Midsize
g. -1 Gasoline ICE, 4V, DOHC, =4 Gasoline ICE, 4V, DOHC,
b 1| 0402 N PFL VT MA, PRl WWT Passenger  [VVW Passat €1.176 €2323 | €£1.632 €1378 | €1.226
- ~4 Spesd AT »4-Speed AT Vehicle
= >Electric Generator/Starter
a 14.5kW
=Battery: 36V, 18.4Ah NiMH
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Table C-5: Power-Split Hybrid Electric Vehicle Case Study Results

Page 17

Net
2t Net Incremental Technology Cost
= Incremental
= 2= European . (NITC)
= = . European . Direct
S =2 Baseline Technology New Technology Vehicle .
= & = Configuration Configuration Market Segment Manufacturing
5 2 9 2 Segment Cost (NIDMC)
2 = Example
= (53
o (-] =] "]
- - o o
=] =] =] =]
~ ~ ~ ~
Power-split HEV
Subcompact car typically System Power: T4 7KW
powered by an inline 4 cylinder|ICE Power: 61.1KW Subcompact
1| 0500 (engine, naturally aspirated, port |(14 -» 13) Passenger (VW Polo €1.809 €4555 | €£3506 | €2624 | €2158
fuel injection, S-speed manual |Traction Motor: SOKW Vehicle
transmission (MT). Generator: 35.1KW
Li-lon Battery: 140V, 0.743KWh
Compact or small car typically Power-spit HEV .
L X System Power: S0kW C t
powered by an inline 4 cylinder CE Power 736K ompact or
engine, naturally aspirated, port - e Small
2| 0501 P (14-D314) VW Golf €2.012 €56.034 €3.883 €2,908 €2.397
clutch transmissiunp(DCT‘ Generator: 42.3kW Vehicle
- Li-lon Battery: 162V, 0.857KWh
i Power-split HEV
A midsize passenger car
typically powered by a 4 System Power: 117kW o
piealy p e ICE Power: 856KV Midsize
cylinder turbocharged, direct .
B |31 0502 | on, e-speed T ana |04 05 #) Passenger |V Passat €2230 | €5632 | €4331 [ €3240 | €2663
d " i . o .
I AT or 7-speed DCT, StartiStop Traction Motor: 78.3KW Vehicle
Generator: S5KW
= system. . .
- Li-lon Battery: 188V, 0.994KWh
72}
i
-
% Power-split HEV
o A midsize or large passenger  |System Power: 174.8KW Midsize or
car typically powered by 4 and |ICE Power: 142.8kW Large
4 | 0503 |6 cylinder turbocharged, direct (W6 -= |} p VW Sharan €2.215 € 5,802 €4.410 €3.282 €267
fuel injection, E-speed MT or = 6| Traction Motor: 116.9KW assenger
speed AT, Generator: 82.1KW Vehicle
LiHlon Battery: 211V, 1.118KWh
A small or mid-sized sports- Power-split HEV
utility or cross-over vehicle, or | System Power: 132.86kW Small or
a small-midsize SUV, or a Mini  |ICE Power: 108.3kW Midsize
5| 0505 |Van powered by a 4 cylinder | (M4 -= DS 14) SUVICOV VW Tiguan €2.336 €589 €4.,532 €33N €2.788
turbocharged engine, direct fuel| Traction Motor: 88.7kKW - or
injection, 6-speed T or AT & 7 | Generator: 62,2k Mini Van
DCT. Li-lon Battery: 199V, 1.053 kiWh
Large sports-utility vehicles,
typically powered by a 8
6 | 0506 |cylinder naturally aspirated nfa Large SUV VW Touareg
engine, direct fuel injection, = 6-
speed AT.
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Net
Net Incremental Technology Cost
== = Incremental
= 2= European . (NITC)
° = . European . Direct
S =2 Baseline Technology New Technology Vehicle .
= Mark Manuf
= 7| & Configuration Configuration TLEd Segment ITEETI]
S e Segment Cost (NIDMC)
= = Example
= (53
o~ w o= uw
-— - o~ o
= = o= =
o~ o™~ o~ o~
P2 HEV
Subcompact car typically
System P T TATEW
powered by an inline 4 cylinder IcylrESPzT-.'e?'w:;rSk"\f ! Subcompact
; . - 59.8kY
1| 0700 [engine, naturally aspirated, port| "~ "\ Passenger  |VW Polo €1.704 €4391 | €3355 | €£2502 | €2,045
P :
tf”e' njection, E_?f’ee‘j manual |z action Motor: 14.9kW Vehicle
ransmission (MT). Lirlon Battery: 140V, 0.743KWh
Compact or small car typically |P2 HEW
powered by an inline 4 cylinder |System Power: S0KW Compact or
engine, naturally aspirated, port |ICE Power: 72KW Small
210701 |40 injection, 6-speed manual | (4 -» DS 14) Passenger VW Golf €1.915 €4.914 €3.760 €2.806 €2,297
transmission or 7-speed dual  |Traction Motor: 18KW Vehicle
clutch transmission (DCT). Li-lon Battery: 162V, 0.857kWh
A midsize passenger car P2 HEV
typically powered by a 4 System Power: 117KW Midsi
cylinder turbocharged, direct ICE Power: 93.6kW lasize
310702 | ¢ el injection, 6-speed MT and |14 = DS 14) Passenger (VW Passat €2.080 €5398 | €4.115 | €3,067 | €2,502
AT or 7-speed OCT, Start/Stop | Traction Motor: 23.4KkW Vehicle
system. Li-lon Battery: 188V, 0.994kWh
-3
1]
I
&
A midsize or | P2 HEV o
m 5|.ze or 1arge passenger System Power: 174.8kW Midsize or
car typically powered by 4 and |\ o o430 gwy Large
: ) 1 139.9kV
4| 0703 (6 cylnder turbocharged, direct | 0 B VW Sharan €1,947 €5382 | €4023 | £2972 | €2.382
fuel injection, 6-speed MT or =6 CE assenger
4 AT Traction Motor: 35.0W Vehicle
speed Al Li-lon Battery: 211V, 1.118 kWwh
Aﬂ;mall or mid-sized sphc!rtls— P2 HEV
uiity or c:.rus.s—uver vehie e._u.r System Power: 132.6kW Small ar
a smal-midsize SUV, or a Mini ICE Power: 106.1kW Midsize
) T 106.1kV )
5| 0705 |Van powered by a 4 cylnder |\ o, sUVICOV or | VWY Tiguan €2,164 €5621 | €4284 | £3192 | €2,603
turbocharged engine, direct fuel . ! . . o or
iniection. 6= ANTorAT&T Traction Motor: 28.5kW Mini Van
Injection, B-speed WT or Lirlon Battery: 198V, 1.053kKWh
DCT.
- . P2 HEV
Lar.ge sports-utiity vehicles, System Power: 271.8kW
typically powered by a 8 ICE Power: 271.8 KW
; ) T 2718 KV
6 | OT06 |cylinder naturally aspirated (No Change to V&) Large SUV  |VW Touareg £€2,756 €7156 | €5454 | €4064 | €3316
engine, direct fuel injection, = 8- . . ! .
4 AT Traction Motor: 54.3 KW
speed Al Li-lon Battery: 269V, 1.427kWh




Analysis Report BAV 11-683-001_2B

August 7, 2013
Page 19

Table C-7: Electrical Air Conditioning Compressor Case Study Results

Net Net Incremental Technology Cost
£
=) = e Incre.mental (NITC)
° = . European . Direct
s |o| 2 Baseline Technology New Technology Market Vehicle |, .-
£ e Configuration Configuration Fpme Segment Cost (NIDMC)
2 = Example
(5] ) 0 (=] w
- -— o~ o~
= = = =
o~ o~ o~ ™~
e _— s - Subcompact
WMechanical Air Conditioning Electrical Air Conditioning
1| 0600 Compressor Subsystem Compressor Subsystem Pasgenger VW Polo €102 €159 €146 €117 €109
Vehicle
E Compact or
» Mechanical Air Conditioning Electrical Air Conditioning Small
E 2 0601 Compressor Subsystem Compressor Subsystem Passenger VW Golf €106 €166 €153 €123 €114
& Vehicle
'3' o
8 Mechanical Air Conditioning Electrical Air Conditioning Midsize
& | 3] 0602 Compressor Subsystem Compressor Subsystem Pasgenger VW Passat €111 €174 €161 €129 €120
E Vehicle
[&]
=
E Midsize or
:‘g 4| 0603 Mechanical Air Conditioning Electrical Air Conditioning Large W Sharan €115 €130 £ 166 €133 €124
= Compressor Subsystem Compressor Subsystem Passenger
8 Vehicle
: Small or
2 Mechanical Air Conditioning Electrical Air Conditioning Midsize )
E 5 0604 Compressor Subsystem Compressor Subsystem SUVICOV or VW Tiguan €118 €184 €169 €136 €126
w Mini Van
Mechanical Air Conditioning Electrical Air Conditioning
6 | 0605 Compressor Subsystem Compressor Subsystem Large SUV (VW Touareg €135 €212 €195 €157 €146
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C.2 Phase 2 Technologies Evaluated

A summary of the baseline and new technology configurations evaluated in the original
Phase 2 analysis, and reference to the corresponding cost summary tables, is summarized
below in.

Table C-8: Advance Powertrain Technologies Evaluated in the Phase 2 Analysis

Cost
o Baseline Technology Configuration Mew Technology Configuration Summary
Sl Table

. . : . Downsized Conventional Diesel X
20 Conventional Diesel Engine Engine (e a 113, 1614, V&16) C-9

Conventional Diesel Engine

Conventional Diesel Engine with

21 1800 Bar Fuel Injection Subsystem Upgra.ded.wnh 2500 Bar Fuel c-10
Injection Subsystem
. . . ' Diesel Engine Upgraded with
2= Diesel Engine with Conventional Discrete Variable Valve Timing and c-11

Valvetrain Subsystem Lift (VVTL) Valvetrain subsystem

Conventional Diesel Engine
Upgraded with a High Pressure, Low

Conventional Diesel Engine with a

23 CDD|EF| ngh. Pressure Exhaust Gas Pressure Cooled High EGR c-12
Recirculation (EGR) Subsystem
Subsystem
Conventional Gasoline Engine with a Conventional Gasoline Engine
3= Uncooled Low Pressure EGR Upgraded with a Cooled Low C-13
Subsystem Pressure EGR Subsystem
. ' - . Conventional Gasoline Engine
32+ C””“E”:E”égiagztzejzﬂ”e With | ograded with a Cooled Low C-14
Y Pressure EGR Subsystem
" } o 6-Speed Dry Dual Clutch B
26 6-Speed Manual Transmission Transmission (DCT) C-15
Conventional Powertrain Vehicle
30 Conventional Powertrain Vehicle ({Manual Transmission) Upgraded C-16

(Manual Transmission) with a Belt-Driven Starter Generator
(BSG) Start-Stop System
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Net Incremental Technology Cost
NITC
Net ( )
= = Incremental
= 2= European .
° = . European . Direct
° 2 Baseline Technology New Technology Vehicle .
c B & . . Market Manufacturing
= Configuration Configuration Segment
] = Segment E I Cost (NIDMC) ~ © o 0
= | & e z = g g
~ ~ ~ ~
Diesel 14 ICE ] l
Ave. Displacement = 1.2-1.4L Dgwnmzed to Dles.el 13 ICE
Ave. Power =625k (ssp) |WIP Same per Cyinder
Ave. Torque = 201N*m Displacement as .Basell.ne P ) ) B ) B ) )
2 (20008 (14816%7) Technology Configuration |Passenger  |VW Polo (€ 284) (€ 215) (€ 215) (€ 229) (€ 229)
Typical Transmission Type: Vehicle
5-Speet MT
Curb Weight: 1084kg (23901b)
Diesel 14 ICE
Ave. Displacement = 1.6L Downsized to Diesel I3 ICE
Ave. Power = 78.6kW (107HP) |with same per Cylinder Compact or
Ave. Torque = 246N*m Displacement as Baseline Small
32001 |(1e1memy Technology Configuration Passenger VW Golf (€ 290) (€ 220) (€ 220) (€ 234) (€ 234)
Typical Transmission Type: .
S or 6 speed MT or DCT Vehicle
Curb Weight: 1271kg (2803Ib)
Diesel |4 ICE
Ave. Displacement = 2.0L Downsized to Diesel I3 ICE
Ave. Power = 104kW (141HP)  |with same per Cylinder
Ave. Torgue = 321N*m Displacement as Baseline |[Midsize
4| 2002 |(@237I7ft) Technology Configuration |Passenger VW Passat (€303) (€ 229) (€229) | (£245) | (€245)
Typical Transmission Type: Vehicle
§-Speed MT or 8-Speed AT
Curb Weight: 14596kg (32991b)
f=2]
c -
N Diesel |4 ICE
] Ave. Displacement = 2.0L Downsized to Diesel I3 ICE
E Ave. Power = 148.5W (202HP) |ywith same per Cylinder Midsize or
o Ave. Torgue = 416N*m Displacement as Baseline
O | 5 [2003A[(3081°#) Technology Configuration | -2'9¢ VW Sharan (€ 303) €229) | (€229) | (€245 | (€245)
g Typical Transmizsion Type: Passenger
=) 6-Speed MT or DCT, or 8-Speed Vehicle
c AT
w Curb Weight: 1700kg (37491b)
©
4 Diesel 16 ICE
E Ave. Displacement = 2.0L Downsized to Diesel 4 ICE
Ave. Power = 148.5W (202HP) |with same per Cylinder Midsize or
Ave, Tflrf:]ue: 416N*m Displacement as .Elaseli.ne Large ) _ i . _ . .
6 |2003B |(306Ib*ft) Technology Configuration p VW Sharan (€ 437) (€ 332) (€ 332) (€ 353) (€ 353)
Typical Transmission Type: ES_Senger
&-Speed MT or DCT, or 8-Speed Vehicle
AT
Curb Weight: 1700kg (37491b)
Diesel 14 ICE
Ave Displacement = 2.0-3.0L  |Downsized to Diesel 13 ICE
Ave. Power = 117.6W (160HP) |with same per Cylinder Small or
Ave, Turf:]ue = 338N*m Displacement as .Elaseli.ne Midsize ) ) ) ) ) B ) B
7| 2005 |(24B10*ft) Technology Configuration SUVICOV VW Tiguan (€ 303) (€ 229) (€ 229) (€ 245) (€ 245)
Typical Transmission Type: o or
&-Speed MT or 3-Speed AT Mini Wan
Curb Weight: 1590kg (3505Ib)
Diesel V8 ICE
Ave. Displacement = 3.0 -4.2L | pownsized to Diesel 16 ICE
Ave. Power = 213kW (230HF) | with same per Cylinder
Ave. Torque = 623N*m Displacement as Baseline
9 [2006B | (4601*ft) Technology Configuration [Large SUV  [VW Touareg (€ 442) (€ 335) (€335) | (€£357) | (€357)
Typical Transmission Type:
8-Speed AT
Curb Weight: 2207kg (48661b)
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Technology

D

Case Study #

Baseline Technology
Configuration

Mew Technology
Configuration

Eurcpean
Market

Segment

European
Vehicle

Segment

Example

Net
Incremental
Direct
Manufacturing
Cost (NIDMC)

Net Incremental Technology Cost
(NITC)

2012

2016

2020
2025

High Pressure Fuel Injection, Diesel Engine

2100A

Diesel I3 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 (23901b)

Diesel I3ICE
Upgraded to 2500 Bar Fuel
Injection System

Subcompact
Passenger
Vehicle

VW Polo

€9

€12

€11

€9 €9

[+]

2100B

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 (2350Ib)

Diesel 14 ICE
Upgraded to 2500 Bar Fuel
Injection System

Subcompact
Passenger
Vehicle

VW Polo

€M1

€16

€14

€12 €12

w

210

Diesel 14 ICE

1800 Bar Fuel Injection
System

Ave. Displacement = 1.6L
Ave. Power = TB.6KW (10THP)
Ave. Torgue = 248N*m
(1811b*ft)

Typical Transmission Type:

S or 6 speed MT or DCT

Curb Weight: 127 1kg (2803Ib}

Diesel I4ICE
Upgraded to 2500 Bar Fuel
Injection System

Compact or
Small
Passenger
Vehicle

VW Golf

€M1

€16

€14

€12 €12

e

2102

Diesel 14 ICE

1800 Bar Fuel Injection
System

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

Typical Transmission Type:
B-Speed MT or 8-Speed AT
Curb Weight: 1496kg (32991b)

Diesel 14 ICE
Upgraded to 2500 Bar Fuel
Injection System

Midsize
Passenger
Vehicle

VW Passat

€M1

€16

€14

€12 €12

@

2103B

Diesel 16 ICE

1800 Bar Fuel Injection
System

Ave. Displacement = 2.0L
Ave. Power = 148.5W (202HP)
Ave. Torgue = 416N*m
(3061b*ft)

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

Curb Weight: 1700kg (37491b)

Diesel 16 ICE
Upgraded to 2500 Bar Fuel
Injection System

Midsize or
Large
Passenger
Vehicle

VW Sharan

€17

€23

€21

€18 €17

-

2105

Diesel 14 ICE

1800 Bar Fuel Injection
System

Ave. Displacement = 2.0-3.0L
Ave. Power = 117.68W (160HP)
Ave. Torgue = 338N*m
(248Ib*ft)

Typical Transmission Type:
6-Speed MT or 8-Speed AT
Curb Weight: 1590kg (3505Ib)

Diesel 14 ICE
Upgraded to 2500 Bar Fuel
Injection System

Small or
Midsize
SUVICOV or
Mini Van

VW Tiguan

€M1

€16

€14

€12 €12

w

21068

Diesel V& ICE

1800 Bar Fuel Injection
System

Ave. Displacement = 3.0 -4.2L
Ave. Power = 213KW (250HP)
Ave. Torgue = 623N*m
(4B0Ib*ft)

Typical Transmission Type:
&-Speed AT

Curb Weight: 2207kg (4865Ib)

Diesel V& ICE
Upgraded to 2500 Bar Fuel
Injection System

Large SUV

VW Touareg

€22

€31

€28

€24 €23
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Table C-11: Discrete Variable Valve Lift and Timing Valvetrain (Diesel Engine) Case Study
Results

Technology

ID

Case Study #

Baseline Technology
Configuration

New Technology
Configuration

European
Market

Segment

European
Vehicle

Segment

Example

Net
Incremental
Direct
Manufacturing
Cost (NIDMC)

Net Incremental Technology Cost

(NITC)

2012

2016

2020

2025

Variable Valve Timing and Lift

2200A

Diesel 13 ICE

Conventional Valvetrain
Ave. Displacement = 1.0L
Ave. Power = 62.5kW (B5HP)
Ave. Torgue = 201N*m
(148Ib*ft)

Typical Transmisgion Type:
E-Speet MT

Curb Weight: 1084kg (23901b)

Diesel 13 ICE

Upgraded with Discrete
\ariable Valve Timing and
Lift

Subcompact
Passenger
Vehicle

VW Polo

€89

€133

€121

€106

€98

[}

2201

Diesel 14 ICE

Conventional Valvetrain
Avwe. Displacement = 1.6L
Ave. Power = T8.6kW (10THP)
Ave. Torgue = 246N*m
(1811b*ft)

Typical Transmisgion Type:

S or 6 speed MT or DCT

Curb Weight: 1271kg (28031b)

Diesel 14 ICE

Upgraded with Discrete
Variable 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)
Ave. Torgue = 321N*m
(237Ib*ft)

Typical Transmission Type:
§-Speed MT or 8-Speed AT
Curb Weight: 1496kg (32551b)

Diesel 14 ICE

Upgraded with Discrete
Variable Valve Timing and
Lift

Midsize
Passenger
Vehicle

VW Passat

€96

€143

€130

€114

€105

(5]

2203A

Diesel 14 ICE

Conventional Valvetrain
Ave. Displacement = 2.0L

Avwe. Power = 148.5W (202HP)
Ave. Torgue = 418N*m
(3061b7ft)

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

Curb Weight: 1700kg (37491b)

Diesel 4 ICE

Upgraded with Discrete
Variable Valve Timing and
Lift

Midsize or
Large
Passenger
Vehicle

VW Sharan

€96

€143

€130

€114

€105

@

22038

Diesel I6 ICE

Conventional Valvetrain
Ave. Displacement = 2.0L

Ave. Power = 148.5W (202HP)
Ave. Torgue = 416N*m
(3081b*ft)

Typical Tranemission Type:
§-Speed MT or DCT, or &-Speed
AT

Curb Weight: 1700kg (37481}

Diesel 16 ICE

Upgraded with Discrete
Variable Valve Timing and
Lift

Midsize or
Large
Passenger
Vehicle

VW Sharan

€112

€ 167

€152

€133

€123

-

2205

Diesel 14 ICE

Conventional Valvetrain
Ave. Displacement = 2.0-3.0L
Ave. Power = 117 .6W (160HP)
Awe. Torgue = 338N*m
(248Ib*ft)

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

Diesel 14 ICE

Upgraded with Discrete
Variable Valve Timing and
Lift

Small or
Midsize
SUV/COV or
Mini Van

VW Tiguan

€96

€143

€130

€114

€105

w

2206B

Diesel VB ICE

Conventional Valvetrain

Ave. Displacement = 3.0 -4 2L
Ave. Power = 213KW (250HP)
Ave. Torgue = 623N*m
(4601b*ft)

Typical Transmission Type:
S-Speed AT

Curb Weight: 2207kg (48661b)

Diesel V3 ICE

Upgraded with Discrete
Variable Valve Timing and
Lift

Large SUV

VW Touareg

€192

€ 286

€ 261

€227

€210
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Table C-12: High Pressure, Low Pressure Cooled EGR (Diesel Engine) Case Study Results

Net Incremental Manufacturing Costs
Calculated [(Direct and Indirect Costs) with Applicable
Incremental Learning Applied
£} : European DIl
= = . European pe Manufacturing
S A E:" Baseline Technology New Technology Market Vehicle Cost
£ = = Configuration Configuration Segment
] o Segment 2010/2011 o~ @ = w
- i] Example | o duction S S S =
= ~ ~ ~ ~
Year
Diesel I3 ICE
Cooled High Pressure EGR
Ave. Displacement = 1.0L .
Ave. Power = 62 5K (85HP) E'ese'dm 'C_ih High Subcompact
- . parade with Hig
Ave. Torgue = 201N*m
1123004 (148Ib*ﬂ? Pressure, Cooled Low \F'JEE_SE;ﬂger VW Polo €89 €123 €112 €97 €90
ehicle
Typical Transmission Type: Pressure EGR
5-Speet MT
Curb Weight: 1084kg (23901b}
Diesel 14 ICE
Cooled High Pressure EGR
Ave. Displacement = 1.6L I
i ompact or
Ave. Power = T8.6KW (107HP) E'ese'd"“c_ih iah SmaIFI)
3| 2301 |Ave. Torque = 246N°m parace win ia VW Golf €89 €123 €112 €97 €90
(1811b*t) Pressure, Cooled Low F'assenger
Typical Transmission Type: Pressure EGR Vehicle
S or 6 speed MT or DCT
Curb Weight: 1271kg (28031b)
Diesel 14 ICE
Cooled High Pressure EGR
Ave. Displacement = 2.0L _
Ave. Power = 104K (141HP) E'ese'd"”c_ih ik Midsize
Ave. Torgue = 321H*m pgrade wi 'a
o |4]2302 (237|b*ﬂ? Pressure, Cooled Low Pasgenger VW Passat €89 €123 €112 €97 €90
o . - . Pressure EGR Vehicle
L Typical Transmission Type:
2 5-Speed MT or 8-Speed AT
a Curb Weight: 1496kg (32551b)
7]
<] Diesel 14 ICE
6__ Cooled High Pressure EGR
= Ave. Displacement = 2.0L
3 Ave. Power = 148.5W (202HP) |Diesel 14 ICE Midsize or
Ave. T = &418N* u d ith High Large
o |5 |2303a[00E orauE m parade with Hig g VW Sharan €89 €123 £112 €97 €90
@ (306Ib*ft) Pressure, Cooled Low F'assenger
° Typical Transmission Type: Pressure EGR Vehicle
8 5-Speed MT or DCT, or &-Speed
- AT
g Curb Weight: 1700kg (37481b)
& Diesel 16 ICE
@ Cooled High Pressure EGR
E Ave. Displacement = 2.0L o
- Ave. Power = 148.5W (202HP) |Diesel 16 ICE Midsize or
= Awve. Torque = 416N*m Upgrade with High Large
T |6|2303B (30616°Ft) Pressure, Cooled Low Passenger VW Sharan €489 €123 €112 €97 €90
Typical Transmission Type: Pressure EGR Vehicle
5-Speed MT or DCT, or 8-Speed
AT
Curb Weight: 1700kg (37451b)
Diesel 14 ICE
Cooled High Pressure EGR
Awve. Displacement = 2.0-3.0L . s
mall or
Ave. Power = 117.6W (160HP) E'ese'd"“c_ih iah Videize
Auve. Torgue = 336N*m pgrade wi 'a i
72305 (248Ib*ﬂ]? Pressure, Cooled Low SUVICOV or VW Tiguan €489 €123 €112 €97 €90
Typical Transmission Type: Pressure EGR Mini Van
5-Speed MT or 8-Speed AT
Curb Weight: 1590kg (3505Ib}
Diesel V3 ICE
Cooled High Pressure EGR
Ave. Displacement = 3.0 421 .
Ave. Power = 213K (290HF) 3'“9';"3 'Cti iah
Auve. Torgue = 623N*m pgrade wi 'a
9 (23068 (mulb*ﬂ? Pressure, Cooled Low Large SUV VW Touareg €88 €123 €112 €97 €90
Typical Transmission Type: Pressure EGR
8-Speed AT
Curb Weight: 2207kg (48851b)
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Table C-13: Cooled Low Pressure EGR (Gasoline Engine) Case Study Results

Technology

D

Case Study #

Baseline Technology
Configuration

New Technology
Configuration

European
Market
Segment

European
Vehicle

Segment

Example

Net
Incremental
Direct
Manufacturing
Cost (NIDMC)

Net Incremental Technology Cost
(NITC)

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. Torgque = 145N*m
(108Ib*ft)

Typical Transmission Type:
5-Speed MT

Curb Weight: 1084kg (23801b)

Gasoline 13 ICE
Upgraded with Cooled Low
Pressure EGR System

Subcompact
Passenger
Vehicle

VW Polo

€43

€60

€585

€452 €44

[

3101

Gasoline 14 ICE

Uncooled Low Pressure
EGR

Ave. Displacement = 1.4-1.6L
Ave. Power = 88KW (121HP)
Ave. Torgque = 17SN*m
(1321b* )

Typical Transmission Type:
6-Speed MT

Curb Weight: 1271kg (28031b)

Gasoline 14 ICE
Upgraded with Cooled Low
Pressure EGR System

Compact or
Small
Passenger
Vehicle

VW Golf

€47

€65

€59

€ 56 €48

N

3102

Gasoline 14 ICE

Uncooled Low Pressure
EGR

Ave. Displacement = 1.6-2.0L
Ave. Power = 115KW (157HP)
Ave. Torgque = 236N*m
(174Ib*ft)

Typical Transmission Type:
8-Speed MT

Curb Weight: 1496kg (32891b)

Gasoline 14 ICE
Upgraded with Cooled Low
Pressure EGR System

Midsize
Passenger
Vehicle

VW Passat

€452

€73

€66

€63 €43

(5]

3103A

Gasoline 14 ICE

Uncooled Low Pressure
EGR

Ave. Displacement = 2.0-3.0L
Ave. Power = 172kKW (234HP)
Ave. Torgue = 321N*m
(237Ib*ft)

Typical Transmission Type:
8-Speed MT

Curb Weight: 1700kg (37491b)

Gasoline 14 ICE
Upgraded with Cooled Low
Pressure EGR System

Midsize or
Large
Passenger
Vehicle

VW Sharan

€65

€390

€82

€78 € 66

@

3103B

Gasoline 16 ICE

Uncooled Low Pressure
EGR

Ave. Displacement = 2.0-3.0L
Ave. Power = 172kW (234HP)
Ave. Torgue = 321N*m
(237Ib*ft)

Typical Transmission Type:
6-Speed MT

Curb Weight: 1700kg (3749Ib)

Gasoline 1§ ICE
Upgraded with Cooled Low
Pressure EGR System

Midsize or
Large
Passenger
Vehicle

VW Sharan

€65

€90

€82

€78 € 66

-

3105

Gasoline 14 ICE

Uncooled Low Pressure
EGR

Ave. Displacement = 1.2-3.0L
Ave. Power = 131 kW (178HP)
Ave. Torgue = 264N*m
(19SIb*ft)

Typical Transmission Type:
6_Speed MT

Curb Weight: 1590kg (3505Ib)

Gasoline 4 ICE
Upgraded with Cooled Low
Pressure EGR System

Small or
Midsize
SUM/COV or
Mini Van

VW Tiguan

€56

€78

€71

€67 €57

w

3106B

Gasoline V8 ICE

Uncooled Low Pressure
EGR

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

Typical Transmission Type:
6-Speed MT

Curb Weight: 2207kg (48571b)

Gasoline \/& ICE
Upgraded with Cooled Low
Pressure EGR System

Large SUV

VW Touareg

€87

€120

€110

€104 €88
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Table C-14: Cooled Low Pressure EGR Compared to ICE with No EGR (Gasoline Engine) Case
Study Results

Net Incremental Technology Cost
Net (NITC)
= 3= Incremental
= = European .
= = . European - Direct
S ol = Baseline Technology New Technology Market Vehicle Manufacturi
A il Configuration Configuration arke Segment anuiacturing
i @ 9 Segment Cost (NIDMC)
1= & Example ~ © - o
> S ] s
~ ~ ~ ~
Gasoline I3 ICE
No EGR
Ave. Displacement = 1.2-1.4L
Ave. Power = T4KW (100HP) Gasoline 13 ICE Subcompact
1 132004 [ave. Torgue = 148N"m Upgraded with Cooled Low |Passenger VW Polo €74 €102 €94 €88 €75
(108Ib*ft) Pressure EGR System Vehicle
Typical Transmizsion Type:
5-Speed MT
Curb Weight: 1084kg (2380b)
Gasoline 14 ICE
No EGR
Ave. Displacement = 1.4-1.6L Compact ar
Avwe. Power = B8KW (121HP) Gasoline |4 ICE Small
3| 3201 |Ave. Torgue = 179N*m Upgraded with Cooled Low VW Golf €77 €107 £ 98 €52 €79
(1321b*1t) Pressure EGR System Passenger
Typical Transmizsion Type: Vehicle
— 6-Speed MT
% Curb Weight: 1271kg (280316}
w Gasoline M ICE
g No EGR
= Ave. Displacement = 1.6-2.0L o
= Ave. Power = 115KW (15THP) |Gasoline 14 ICE Midsize
= 4 | 3202 |Ave. Torque = 236N*m Upgraded with Cooled Low |Passenger VW Passat €83 €115 €105 €99 €85
8 (1T4lb*ft) Pressure EGR System Vehicle
—_ Typical Transmission Type:
8 6-Speed MT
@ Curb Weight: 1495kg (32991b)
(]
=3 Gasoline 4 ICE
E No EGR
9— Ave. Displacement =-2.U-3.UL Midsize or
@ Ave. Power = 172kW (234HP) |Gasoline 14 ICE Large
@ |5 |3203A|Ave. Torque = 321N°m Upgraded with Cooled Low VW Sharan € 96 €133 €121 €114 €98
1 (237Ib*ft) Pressure EGR System Passenger
@ Typical Transmission Type: Vehicle
5 6-Speed MT
b4 Curb Weight: 1700kg (37431b)
2
o Gasoline 16 ICE
= No EGR
3 Ave. Displacement = 2.0-3.0L Midsize or
- Ave. Power = 172KW (234HP) |Gasoline 16 ICE Large
@ |5 [3203B|Ave. Torgue = 321N*m Upgraded with Cooled Low = VW Sharan £ 96 €133 €121 €114 €98
S (237Ib*t) Pressure EGR System assenger
Q Typical Transmission Type: Vehicle
& 6-Speed MT
I= Curb Weight: 1700kg (37451b)
©
H Gasoline 14 ICE
o Ho EGR
Ave. Displacement = 1.2-3.0L ) Small or
Avwe. Power = 131 KW (178HP) |Gasoline 14 ICE Midsize
T | 3205 |Ave. Torgue = 264N*m Upgraded with Cooled Low " VW Tiguan €387 €120 €110 €103 €88
(1951b*ft) Pressure EGR System SUV COV or
Typical Transmission Type: Mini Wan
§_Speed MT
Curb Weight: 1580kg (35051b)
Gasoline V8 ICE
No EGR
Ave. Displacement = 3.0-5.5
Ave. Power = 268 KW (384HP) |Gasoline V8 ICE
9 |3206B |Ave. Torgue = 431N*m Upgraded with Cooled Low (Large SUV VW Touareg €117 € 163 €149 €140 €120
(362Ib*ft) Pressure EGR System
Typical Transmission Type:
6-Speed MT
Curb Weight: 2207kg (48671b)
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Table C-15: 6-Speed Dry Dual Clutch Transmission Case Study Results

Technology

]

Case Study #

Baseline Technology
Configuration

New Technology
Configuration

European
Market

Segment

European
Vehicle

Segment

Example

Net
Incremental
Direct
Manufacturing
Cost (NIDMC)

Net Incremental Technology Cost
(NITC)

2012

2016

2020
2025

Dry Dual Clutch Transmission

2600A

Diesel 13 ICE

Ave. Displacement = 1.0L
Ave. Power = 82.5kW (85HP)
Ave. Torgue = 201N*m
(148Ib*ft)

Typical Transmission Type:
§-Speed MT

Curb Weight: 1084kg (23901b)

Upgrade with 6-Speed Dry
Dual Clutch Tranmission

Subcompact
Passenger
Vehicle

VW Polo

€288

€400

€ 365

€317 €294

[}

2601

Diesel 14 ICE

Ave. Displacement = 1.6L
Ave. Power = 78.6KW (10THP)
Ave. Torgue = 246N*m
(1811b*ft)

Typical Transmission Type:
§-Speed MT

Curb Weight: 1271kg (2803Ib)

Upgrade with 6-Speed Dry
Dual Clutch Tranmission

Compact or
Small
Passenger
Vehicle

VW Golf

€291

€404

€ 369

€321 €297

2602

Diesel 14 ICE

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

Typical Transmission Type:
§-Speed MT

Curb Weight: 1496kg (32991b)

Upgrade with 6-Speed Dry
Dual Clutch Tranmission

Midsize
Passenger
Vehicle

VW Passat

€297

€412

€377

€327 €303

[}

2603A

Diesel 14 ICE

Ave. Displacement = 2.0L
Ave. Power = 148.5W (202HP)
Ave. Torgue = 416N*m
(3061b*ft)

Typical Transmission Type:
§-Speed MT

Curb Weight: 1700kg (37491b)

Upgrade with 6-Speed Dry
Dual Clutch Tranmission

Midsize or
Large
Passenger
Vehicle

VW Sharan

€304

€422

€ 385

€334 €310

@

2603B

Diesel 16 ICE

Ave. Displacement = 2.0L
Ave. Power = 148.5W (202HP)
Ave. Torgue = 416N*m
(3061b%Ht)

Typical Transmission Type:
§-Speed MT

Curb Weight: 1700kg (37481b)

Upgrade with 6-Speed Dry
Dual Clutch Tranmission

Midsize or
Large
Passenger
Vehicle

VW Sharan

€304

€422

€ 385

€334 €310

-

2605

Diesel 14 ICE

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

Typical Transmission Type:
§-Speed MT

Curb Weight: 1590kg (3505Ib)

Upgrade with 6-Speed Dry
Dual Clutch Tranmission

Small or
Midsize
SUV/COV or
Mini Van

VW Tiguan

€298

€414

€378

€328 €304

w

26068

Diesel V8 ICE

Ave. Displacement = 3.0 -4.2L
Ave. Power = 213KW (290HP)
Ave. Torgue = 523N*m
(4601b*ft)

Typical Transmission Type:
§-Speed MT

Curb Weight: 2207kg (48661b)

Upgrade with 6-Speed Dry
Dual Clutch Tranmission

Large SUV

VW Touareg

€320

€443

€405

€ 352 €326
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Table C-16: Belt-Driven, Starter-Generator (BSG) Start-Stop Hybrid Electric Vehicle Technology

Net Incremental Technology Cost
NITC
Het ( )
= = Incremental
= 2= European .
° = . European . Direct
° 2 Baseline Technology New Technology Vehicle .
c 2| & . . Market Manufacturing
£ = Configuration Configuration ment Segment Cost (NIDMC)
2 2 9 Example ¢ 2 8 &
o o o o o
~ ~ ~ ~
Gasoline 14 ICE
Conventional Powertrain
Ave. Displacement = 1.2-1.4L .
Ave. Power = T4KW (100HP) $f:n°;'r'::s':ian'u";‘;':::'ed Subcompact
Ave. Torgue = 146N*m !
2 (30008 (103Ib*ﬂ? with Belt-Driven, Starter- \F'JEE_SE;ﬂger VW Polo €298 € 589 €414 € 349 €3N
ehicle
Typical Transmission Type: Generator (BSG) System.
5-Speed MT
Curb Weight: 1084kg (23901b}
Gasoline 14 ICE
Conventional Powertrain
Ave. Displacement = 1.4-1.6L
Ave. Power = 89KW (121Hp) |Gasoline 14 ICE, Manual Compact or
3 | 3001 [Ave. Torque = 1791m Transmission, Upgraded | Small VW Golf €311 €613 | €431 | €384 | €34
(1321b*ft) with Belt-Driven, Starter- F'assenger
Typical Transmission Type: Generator (BSG) System.  |\/ghicle
- §-Speed MT
= Curb Weight: 1271kg (2803Ib)
=]
o Gasoline 14 ICE
_E Conventional Powertrain
8 Ave. Displacement = 1.6-2.0L X
it Ave. Power = 115KW (15THP) $f:n°;'r'::s':ian'U""a':::'ed Midsize
2 | 43002 [Ave Torque =238N°m - om TPd Passenger VW Passat €329 € 650 € 456 € 385 €343
o (1T4lb*ft) with Belt-Driven, Starter- Vehicl
= ehicle
E Typical Transmission Type: Generator (BSG) System.
= §-Speed MT
o Curb Weight: 1496kg (32991b)
=
8 Gasoline 16 or V6 ICE
i Conventional Powertrain
Ee] Ave. Displacement =2.0-3.0L  |Gasoline 16 or V6 ICE, Midsize ar
E Ave. Power = 172kW (234HP)  |Manual Transmission, Large
> | 6 |3003B|Ave. Torgue = 321N*m Upgraded with Belt-Driven, = 9 VW Sharan € 352 € 695 €488 €412 € 367
I (237Ib*ft) Starter-Generator (BSG) assenger
=3 Typical Transmission Type: System. Vehicle
2] &-Speed MT
E?' Curb Weight: 1700kg (37491b)
=
= Gasoline 14 1CE
n Conventional Powertrain
Ave. Displacement = 1.2-3.0L Gasoline 14 ICE. Manual Small or
Ave. Power = 131 W (178HF) Transmission IU;:_lgraded Midsize
Ave. T = 264N* ! i
7| 3005 (1;:5:;?”& m with Belt Driven, Starter- SUV/COV ar VW Tiguan €337 € 666 € 468 €395 € 351
Slo*ft) o
Typical Transmission Type: Generator (B3G) System. | \ini Van
6_Speed MT
Curb Weight: 1590kg (3505Ib)
Gasoline V& ICE
Conventional Powertrain
Ave. Displacement = 3.0-5.5 )
Ave. Power = 268 KW (354HP) Gasoline V& ICE, Manual
- Ti issi u ded
9 |3006B |Ave Torque = 4311°*m ransmission, “paraced | arge SUV  |VW Touareg €449 €887 €623 €526 €468
(36216*ft) with Belt-Driven, Starter-
Typical Transmission Type: Generator (BSG) System.
§-Speed MT
Curb Weight: 2207kg (48671b)
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D. Phase 1 and Phase 2 Case Study Results Reevaluated With
Average Eastern Europe Labor Rate Assumption

As discussed in Section B.2 all case studies, originally evaluated in Phase 1 and Phase 2,
were reevaluated with a reduced labor rate assumption. The labor rate reduction was
based on an average Eastern Europe reduction relative to Germany. In Section D.1 and
D.2, the Phase 1 and Phase 2 results have been modified to account for the labor rate
reduction.

D.1 Phase 1 Technologies Evaluated with Eastern Europe Labor Rate Assumption

A summary of the baseline and new technology configurations evaluated in the Phase 1,
updated with the Eastern Europe labor rate assumption, is summarized below in Table
D-1. The table, similar to the one found in Section C.1, has been modified with the new
Cost Summary Table references.

Table D-1: Advance Powertrain Technologies, Evaluated in the Phase 1 Analysis, with Eastern

Europe Labor Rate Assumption

Cost
e Baseline Technology Configuration MNew Technology Configuration Summary
Study 1D
Table
Maturally Aspirated (NA), Port Fuel Downsized (DS}' T.urbqn:harged
" . . (Turbo), Direct Injection (DI}
01 Injected (PFI), Gasoline Intermal : - D-2
Combustion Engine {ICE) Gasoline Internal Combustion
g Engine (ICE)
Dual Overhead Cam (DOHC), NA, | Single Overhead Cam (SOHC), NA,
02* | PFI, Dual-Variable Valve Timing (D- | PFI, Multi-Air Variable Valve Timing D-2
VVT), Gasoline ICE and Lift (WWTL), Gasoline ICE
08** 5-Speed Automatic Transmission | B-Speed Automatic Transmission 0-3
10** 6-Speed Automatic Transmission | 8-Speed Automatic Transmission D-3
09** 6-Speed Automatic Transmission | 6-Speed Dual Clutch Transmission D-3
Conventional Powertrain Vehicle
04* Conventional Powertrain Vehicle Upgraded with a Belt Alternator D4
Starter (BAS) Start-Stop System
05*= Conventional Powertrain Vehicle | Power-Split Hybrid Electric Vehicle D-5
7= Conventional Powertrain Vehicle P2 Hybrid Electric Vehicle D-6
" Mechanical Air Conditioning Electical Air Conditioning
06 D-7
Compressor System Compressor System
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Table D-2: Downsized, Turbocharged, Direct Injection Gasoline Engine & Multi-Air Variable
Valve Timing and Lift Valvetrain Subsystem Case Study Results
*** Eastern Europe Labor Rate Substitution ***

= Net Incremental Net Incremental Technology Cost
= == European Direct (NITC)
° = B . European L .
S |a| 2 aseline Technology New Technology M Vehicle Manufacturing
c|=| @ Confi - Confi i arket " C
£ = onfiguration onfiguration S Segmen ost
Z 2 Example (NIDMC)
o ) w (=] o
- -— o~ o™
= = = =
o~ o~ o~ o~
Downsized, Turbocharged, Gasoline Direct Injection Internal Combustion Engines
Subcompact
14L, 4, 4V, DOHC, NA,  [1.0L, 13, 4V, DOHC,
110100 PFL dWWT ICE Turbo. GDI dVVT. ICE Pasgenger VW Polo €169 £ €279 £225 €203
Vehicle
Compact or
1.6L, 4, 4V, DOHC, NA, [1.20, 4, 4V, DOHC, Small
2| 0107 \pey “gwvT, IcE Turbo, GDI, dVVT, ICE  |Passenger | "' O°ff €268 €376 | €343 [ €296 | €273
Vehicle
241,14, 4V, DOHC, NA, |1.6L. 14, 4V, DOHC Midsize
3| 0102 PFI dVVT. ICE Turbo. GDI dWWT. ICE Pasgenger VW Passat €307 €445 €406 € 348 €31
" Vehicle
=
™
= Midsize or
3.0L. V6, 4V, DOHC, NA, |2.0L, 14, 4V, DOHC, Large
40103 PFL dVVT ICE Turbo. GDI. dVVT. ICE Passenger VW Sharan €33 €320 €273 €174 €143
Vehicle
541, V8, 3V, SOHC, NA, |3.5L V6, 4V, DOHC,
5| 0106 PFI sVVT ICE Turbo. GDI. dWVT. ICE Large SUV | VW Touareg €532 €813 €738 €623 €472
Variable Valve Timing and Lift, Fiat Multiair System
. Subcompact
14L, 4, 4V, DOHC, NA, (141, 4, 4V-MultiAir,
6| 0200 PFL dVVT. ICE SOHC. NA. PFI. ICE \F'fzﬁiscﬁgger VW Polo €87 €129 €118 €102 €95

Table D-3: 6-Speed Automatic Transmission, 8-Speed Automatic Transmission, and 6-Speed Wet

Dual Clutch Transmission Case Study Results

*** Eastern Europe Labor Rate Substitution ***

- 3 Net Incremental Net Incremental Technology Cost

> > European Direct (NITC)

k=) 5 . European © .

Sla| & Baseline Technology New Technology Market Vehicle Manufacturing

= o Configuration Configuration Segment Cost

3 2 segment | £ omple (NIDMC)

8 ° o q S g

o o o o
N N N N
Midsize or
Large
1| 0802 |5-Speed AT 6-Speed AT Passenger VW Sharan (€64) (€48) (€ 48) (€51) (€51)

2 Vehicle

o

»

2

é 2 | 0803 |6-Speed AT 8-Speed AT Large SUV VW Touareg €44 €61 €56 €49 €45

©

=
Midsize or

3| 0902 [6-Speed AT 6-Speed Wet DCT Large VW Sharan (€ 60) (€37) (€37) (€43) (€43)

Passenger
Vehicle
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Table D-4: Belt Alternator Starter (BAS) Start-Stop System Case Study Results
*** Eastern Europe Labor Rate Substitution ***

Net Incremental Technology Cost
(NITC)
Net
= = Incremental
S =) European ETrEET Direct
° 2 Baseline Technology New Technology Vehicle .
c |B| & . . Market Manufacturing
£ - Configuration Configuration S Segment Cost ~ © - o
@ - - - o~ o
= ! Example 1 (nipmc) 2 2 = g
= Belt Alternator Starter (BAS) -
i HEV
I Conventional Powertrain (Brake Regen & Launch Assist) Midsi
I idsize

g. -1 Gasoline ICE, 4V, DOHC, >4 Gasoline ICE, 4V, DOHC,
b 1| 0402 NA. PEL AT NA, PFI, VWT Passenger |V Passat €951 €1.879 | €£1.320 | €1.114 €992
s =4 Speed AT >4-Speed AT Vehicle
= =Electric Generator/Starter
5 14.5kW

=Battery: 36V, 18.4Ah NilH
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Table D-5: Power-Split Hybrid Electric Vehicle Case Study Results
*** Eastern Europe Labor Rate Substitution ***
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Net Incremental Technology Cost
(NITC)
Net
= = Incremental
= 2= European .
° = . European L Direct
° 2 Baseline Technology New Technology Vehicle .
c (B & . . Market Manufacturing
= o Configuration Configuration Segment
2 @ Segment Example Cost o © g ]
= 8 H (NIDMC) g g g g
Power-split HEV
Subcompact car typically System Power: 74.7kW
powered by an inline 4 cylinder|ICE Power: 61.1kW Subcompact
1| 0500 |engine, naturally aspirated, port | (14 -> 13) Passenger (VW Polo € 1,556 €3.869 | €£2,990 | €2242 | €1.851
fuel injection, S-speed manual |Traction Motor: S0KW Vehicle
transmizsion (MT). Generator: 35.1kW
Li-lon Battery: 140V, 0.743kWh
Compact or small car typically Power-spit HEV
- N Systemn Power: S0KW C t
powered by an inline 4 cylinder CE Power 73, 6K ompact or
engine, naturally aspirated, port - Small
2| 0501 fa— (14-D314) VW Golf €1.732 €4.299 €3.324 €2.493 €2.059
clutch transmissiunp(DCT‘ Generator. 42.3KW Vehicle
- Li-lon Battery: 162V, 0.857kWh
i Power-split HEV
A midsize passenger car
typically powered by a 4 System Power: 117KW o
piea’y p yas ICE Power: 95 6l Midsize
cylinder turbocharged, direct .
== | 3| 0502 fuel injection, B-speed MT and (14 -=D5 4) Passenger VW Passat € 1,905 €475 € 3,668 €2749 €2.267
w ' Ny Traction Motor: 78.3kW Vehicle
T AT or T-speed DCT, Start/Stop .
= system Generator: 55kKW
= . Li-lon Battery: 188V, 0.554kWh
72}
i
=
% Power-split HEV
o A midsize or large passenger  |System Power: 174.8kW Midsize or
car typicalty powered by 4 and |ICE Power: 142.8kW Large
4 | 5403 (8 cylinder turbocharged, direct |(VE -= 14) p VW Sharan € 1.861 €4.837 € 3,685 €2,746 €2.239
fuel injection, 6-speed MT or = 6| Traction Motor: 116.9KW assenger
speed AT, Generator: 82.1kW ehicle
Li-lon Battery: 211V, 1.118kWh
A small or mid-sized sports- Power-split HEV
utility or cross-over vehicle, or |System Power: 1326k Small or
a small-midsize SUV, or a Mini  |ICE Power: 108.3kW Midsize
5| 0505 |Van powered by a 4 cylinder (14 ->DS M) SUVICOV VW Tiguan € 1.996 € 4,968 €3.838 €2.877 €2.374
turbocharged engine, direct fuel| Traction Motor: 88.7kW - or
injection, 6-speed MT or AT & 7 | Generator: 62.2kW Mini Van
DCT. Li-lon Battery: 195V, 1.053 KWh
Large sports-utility vehicles,
typically powered by a 8
6| nfa |cylinder naturally aspirated nfa Large SUV VW Touareg nfa
engine, direct fuel injection, = 6-
speed AT,
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Net Incremental Technology Cost
(NITC)
Net
= Bt Incremental
= 2= European .
° = . European L Direct
° 2 Baseline Technology New Technology Vehicle .
c B & . . Market Manufacturing
£ - Configuration Configuration Segment
2 @ Segment Example Cost o © g ]
"
= 8 P (NIDMC) g g g g
P2 HEV
Subcompact car typically . .
System P T TATEW
powered by an inline 4 cylinder IcylrESPzT-.'e:'w‘:;rSk"\f ! Subcompact
; . - 59.8KV
1| 0700 |engine, naturally aspirated, port | ," ., Passenger  |VW Polo € 1,467 €3729 | €2862 | €2139 | €1.755
P :
tf”e' njection, ;:f’ee‘j manual |+ eaction Motor: 14.9kW Vehicle
ransmission (MT). Li-lon Battery: 140V, 0.743kWh
Compact or small car typicaltly |P2 HEW
powered by an inline 4 cylinder |System Power: S0KW Compact or
engine, naturally aspirated, port |ICE Power: 72kKW Small
210701 |40 injection, 6-speed manual | (i -» DS 14) Passenger VW Golf €1,637 €4.151 €3188 | €2,383 | €1.957
transmission or 7-speed dual  |Traction Motor: 18kW Vehicle
clutch transmission (DCT). Li-lon Battery: 162V, 0.857KWh
A midsize passenger car P2 HEV
typically powered by a & System Power: 117KW Midsi
cylinder turbocharged, direct  |ICE Power: 93.6kW asize
3| 0702 | ¢ et injection, 6-speed MT and |4 > DS 1) Passenger VW Passat €1,777 €4,551 | €£3484 | €2601 | €2130
AT or 7-speed DCT, Start/Stop | Traction Mator: 234K Vehicle
system. Li-lon Battery: 188V, 0.994KWh
-
LU
I
&
A midsize or | P2 HEV o
MIASIzE OF IArQe PASSENGET o\ otom Power: 174.8kW Midsize or
car typically powered by 4 and | o oo o g gy Large
: ) - 139.9KV
41 0703 |6 cylnder turbocharged, direct |\, B VW Sharan €1,628 €4473 | €3349 | €2476 | €1.988
fuel injection, 6-speed MTor=6[~ -~ 1 assenger
4 AT Traction Motor: 35.0W Vehicle
speed Al Li-lon Battery: 211V, 1.118 KWh
Aﬂ;mall or mid-sized sphc!rtls— P2 HEV
utilty or c:.rus.s—uver vehie e..u.r System Power: 132.6kW Small ar
a smal-midzsize SUV, or a Mini ICE Power: 106.1kW Midsize
) - 106.1KV )
5| 0705 |Vanpoweredby a 4 cylnder | " poly, SUV/COV or | VW Tiguan €1,848 €4737 | €3625 | €2706 | €2.215
turbocharged engine, direct fuel . ! . . - or
iniection. & AMTor AT & T Traction Motor: 26.5kW Mini Wan
Injection, S-speed M1 or Li-lon Battery: 189V, 1.053kWh
DCT.
- . P2 HEV
Lar.ge sports-utiity vehicles, System Power: 271.8k\W
typically powered by a 8 ICE Power: 271.8 KW
; ) 2718 kY
6 | 0706 |cylinder naturally aspirated (No Change to V&) Large SUV  |VW Touareg £2,345 €6,003 | €4596 | €3431 | €23810
engine, direct fuel injection, = &- . . ! .
4 AT Traction Motor: 54.3 KW
speed Al Li-lon Battery: 269V, 1.427KWh
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Table D-7: Electrical Air Conditioning Compressor Case Study Results
*** Eastern Europe Labor Rate Substitution ***

Net Incremental Technology Cost
(NITC)
Net
= = Incremental
g ) European e Direct
° 2 Baseline Technology New Technology Vehicle .
e B @ . . Market Manufacturing
£ - Configuration Configuration Segment
2 @ Segment E I Cost o © g ]
= 8 xample | (NiDmC) g g g g
WMechanical Air Conditioni Electrical Air Conditioni Subcompact
1| 06QQ | EhAMEa! Al Lonationing setrical Al Londiioning Passenger  |VW Palo €100 € 156 €144 €115 €107
Compressor Subsystem Compressor Subsystem X
E Vehicle
B
3 Compact or
& 2| 0601 Mechanical Air Conditioning Electrical Air Conditioning Small VWV Galf €103 £ 161 €149 €119 €111
H Compressor Subsystem Compressor Subsystem Passenger
® :
E Vehicle
:EL WMechanical Air Conditioni Electrical Air Conditioni Midsize
8 [ 30802 | ecirical Alr ~onctioning Passenger  |VW Passat €109 €170 €157 €126 €117
ompressor Subsystem Compressor Subsystem .
b= Vehicle
_E Midsize or
% Mechanical Air Conditioning Electrical Air Conditioning Large
E 4| 0603 Compressor Subsystem Compressor Subsystem Passenger VW Sharan €113 €176 €162 €130 €1
< Vehicle
=L
= Small or
2 Mechanical Air Conditioning Electrical Air Conditioning Midsize )
E 5 | 0605 Compressor Subsystem Compressor Subsystem SUNVICOV or VW Tiguan €ns €180 €166 €133 €124
i Mini Van
& | o606 Eechanicalﬁ\ir Conditioning Electrical Air Conditioning Large SUV VW Touareg €132 €206 €190 €152 €142
ompressor Subsystem Compressor Subsystem
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D.2 Phase 2 Technologies Evaluated

A summary of the baseline and new technology configurations evaluated in the Phase 2,
updated with the Eastern Europe labor rate assumption, is summarized below in Table
D-8. The table, similar to the one found in Section C.2, has been modified with the new
Cost Summary Table references.

Table D-8: Advance Powertrain Technologies, Evaluated in the Phase 2 Analysis, with Eastern
Europe Labor Rate Assumption

Cost
== Baseline Technology Configuration Mew Technology Configuration Summary
Study 1D Table

o . . . Downsized Conventional Diesel X
20 Conventional Diesel Engine Engine (e g 13, 1644, V86) D-9

Conventional Diesel Engine

Conventional Diesel Engine with

21 1800 Bar Fuel Injection Subsystem Upgra_ded.wnh 2500 Bar Fuel D-10
Injection Subsystem
' . . ' Diesel Engine Upgraded with
22 Diesel Engine with Conventional Discrete Variable Valve Timing and D-11

Valvetrain Subsystem Lift (WWTL) Valvetrain subsystem

Conventional Diesel Engine
Upgraded with a High Pressure, Low

Conventional Diesel Engine with a

23 CDD|EF| ngh. Pressure Exhaust Gas Pressure Cooled High EGR D-12
Recirculation (EGR) Subsystem
Subsystem
Conventional Gasoline Engine with a|  Conventional Gasoline Engine
31 Uncooled Low Pressure EGR Upgraded with a Cooled Low D-13
Subsystem Pressure EGR Subsystem

Conventional Gasoline Engine with Conventional Gasoline Engine

32+ Upgraded with a Cooled Low D-14
no EGR Subsystem Pressure EGR Subsystem
. } . 6-Speed Dry Dual Clutch i
26 6-Speed Manual Transmission Transmission (DCT) D-15
Conventional Powertrain Vehicle
30+ Conventional Powertrain Vehicle ((Manual Transmission) Upgraded D-16

(Manual Transmission) with a Belt-Driven Starter Generator
(BSG) Start-Stop System
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Net Incremental Technology Cost
(NITC)
- 2 Het
= ) E European | Incremental
= Z | Baseline Technol New Technol WroPean | yehicle Direct
2 el & asefine °gy ogy Market
£ I Configuration Configuration S Segment |Manufacturing
= b‘ﬂ Example Cost g E § §
(NIDMC) 2 2 2 2
Diesel 4 ICE
Ave. Displacement = 1.2-1.4L | Downsized to Diesel I3 ICE
Ave. Power = 62.5KW (85HP) | with same per Cylinder
Ave. Torque = 201N*m Displacement as Baseline |Subcompact
2 |2000B| (1481°ft) Technology Configuration |Passenger  |VW Polo (€ 229) (E174) | (E174) | (E185) | (€185)
Typical Transmission Type: Vehicle
5-Spest MT
Curb Weight: 1084kg (23901b}
Diesel 4 ICE
Ave. Displacement = 1.6L Downsized to Diesel 13 ICE
Ave. Power = T28KW (107HP) |with same per Cylinder Compact or
Ave. Torgue = 245N*m Displacement as Baseline Small
32001 |[(1810b*t) Technology Configuration VW Golf (€ 234) (177 (177 (€ 189) (€ 189)
Typical Transmission Type: Pasgenger
5 or 6 speed MT or DCT Vehicle
Curb Weight: 1271kg (2803Ib}
Diesel 4 ICE
Ave. Displacement = 2.0L Downsized to Diesel 13 ICE
Ave. Power = 104kW (141HP}  |with same per Cylinder
Ave. Torgue = 321N*m Displacement as Baseline |Midsize
4| 2002 |(237Ib*ft) Technology Configuration (Passenger (VW Passat (€ 245) (€ 185) (€ 185) (€198) (€ 198)
Typical Transmizzion Type: Vehicle
§-Speed MT or 8-Speed AT
g Curb Weight: 1496kg (32991b}
H
o Diesel 14 ICE
E Ave. Displacement = 2.0L Downsized to Diesel 13 ICE
Do Ave. Power = 148.5W (202HP) “fith same per Cylinde.r Midsize or
o Ave. Torgue = 416N*m Displacement as Baseline Large - B B
C | 5 [2003A|(308lb*ft) Technology Configuration VW Sharan (€ 245) (€ 185) (€ 185) (€ 198) (€ 198)
=) Typical Transmission Type: Pasgenger
I.ICJ &-Speed MT or DCT, or 8-Speed Vehicle
—_ AT
S Curb Weight: 1700kg (37481b)
g Diesel 16 ICE
Ave. Displacement = 2.0L Downsized to Diesel 14 ICE
i\{e. Power =_14S.E-‘:'\f (202HP) “fith same per Cylinder Midsize or
ve. Torque = 416N*m Displacement as Baseline |
6 |2003B/|(30816°#) Technology Configuration |—2 9% VW Sharan (€ 354) (€268) | (€268) | (€286) | (€286)
Typical Transmission Type: Passenger
6-Speed MT or DCT, or 8-Speed Vehicle
AT
Curb Weight: 1700kg (37491b}
Diesel 4 ICE Downsized to Diesel I3 ICE
Ave. Displacement = 2.0-3.0L X .
Ave. Power = 117.6W (160Hp) |WIth same per Cylinder g o
Ave. Torque = 336N*m Displacement as .Elasell.ne Midsize ) , - . - . - e 10 e 10
72005 (24810°ft) Technology Configuration SUV/COV or VW Tiguan (€ 245) (€ 185) (€ 185) (€ 198) (€ 198)
Typical Transmigzion Type: Mini Van
§-Speed MT or 8-Speed AT
Curb Weight: 1590kg (3505Ib}
Diesel V3 ICE
Ave. Displacement = 3.0 -4.2L  |Downsized to Diesel 16 ICE
Ave. Power = 213KW (290HP)  |with same per Cylinder
Ave. Torgue = 623N*m Displacement as Baseline
9 |2006B | (45010*ft) Technology Configuration  (Large SUV  [WVW Touareg (€ 357) (€271) [€271) (€ 288) (€ 288)
Typical Transmizsion Type:
8-Speed AT
Curb Weight: 2207kg (48661b)
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Technology

D

Case Study #

Baseline Technology
Configuration

Mew Technology
Configuration

European
Market

Segment

European
Vehicle

Segment

Example

Net
Incremental
Direct
Manufacturing
Cost
(NIDMC)

Net Incremental Technology Cost
{NITC)

2012

2016

2020
2025

High Pressure Fuel Injection, Diesel Engine

2100A

Diesel I3 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 (22901b)

Diesel I3 ICE
Upgraded to 2500 Bar Fuel
Injection System

Subcompact
Passenger
Vehicle

VW Polo

€8

€11

€10

€95 €8

21008

Diesel |4 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 (2350Ib}

Diesel 4 ICE
Upgraded to 2500 Bar Fuel
Injection System

Subcompact
Passenger
Vehicle

VW Polo

€15

€14

€11

w

2101

Diesel 4 ICE

1800 Bar Fuel Injection
System

Auve. Displacement = 1.6L
Ave. Power = 7T8.68kW (10THP)
Ave. Torgue = 246N*m
(1811b*ft)

Typical Transmission Type:

S or 6 speed MT or DCT

Curb Weight: 1271kg (28031b)

Diesel 4 ICE
Upgraded to 2500 Bar Fuel
Injection System

Compact or
Small
Passenger
Vehicle

VW Golf

€15

€14

€11

2102

Diesel 4 ICE

1800 Bar Fuel Injection
System

Auve. 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: 1486kg (3298Ib)

Diesel |4 ICE
Upgraded to 2500 Bar Fuel
Injection System

Midsize
Passenger
Vehicle

VW Passat

@

21038

Diesel 16 ICE

1800 Bar Fuel Injection
System

Auve. Displacement = 2.0L
Ave. Power = 143.5W (202HP)
Ave. Torgue = 416N*m
(306Ib*ft)

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

Curb Weight: 1700kg (3748Ib)

Diesel 16 ICE
Upgraded to 2500 Bar Fuel
Injection System

Midsize or
Large
Passenger
Vehicle

VW Sharan

€22

€20

€16

-

2105

Diesel 4 ICE

1800 Bar Fuel Injection
System

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: 1580kg (35051b)

Diesel |4 ICE
Upgraded to 2500 Bar Fuel
Injection System

Small or
Midsize
SUWV/COV or
Mini Van

VW Tiguan

w

21068

Diesel V& ICE

1800 Bar Fuel Injection
System

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

Typical Transmission Type:
8-Speed AT

Curb Weight: 2207kg (48651b)

Diesel V& ICE
Upgraded to 2500 Bar Fuel
Injection System

Large SUW

VW Touareg

€21

€30

€27

€23 €22
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Table D-11: Discrete Variable Valve Lift and Timing Valvetrain (Diesel Engine)
Case Study Results
*** Eastern Europe Labor Rate Substitution ***

Technology

D

Case Study #

Baseline Technology
Configuration

New Technology
Configuration

European
Market

Segment

European
Vehicle

Segment

Example

Net
Incremental
Direct
Manufacturing
Cost
(NIDMC)

Net Incremental Technology Cost
(NITC)

2012

2016

2020
2025

Variable Valve Timing and Lift

=

2200A

Diesel 13 ICE

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

Typical Transmission Type:
E-Speet MT

Curb Weight: 1084kg (238016}

Diesel I3 ICE

Upgraded with Discrete
Wariable Valve Timing and
Lift

Subcompact
Passenger
Vehicle

VW Paolo

€72

€107

€98

€85 €79

w

2201

Diesel 14 ICE

Conventional Valvetrain
Ave. Displacement = 1.6L
Ave. Power = 78.8kW (10THP)
Awe. Torgue = 246N*m
(18116*f)

Typical Transmission Type:

5 or 6 speed MT or DCT

Curb Weight: 1271kg (28031b)

Diesel 14 ICE

Upgraded with Discrete
Wariable Valve Timing and
Lift

Compact or
Small
Passenger
Vehicle

VW Galf

€78

€116

€105

€192 €485

2202

Diesel 14 ICE

Conventional Valvetrain
Avwe. Displacement = 2.0L
Ave. Power = 104KW (141HP)
Ave. Torgue = 321N*m
(237"t}

Typical Transmission Type:
§-Speed MT or 8-Speed AT
Curb Weight: 1496kg (328816}

Diesel 4 ICE

Upgraded with Discrete
Wfariable Valve Timing and
Lift

Midsize
Passenger
Vehicle

VW Passat

€78

€116

€105

€92 €85

4]

2203A

Diesel 14 ICE

Conventional Valvetrain
Ave. Displacement = 2.0L

Ave. Power = 148.5W (202HP)
Ave. Torgue = 416N*m
(30616*ft)

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

Curb Weight: 1700kg (37481b)

Diesel 14 ICE

Upgraded with Discrete
Wariable Valve Timing and
Lift

Midsize or
Large
Passenger
Vehicle

VW Sharan

€78

€116

€105

€192 €485

@

22038

Diesel 16 ICE

Conventional Valvetrain
Ave. Displacement = 2.0L

Ave. Power = 148.5W (202HP)
Ave. Torque = 416N"m
(30810*ft)

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

Curb Weight: 1700kg (37481b)

Diesel I6 ICE

Upgraded with Discrete
Variable Valve Timing and
Lift

Midsize or
Large
Passenger
Vehicle

VW Sharan

€M

€135

€123

€107 €199

-

2205

Diesel 14 ICE

Conventional Valvetrain
Ave. Displacement = 2.0-3.0L
Ave. Power = 117.6W (160HP)
Ave. Torgue = 336N*m
(243Ib*ft)

Typical Transmission Type:
§-Speed MT or &-Speed AT
Curb Weight: 1580kg (350516}

Diesel 14 ICE

Upgraded with Discrete
Wariable Valve Timing and
Lift

Small or
Midsize
SUV/COV or
Mini Van

VW Tiguan

€78

€116

€105

€92 €485

w

22068

Diesel V8 ICE

Conventional Valvetrain

Ave. Displacement = 3.0 421
Ave. Power = 213kW (Z80HP)
Ave. Torque = 623N*m
(4601b*ft)

Typical Transmission Type:
8-Speed AT

Curb Weight: 2207kg (48861b)

Diesel V3 ICE

Upgraded with Discrete
“ariable Valve Timing and
Lift

Large SUV

VW Touareg

€155

€231

€211

€184 €170
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Table D-12: High Pressure, Low Pressure Cooled EGR (Diesel Engine) Case Study Results
*** Eastern Europe Labor Rate Substitution ***

Net Incremental Technology Cost
(NITC)
- — Net
= = European Incremental
i E . European . p
s ol & Baseline Technology New Technology Market Vehicle Direct
.E | e Configuration Configuration Frpmwer Segment |Manufacturing
2 ‘-J‘G Example Cost = = 8 8
(NIDMC) ~ ~ ~ ~
Diesel 13 ICE
Cooled High Pressure EGR
Ave. Displacement = 1.0L
Di 113 ICE
Ave. Power = 62.5KW (85HP) U::;de with High Subcompact
1 |2300A|Ave. Torgue = 201N*m Passenger VW Polo €72 €99 €9 €79 €73
e Pressure, Cooled Low .
(143l0°#) Pressure EGR Vehicle
Typical Transmizsion Type:
5-Speet MT
Curb Weight: 1084kg (23501b)
Diesel 14 ICE
Cooled High Pressure EGR
Ave. Displacement = 1.6L ) Compact or
Ave. Power = 78.6KW (10THP) E'ESE'd"‘ 'C_F;h e a ﬁ
Ave. Torgue = 246N*m pgrade wi g ma
3|23 A8ttt Pressure, Cooled Low Passenger VW Golf €72 €99 €9 €79 €73
Typical Transmission Type: Pressure EGR Vehicle
S or 6 speed MT or DCT
Curb Weight: 1271kg (28031b)
Diesel 14 ICE
Cooled High Pressure EGR
Ave. Displacement = 2.0L Di | M ICE
Ave. Power = 104K\ (141HP) U'e“d <h High Midsize
_ pgrade with Hig
Ave Torgue = 321N*m
o 412302 (ZSTID*ﬂ? Pressure, Cooled Low EEESTHQEF VW Passat €72 €99 €91 €79 €73
ehicle
8 Typical Transmission Type: Pressure EGR
@ 6-Speed MT or 8-Speed AT
5 Curb Weight: 1495kg (32991b)
w
e Diesel 14 ICE
6—_ Cooled High Pressure EGR
; Ave. Displacement = 2.0L
o Ave. Power = 148.5W (202HP) |piesel 14 ICE Midsize or
- Avwe. Torgue = 418N*m u i i
X pgrade with High Large
g 5 |2303A (3081b%1t) Pressure, Cooled Low Passenger VW Sharan €72 €99 €91 €79 €73
=) Typical Transmizsion Type: Pressure EGR Vehicle
o 8-Speed MT or DCT, or 8-Speed
o AT
@ Curb Weight: 1700kg (374816}
3
o Diesel 16 ICE
E Cooled High Pressure EGR
o Ave. Displacement = 2.0L L
= Ave. Power = 148 5W (202HP) |Diesel I6 ICE Midsize or
=] Ave. Torgue = 416N*m u i i
= X parade with High Large
I |6 |2303B (3081b%1t) Pressure, Cooled Low Passenger VW Sharan €72 €99 €91 €79 €73
Typical Transmission Type: Pressure EGR Vehicle
6-Speed MT or DCT, or 8-Speed
AT
Curb Weight: 1700kg (37491b)
Diesel 14 ICE
Cooled High Pressure EGR
Awve. Displacement = 2.0-3.0L
Ave. Power = 117.6W (160HP) E'ESE'G"“CEH e hsﬂ?;zlilzir
rade with Hi "
7| 2306 |Ave. Torque = 236N°m pa g VW Tiguan €72 €99 €91 €79 €73
(248Ib*ft) Pressure, Cooled Low SUNVICOV or
Typical Transmission Type: Pressure EGR Mini Van
8-Speed MT or 8-Speed AT
Curb Weight: 1590kg (35051b)
Diesel VB ICE
Cooled High Pressure EGR
Ave. Displacement = 3.0 -4.2L
Ave. Power = 213KV (290HP) 3'“9';'3 'Cti e
Ave. Torgue = 623N*m pgrace wi '9
9 |2306B (mnlb*ﬂ? Pressure, Cooled Low Large SUV VW Touareg €72 €99 €9 €79 €73
Typical Transmission Type: Pressure EGR
8-Speed AT
Curb Weight: 2207kg (48651k)
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Table D-13: Cooled Low Pressure EGR (Gasoline Engine) Case Study Results
*** Eastern Europe Labor Rate Substitution ***

Technology

D

Case Study #

Baseline Technology
Configuration

New Technology
Configuration

European
Market

Segment

European
Vehicle

Segment

Example

Net
Incremental
Direct
Manufacturing
Cost
(NIDMC)

Met Incremental Technology Cost

2012

2016

2020
2025

Gasoline, Cooled Low Pressure EGR (Compared to Uncooled LowPressure 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 (239016}

Gasoline 13 ICE
Upgraded with Cooled Low
Pressure EGR System

Subcompact
Passenger
Vehicle

VW Polo

€356

€48

€44

€42 € 36

w

3101

Gasoline 4 ICE

Uncooled Low Pressure
EGR

Ave. Displacement = 1.4-1.6L
Ave. Power = 88kW (121HP)
Ave. Torgue = 179N*m
(132I6*ft)

Typical Transmission Type:
6-Speed MT

Curb Weight: 1271kg (28031b)

Gasoline 4 ICE
Upgraded with Cooled Low
Pressure EGR System

Compact or
Small
Passenger
Vehicle

VW Golf

€38

€52

€48

€45 €38

=

3102

Gasoline 4 ICE

Uncooled Low Pressure
EGR

Ave. Displacement = 1.6-2.0L
Ave. Power = 115kW (15THP)
Ave. Torgue = 236N*m
(174Ib°ft)

Typical Transmission Type:
6-Speed MT

Curb Weight: 1498kg (32991b)

Gasoline 4 ICE
Upgraded with Cooled Low
Pressure EGR System

Midsize
Passenger
Vehicle

VW Passat

€42

€59

€54

€51 €43

(5]

3103A

Gasoline 4 ICE

Uncooled Low Pressure
EGR

Ave. Displacement = 2.0-3.0L
Ave. Power = 172KW (234HP)
Ave. Torgue = 321N*m
(237Ib*ft)

Typical Transmission Type:
6-Speed MT

Curb Weight: 1700kg (3748Ib)

Gasoline 4 ICE
Upgraded with Cooled Low
Pressure EGR System

Midsize or
Large
Passenger
Vehicle

VW Sharan

€563

€73

€67

€63 €54

@

3103B

Gasoline 16 ICE

Uncooled Low Pressure
EGR

Ave. Displacement = 2.0-3.0L
Ave. Power = 172kW (234HP)
Ave. Torgue = 321N*m
(237b*ft)

Typical Transmigsion Type:
6-Speed MT

Curb Weight: 1700kg (37451b)

Gasoline 4 ICE
Upgraded with Cooled Low
Pressure EGR System

Midsize or
Large
Passenger
Vehicle

VW Sharan

€43

€73

€67

€63 €54

-

3105

Gasoline 14 ICE

Uncooled Low Pressure
EGR

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

Typical Transmission Type:
6_Speed MT

Curb Weight: 1590kg (350510}

Gasoline 14 ICE
Upgraded with Cooled Low
Pressure EGR System

Small or
Midsize
SUM/COV or
Mini Van

VW Tiguan

€45

€63

€587

€54 €46

w

3106B

Gasoline V3 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 (48571b)

Gasoline V& ICE
Upgraded with Cooled Low
Pressure EGR System

Large SUV

VW Touareg

€87

€497

€89

€84 €71
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Table D-14: Cooled Low Pressure EGR Compared to ICE with No EGR (Gasoline Engine)
Case Study Results
*** Eastern Europe Labor Rate Substitution ***

Net Incremental Technology Cost
{NITC)
- e Net
e = E European Incremental
= 2 | Baseline Technol New Technol wopean | yehicle Direct
2 2| & asefine gy gy Market
£ | = Configuration Configuration Segment |Manufacturing
E] = Segment E h c
= & xample ost ~ - - -
(NIDMC) § E g g
Gasoline 13 ICE
No EGR
Ave. Displacement = 1.2-1.4L
Ave. Power = T4KW (100HP)  |Gas I3 ICE Subcompact
1 |3200A|Ave. Torgue = 148N"m Upgraded with Cooled Low |Passenger VW Polo €60 €83 €76 €7 £61
(108Ib=ft) Pressure EGR System ehicle
Typical Transmission Type:
S5-Speed MT
Curb Weight: 1084kg (239010}
Gasoline |4 ICE
Ho EGR
Ave. Displacement = 1.4-1.6L Cumpact or
Ave. Power = 88kW (121HP) Gas 4 ICE
3 | 3201 |Ave. Toraue - 178Mm Upgraded with Cooled Low |>Mall VW Golf €62 €87 €79 €75 €64
(132Ib*ft) Pressure EGR System Passenger
Typical Transmission Type: Vehicle
6-Speed MT
Curb Weight: 127 1kg (280310}
E- ﬁasolineHICE
o) o EGR
w Ave. Displacement = 1.6-2.0L
o Ave. Power = 115KW (15THP} | Gas M4 ICE Midsize
_g 4 | 3202 |Ave. Torgue = 236N*m Upgraded with Cooled Low |Passenger VW Passat €67 €93 €85 €380 €63
= (174Ib*ft) Pressure EGR System Vehicle
§ Typical Transmission Type:
w 6-Speed MT
Q Curb Weight: 1486kg (328910}
-8 Gasoline |4 ICE
2 No EGR
=1 Ave. Displacement = 2.0-3.0L P
g Ave. Power = 172kW (234HP) |Gas M ICE Midsize or
E | 5 [3203|Ave Torue = 3211m Upgraded with Cooled Low 'E,afge VW Sharan €77 €107 €98 £93 £79
[} (23761t} Pressure EGR System assenger
— Typical Transmission Type: Vehicle
o 6-Speed MT
8 Curb Weight: 1700kg (374510}
=4
3
& Gasoline I6 ICE
2 No EGR
o Auve. Displacement = 2.0-3.0L Midsize or
% Ave. Power = 172kW (234HP) |Gas 16 ICE Large
] 6 |3203B[Ave. Torgue = 321N*m Upgraded with Cooled Low P g VW Sharan €77 €107 €98 €93 €79
o (237I*ft) Pressure EGR System assenger
<@ Typical Transmission Type: Vehicle
g 8-Speed MT
(&) Curb Weight: 1700kg (374810}
&
£
© Gasoline 14 ICE
-4 No EGR
(L] Ave. Displacement = 1.2-3.0L
Ave. Power = 131 kKW (178HP) ¢ Small or
as |4 ICE
7 | 3208 |Ave Toraue = 284Km Upgraded with Cooled Low |I1d5iZ€ VW Tiguan €70 €97 €89 €54 €71
o BE.ID"ft; o Pressure EGR System SUVICOV ar
Typical Transmission Type: Mini Van
6_Speed MT
Curb VWeight: 1580kg (3505Ib)
Gasoline V8 ICE
No EGR
Ave. Displacement = 3.0-5.5
Ave. Power = 268 kW (354HP)
Ave. Torgue = 491N*m( ! |gas veice
9 |32068 | 3501511 Upgraded with Cooled Low (Large SUV |V Touareg €95 €131 €120 €113 €97
. - ) Pressure EGR System
Typical Transmission Type:
6-Speed MT
Curb Weight: 2207kg (486716}
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Table D-15: 6-Speed Dry Dual Clutch Transmission Case Study Results
*** Eastern Europe Labor Rate Substitution ***
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Technology

]

Case Study #

Baseline Technology
Configuration

New Technology
Configuration

European
Market

Segment

European
Vehicle

Segment

Example

Net
Incremental
Direct
Manufacturing
Cost
(NIDMC)

Net Incremental Technology Cost

(NITC)

2012

2016

2020

2025

Dry Dual Clutch Transmission

2600A

Diesel 13 ICE

Ave. Displacement = 1.0L
Ave. Power = 82.5kW (85HP)
Ave. Torgue = 201N*m
(1481b*ft)

Typical Transmission Type:
§-Speed MT

Curb Weight: 1084kg (23301t}

Upgrade with 6-Speed Dry
Dual Clutch Tranmission

Subcompact
Passenger
Vehicle

VW Polo

€233

€323

€295

€ 256

€237

[}

2601

Diesel 14 ICE

Ave. Displacement = 1.6L
Ave. Power = 78.6KW (107THP)
Ave. Torgue = 246N*m
(1811b*ft)

Typical Transmission Type:
§-Speed MT

Curb Weight: 1271kg (2803Ib}

Upgrade with 6-Speed Dry
Dual Clutch Tranmission

Compact or
Small
Passenger
Vehicle

VW Golf

€235

€327

€298

€259

€ 240

e

2602

Diesel 14 ICE

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

Typical Transmission Type:
§-Speed MT

Curb Weight: 1496kg (32991b}

Upgrade with 6-Speed Dry
Dual Clutch Tranmission

Midsize
Passenger
Vehicle

VW Passat

€240

€333

€304

€264

€245

[}

2603A

Diesel 14 ICE

Ave. Displacement = 2.0L
Ave. Power = 148.5W (202HP)
Ave. Torgue = 416N*m
(306Ib*ft)

Typical Transmission Type:
§-Speed MT

Curb Weight: 1700kg (37491b}

Upgrade with 6-Speed Dry
Dual Clutch Tranmission

Midsize or
Large
Passenger
Vehicle

VW Sharan

€ 246

€341

€31

€270

€ 250

@

2603B

Diesel 16 ICE

Ave. Displacement = 2.0L
Ave. Power = 148.5W (202HP)
Ave. Torgue = 416N*m
(3061b%Ht)

Typical Transmission Type:
§-Speed MT

Curb Weight: 1700kg (37481t}

Upgrade with 6-Speed Dry
Dual Clutch Tranmission

Midsize or
Large
Passenger
Vehicle

VW Sharan

€ 246

€341

€31

€270

€ 250

-

2605

Diesel 14 ICE

Ave. Displacement = 2.0-3.0L
Ave. Power = 117.6W (160HP)
Ave. Torgue = 336N*m
(248Ib*Ht)

Typical Transmission Type:
§-Speed MT

Curb Weight: 1580kg (350510}

Upgrade with 6-Speed Dry
Dual Clutch Tranmission

Small or
Midsize
SUVICOV or
Mini Van

VW Tiguan

€241

€334

€305

€ 265

€ 246

w

26068

Diesel V3 ICE

Ave. Displacement = 3.0 -4.2L
Ave. Power = 213KW (290HP)
Ave. Torgue = 523N*m
(4601b*ft)

Typical Transmission Type:
§-Speed MT

Curb Weight: 2207kg (48661b)

Upgrade with 6-Speed Dry
Dual Clutch Tranmission

Large SUV

VW Touareg

€ 258

€ 358

€327

€284

€ 263
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Table D-16: Belt-Driven, Starter-Generator (BSG) Start-Stop Hybrid Electric
*** Eastern Europe Labor Rate Substitution ***

Net Incremental Technology Cost
(NITC)
- = Net
= = European Incremental
° = . European A o
S | E:" Baseline Technology New Technology Market Vehicle Direct
'Fl:.: I Configuration Configuration ment Segment |Manufacturing
= b‘ﬂ 9 Example Cost E E § E
(NIDMC) ~ ~ ~ ~
Gasoline 4 ICE
Conventional Powertrain
Ave. Displacement = 1.2-1.4L .
Ave. Power = T4KW (100HP) $“°““? 14 ICE, Ma““:' 4 |Subcompact
2 [3000B |Ave. Torque = 146H°m ransmissIon, Uparates  |Passenger VW Polo € 241 €476 | €334 | €282 | €251
(108l67) with Belt-Driven, Starter- Vehicle
Typical Transmission Type: Generator (B5G) System.
5-Speed MT
Curb Weight: 1084kg (23901b)
Gasoline 4 ICE
Conventional Powertrain
Ave, IZ}lspIac:ement'= 1.4-1 .G‘L Gasoline 14 ICE, Manual Compact or
Ave. Power = 83K (121HP) Transmission, Upgraded Small
3| 3001 |Ave. Torgue = 178N*m with Belt-Driveln psgtarter- Passenger VW Golf €251 €496 € 348 €294 € 262
(132Ib*ft) ! _
Typical Transmission Type: Generator (B3G) System. |\/ghicle
= §-Speed MT
o Curb Weight: 1271kg (28031b)
=]
© Gasoline 14 ICE
E Conventional Powertrain
[x] Ave. Displacement = 1.6-2.0L "
2 Ave. Power = 115KW (15THP) $f:n°;'r'::s':ian'UM3':::'e 4 |Midsize
@ | 43002 |Ave Torgue = Z36N°m with Belt-Driveln psgtarter- Passenger VW Passat € 266 €525 € 369 € 312 €277
2 (7 4lb*ft) Generator tElSG]I System. Vehicle
E Typical Transmission Type:
= §-Speed MT
o Curb Weight: 1496kg (32991b)
=
° Gasaline 16 ICE
@ Conventional Powertrain
w Ave. Displacement = 2.0-3.0L X Midsize or
2 Ave. Power = 172KW (234HP) $“°““? '5_'CE'U""3““:' s I
arge
2 | 6 |3003B|Ave. Torque = 2211°m e et g VW Sharan €284 €561 | €394 | €333 | €29
T (237Ib*ft) Wi elt-Driven, er- Pasgenger
a Typical Transmission Type: Generator (BSG) System.  |\/ghicle
3 §-Speed MT
7] Curb Weight: 1700kg (37491b)
-
=
= Gasoline 14 ICE
/2] Conventional Powertrain
Ave. Displacement = 1.2-3.0L I
i mall or
Ave. Power = 131 KW (178HP) $“°““? "'_'CE'U""““:' o |idaize
_ ransmission, Upgrade }
Ave. Torgue = 264N*m !
7| 3005 (195Ib*ﬂ]? with Belt-Driven, Starter- SUVICOV or VW Tiguan €273 €538 € 378 €319 €284
Typical Transmission Type: Generator (BSG) System. | \inj Van
§_Speed MT
Curb Weight: 1590kg (3505Ib)
Gasoline V8 ICE
Conventional Powertrain
Ave. Displacement = 3.0-5.5 X
Ave. Power = 268 KW (364HP) $“°““? va 'CEL'J ""a“:a'd
Ave. Torgue = 491N*m ransmission, Upgrade
9 |3006B (a2 with Belt-Driven, Starter- Large SUV VW Touareg € 363 €717 €504 €425 €379
Typical Transmission Type: Generator (B3G) System.
§-Speed MT
Curb Weight: 2207kg (48671b)
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D.3 Eastern Europe Labor Rate Sensitivity Analysis Comparison

In summary, a 77% percent labor rate reduction in the Phase 1 and Phase 2 analyses
resulted in a Net Incremental Technology Cost change for most studies in the 15-20%
range. The average difference for each technology configuration evaluated in the Phase 1
and Phase 2 analysis, is shown below in Table D-17 and Table D-18 respectively. The
percent difference for each technology configuration is directly related to the labor
contribution in the total manufacturing cost (i.e., total manufacturing cost = material +
labor + manufacturing overhead) and associated mark-ups, a factor of the total
manufacturing cost. For technologies where labor contribution was low comparatively to
the material contribution, the effect of the lower labor rate was minimal. For example in
the mechanical versus electrical air conditioning compressor analysis, the cost of the more
traditional compressor components (e.g. housings, shafts, fasteners, seals, etc.) were cost
neutral in comparison. The added incremental costs were largely associated with low and
high voltage electronic components and assemblies with significant material costs. In the
cost models, material costs include raw materials and commodity purchased component
costs (e.g. circuit boards, passive electronic components, active electronics components).

Table D-17: Average Percent Reduction in Net Incremental Technology Costs with Average Labor
Rate reduced by 77%, Phase 1 Technology Configurations

Average NITC Average Percent
Case _ _ _ _ _ Rgduction NITC‘Reduction
Study ID Baseline Technology Configuration New Technology Configuration Assuming Average | Assuming Average
Eastern European | Eastern European
Labor Rate Labor Rate
Naturally Aspirated (NA), Port Fuel Downsized (DS), Turbocharged
01** Injected (PFI), Gasoline Internal  |(Turbo), Direct Injection (DI) Gasoline €97 21.3%
Combustion Engine (ICE) Internal Combustion Engine (ICE)
Dual Overhead Cam (DOHC), NA, | Single Overhead Cam (SOHC), NA,
02** PFI, Dual-Variable Valve Timing (D- | PFI, Multi-Air Variable Valve Timing €26 18.8%
VVT), Gasoline ICE and Lift (VVTL), Gasoline ICE

08** 5-Speed Automatic Transmission 6-Speed Automatic Transmission €12 -19.5%

10** 6-Speed Automatic Transmission 8-Speed Automatic Transmission €10 17.7%

09** 6-Speed Automatic Transmission 6-Speed Dual Clutch Transmission -€ 15 -27.3%
Conventional Powertrain Vehicle

04 Conventional Powertrain Vehicle Upgraded with a Belt Alternator €314 19.1%
Starter (BAS) Start-Stop System

05** Conventional Powertrain Vehicle Power-Split Hybrid Electric Vehicle €579 15.2%

Q7** Conventional Powertrain Vehicle P2 Hybrid Electric Vehicle € 594 15.5%

06** Mechanical Air Conditioning Electrical Air Conditioning €4 2.3%

Compressor System Compressor System

Notes: Negative percentage indicates reduced savings as the base technology is less expensive to manufacture
in the low cost country (i.e., Eastern Europe)
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Table D-18: Average Percent Reduction in Net Incremental Technology Costs with Average Labor
Rate reduced by 77%, Phase 2 Technology Configurations

Average MNITC Awverage Percent
c Reduction NITC Reduction
ase Baseline Technology Configuration Mew Technology Configuration Assuming Average | Assuming Average
Study ID
Eastern European | Eastern European
Labor Rate Labor Rate
- ' . . Downsized Conventional Diesel ec g a0
20 Conventional Diesel Engine Engine (e.g. 1443, 16-4, V86) £ 51 19.2%
. . . . Conventional Diesel Engine
o9+ | [Conventional Diesel Engine with Upgraded with 2500 Bar Fuel €1 5.3%
1800 Bar Fuel Injection Subsystem -
Injection Subsystem
, , . , Diesel Engine Upgraded with
29% D'ES?\LS:EQT'F’;?HWS”LLE”;“:::'C'”a' Discrete Variable Valve Timing and €27 19.1%
Y Lift (WVWTL) Valvetrain subsystem
Conventional Diesel Engine with a U C;n;enlttlﬁna:_il;llﬁspel Engine L
23" | Cooled High Pressure Exhaust Gas | ~F0 aoo0 Wit @ NG FTESSUTE, Low €20 18.9%
. . Pressure Cooled High EGR
Recirculation (EGR) Subsystem
Subsystem
Conventional Gasoline Engine with a|  Conventional Gasoline Engine
31 Uncooled Low Pressure EGR Upgraded with a Cooled Low £14 19.1%
Subsystem Pressure EGR Subsystem
. . . . Conventional Gasoline Engine
30+ C””"E”::E”Eaéfféﬂggejzﬂ”e With |y ograded with a Cooled Low £21 19.1%
Y Pressure EGR Subsystem
o } . 6-Speed Dry Dual Clutch o
26 6-Speed Manual Transmission Transmission (DCT) £ 63 19.1%
Conventional Powertrain Vehicle
30 Conventional Powertrain Vehicle {{(Manual Transmission) Upgraded €93 19.9%
(Manual Transmission) with a Belt-Oriven Starter Generator =
(BSG) Start-Stop System

Notes: ! Negative percentage indicates reduced savings as the base technology is less expensive to manufacture

in the low cost country (i.e., Eastern Europe)

As stated in Section B.2, a cleansheet cost modeling approach would be required to
assess the actual impact of manufacturing selected components in low cost Eastern
Europe countries versus Western indutrialized nations.
represent a rough order of magnitude of the potential cost differences which may be
applicable if the components are suitable for manufacturing in low cost countries.

Though the values above
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E. Conclusion

This report provides a summary of the results completed in the Phase 1 and Phase 2
Light-Duty Vehicle Technology Cost assessments. For addition details on each of the
case studies evaluated, please reference the respective Phase 1 or Phase 2 reports.®’

The labor sensitivity analysis provides a good “what if” type analysis on potential Net
Incremental Technology Costs (NITC) if all hardware was manufactured with a labor rate
reduced by 77%; representing an average Eastern European labor rate. Based on industry
expectations that selected products can be manufactured at cost reductions in the order of
30%, the numbers calculated within this analysis are directional correct, though not
founded on a set of actual boundary conditions.

e FEV, “Light-Duty Vehicle Technology Cost Analysis — European Vehicle Market (Phase 1),” prepared for the
International Council on Clean Transportation (ICCT), Revised Report 08/07/2013 (Original May 17, 2012)

’FEV, “Light-Duty Vehicle Technology Cost Analysis — European Vehicle Market, Additional Case Studies (Phase 2),”
prepared for the International Council on Clean Transportation (ICCT), September 27, 2012
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F. Abbreviation and Acronyms

AT
BAS
BSG
Cov
Dl
DCT
DOHC
DS
DSG
DVVT
ED&T
EGR
GDI
HEV
ICE
ICCT
ICM
MT
NA
NIDMC
NITC
PFI
SG&A
SHOC
SUV
US-EPA
VVT
VVTL
VW

Automatic Transmission

Belt Alternator Starter

Belt-Driven Starter Generator
Crossover Vehicle

Direct Injection

Dual Clutch Transmission (aka DSG)
Dual Overhead Cams

Down Sized

Dual Shit Gearbox (aka DCT)

Dual Variable Valve Timing
Engineering, Design, and Testing
Exhaust Gas Recirculation

Gasoline Direct Injection

Hybrid Electric Vehicle

Internal Combustion Engine
International Council on Clean Transportation
Indirect Cost Multiplier

Manual Transmission

Naturally Aspirated

Net Incremental Direct Manufacturing Cost
Net Incremental Technology Cost
Port Fuel Injected

Selling, General and Administrative
Single Overhead Cam

Sport Utility Vehicle

United States Environmental Protection Agency

Variable Valve Timing
Variable Valve Timing and Lift
Volkswagen
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