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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 

 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 

 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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 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) 

 Table D 17: Average Percent Reduction in Net Incremental Technology Costs with 

Average Labor Rate reduced by 77%, Phase 1 Technology Configurations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



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

Page 3  

 

Table of Contents 

 

A. Executive Summary 6 

B. Introduction 8 

B.1 Phase 1 and Phase 2 Study Overview 8 

B.2 Labor Cost Sensitivity Study 10 

B.2.1 Background 10 

C. Phase 1 and Phase 2 Results 14 

C.1 Phase 1 Technologies Evaluated 14 

C.2 Phase 2 Technologies Evaluated 20 

D. Phase 1 and Phase 2 Case Study Results Reevaluated With 

Average Eastern Europe Labor Rate Assumption 29 

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

Assumption 29 

D.2 Phase 2 Technologies Evaluated 35 

D.3 Eastern Europe Labor Rate Sensitivity Analysis Comparison 44 

E. Conclusion 46 

F. Abbreviation and Acronyms 47 

 

 



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

Page 4  

 

Figures 
NUMBER                                                                                                                                                                                                       PAGE 

FIGURE B-1: COST FACTORS INCLUDED IN DIRECT MANUFACTURING COSTS……………………………………….. 9 
FIGURE B-2: AUTOMOTIVE SUPPLIER PRODUCTION LOCATIONS IN EASTERN EUROPE………………………………. 11 
FIGURE B-3: HOURLY COMPENSATION/LABOR COSTS FOR SELECTED MANUFACTURING COUNTRIES                          

(2010 CALENDAR YEAR)………………………………………………………………………………………. 12 
FIGURE B-4: EASTERN EUROPE LABOR RATE AVERAGES RELATIVE TO GERMANY………………………………….. 13 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



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

Page 5  

 

Tables 

Number    Page 

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……………………………. 7 
TABLE C-1: ADVANCE POWERTRAIN TECHNOLOGIES EVALUATED IN THE PHASE 1 ANALYSIS ……………………… 14 
TABLE C-2: DOWNSIZED, TURBOCHARGED, DIRECT INJECTION GASOLINE ENGINE & MULTI-AIR VARIABLE VALVE 

TIMING AND LIFT VALVETRAIN SUBSYSTEM CASE STUDY RESULTS…………………………………………... 15 
TABLE C-3: 6-SPEED AUTOMATIC TRANSMISSION, 8-SPEED AUTOMATIC TRANSMISSION, AND 6-SPEED WET DUAL 

CLUTCH TRANSMISSION CASE STUDY RESULTS……………………………………………………………….. 15 
TABLE C-4: BELT ALTERNATOR STARTER (BAS) START-STOP SYSTEM CASE STUDY RESULTS …………………….. 16 
TABLE C-5: POWER-SPLIT HYBRID ELECTRIC VEHICLE CASE STUDY RESULTS……………………………………… 17 
TABLE C-6: P2 HYBRID ELECTRIC VEHICLE CASE STUDY RESULTS …………………………………………………. 18 
TABLE C-7: ELECTRICAL AIR CONDITIONING COMPRESSOR CASE STUDY RESULTS …………………………………. 19 
TABLE C-8: ADVANCE POWERTRAIN TECHNOLOGIES EVALUATED IN THE PHASE 2 ANALYSIS ……………………… 20 
TABLE C-9: DIESEL ENGINE DOWNSIZING CASE STUDIES ……………………………………………………………. 21 
TABLE C-10: 2500 BAR DIESEL FUEL INJECTION SYSTEM CASE STUDY RESULTS…………………………………… 22 
TABLE C-11: DISCRETE VARIABLE VALVE LIFT AND TIMING VALVETRAIN (DIESEL ENGINE) CASE STUDY RESULTS 23 
TABLE C-12: HIGH PRESSURE, LOW PRESSURE COOLED EGR (DIESEL ENGINE) CASE STUDY RESULTS……………. 24 
TABLE C-13: COOLED LOW PRESSURE EGR (GASOLINE ENGINE) CASE STUDY RESULTS…………………………… 25 
TABLE C-14: COOLED LOW PRESSURE EGR COMPARED TO ICE WITH NO EGR (GASOLINE ENGINE) CASE STUDY 

RESULTS……………………………………………………………………………………………………….. 26 
TABLE C-15: 6-SPEED DRY DUAL CLUTCH TRANSMISSION CASE STUDY RESULTS………………………………….. 27 
TABLE C-16: BELT-DRIVEN, STARTER-GENERATOR (BSG) START-STOP HYBRID ELECTRIC VEHICLE TECHNOLOGY 28 
TABLE D-1: ADVANCE POWERTRAIN TECHNOLOGIES, EVALUATED IN THE PHASE 1 ANALYSIS, WITH EASTERN EUROPE 

LABOR RATE ASSUMPTION……………………………………………………………………………………. 29 
TABLE D-2: DOWNSIZED, TURBOCHARGED, DIRECT INJECTION GASOLINE ENGINE & MULTI-AIR VARIABLE VALVE 

TIMING AND LIFT VALVETRAIN SUBSYSTEM CASE STUDY RESULTS…………………………………………... 30 
TABLE D-3: 6-SPEED AUTOMATIC TRANSMISSION, 8-SPEED AUTOMATIC TRANSMISSION, AND 6-SPEED WET DUAL 

CLUTCH TRANSMISSION CASE STUDY RESULTS……………………………………………………………….. 30 
TABLE D-4: BELT ALTERNATOR STARTER (BAS) START-STOP SYSTEM CASE STUDY RESULTS…………………….. 31 
TABLE D-5: POWER-SPLIT HYBRID ELECTRIC VEHICLE CASE STUDY RESULTS……………………………………… 32 
TABLE D-6: P2 HYBRID ELECTRIC VEHICLE CASE STUDY RESULTS…………………………………………………. 33 
TABLE D-7: ELECTRICAL AIR CONDITIONING COMPRESSOR CASE STUDY RESULTS…………………………………. 34 
TABLE D-8: ADVANCE POWERTRAIN TECHNOLOGIES, EVALUATED IN THE PHASE 2 ANALYSIS, WITH EASTERN EUROPE 

LABOR RATE ASSUMPTION……………………………………………………………………………………. 35 
TABLE D-9: DIESEL ENGINE DOWNSIZING CASE STUDIES……………………………………………………………. 36 
TABLE D-10: 2500 BAR DIESEL FUEL INJECTION SYSTEM CASE STUDY RESULTS…………………………………… 37 
TABLE D-11: DISCRETE VARIABLE VALVE LIFT AND TIMING VALVETRAIN (DIESEL ENGINE)………………………. 38 
TABLE D-12: HIGH PRESSURE, LOW PRESSURE COOLED EGR (DIESEL ENGINE) CASE STUDY RESULTS……………. 39 
TABLE D-13: COOLED LOW PRESSURE EGR (GASOLINE ENGINE) CASE STUDY RESULTS…………………………… 40 
TABLE D-14: COOLED LOW PRESSURE EGR COMPARED TO ICE WITH NO EGR (GASOLINE ENGINE)………………. 41 
TABLE D-15: 6-SPEED DRY DUAL CLUTCH TRANSMISSION CASE STUDY RESULTS………………………………….. 42 
TABLE D-16: BELT-DRIVEN, STARTER-GENERATOR (BSG) START-STOP HYBRID ELECTRIC……………………….. 43 
TABLE D-17: AVERAGE PERCENT REDUCTION IN NET INCREMENTAL TECHNOLOGY COSTS WITH AVERAGE LABOR 

RATE REDUCED BY 77%, PHASE 1 TECHNOLOGY CONFIGURATIONS………………………………………….. 44 
TABLE D-18: AVERAGE PERCENT REDUCTION IN NET INCREMENTAL TECHNOLOGY COSTS WITH AVERAGE LABOR 

RATE REDUCED BY 77%, PHASE 2 TECHNOLOGY CONFIGURATIONS…………………………………………... 45 

 

 



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

Page 6  

 

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 (CO2). 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: 

 Gasoline Direct Injection,  Turbocharge, Downsized Engines 

 6 and 8-Speed Automatic Transmissions 

 6 and 8- Speed Wet Dual Clutch Transmissions 

 Power-Split Hybrid Electric Vehicles 

 P2 Hybrid Electric Vehicles 

Phase 2: 

 High-Pressure Diesel Fuel Injection Subsystem 

 Variable Valve Timing and Lift Valvetrain Subsystem 

 Diesel and Gasoline EGR Subsystems 

 6-Speed Dry Dual Clutch Transmission 

 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 
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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 
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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.  

 

Packaging

Material Labor
Manufacturing 

Overhead

End-Item 

Scrap
SG&A Profit ED&T Packaging

Total Manufacturing Costs Mark-Up

Supplier Fabrication and 

Assembly

OEM Fabrication and 

Assembly

Direct Manufacturing Costs (DMCs)
Included

Excluded

 

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. 

 

Figure B-2: Automotive Supplier Production Locations in Eastern Europe
1
 

                                              
1  

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)
2,3

 

                                              
2
 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
4
 

 

 

 

 

                                              

4
D-Statistics Wissen.Nutzen, “Earnings and Labor Costs 2008”,  May 13, 2009 

https://www.destatis.de/DE/Startseite.html, 

 

 

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 ID 

exists corresponding to a technology type and vehicle class.
5
 

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 

 

                                              
5
 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 I4 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 

 

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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Table C-4: Belt Alternator Starter (BAS) Start-Stop System Case Study Results 
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Table C-5: Power-Split Hybrid Electric Vehicle Case Study Results  
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Table C-6: P2 Hybrid Electric Vehicle Case Study Results 
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Table C-7: Electrical Air Conditioning Compressor Case Study Results 
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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 
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Table C-9: Diesel Engine Downsizing Case Studies 
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Table C-10: 2500 Bar Diesel Fuel Injection System Case Study Results 
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Table C-11: Discrete Variable Valve Lift and Timing Valvetrain (Diesel Engine) Case Study 

Results 
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Table C-12: High Pressure, Low Pressure Cooled EGR (Diesel Engine) Case Study Results 
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Table C-13: Cooled Low Pressure EGR (Gasoline Engine) Case Study Results  
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Table C-14: Cooled Low Pressure EGR Compared to ICE with No EGR (Gasoline Engine) Case 

Study Results  
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Table C-15: 6-Speed Dry Dual Clutch Transmission Case Study Results  
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Table C-16: Belt-Driven, Starter-Generator (BSG) Start-Stop Hybrid Electric Vehicle Technology 
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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 
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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 *** 

 

 

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 *** 

2
0
1
2

2
0
1
6

2
0
2
0

2
0
2
5

1 0802 5-Speed AT 6-Speed AT

Midsize or 

Large 

Passenger 

Vehicle

VW Sharan (€ 64) (€ 48) (€ 48) (€ 51) (€ 51)

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

3 0902 6-Speed AT 6-Speed Wet DCT

Midsize or 

Large 

Passenger 

Vehicle

VW Sharan (€ 60) (€ 37) (€ 37) (€ 43) (€ 43)

Net Incremental Technology Cost

(NITC)

T
ra

n
s
m

is
s
io

n
s

T
e
c
h

n
o

lo
g

y

ID

C
a
s
e
 S

tu
d

y
 #

Baseline Technology 

Configuration

New Technology 

Configuration

European 

Market 

Segment

European 

Vehicle 

Segment 

Example

Net Incremental 

Direct 

Manufacturing 

Cost  

(NIDMC)

 



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

Page 31  

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

*** Eastern Europe Labor Rate Substitution *** 
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Table D-5: Power-Split Hybrid Electric Vehicle Case Study Results  

*** Eastern Europe Labor Rate Substitution *** 
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Table D-6: P2 Hybrid Electric Vehicle Case Study Results 

*** Eastern Europe Labor Rate Substitution *** 
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Table D-7: Electrical Air Conditioning Compressor Case Study Results 

*** Eastern Europe Labor Rate Substitution *** 

 

 

 

 

 

 

 

 

 

 



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

Page 35  

 
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 
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Table D-9: Diesel Engine Downsizing Case Studies 

*** Eastern Europe Labor Rate Substitution *** 
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Table D-10: 2500 Bar Diesel Fuel Injection System Case Study Results 

*** Eastern Europe Labor Rate Substitution *** 
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Table D-11: Discrete Variable Valve Lift and Timing Valvetrain (Diesel Engine)  

Case Study Results 

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

*** Eastern Europe Labor Rate Substitution *** 
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Table D-13: Cooled Low Pressure EGR (Gasoline Engine) Case Study Results  

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

*** Eastern Europe Labor Rate Substitution *** 
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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 

Case 

Study ID
Baseline Technology Configuration New Technology Configuration

Average NITC 

Reduction 

Assuming Average 

Eastern European 

Labor Rate 

Average Percent 

NITC Reduction 

Assuming Average 

Eastern European 

Labor Rate 

01**

Naturally Aspirated (NA), Port Fuel 

Injected (PFI), Gasoline Internal 

Combustion Engine (ICE)

Downsized (DS), Turbocharged 

(Turbo), Direct Injection (DI) Gasoline 

Internal Combustion Engine (ICE)

€ 97 21.3%

02**

Dual Overhead Cam (DOHC), NA, 

PFI, Dual-Variable Valve Timing (D-

VVT), Gasoline ICE

Single Overhead Cam (SOHC), NA, 

PFI, Multi-Air Variable Valve Timing 

and Lift (VVTL), Gasoline ICE

€ 26 18.8%

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%

04** Conventional Powertrain Vehicle

Conventional Powertrain Vehicle 

Upgraded with a Belt Alternator 

Starter (BAS) Start-Stop System

€ 314 19.1%

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

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

06**
Mechanical Air Conditioning 

Compressor System

Electrical Air Conditioning 

Compressor System
€ 4 2.3%

Notes: 
1
 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 

 

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.   Though the values above 

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. 
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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.
6,7

 

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.   

 

 

 

 

 

 

 

 

 

 

 

 

 

                                              
6 

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) 
7 

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  Automatic Transmission 

BAS  Belt Alternator Starter 

BSG  Belt-Driven Starter Generator 

COV  Crossover Vehicle  

DI  Direct Injection 

DCT  Dual Clutch Transmission (aka DSG) 

DOHC Dual Overhead Cams 

DS  Down Sized 

DSG  Dual Shit Gearbox (aka DCT) 

DVVT Dual Variable Valve Timing 

ED&T  Engineering, Design, and Testing 

EGR  Exhaust Gas Recirculation 

GDI  Gasoline Direct Injection 

HEV  Hybrid Electric Vehicle 

ICE  Internal Combustion Engine 

ICCT  International Council on Clean Transportation 

ICM  Indirect Cost Multiplier 

MT  Manual Transmission 

NA  Naturally Aspirated  

NIDMC Net Incremental Direct Manufacturing Cost 

NITC  Net Incremental Technology Cost 

PFI  Port Fuel Injected 

SG&A Selling, General and Administrative 

SHOC  Single Overhead Cam 

SUV  Sport Utility Vehicle 

US-EPA  United States Environmental Protection Agency 

VVT  Variable Valve Timing 

VVTL  Variable Valve Timing and Lift 

VW  Volkswagen  

    

  


