
 

 
Analysis Report BAV 11-683-001 

September 27, 2012 

Page 1  

 

 

 

 
 

 
Light-Duty Vehicle Technology Cost Analysis ï European Vehicle 

Market, Additional Case Studies (Phase 2) 
 

Analysis Report BAV 11-683-001 

 
 

 

 
 

Prepared for: 
 

International Council on Clean Transportation 
1225 I Street NW, Suite 900 

Washington DC, 20005 

http://www.theicct.org/ 
 
 

Submitted by: 
 

FEV 
4554 Glenmeade Lane 
Auburn Hills, MI  48326 

Phone: (248) 373-6000 ext. 2411 
Email: kolwich@fev.com 

 
 
 
 

September 27, 2012 
 
 
 
 
 
 
 
 

Contents 

http://www.theicct.org/
mailto:kolwich@fev.com


 Analysis Report BAV 11-683-001 
September 27, 2012 

Page 2  

 

 

Section Page 

A. Executive Summary 10 

A.1 Project Overview 10 

A.2 Analysis Methodology 11 

A.3 Analysis Results 13 

B. Introduction 22 

B.1 Project Overview 22 

B.2 Technologies Analyzed in the Phase 2 Analysis 24 

B.3 Process Overview 26 

B.3.1 Development of Net Incremental Direct Manufacturing Costs 26 

B.3.2 Development and Application of Scaling Factors to Translate 
NIDMC from Lead Case Study to Alternative Vehicle Segments 34 

B.3.3 Application of Learning Factors and Indirect Cost Multiplier (ICMs) 
to Net Incremental Direct Manufacturing Costs 37 

B.4 Manufacturing Assumption Overview 44 

C. Database Updates 47 

D. Case Study Results 49 

D.1 Engine Downsizing Analysis, Diesel Engines 50 

D.1.1 Technology Overview 50 

D.1.2 Study Assumptions ï Case Study Specific 51 

D.1.3 Study Hardware Boundary Conditions 52 

D.1.4 Components Evaluated in the Analysis 53 

D.1.5 Cost Strategy Overview on Lead Case Study 54 

D.1.6 Vehicle Segment Scaling Methodology Overview 56 

D.1.7 Cost Analysis Results Summary 58 

D.2 Advance High Pressure Injection Analysis, Diesel Engines 62 

D.2.1 Technology Overview 62 

D.2.2 Study Assumptions ï Case Study Specific 64 

D.2.3 Study Hardware Boundary Conditions 64 

D.2.4 Components Evaluated in the Analysis 65 

D.2.5 Cost Strategy Overview on Lead Case Study 71 



 Analysis Report BAV 11-683-001 
September 27, 2012 

Page 3  

 
D.2.6 Vehicle Segment Scaling Methodology Overview 72 

D.2.7 Cost Analysis Results Summary 73 

D.3 Variable Valve Timing and Lift Valvetrain (VVTL) Analysis, Diesel 
Engines 75 

D.3.1 Technology Overview 75 

D.3.2 Study Assumptions ï Case Study Specific 75 

D.3.3 Study Assumption Hardware Boundary Conditions 76 

D.3.4 Components Evalauated in the Analysis 77 

D.3.5 Cost Strategy Overview on Lead Case Study 81 

D.3.6 Vehicle Segment Scaling Methodology Overview 82 

D.3.7 Cost Analysis Results Summary 83 

D.4 High-Pressure, Low-Pressure Cooled Exhaust Gas Recirculation 
(EGR) Analysis, Diesel Engines 86 

D.4.4 Components Evaluated in the Analysis 89 

D.4.7 Cost Analysis Results Summary 93 

D.5 Cooled, Low Pressure EGR Compared to Uncooled, Low Pressure 
EGR Analysis, Gasoline Engines 95 

D.5.1 Technology Overview 95 

D.5.2 Study Assumptions ï Case Study Specific 98 

D.5.3 Study Hardware Boundary Conditions 98 

D.5.4 Components Evaluated in the Analysis 100 

D.5.5 Cost Strategy Overview on Base Analysis 101 

D.5.6 Vehicle Segment Scaling Methodology Overview 103 

D.5.7 Cost Analysis Results Summary 104 

D.6 Addition of Cooled Low Pressure EGR Compared to a Conventional 
ICE with no Existing EGR Subsystem. 106 

D.6.1 Technology Overview 106 

D.6.2 Study Hardware Boundary Conditions 106 

D.6.3 Components Evaluated in the Analysis 107 

D.6.4 Cost Strategy Overview on Base Analysis 108 

D.6.5 Vehicle Segment Scaling Methodology Overview 109 

D.6.6 Cost Analysis Results Summary 111 

D.7 6-Speed, Dry, Dual Clutch Transmission Analysis 113 



 Analysis Report BAV 11-683-001 
September 27, 2012 

Page 4  

 
D.7.1 Technology Overview 113 

D.7.2 Study Assumptions ï Case Study Specific 114 

D.7.2.1 DCT Technology Details 115 

D.7.3 Study Hardware Boundary Conditions 121 

D.7.4 Components Evaluated in the Analysis 121 

D.7.5 Cost Strategy Overview on Lead Case Study 122 

D.7.6 Vehicle Segment Scaling Methodology Overview 124 

D.7.7 Cost Analysis Results Summary 126 

D.8 Belt-Driven Starter-Generator (BSG), Stop-Start Hybrid Electric 
Vehicle Analysis ï Gasoline Engine, Manual Transmission 129 

D.8.1 Stop-Start Technology Overview 129 

D.8.1.1 Belt-Driven Starter Generator (BSG) 129 

D.8.1.2 Enhanced Starter System 131 

D.8.1.3 Direct Starter 131 

D.8.1.4 Integrated/Crankshaft Starter Generator (ISG/CSG) 132 

D.8.1.5 Comparison of Four Stop-start Systems 134 

D.8.2 Study Assumptions ï Case Study Specific 136 

D.8.3 Study Hardware Boundary Conditions 136 

D.8.4 Components Evaluated 138 

D.8.5 Cost Strategy Overview on Base Analysis 140 

D.8.6 Vehicle Segment Scaling Methodology Overview 141 

D.8.7 Cost Analysis Results Summary 142 

E. Glossary of Terms 145 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Analysis Report BAV 11-683-001 
September 27, 2012 

Page 5  

 

Figures 
NUMBER                                                                                                                                                                                                     PAGE 

                                                                                                                                                                                           

FIGURE B-1: PROCESS STEPS FOR DEVELOPING NET INCREMENTAL COSTS FOR NEW ADVANCE POWERTRAIN 

TECHNOLOGY CONFIGURATIONS ....................................................................................................................... 23 

FIGURE B-2: SAMPLE OF COMPONENTS REMOVED DURING HIGH LEVEL TEARDOWN OF FUEL INDUCTION SYSTEM .. 29 

FIGURE B-3:INITIAL LEVEL OF INJECTOR TEARDOWN .................................................................................................. 30 

FIGURE B-4: STEP 1 - CALCULATE NET INCREMENTAL DIRECT MANUFACTURING COSTS, FOR SELECTED ADVANCE 

POWERTRAIN TECHNOLOGY CONFIGURATIONS, FOR SELECTED VEHICLE SEGMENTS INTERACTION (PART 1 OF 

2) ....................................................................................................................................................................... 32 

FIGURE B-5: STEP 1 - CALCULATE NET INCREMENTAL DIRECT MANUFACTURING COSTS, FOR SELECTED ADVANCE 

POWERTRAIN TECHNOLOGY CONFIGURATIONS, FOR SELECTED VEHICLE SEGMENTS INTERACTION (PART 2 OF 

2) ....................................................................................................................................................................... 33 

FIGURE B-6: ILLUSTRATION OF BILL OF MATERIAL STRUCTURE USED IN COST ANALYSIS .......................................... 34 

FIGURE B-7: PROCESS STEP OVERVIEW FOR SCALING INCREMENTAL DIRECT MANUFACTURING COSTS TO 

ALTERNATIVE VEHICLE SEGMENTS ................................................................................................................... 36 

FIGURE B-8: PROCESS STEPS TO DEVELOP NET INCREMENTAL TECHNOLOGY COST ................................................... 39 

FIGURE B-9: NET INCREMENTAL TECHNOLOGY COST CALCULATOR TEMPLATE W/ NIDMCS LOADED ...................... 40 

FIGURE B-10 : NET INCREMENTAL TECHNOLOGY COST CALCULATOR TEMPLATE W/ L-NIDMCS .............................. 41 

FIGURE B-11: NET INCREMENTAL TECHNOLOGY COST CALCULATOR TEMPLATE W/ INDIRECT COSTS ....................... 42 

FIGURE B-12: NET INCREMENTAL TECHNOLOGY COST CALCULATOR TEMPLATE ï COMPLETE .................................. 43 

FIGURE D-1: ELIMINATING ONE CYLINDER ................................................................................................................. 52 

FIGURE D-2: COMMON RAIL DIESEL INJECTION SYSTEM ............................................................................................. 63 

FIGURE D-3: LOW-PRESSURE AND HIGH-PRESSURE PART OF THE INJECTION SYSTEM ................................................ 64 

FIGURE D-4: HIGH-PRESSURE COMPONENTS OF COMMON RAIL SYSTEM .................................................................... 65 

FIGURE D-5: TEAR DOWN OF HIGH PRESSURE PUMP ................................................................................................... 66 

FIGURE D-6: DISASSEMBLED HIGH PRESSURE PUMP IN DETAIL..................................................................................... 66 

FIGURE D-7: DISASSEMBLED FUEL INJECTOR .............................................................................................................. 67 

FIGURE D-8: COMPONENTS FOR FURTHER INVESTIGATION .......................................................................................... 67 

FIGURE D-9: MEASURING OF NOZZLE HOLES .............................................................................................................. 68 

FIGURE D-10: DISASSEMBLED PIEZO MODULE ............................................................................................................ 68 

FIGURE D-11: SECTIONED FUEL RAIL  .......................................................................................................................... 69 

FIGURE D-12: ASSUMPTIONS FOR HIGH PRESSURE FUEL SYSTEM MODIFICATIONS (1800 BAR TO 2500 BAR) ............. 70 

FIGURE D-13: FEV HECS CYLINDER HEAD ................................................................................................................ 76 

FIGURE D-14: DUAL LIFT ROCKER ARM ...................................................................................................................... 78 

FIGURE D-15: FUNCTIONAL PRINCIPLES OF DUAL LIFT ROCKER ARM WITH TRIPLE CAM PROFILES ........................... 78 

FIGURE D-16: MAIN COMPONENTS FOR THE VARIABLE CAM TIMING  .......................................................................... 79 

FIGURE D-17: DIESEL HP-EGR SYSTEM ...................................................................................................................... 86 

FIGURE D-18: HP-/LP-EGR SYSTEM ........................................................................................................................... 88 



 Analysis Report BAV 11-683-001 
September 27, 2012 

Page 6  

 
FIGURE D-19: EGR CALCULATED PART COSTS ........................................................................................................... 90 

FIGURE D-20: EGR COMMODITY COSTS ï LOW IMPACT PARTS .................................................................................. 90 

FIGURE D-21: EGR COMMODITY COSTS ï PURCHASED PARTS .................................................................................... 91 

FIGURE D-22: PART LOAD AREA (RED FRAME) ............................................................................................................ 95 

FIGURE D-23: FUEL CONSUMPTION IMPROVEMENT WITH PART LOAD EGR ................................................................ 96 

FIGURE D-24: HIGH-LOAD AREA WITH ENRICHMENT (RED FRAME) ............................................................................ 96 

FIGURE D-25: BASE-EGR-SYSTEM (UNCOOLED LP-EGR) .......................................................................................... 99 

FIGURE D-26: UPGRADED EGR SYSTEM (COOLED LP EGR) ..................................................................................... 100 

FIGURE D-27: BASE SYSTEM (NO EGR) .................................................................................................................... 106 

FIGURE D-28: UPGRADED EGR SYSTEM (COOLED LP EGR) ..................................................................................... 107 

FIGURE D-29: C635 MT  AND DCT VERSIONS ............................................................................................................ 115 

FIGURE D-30:  CROSS-SECTION OF C635 DRY-DCT .................................................................................................. 116 

FIGURE D-31: DUAL CLUTCH UNIT C635 DRY DCT .................................................................................................. 117 

FIGURE D-32: THE HYDRAULIC POWER UNIT (HPU) ................................................................................................. 118 

FIGURE D-33 :  THE COMPLETE CLUTCH ACTUATION MODULE (CAM) (UPPER AND LOWER VIEW) ........................... 119 

FIGURE D-34: COMPLETE ACTUATION SYSTEM HYDRAULIC CIRCUIT ....................................................................... 120 

FIGURE D-35: LAYOUT OF THE COMPLETE ACTUATION SYSTEM AND INSTALLATION ON THE C635 DDCT .............. 120 

FIGURE D-36:  LAYOUT DIFFERENCE BETWEEN MT  AND DCT .................................................................................. 121 

FIGURE D-37: WEIGHT IN DEPENDENCE ON INPUT TORQUE (MANUAL TRANSMISSIONS) ........................................... 125 

FIGURE D-38: SYSTEM LAYOUT OF BELT-DRIVEN STARTER GENERATOR (BSG) ...................................................... 130 

FIGURE D-39: SYSTEM LAYOUT ï ENHANCED STARTER ............................................................................................ 131 

FIGURE D-40: SYSTEM LAYOUT ï DIRECT STARTER .................................................................................................. 132 

FIGURE D-41: SYSTEM LAYOUT OF INTEGRATED STARTER GENERATOR (ISG) .......................................................... 133 

FIGURE D-42: STOP-START SYSTEM COMPARISON ..................................................................................................... 134 

FIGURE D-43:  CONVENTIONAL POWERTRAIN TECHNOLOGY CONFIGURATION (TOP); STOP-START BSG TECHNOLOGY 

CONFIGURATION (BOTTOM) ............................................................................................................................. 137 

FIGURE D-44: CONTROL UNIT CIRCUIT BOARD ......................................................................................................... 138 

FIGURE D-45: BELT TENSIONER ASSEMBLIES ............................................................................................................ 138 

FIGURE D-46: STARTER, GENERATOR AND STARTER-GENERATOR ASSEMBLIES ....................................................... 139 

FIGURE D-47: NEW TECHNOLOGY BATTERY, MOUNTING BRACKET &  HARNESS ...................................................... 139 

FIGURE D-48: NEW TECHNOLOGY RELAY , RELAY SHIELD &  HARNESS .................................................................... 139 

FIGURE D-47: STOP-START CLUTCH SENSOR AND WIRE HARNESS (LEFT), BRAKE SENSOR AND WIRE HARNESS 

(CENTER), AND NEUTRAL POSITION SENSOR AND HARNESS (RIGHT) .............................................................. 140 

FIGURE D-50: BSG CONTROL UNIT (AKA ELECTRONIC TRANSFORMER), MOUNTING BRACKET AND ASSOCIATED 

WIRE HARNESSES ............................................................................................................................................ 140 

 

file:///D:/11-683-001%20ICCT/PART_A_Overall_Program_Data/A11_Reports_Manuals/Final%20Reports/ICCT%20Phase%202%20Final%20Report%20072312B.docx%23_Toc332010822
file:///D:/11-683-001%20ICCT/PART_A_Overall_Program_Data/A11_Reports_Manuals/Final%20Reports/ICCT%20Phase%202%20Final%20Report%20072312B.docx%23_Toc332010822


 Analysis Report BAV 11-683-001 
September 27, 2012 

Page 7  

 

Tables 

Number    Page 

TABLE A-1:  ENGINE DOWNSIZING COSTS ANALYSIS RESULTS (DIESEL ENGINES) ..................................................... 14 

TABLE A-2: HIGH PRESSURE FUEL INJECTION SYSTEM COST ANALYSIS RESULTS (DIESEL ENGINES) ........................ 15 

TABLE A-3: DISCRETE VARIABLE VALVE TIME &  L IFT SYSTEM COST ANALYSIS RESULTS (DIESEL ENGINES) .......... 16 

TABLE A-4: HIGH PRESSURE, LOW PRESSURE COOLED EGR SYSTEM COST ANALYSIS RESULTS (DIESEL ENGINES) . 17 

TABLE A-5: COOLED LOW PRESSURE EGR (COMPARED TO UNCOOLED LOW PRESSURE EGR) SYSTEM COST 

ANALYSIS RESULTS (GASOLINE ENGINES) ........................................................................................................ 18 

TABLE A-6: COOLED LOW PRESSURE EGR (COMPARED TO ICE WITH NO EGR) SYSTEM COST ANALYSIS RESULTS 

(GASOLINE ENGINES) ......................................................................................................................................... 19 

TABLE A-7: 6-SPEED, DRY, DUAL CLUTCH TRANSMISSION COST ANALYSIS RESULTS ............................................... 20 

TABLE A-8: BELT-DRIVEN, STARTER-GENERATOR (BSG) STOP-START HYBRID ELECTRIC VEHICLE SYSTEM COST 

ANALYSIS RESULTS ........................................................................................................................................... 21 

TABLE B-1: VEHICLE SEGMENTS CLASSIFICATION DEFINED IN ANALYSIS .................................................................. 27 

TABLE B-2: UNIVERSAL CASE STUDY ASSUMPTION UTILIZED IN EUROPEAN ANALYSIS ............................................. 45 

TABLE D-1: COMPARISON OF BASELINE AND DOWNSIZED ENGINE.............................................................................. 51 

TABLE D-2 DIFFERENCES OF THE "ADVANCED" TECHNOLOGY IN CONTRAST TO THE "BASELINE" TECHNOLOGY ....... 53 

TABLE D-3: COSTING METHODOLOGY FOR "REDUCED NUMBER OF COMPONENTS" .................................................... 54 

TABLE D-4: COSTING METHODOLOGY FOR ñDESIGN MODIFICATIONSò ....................................................................... 55 

TABLE D-5: COSTING METHODOLOGY FOR "SUBSTITUTED COMPONENTS" ................................................................. 55 

TABLE D-6: COSTING METHODOLOGY FOR "ADDITIONAL COMPONENTS" ................................................................... 55 

TABLE D-7: SCALING METHODOLOGY FOR "REDUCED NUMBER OF COMPONENTS" .................................................... 56 

TABLE D-8: SCALING METHODOLOGY FOR "DESIGN MODIFICATIONS" ....................................................................... 57 

TABLE D-9: SCALING METHODOLOGY FOR "SUBSTITUTED COMPONENTS" ................................................................. 57 

TABLE D-10: SCALING METHODOLOGY FOR "ADDITIONAL COMPONENTS" ................................................................. 58 

TABLE D-11: NET INCREMENTAL COSTS FOR DIESEL ENGINE DOWNSIZING (1 OF 2) ................................................... 59 

TABLE D-12 : NET INCREMENTAL TECHNOLOGY COSTS FOR DIESEL ENGINE DOWNSIZING ........................................ 61 

TABLE D-13: COSTING METHODOLOGY FOR INJECTION SYSTEM MODIFICATIONS ...................................................... 71 

TABLE D-14: SCALING FACTORS FOR INJECTION SYSTEM COMPONENTS ..................................................................... 72 

TABLE D-15: NET INCREMENTAL DIRECT MANUFACTURING COSTS FOR A 2500 BAR FUEL INJECTION SYSTEM 

COMPARED TO AN 1800 BAR SYSTEM ................................................................................................................ 73 

TABLE D-16: NET INCREMENTAL TECHNOLOGY COSTS FOR 2500 BAR FUEL INJECTION SYSTEM COMPARED TO A 

1800 BAR SYSTEM ............................................................................................................................................. 74 

TABLE D-17: ENGINE SPECIFICATIONS ......................................................................................................................... 77 

TABLE D-18: REQUIRED UPDATES TO ADD VVTL  TECHNOLOGY TO A DIESEL ENGINE WITH CONVENTIONAL 

VALVETRAIN TECHNOLOGY ............................................................................................................................... 80 

TABLE D-19: COSTING METHODOLOGY FOR COMPONENTS OF THE VARIABLE VALVE LIFT ........................................ 81 



 Analysis Report BAV 11-683-001 
September 27, 2012 

Page 8  

 
TABLE D-20: COSTING METHODOLOGY FOR COMPONENTS OF THE VARIABLE CAM TIMING  ....................................... 81 

TABLE D-21 : SCALING METHODOLOGY FOR THE VARIABLE CAM TIMING .................................................................. 82 

TABLE D-22: SCALING METHODOLOGY FOR THE VARIABLE VALVE L IFT .................................................................... 82 

TABLE D-23: INCREMENTAL DIRECT MANUFACTURING COSTS FOR REPLACING A CONVENTIONAL VALVETRAIN 

SUBSYSTEM WITH A VVTL  VALVETRAIN SUBSYSTEM ...................................................................................... 84 

TABLE D-24: NET INCREMENTAL TECHNOLOGY COSTS FOR REPLACING A CONVENTIONAL VALVETRAIN SUBSYSTEM 

WITH A VVTL  VALETRAIN SUBSYSTEM ............................................................................................................ 85 

TABLE D-25: TECHNICAL DATA OF JETTA ENGINE ...................................................................................................... 87 

TABLE D-26: DIFFERENCES OF DIESEL EGR COMPONENTS .......................................................................................... 89 

TABLE D-27: SCALING FACTORS FOR DIESEL EGR ANALYSIS ..................................................................................... 92 

TABLE D-28: NET INCREMENTAL DIRECT MANUFACTURING COSTS FOR REPLACING A COOLED HP-EGR SUBSYSTEM 

WITH A HP, COOLED LP-EGR SUBSYSTEM ........................................................................................................ 93 

TABLE D-29: NET INCREMENTAL TECHNOLOGY COSTS FOR REPLACING A COOLED HP-EGR SUBSYSTEM WITH A HP, 

COOLED LP-EGR SUBSYSTEM ........................................................................................................................... 94 

TABLE D-30: GASOLINE EGR ENGINE SPECIFICATIONS ............................................................................................... 99 

TABLE D-31: COMPONENT MODIFICATIONS FOR UPDATING FROM UNCOOLED LOW-PRESSURE EGR TO COOLED LOW-

PRESSURE EGR, GASOLINE ENGINE APPLICATION .......................................................................................... 101 

TABLE D-32: COSTING METHODOLOGY FOR "DESIGN MODIFICATIONS" ................................................................... 102 

TABLE D-33: COSTING METHODOLOGY FOR "SUBSTITUTED COMPONENTS" ............................................................. 102 

TABLE D-34: COSTING METHODOLOGY FOR "ADDITIONAL COMPONENTS" ............................................................... 102 

TABLE D-35: SCALING METHODOLOGY FOR GASOLINE EGR ANALYSIS .................................................................... 103 

TABLE D-36: NET INCREMENTAL DIRECT MANUFACTURING COSTS FOR REPLACING AN UNCOOLED LP EGR 

SUBSYSTEM WITH A COOLED LP EGR SUBSYSTEM (GASOLINE ICE) .............................................................. 104 

TABLE D-37: NET INCREMENTAL TECHNOLOGY COSTS FOR REPLACING AN UNCOOLED LP EGR SUBSYSTEM WITH A 

COOLED LP EGR SUBSYSTEM (GASOLINE ICE) .............................................................................................. 105 

TABLE D-38: REQUIRED COMPONENTS AND MODIFICATIONS FOR UPDATING A BASELINE ICE (NO EGR) WITH 

COOLED LOW-PRESSURE EGR, GASOLINE ENGINE APPLICATION ................................................................... 107 

TABLE D-39: COSTING METHODOLOGY FOR "DESIGN MODIFICATIONS" ................................................................... 109 

TABLE D-40: COSTING METHODOLOGY FOR "ADDITIONAL COMPONENTS" ............................................................... 109 

TABLE D-41: SCALING METHODOLOGY FOR GASOLINE EGR ANALYSIS .................................................................... 110 

TABLE D-42: NET INCREMENTAL DIRECT MANUFACTURING COSTS FOR ADDING A COOLED LP EGR SUBSYSTEM TO 

A GASOLINE ICE .............................................................................................................................................. 111 

TABLE D-43: NET INCREMENTAL TECHNOLOGY COSTS FOR ADDING A COOLED LP EGR SUBSYSTEM TO A GASOLINE 

ICE .................................................................................................................................................................. 112 

TABLE D-44: DUAL CLUTCH TRANSMISSIONS ï WET VS. DRY .................................................................................. 114 

TABLE D-45: MECHANICAL CHARACTERISTIC OF C635 DRY-DCT ........................................................................... 116 

TABLE D-46: EVALUATED COMPONENTS OF DCT AND MT ....................................................................................... 122 

TABLE D-47: TRANSMISSION COMPONENTS EVALUATED USING FULL COSTING TYPE METHODOLOGY ................... 123 

TABLE D-48: TRANSMISSION COMPONENTS EVALUATED USING LOW IMPACT COSTING TYPE METHODOLOGY ....... 123 



 Analysis Report BAV 11-683-001 
September 27, 2012 

Page 9  

 
TABLE D-49: TRANSMISSION COMPONENTS EVALUATED USING PURCHASED PART COSTING TYPE METHODOLOGY

 ......................................................................................................................................................................... 124 

TABLE D-50: TRANSMISSION SCALING METHODOLOGY ............................................................................................ 125 

TABLE D-51: NET INCREMENTAL DIRECT MANUFACTURING COSTS FOR REPLACING AN 6-SPEED MANUAL 

TRANSMISSION WITH A DRY, DUAL CLUTCH TRANSMISSION (DCT) ............................................................... 127 

TABLE D-52: NET INCREMENTAL TECHNOLOGY COSTS FOR REPLACING AN 6-SPEED MANUAL TRANSMISSION WITH A 

DRY, DUAL CLUTCH TRANSMISSION (DCT) .................................................................................................... 128 

TABLE D-53: BASELINE TECHNOLOGY CONFIGURATION ï COSTING TYPE METHODOLOGY ...................................... 140 

TABLE D-54:  BSG STOP-START ï COSTING TYPE METHODOLOGY ........................................................................... 141 

TABLE D-55: SCALING FACTORS FOR STOP-START BSG TECHNOLOGY CONFIGURATION ......................................... 142 

TABLE D-56: NET INCREMENTAL DIRECT MANUFACTURING COSTS FOR ADDING A BSG STOP-START SYSTEM TO A 

CONVENTIONAL POWERTRAIN VEHICLE .......................................................................................................... 143 

TABLE D-57: NET INCREMENTAL TECHNOLOGY COSTS FOR COSTS FOR ADDING A BSG STOP-START SYSTEM TO A 

CONVENTIONAL POWERTRAIN VEHICLE .......................................................................................................... 144 

 

 

 



 Analysis Report BAV 11-683-001 
September 27, 2012 

Page 10  

 

A.  Executive Summary 

A.1 Project Overview 

The International Council on Clean Transportation (ICCT) contracted with FEV, Inc. to 

define the net incremental costs for a set of 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 cost analysis work covered in this report is a continuation of the work initiated in 

phase 1 of the project. The phase 1 analysis focused on the transfer and conversion of 

information and results from existing advance vehicle powertrain cost analysis studies 

performed by FEV, based on U.S. market trends and manufacturing cost structures, into 

comparable European cost studies. The original U.S. cost studies were performed by FEV 

for the United States Environmental Protection Agency (EPA). Advance powertrain 

technologies studied in the phase 1 analysis work included downsized, turbocharged, 

gasoline direct injection engine case studies, 6-speed versus 8-Speed automatic and dual 

clutch transmission case studies, and power-split and P2 hybrid electric vehicle case 

studies. Additional details may be found in ICCT published report ñLight-Duty Vehicle 

Technology Cost Analysis ïEuropean Vehicle Market (Phase 1)ò. 

In the phase 2 analysis work, new advance powertrain technologies were evaluated.  

Since the technologies were not previously studied, as either part of ICCT or EPA work 

assignments, new teardowns, hardware assessments, and cost modeling was required as 

discussed below.  Case studies included in the phase 2 work included: 

Diesel Engines Analyses 

¶ Engine Downsizing (I4ŸI3, I4ŸSmaller I4, I6ŸI4, V8ŸI6) 

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

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

¶ High Pressure, Low Pressure Cooled Exhaust Gas Recirculation (EGR) System 

Compared to High Pressure Cooled EGR System 

Gasoline Engines Analysis 

¶ Low Pressure Cooled EGR Compared to  Low Pressure Uncooled EGR System 

¶ Addition of Low Pressure Cooled EGR to Conventional ICE without External EGR 

Transmission Analysis 

¶ 6-Speed Dry Dual Clutch Transmission Compared to 6-Speed Manual Transmission 
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Micro Hybrid Analysis  

¶ Conventional Powertrain with Addition of Belt-Driven, Starter-Generator (BSG) Stop-

start System Compared to Conventional Powertrain without Stop-start System. 

 

A.2 Analysis Methodology 

The cost assessment methodology, similar to that applied in previous EPA analyses, is 

based on detailed teardowns, hardware comparisons, and costing of key components and 

assemblies. For each analysis a new technology configuration selected (i.e., the advance 

technology offering) is evaluated against a baseline vehicle technology configuration 

(i.e., current technology becoming the standard in the industry) having similar overall 

driving performance. Both the new and baseline technology configurations are 

completely dis-assembled to a point were accurate assessments on component differences 

between both technology configurations can be made. Components assessed as 

equivalent in value, between the new and baseline technology, are eliminated from any 

further analysis. Components which are different (i.e., added, deleted and/or modified) 

are evaluated for costs. The component differences are costed using detailed cost models 

representative of automotive part suppliers and OEM vehicle manufacturing processes 

and cost factors.  

When conducting the cost analysis for each technology configuration, a number of 

assumptions and boundary conditions are made upfront in the analysis (e.g. 

manufacturing location, manufacturing volumes, product maturity).  The same 

assumptions and boundary conditions are applied to both the new and baseline 

technology configurations establishing a consistent framework for all costing, resulting in 

a level playing field for comparison.  All technology configurations evaluated in this 

study use the same universal boundary conditions.  Since the long term cost effectiveness 

of these technologies are being sought, boundary conditions representing mature, mass-

produced components were assumed (e.g. mature product designs, high production 

volume, products in service for several years at high volume, significant market place 

competition). Important to note, no long-term forecasting of material costs, labor costs or 

manufacturing costs are utilized in the analysis.  The costs calculated in the analysis are 

based on production costs in the 2010/2011 timeframe. 

The costs presented in this report are comprised of three parts: incremental direct 

manufacturing costs, addition of OEM indirect manufacturing costs, and cost adjustment 

based on learning factors. The incremental direct manufacturing cost is the incremental 

difference in cost of components, to the OEM, between the new technology configuration 

and the baseline technology configuration. Included in the incremental direct 

manufacturing costs are fixed and variable manufacturing costs (i.e., material, labor and 
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manufacturing overhead costs) and supplier mark-up costs (end-item scrap, selling, 

general and administrative costs, engineering, design and testing costs, and profit).  

To account for OEM indirect costs, which includes OEM mark-up and other cost factors 

(e.g., production tooling), indirect cost multipliers (ICMs) are applied to the calculated 

incremental direct manufacturing cost.  The ICM values used for the technologies 

evaluated in the ICCT European analysis are the same as those used by the United States 

Environmental Protection Agency (EPA) and National Highway Traffic Safety 

Administration (NHTSA) in developing the ñDraft Joint Technical Support Document: 

Proposed Rulemaking for 2017-2025 Light-Duty Vehicle Greenhouse Gas Emission 

Standards & Corporate Average Fuel Economy Standardsò. (Report EPA-420-D-11-901, 

November 2011). 

As discussed above, for all technologies evaluated, the same set of boundary conditions 

are assumed in developing the incremental direct manufacturing costs. To account for 

differences between the boundary conditions assumed in each analysis, and the estimated 

market place conditions, as a function of production year, learning factors are applied to 

the increment direct manufacturing costs. The learning factors are assigned based on 

technology complexity and maturity; impartial to cost impact.  Based on the EPA 

methodology, a new technology configuration which has a direct manufacturing cost 

savings over the baseline configuration will have less of a savings in the future relative to 

the present. 

The learning factors used in the phase 2 ICCT analysis are also referenced from the EPA 

and NHTSA draft joint technical support document with the exception of one result 

outcome. For new technology configurations which resulted in a savings relative to the 

baseline technology configuration, the learning factor was held constant at one (1) for all 

production years evaluated (i.e., 2012 thru 2025).  This signifies no change in cost 

savings as the technology matures.  In contrast, the EPA methodology treats new 

technology configurations with a cost increase or decrease the same.  

For each of the studies evaluated, the incremental direct manufacturing costs are provided 

separately and with the added indirect cost multipliers and learning factors applied for 

production years 2012, 2016, 2020 and 2025. 

Initially, only one case study was evaluated for each technology configuration (e.g. diesel 

high pressure injection, dry dual clutch transmission, micro hybrid electric vehicle). 

Technical teams helped in the hardware selection process to ensure the hardware under 

evaluation, for both the baseline and new technology configurations, were most 

representative of the current technology in the industry, and the new technology, most 

likely candidate to succeed in the future. Once the primary case studies were completed 

for each technology configuration, scaling factors were applied to scale the technology 

costs to alternative vehicle segments and powertrain configurations. Six (6) different 

vehicle segments were evaluated in the analysis.  In some cases multiple powertrain 

configurations were evaluated for a given vehicle segment. For example, the subcompact 
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vehicle segment has either an I3 or I4 engine configuration available.  In the diesel high 

pressure injection system analysis, two cost analyses were required to account for the 

differences in the I3 versus I4 fuel induction system. In other analyses, like the 6-speed 

MT compared to the 6-speed dry DCT, the engine configuration differences had no 

bearing on the transmission costs, so only one powertrain configuration was evaluated in 

the subcompact vehicle segment. 

 

A.3 Analysis Results 

Tables A-1 through A-8 provide a summary of the calculated incremental costs for each 

of the technologies and six (6) vehicle segments evaluated for the European market 

analysis.  Each cost analysis has a case study number (3
rd
 column in table). The first two 

digits identify the technology (i.e., 02** = engine downsizing analysis) and the second 

two digits identify the vehicle segment (i.e., **00 = subcompact passenger vehicle 

segment). The letter following the four digit number represents one possible powertrain 

option in that particular vehicle segment (i.e., 0200B = engine downsizing analysis, 

subcompact passenger vehicle segment, I4 engine configuration). In this particular 

example the letter ñAò would signify an I3 engine configuration for the same analysis and 

vehicle segment. For the downsizing analysis, the smallest engine downsizing case study 

evaluated was an I4 compared to an I3. 

 

The tables present incremental direct manufacturing costs and net incremental costs 

(direct manufacturing and indirect costs) plus learning. The incremental direct 

manufacturing costs are calculated based on 2010/2011 economics, high production 

volumes (450K units/year), and mature market conditions. A complete list of boundary 

conditions assumed in the analysis is provided in the report. The net incremental costs, 

shown for production years 2012, 2016, 2020, and 2025, include factors to account for 

indirect manufacturing cost contributions and learning adjustments. An overview of the 

application of indirect cost multipliers (ICMs) and learning factors to the direct 

manufacturing are also included in the report. The ICM and Learning factors, along with 

application support, was provided by EPA to support the ICCT analysis. 

Funding for this work was generously provided by Stiftung Mercator and the Climate 

Works Foundation. 
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Table A-1:  Engine Downsizing Costs Analysis Results (Diesel Engines) 
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Table A-2: High Pressure Fuel Injection System Cost Analysis Results (Diesel Engines)  
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Table A-3: Discrete Variable Valve Time & Lift System Cost Analysis Results (Diesel Engines)  
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Table A-4: High Pressure, Low Pressure Cooled EGR System Cost Analysis Results (Diesel Engines) 
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Table A-5: Cooled Low Pressure EGR (Compared to Uncooled Low Pressure EGR) System Cost Analysis 

Results (Gasoline Engines) 
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Table A-6: Cooled Low Pressure EGR (Compared to ICE with No EGR) System Cost Analysis Results 

(Gasoline Engines) 
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Table A-7: 6-Speed, Dry, Dual Clutch Transmission Cost Analysis Results   
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Table A-8: Belt-Driven, Starter-Generator (BSG) Stop-Start Hybrid El ectric Vehicle System Cost Analysis 

Results 
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B.  Introduction 

B.1 Project Overview 

The International Council for Clean Transportation (ICCT) contracted with FEV, Inc. to 

determine 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 cost analysis work covered in this report is a continuation of the work initiated in 

phase 1 of the project. The phase 1 analysis focused on the transfer and conversion of 

information and results from existing advance vehicle powertrain cost analysis studies 

performed by FEV, based on U.S. market trends and manufacturing cost structures, into 

comparable European cost studies. The original U.S. cost studies were performed by FEV 

for the United States Environmental Protection Agency (EPA). Advance powertrain 

technologies studied in the phase 1 analysis work included downsized, turbocharged, 

gasoline direct injection engine case studies, 6-speed versus 8-Speed automatic and dual 

clutch transmission case studies, and power-split and P2 hybrid electric vehicle case 

studies. Additional details may be found in ICCT published report ñLight-Duty Vehicle 

Technology Cost Analysis ïEuropean Vehicle Market (Phase 1)ò. 

In the phase 2 analysis work, new advance powertrain technologies, more common found 

the European market were evaluated.  Since the technologies were not previously studied, 

as either part of ICCT or EPA work assignments, new teardowns, hardware assessments, 

and cost modeling was required as discussed below. 

As shown in Figure B-1 below, the process of developing net incremental costs, for 

adding advance light-duty powertrain technologies to convention/baseline powertrain 

configurations, can be summarized in three steps. In step one (1) the Net Incremental 

Direct Manufacturing (NIDMC) are calculated for each of the defined technology 

configurations using a similar costing methodology to that employed in the United States 

Environmental Protection Agency (EPA) cost studies.  For each technology configuration 

studied, a set of hardware representative of the current industry standard, or becoming the 

industry standard, is selected for the new and baseline technology configurations.  The 

selected hardware, and associated vehicle segment, is considered the lead case study for 

developing the NIDMC for the selected technology configuration. In step two (2), Net 

Incremental Direct Manufacturing Costs from the lead case study are scaled to alternative 

vehicle segments.  There are six vehicle segments considered in the analysis.  Due to 

timing and funding constraints, the NIDMC results from the lead case study are scaled to 

the remaining vehicle segments, using relevant powertrain attributes. In the final step, 

step three of cost analysis process, factors are applied to the NIDMCs to account for 

technology maturity differences and OEM indirect costs.  The learning factors account 

for differences in the costs associated with the assumptions made in the cost analysis 
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relative to product and market maturity versus real world conditions (e.g. production 

volumes, market place competition, product maturity, etc.). The application of OEM 

indirect cost factors [also referred to as indirect cost multipliers (ICMs)] account for 

items such as OEM corporate overhead/SG&A, OEM engineering, design and testing 

(ED&T)/R&D, OEM owned tooling, OEM warranty, etc. Both the learning curve factors 

and indirect cost multiples were developed and provided by the United States EPA. More 

details on all three steps of the cost analysis process are covered in Section B.3. 

 

 

Figure B-1: Process Steps for Developing Net Incremental Costs for New Advance Powertrain 

Technology Configurations  
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B.2 Technologies Analyzed in the Phase 2 Analysis 

The following list is the technology configurations evaluated. Each technology selected is 

evaluated against a baseline vehicle technology configuration representative of the 

current state of design with similar overall driving performance. Components that are 

unique to the new technology, as well as components modified to account for the new 

technology adaptation, are identified and analyzed to establish the incremental direct 

manufacturing costs.  

 

Diesel Engines Analyses 

¶ Engine Downsizing  

o Lead Case Study: #2002, Midsize Passenger Vehicle Segment  

Á Baseline Technology Configuration:  2.0L I4, 105kW, 300NÍm BMEP 20 

Bar,  Compression Ration 16.5, Peak Firing Pressure 150 Bar 

Á New Technology Configuration:  (Theoretical) 1.5L I3, 105kW, 300NÍm 

BMEP 27 Bar,  Compression Ration 15.5, Peak Firing Pressure 180 Bar 

¶ High Pressure Fuel Injection System Comparison 

o Lead Case Study: #2102, Midsize Passenger Vehicle Segment 

Á Baseline Technology Configuration:  2.0L I4, 130kW, 350NÍm, 1800 Bar 

Fuel Injection System 

Á New Technology Configuration: (Theoretical) 2.0L I4, å130kW  

å350NÍm, 2500 Bar Fuel Injection System 

¶ Variable Valve Timing and Lift (VVTL) System Comparison 

o Lead Case Study: #2203A, Midsize to Large Passenger Vehicle Segment 

Á Lead Case Study:  Baseline Technology Configuration:  2.0L I4, 150kW, 

400NÍm, Conventional Valvetrain (i.e., no VVT or VVL system) 

Á New Technology Configuration: (Theoretical) 2.0L I4, 150kW  400NÍm, 

FEV High Efficient Combustion System (HECS) VVTL System 

¶ Diesel Exhaust Gas Recirculation (EGR) System Comparison 

o Lead Case Study: #2302, Midsize Passenger Vehicle Segment  

Á Baseline Technology Configuration:  2.0L I4, 103kW, 320NÍm,  Cooled 

High Pressure EGR System 

Á New Technology Configuration:  2.0L I3, 103kW, 320NÍm, High 

Pressure and Cooled Low Pressure EGR  

 

 

 

 



 Analysis Report BAV 11-683-001 
September 27, 2012 

Page 25  

 

Transmission Analysis  

¶ 6-Speed Transmission System Comparison 

o Lead Case Study: #2602, Midsize Passenger Vehicle Segment 

Á Baseline Technology Configuration: 350N*m 6-Speed Manual 

Transmission (MT) 

Á New Technology Configuration:  350N*m 6-Speed Dry Dual Clutch 

Transmission (DCT) 

Micro Hybrid Analysis  

¶ Addition of Stop-start System Technology  

o Lead Case Study: #3000B, Subcompact Passenger Vehicle Segment 

Á Baseline Technology Configuration: 1.5L I4, 70kW Gasoline Engine with 

5-Speed MT. 

Á New Technology Configuration:  Baseline Powertrain Configuration (as 

defined above) with the  addition of a Belt-Driven, Starter-Generator 

(BSG) Stop-start System  

Gasoline Engines Analysis 

¶ Gasoline Exhaust Gas Recirculation (EGR) System Comparison  

o Lead Case Study: #3103A Midsize to Large Passenger Vehicle  

Á Baseline Technology Configuration:  Uncooled Low Pressure EGR 

Á New Technology Configuration: Cooled Low Pressure EGR 

¶ Gasoline Exhaust Gas Recirculation (EGR) System Comparison 

o Lead Case Study: #3203A Midsize to Large Passenger Vehicle  

Á Baseline Technology Configuration:  No External EGR 

Á New Technology Configuration: Cooled Low Pressure EGR 

In addition to the new technology configurations listed above, a Toyota Venza mass-

reduction and cost analysis project was also conducted. The project, similar in work 

scope to the phase 1 ICCT analysis, focused on the transfer and conversion of 

information and results from a North American analysis into a comparable European 

analysis. The North American analysis was co-funded by ICCT and the Unites States 

EPA.  

The primary objective of the EPA and ICCT North American Toyota Venza Mass-

reduction and cost analysis project was to evaluate, and build upon the mass-reduction 

opportunities presented in a prior published Lotus Engineering report.  The report, 

entitled ñAn Assessment of Mass Reduction Opportunities for a 2017-2020 Model Year 

Program,ò was submitted to the Internal Council on Clean Transportation for release 

during March 2010.  
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The target mass-reduction for the project was 20% of the baseline vehicle mass (1710kg) 

or approximately 342kg. In addition to evaluating various mass-reduction ideas for 

functional and performance feasibility, manufacturing feasibility was also evaluated 

ensuring the mass-reduction concepts could be implementation ready for the 2017 

timeframe. Using the same costing methodology as in previous EPA and ICCT studies, 

detailed cost models were developed to assess the financial impact of the mass-reduction 

concepts. The maximum allowable increase in direct manufacturing costs was set at 10% 

or approximately $1670.  

A report summarizing the work completed on the Toyota Venza mass-reduction and cost 

analysis, based on a European manufacturing cost structure, will be issued in the later 

part of 2012. 

  

B.3 Process Overview 

As discussed, Section B.1, the costing methodology is broken into three (3) high level 

steps: 

1. Develop Net Incremental Direct Manufacturing Cost for selected technology 

configurations and lead vehicle segments. 

2. Develop and apply scaling factor to translate costs from lead case study vehicle segment 

to alternative vehicle segments 

3. Apply Learning Factors and Indirect Cost Multiplier (ICMs) to Net Incremental Direct 

Manufacturing Costs, to each technology configuration and vehicle segment analyzed, 

establishing the Net Incremental Technology Costs for each technology and vehicle 

segment combination. 

Additional details on each of the high levels steps discussed above are covered in the 

following three (3) subsections. 

B.3.1 Development of Net Incremental Direct Manufacturing Costs 

The Net Incremental Direct Manufacturing Costs (NIDMCs) costing methodology is 

based heavily on teardowns of both new and baseline technology configurations that have 

similar driving performance metrics. Only components identified as being different, 

within the selected new and baseline technology configurations, as a result of the new 

technology adaptation are evaluated for cost. Component costs are calculated using a 

ground-up costing methodology analogous to that employed in the automotive industry. 

All incremental costs for the new technology are calculated and presented using 

transparent cost models consisting of eight (8) core cost elements: material, labor, 

manufacturing overhead/burden, end item scrap, SG&A (selling general and 

administrative), profit, ED&T (engineering, design, and testing), and packaging.  
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As presented in Section B.2, seven advance powertrain technology configurations were 

evaluated. For each technology configuration a vehicle segment was chosen for the lead 

case study. Selection of the lead vehicle segment was generally based on òbest-fitò of 

technology based on FEV technical team input, and  availability of good comparison 

hardware for both the baseline and new technology configurations. 

For the ICCT analysis, six (6) primary vehicle segments were considered relative to 

adding new advanced powertrain technology configurations. The vehicle segment ID, 

segment descriptions, and vehicle examples representative of the segment are shown in 

Table B-1 below. In some cases vehicle segments were further subdivided; primarily on 

typical engine configurations available in the vehicle segment.  A letter following the 

vehicle segment (i.e., 00A) is used to designate engine configuration differences within 

the vehicle segment. 

Table B-1: Vehicle Segments Classification Defined in Analysis 

Vehicle Segment ID 
Vehicle Segment 

Description 

Typical Engine 

Configuration  
Vehicle Examples 

00A 
Subcompact Passenger 

Vehicle 

Inline Three Cylinder (I3) 

Engine 
VW Polo, Ford Fiesta 

00B 
Subcompact Passenger 

Vehicle 

Inline Four Cylinder (I4) 

Engine 
VW Polo, Ford Fiesta 

01 
Compact or Small 

Passenger Vehicle 

Inline Four Cylinder (I4) 

Engine 
VW Golf, Ford Focus 

02 Midsize Passenger Vehicle 
Inline Four Cylinder (I4) 

Engine 
VW Passat, BMW 3 Series 

03A 
Midsize or Large 

Passenger Vehicle 

Inline Four Cylinder (I4) 

Engine 

VW Sharan, BMW 5 

Series 

03B 
Midsize or Large 

Passenger Vehicle 

Inline Six Cylinder (I6) 

Engine 

VW Sharan, BMW 5 

Series 

04 
Executive, Large Size Passenger Vehicle 

(Not Included in Analysis) 

05 

Small or Midsized, Sport 

Utility, or Cross Over, or 

Mini Van Vehicle  

Inline Four Cylinder (I4) 

Engine 
VW Tiguan, BMW X1/X3 

06A 
Large Sport Utility 

Vehicle 

Inline Six Cylinder (I6) 

Engine 

VW Touareg, BMW 

X5/X6 

06B 
Large Sport Utility 

Vehicle 

V-Eight Cylinder (V8) 

Engine 

VW Touareg, BMW 

X5/X6 
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Listed below, with the aid of Figure B-4 and Figure B-5, is a high-level summary of the 

thirteen (13) major steps taken during the EPA detailed teardown cost analysis process. A 

comprehensive discussion of the costing methodology used to develop the Net 

Incremental Direct Manufacturing Cost can be found in the EPA published report ñLight-

Duty Technology Cost Analysis Pilot Studyò (EPA-420-R-09-020).  

For additional information concerning the terminology used within these steps, please 

reference the glossary of terms at the end of this report. 

Step 1: Using the Powertrain-Vehicle Class Summary Matrix (P-VCSM), a technology 

configuration and vehicle segment is selected for cost analysis. 

Step 2: Existing vehicle models, representing the new technology configuration (i.e., the 

advance technology offering) and a baseline vehicle technology configuration (i.e., 

current technology becoming the standard in the industry), are identified for teardown to 

provide the basis for detailed incremental cost calculations.  

Step 3: Pre-teardown Comparison Bills of Materials (CBOMs) are developed, covering 

hardware that exists in the new and base technology configurations. These high-level 

CBOMs are informed by the teamôs understanding of the new and base technologies and 

serve to identify the major systems and components targeted for teardown. 

Step 4: Phase 1 (high-level) teardown (Figure B-2) is conducted for all subsystems 

identified in Step 3 and the assemblies that comprise them. All high-level processes (e.g., 

assembly process of the high-pressure fuel pump onto the cylinder head assembly) are 

recorded during the disassembly. 
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Figure B-2: Sample of Components Removed During High Level Teardown of Fuel Induction System 

 

Step 5: A cross-functional team (CFT) reviews all the data generated from the high-

level teardown and identifies which components and assumptions should be carried 

forward into the cost analysis. The CBOMs are updated to reflect the CFT input. 

Step 6: When conducting the cost analysis for each technology configuration, a number 

of assumptions and boundary conditions are required up front in the analysis prior to the 

start of any costing work. The same assumptions and boundary conditions are applied to 

both the new and baseline technology configurations, establishing a consistent framework 

for all costing, thereby resulting in a level playing field for comparison. These boundary 

conditions include items such as average annual production volumes, manufacturing 

locations, production year, and technology maturity.  

Step 7: Phase 2 (component/assembly level) teardowns are initiated based on the updated 

CBOMs. Components and assemblies are disassembled and processes and operations are 

mapped in full detail. Photographs of the disassembly process and individual parts are 

captured in Figure B-3. The CBOMs are updated with the additional parts acquired from 

the further level of teardown. At this level of teardown component physical attributes are 

gathered, component materials established, and manufacturing process identified. 
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Figure B-3: Initial  Level of Injector Teardown 

 

Step 8: During the teardown process, all manufacturing operations are captured including 

all key part input data and part specific manufacturing data. For simpler processes and/or 

serial type processes, DFMA® software is used to calculate part manufacturing data 

based on entered part attribute data. For more complex and custom operations and 

processes, external process parameter models are developed. 

In the custom process parameter models, which are developed using Microsoft Excel, 

part input parameters (e.g., material specifications, mass, volume, part geometry, part 

features, etc.) are fed into the models generating key output parameters (e.g., equipment 

type, equipment size, operation cycle times, material usage, etc.). 

Subject matter experts develop and validate the process parameter models. Models are 

refined and validated by running surrogate parts through the analysis, which have 

existing industry data. 

The key calculated manufacturing process data is then uploaded into MAQS worksheets 

(Step 9) to develop the final manufacturing cost.  

Step 9: Manufacturing Assumption and Quote Summary (MAQS) worksheets are 

generated for all parts undergoing the cost analysis. The MAQS details all cost elements 

making up the final unit costs: material, labor, burden, end item scrap, SG&A, profit, 

ED&T, and packaging. 
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Step 10: Parts with high or unexpected cost results are subjected to a marketplace cross-

check, such as comparison with supplier price quotes or wider consultation with 

company and industry resources (i.e., subject matter experts) beyond the CFT. 

Step 11: Al l costs calculated in the MAQS worksheets are automatically inputted into the 

Subsystem Cost Model Analysis Templates (CMAT). The Subsystem CMAT is used to 

display and roll up all the differential costs associated with a subsystem. For example, the 

crank-drive subsystem (reference Figure B-6) is comprised of several sub-subsystems 

(e.g., connecting rod sub-subsystem, piston sub-subsystem, crankshaft sub-subsystem). 

The sub-subsystems comprise of several components and assemblies. As shown in 

Figure B-6, the Connecting Rod sub-subsystem contains several components, including 

the rod-connecting, cap-rod connecting, bearing-rod connecting, and bolt-rod connecting. 

In the Subsystem CMAT Component/Assembly costs are grouped together in their 

respective sub-subsystems, which, in turn, are grouped together providing an incremental 

subsystem cost. 

All parts in a subsystem that are identified for costing in the CBOM are entered into the 

Subsystem CMAT. Also, both the base and new technology configurations are included 

in the same CMAT to facilitate differential cost analysis.  

Step 12: The System CMAT rolls up all the subsystem differential costs to establish a 

final system unit cost. The System CMAT, similar in function to the subsystem CMAT, 

is the document used to display and roll-up all the subsystem costs associated within a 

system as defined by the CBOM. In a System CMAT only the rolled-up subsystem costs 

are provided. For example, for the engine system (Figure B-6), the CMAT would capture 

the cost contribution of each major subsystem: crank-drive subsystem, cylinder block 

subsystem, cylinder head subsystem, valvetrain subsystem, etc. In many study cases, the 

cost analysis is based on comparing the cost differences for a single system (i.e., new 

engine technology configuration versus baseline engine). In these single system case 

studies, the system CMAT provides the incremental direct manufacturing impact. 

Step 13:  In case studies where multiple vehicle systems are evaluated, a vehicle level 

CMAT is required to capture the vehicle Net Incremental Direct Manufacturing Cost 

(NIDMC) impact. In a vehicle CMAT, sub-totals for each vehicle system are presented 

along with a total vehicle incremental direct manufacturing cost. Figure B-6 highlights 

some of the systems which are found in a vehicle analysis, such as Engine, Transmission, 

Body, and Suspension.  
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Figure B-4: Step 1 - Calculate Net Incremental Direct Manufacturing Costs, for Selected Advance Powertrain 

Technology Configurations, for Selected Vehicle Segments Interaction (Part 1 of 2) 


































































































































































































































