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Executive Summary: Key Findings and Recommendations 

 
Synthesis Partners (Synthesis) was tasked by the Department of Energy (DOE) to undertake 
research on the North American (NA) supply chain of technologies for traction drive Power 
Electronics (PE) for plug-in, electric, and hybrid vehicles.  This report addresses: 
 

1. The current PE production leaders (in terms of volume) and how they have succeeded – 
in particular their actions and strategies relevant to NAPE supply-network expansion 
activities. 
 

2. The top constraints or bottlenecks that currently limit NA automotive PE Tier 1-4 
producers from achieving high volume power inverter manufacturing. 
 

3. Alternative scenarios and singular issues that could be leveraged to achieve a significant 
expansion in NA automotive power inverter manufacturing volume.   

 
Key Findings 

 
Task #1: Lessons learned from the current leaders 
 
• Synthesis assessed the paths taken to achieve global automotive traction drive PE 

leadership by Denso, Mitsubishi Electric and Continental 
o Each company was investigated through a limited scope case study 

 
• Synthesis selected the three case study companies from among the global PE production 

leaders in the 2012 Top 10 inverter manufacturer list.   
o These companies consist of the two largest Japanese Tier 1s (Denso and Mitsubishi 

Electric) and the lead European Tier 1 (Continental).  Synthesis ruled out Toyota 
because it produces its own inverters, and our tasking was to focus on Tier 1-4 
supply chain dynamics rather than on internal OEM suppliers. DOE reviewed and 
approved of the selection criteria employed. 
 

• Corporate analogies of each of these companies in terms of American companies are: 
o Denso: Delphi (nee Delco) 
o Mitsubishi Electric: General Electric 
o Continental: no current analogy, unless Goodyear were to buy Hitachi Automotive 

Systems America. 
 

• The different approaches taken to supplier relations by these companies are striking, while 
the success of each is undeniable. 

o Whereas Denso and Mitsubishi Electric operate tightly integrated supply chains that 
institute common internal business standards and practices, Continental maintains a 
competitive Tier 2-4 supplier network with open opportunities for capable companies 
to participate.  Continental does not rely on a vertical integration strategy (e.g., 
Toyota).  Interestingly, Continental began as a tightly integrated firm, and then made 
the strategic decision to expand its supplier base beyond its initial relatively 
constrained supply chain, first to include European suppliers and later to encompass 
NA and Asian suppliers. 
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• The specific lessons learned relevant to NA PE suppliers, including the core ingredients to 
success that were found apply across each of the three companies, include: 

o Long-term, sustaining relationships with OEM(s)  
o Intent and capability to deliver global top-ranked quality, competitiveness and 

volume, and for a broad portfolio of automotive and beyond-automotive products 
§ PE-only does not work 
§ Automotive-only is not sufficient 

o Capability to invest hundreds of millions of dollars over decades  
§ Patient capital linked to global growth strategy 

required 
o Capability to build and sustain competitive facilities wherever the market demands 

and rapidly achieve proximity to fast-growing markets 
o Capability to produce consistent engineering reliability and product quality standards 

– communicated throughout a global supply chain – to achieve optimal supply chain 
value management 
 

Task #2: Top constraints or bottlenecks that currently limit NA automotive PE Tier 1-4 producers  
 
• The issue of declining competitiveness of American automotive engineering and supplier 

networks is a key constraint affecting any potential growth of the American automotive 
supply chain.  Market research data indicates that the loss of market share and 
competitiveness among American suppliers has accelerated as of 2012.  In comparison to 
2011, the 23 American automotive suppliers lost one rank on average in 2012. 
 

• The market for automotive PE is more volatile and a fraction of the size of other PE markets 
such as industrial motors. 
 

•  Low profit margins  
o Profit margins of suppliers to mass market automotive OEMs are low and difficult to 

maintain 
o Anecdotal evidence indicates that profit margins in automotive PE are low relative to 

PE applications in other industries (e.g., oil and gas, industrial motors)  
 

•  Global competition  
o Global suppliers can meet – both through expanded investments in NA (an 

opportunity) and supply from abroad (a constraint) – current and expected demand 
for high-quality traction drive PE products 
 

•  Cost structure of the NA business operating environment 
o Labor and regulatory costs constrain new entrants and capital investment, 

particularly when non-NA sourcing arrangements do not hinder NA PE sales goals 
 

• Lack of reliable information is a constraint on NA PE supply chain revenue growth. OEMs 
and suppliers repeatedly expressed a need for a comprehensive, up-to-date and accessible 
database on the NA PE supply chain to assist OEMs and suppliers to readily identify: 

o Suppliers of target items within a specific geographic area; 
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o Brief descriptions of suppliers capabilities; and 
o Links to suppliers’ websites or other data for more detailed information. 

 
• Similar to the more familiar pyramid supply chain diagram, the following supply chain 

diagram begins with the top point representing the OEMs, then widens out as the number of 
Tier 1, Tier 2 and Tier 3 suppliers are represented.  However, around the Tier 3 level, at the 
widest part of the diagram, a gradual narrowing of the diagram begins to take place, 
representing the smaller number of suppliers at the Tier 4 and below levels.  This narrowing 
continues until the diamond shape is completed again at a point at the base, representing 
the raw material suppliers.  The narrow point at the bottom of the diamond could represent a 
critical weakness in automotive PE supply chain.  This potential brittleness could constrain 
its future growth potential. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Source: Synthesis Partners (2013) 
 
• While OEMs can seek to avoid supply disruptions by working with a range of Tier, 1, 2 or 3 

companies, they appear to remain vulnerable to disruptions at the critical Tier 4 and below 
raw material layers. 
 

• The brittleness finding does not indicate that there are no suppliers for materials essential to 
PE.  Instead, this study has found that for many types of advanced materials and 
components needed for traction drive PE there may be suppliers that could offer products, 
but there are very few competing suppliers at the Tier 4 and below.  This can cause 
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disruptions in cases such as a period of strong market demand in which Tier 1s and 2s are 
seeking to expand production quickly.  At such critical moments, brittleness in the supply 
chain works to constrain supplier volume and can extend the vicious cycle of low production 
volume, higher per unit costs, and the resulting low investment. 
 

• There appear to be at least three factors contributing to the persistence of the present 
supply chain:   

o An insufficient understanding of both the nature of the problem and the level of the 
risk.  The combination of these factors directly reduces the participants’ motivation 
and capability to spur growth in the numbers and quality of Tier 4s and below.   

o Formidable barriers-to-entry exist for would-be new Tier 4s, as the incumbents are 
niche players, have deep connections to the Tier 2 and 3 automotive suppliers, and 
are extensively certified and warranted for automotive work.   

o Profit margins in automotive supply are in general low relative to many other 
industries.  There are significant alternative markets with higher volumes and/or 
higher profit margins, particularly for PE suppliers.   

 
• Inconsistent levels of annual EV/HEV sales and long-term break-even points are likely 

causes of suppliers’ reluctance to commit significant resources.  This further contributes to 
the diamond-shaped supply chain. 

o By contrast, a Tier 1 interview source noted that electrical machines consume 60-
70% of global energy and demand for industrial sector electrical machines is growing 
20% per year.  This appears to indicate that market demand for industrial 
applications of PE will outstrip automotive growth rates in the near-, mid- and longer-
terms. 

 
Task #3: Scenarios and issues that could be leveraged to achieve a significant expansion in NA 
automotive traction drive power inverter manufacturing volume 
 
• Primary and secondary research indicates that a significant expansion in NA power inverter 

manufacturing volume is unlikely in the foreseeable future due to:  
o Current insufficient market demand to lead to shift a significant portion of the global 

supply chain to NA 
o Globally competitive suppliers can satisfy current and expected demand for high 

quality products  
o Profit margins in traction drive PE applications are low relative to PE applications in 

other markets (e.g., oil and gas, industrial motors) 
o Industries other than automotive offer larger volumes for power inverter 

manufacturers 
o The higher cost structure of the NA operating environment, including labor and 

regulatory costs 
 

• The above factors contribute to capital and engineering talent flowing to non-automotive PE 
markets.   
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• Nonetheless, Synthesis finds evidence in favor of the likelihood of a limited expansion 
occurring within five years. 

o Foreign-based OEMs are committed to expanding their NA-based production and 
their NA-supply chains.  This represents an opportunity for Tier 1-4s in the NA PE 
supply chain that can meet the OEMs’ requirements.  
 

• Three distinct scenarios were produced by Synthesis to illustrate potential scenarios leading 
to a limited expansion in NA power inverter manufacturing volume 
 

o Scenario #1: Increase NA Volume by Increasing Supply Chain Integration 
Supply chain integration involves a rationalization of the number of PE architectures, 
designs, and other aspects to increase supply chain efficiencies. Synthesis considers 
this scenario as the most likely to occur of the three outlined here.  However, 
achieving this scenario will still be difficult.   
 

o Scenario #2: Increase NA Volume by Increased Investment, via a NA OEM-in-House 
Inverter Development 
This scenario acknowledges the competitive advantages that could accrue to an 
OEM should it pursue a Toyota-like strategy of in-sourcing inverter design and 
engineering.  In order to implement such a strategy, significant investments would be 
required of the NA OEM.  The viability of this strategy relies on the projected ROI. 
Synthesis assess that the likelihood of a NA OEM pursuing this strategy is low, but 
possible.   
 

o Scenario #3: Increase NA Volume by Increased Investment and Supply Chain 
Integration through Multiple OEM Collaboration 
Two or more OEMs may in-source the design and production of power inverter and 
collaborate to establish common integrated requirements for traction drive inverter 
components.  In addition to the benefits outlined in scenarios 1 and 2, this scenario 
would result in more comprehensive understanding of technology gaps and the 
required investments and engineering skills.  This scenario is judged to be very 
unlikely, as it incorporates the risks of the first two and further requires an 
unprecedented level of collaboration among the OEMs. 

 
Recommendations 
• Develop a USG-industry collaborative approach to systematically collect, store, and provide 

access to accurate and timely information on companies, products, technology 
developments and the essential people that make up the NA automotive PE traction drive 
supply chain.  

o Synthesis discovered significant interest among sources in participating in 
technical discussions regarding the future of the NA automotive PE supply chain.  
 

• Assess where geographically-concentrated automotive PE activities may be leveraged to 
achieve expansions in volume of manufacturing. 

o As lower tier companies tend to locate in the general vicinity of the upper tier 
customers, investments should take location of the intended recipient into 
account.   
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• Devise a strategy to engage the Tier 1 and other companies queried during this research to 
enhance the NA PE supply chain diversity and capability. The responsiveness and 
responses of the Tier 1s queried indicates that these companies are committed to building 
the NA PE supply chain.   

 
• Develop roadmaps to show how R&D investments that contribute to NA PE production 

capacity will address globally competitive cost benchmarks by contributing to specific cost 
and volume of production milestones.  Cost and volume targets are different sides of the 
same coin and are both needed to achieve success in the long run. 
 

• Identify non-profit, federal and state-level partners to assist NA suppliers to aggressively 
work to maintain existing relationships and forge new relationships with globally competitive 
suppliers in automotive PE, even as they pursue opportunities in industries beyond 
automotive PE. 
 

• Conduct analysis to better characterize the level of market demand that could sustain a 
specific size of expanded NA automotive PE supply base. 
 

• Conduct analysis to produce quantitative rankings of R&D investment projects based on the 
expected increase in vehicle fuel efficiency (e.g., in terms of mpg gain per dollar invested) 
they can deliver for standardized systems.   Use this analysis to clarify how R&D investment 
dollars are optimized toward fuel-use reduction strategies that are most likely to succeed in 
the marketplace. 
 

• Conduct research to better understand the affect of OEMs’ in-sourced vs. out-sourced PE 
production strategies, including affects on rates of cost reduction, innovation, level of IP 
generation and other factors of interest to growing the NA PE supply chain.  
 

• Leverage the keen interest shown among sources contacted in this round to encourage 
targeted discussion regarding technical topics of interest to DOE’s Vehicle Technologies 
Office (VTO). 
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Tasking 
 
Synthesis Partners (Synthesis) was tasked by the Department of Energy (DOE) to undertake 
research to address the following specific questions regarding the North American (NA) supply 
chain of technologies for traction drive power electronics (PE) for plug-in, hybrid and electric 
vehicles: 
 

1. How did the current PE production leaders succeed (in terms of volume) and what are 
their actions and strategies relevant to NAPE supply-network expansion activities? 
 

2. What are the top constraints or bottlenecks that currently limit NA Tier 1-4 producers 
from achieving high volume power inverter manufacturing? 
 

3. Can alternative scenarios and singular issues be leveraged to achieve a significant 
expansion in NA power inverter manufacturing volume? 

 
Our focus in traction drive PE is on inverters and converters, not on batteries or chargers.  For 
further details concerning inverters, please refer to the 2011 Synthesis inverter cost analysis 
report.    
 
Sources and Methods 
 
This research and analysis effort accessed thousands of secondary sources and hundreds of 
primary sources during an eight-month timeframe from January to August 2013.  Table 1 
provides a detailed summary concerning the secondary sources searched, and Table 2 
provides statistics on the primary sources accessed during the course of this study period. 
 
Synthesis employed a template of research questions to frame discussions with each of the 
primary sources, along with an introductory letter from Mr. Pat Davis, Director of DOE’s Vehicle 
Technologies Office (VTO).  The introductory letter helped initiate contacts and explains the 
background and purpose of this research effort.  The introductory letter is found in Appendix C. 
 
Table 1:  Secondary Source Research Statistics 
 

Research Statistics – Secondary Sources 
(All sources are English language unless otherwise specified) 
 

 

Market research reports reviewed 50+ 
Number reviewed (synopsis review) 30+ 
Number found to be relevant to topic 10+ 
  

Web sites reviewed 2,500+ 
  

WebPages reviewed in depth 5,000+ 
  
Companies identified and reviewed for relevance 1000 
  
Companies reviewed in-depth (NA Power Electronics Supply Chain 
participants) 

183 

OEMs  20 
Tier 1s 12 
Tier 2 – 4s 151 
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Automotive R&D programs reviewed through secondary research 16 
 OEMs 9 
  BMW  
  Daimler  
  Ford  
  GM  
  Honda  
  Hyundai  
  Nissan  
  Toyota  
  VW  
 Tier 1s 9 
  Calsonic-Kansei  
  Continental  
  Denso  
  Hitachi  
  Mitsubishi Electric  
  Robert Bosch  
  Toshiba  

Delphi  
Magna  

  
Japanese and Chinese language Web Sites Reviewed 200 

Reviewed in depth 50 
 Key documents found 10 
  
Journal Articles  

Number found 450+ 
Number reviewed 150+ 
  

 
Table 2:  Primary Source Research Statistics 
 
The following Table provides an overview of the scope of primary research conducted during 
the course of this study. 
 
NOTE:  Multiple contacts were frequently made with the same organization and more than one 
interview was often conducted with different personnel from the same organization. 
 

Research Statistics – Primary Sources 
(All sources are English language unless otherwise specified) 
 

 

Total contacts made 675+ 
E-mails 420+ 
Phone Calls 220+ 
In-Person Conference Contacts 35+ 

  
Distribution of in-depth interviews  

OEMs 23% 
Tier 1s 40%  
Tier 2-3s 23%  
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Others 14%  
  
Automotive OEMs contacted 10+ 
  
Tier 1 suppliers contacted 25+ 

  
Tier 2-3 suppliers contacted 40+ 

  
Other companies and individuals contacted 50 

  
University programs/researchers contacted 30 

  
State-Federal government labs/agencies contacted 20 
  

 
Synthesis discovered significant interest among sources in participating in technical discussions 
regarding the future of the NA automotive PE supply chain.  There is also interest in providing 
input to DOE to support effective R&D and other investment decisions. 
 
Synthesis fielded nearly 50 requests for information on or copies of the prior DOE-sponsored 
reports completed by Synthesis to date on behalf of the VTO.  Primary source contacts and 
others have expressed interest in accessing the results and learning of DOE-VTO viewpoints 
and decisions that may be partially based on these findings and other market research. 
 
This research effort has found that the transplant OEMs (foreign companies that have located 
significant operations in NA) and Tier 1, 2 and 3 suppliers have clear interest in increased 
participation in this and other DOE-sponsored studies.  These companies stated their interest in 
building information exchanges along the lines of the current research activity.  Some transplant 
OEM executives made specific statements to Synthesis regarding their support of building out 
the NA supply chain. 
 
Synthesis notes that the fact that a particular company did not participate was generally not for 
a lack of interest.  In general, companies and sources stated that they did not have time, but 
stated their interest in continued engagement in the future. 
 
Study Approach 
 
This study used a combination of targeted secondary research, covering both English and 
targeted foreign language sources, in conjunction with in-depth primary source interviews to 
assess the current state and trends in the NA automotive PE supply chain.  The integrated 
primary and secondary research strategy featured a flexible approach to enable rapid 
adjustments as new information or insights warranted. 
 
Synthesis finds that the literature on the NA traction drive PE supply chain is often outdated and 
frequently lacks objectively validated data sources.  Valid data relevant to the NA PE supply 
chain (e.g., empirically-based distinctions between and among company positions, investment 
plans, product offerings, technology offerings) was found to be lacking.   
 
Primary source contacts engaged with Synthesis under agreements to protect proprietary 
information.  These contacts included foreign-based transplant companies with extensive NA 
operations. Accordingly, all information derived from these sources is presented anonymously.  
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As a set of core data from which to draw general conclusions and perform analysis, Synthesis 
maintains confidential records for all information developed. 
 
The sources and interviewees contacted in the course of this study provided many constructive 
comments and suggestions.  However, the conclusions and key findings in this study are the 
result of Synthesis’ independent assessment of the combination of primary and secondary 
information collected over approximately eight months, ending in August 2013.   
 
Interviewees, independent experts and DOE personnel were not asked to endorse the 
conclusions or recommendations contained herein, nor did they review the final draft of the 
report before its release to the DOE-VTO. 
 
Synthesis has made good faith attempts to ensure this study is accurate, up-to-date and as 
comprehensive.  Nonetheless, SP looks forward to working with DOE stakeholders to identify 
gaps and refinements so that the results of this activity are precise, accurate, and provide the 
needed inputs for DOE decision-making. 
 
The North American Power Electronics Supply Chain  
 
Research identified more than 330 companies in the NA PE supply chain.  Appendix B provides 
an alphabetical list of the companies identified.  A separate Excel file provides a breakdown of 
the companies according to OEMs, Tier 1-4s and other organizations and provides additional 
details. 
 
This study is focused on the NA supply chain for automotive traction drive PE, which includes: 

• Automotive suppliers operating in the contiguous US, Canada and Mexico 
• Automotive traction drive PE 

o A sub focus is on PE suppliers that are deemed to have sufficient capability or 
expertise to become linked to automotive traction drive PE supply chain activities 
in North America. 
 

For brevity, all of the above information is frequently conveyed by the phrase, “NAPE Supply 
Chain.” 
 
Companies in the automotive sector are labeled according to their position in the supply chain, 
which extends from the top OEM, for example Ford or General Motors.  The OEMs manufacture 
the final completed product for the consumer market.  The Tier 1 through Tier 4 terms describe 
the level of the supply chain below the OEM that the company inhabits.  Tier 1 companies are 
direct suppliers to OEMs.  Continental, Delphi, Magna International and Denso are Tier 1 
companies.  Tier 2 companies are direct suppliers to Tier 1 suppliers; for example, Nichicon and 
SBE Electronics.  Tier 3 companies are direct suppliers to Tier 2 companies, and generally 
supply advanced materials or basic components that are further processed, integrated or 
assembled into a key component by the Tier 2.  For example, Dow Corning, Cree and Fairchild 
Semiconductor are direct suppliers to Tier 2 companies. 
 
Tier 4 companies are direct suppliers to Tier 3 companies.  These companies are suppliers of 
basic raw materials, such as ceramics, glass, composites, steel and other specialty materials. 
 
The automotive supply chain is complex and many companies maintain supplier relationships at 
multiple levels in the supply chain, and are labeled accordingly.   This means that some 
companies represent themselves as being in multiple Tiers at the same time.  
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Companies and Organizations in the NA PE Supply Chain 
 
Synthesis endeavored to identify engineering, service, system integrators, assembly, 
manufacturing and developers of hybrid and all-electric powertrain related PE systems, 
components and sub-components located in the US, Canada and Mexico. 
 
This work was intended to portray 1) the NA supply chain for automotive traction drive PE, and 
2) companies with product or engineering skill-sets of particular relevance to automotive-grade 
PE systems and components.  These companies could provide components, engineering 
services and manufacturing capability related to traction drive electrical and electronic 
components to the automotive supply chain in NA.  However, further analysis is required to 
validate their potential involvement and interest in the supply chain.   
 
The following list includes organizations that: 

• Have manufacturing, assembly or engineering service operations in NA 
• Are considered mainstream contributors to traction drive PE  
• Have PE manufacturing, engineering or technical service-related capabilities 
• Could offer significant capabilities for any future expansion of the PE supply chain, even 

if they are not considered as part of a formal traction drive PE supply chain today. 
• This list does not include: 

o Organizations that do not have manufacturing, assembly, or engineering service 
operations in NA  

o Battery manufacturers or developers 
o A complete list of heavy-truck/off-road hybrid electric vehicle product 

development and engineering companies  
 
The following maps provide a summary selection from among the hundreds of companies that 
Synthesis identified currently or potentially involved in the NA PE supply chain.   
 
These companies are a selection (each map is limited to 26 companies, as we employed a 
simple alphabetical key) of those that are most frequently cited by interviewees as supply chain 
participants.  Please see Appendix B for the complete list of the 319 companies that are 
included in the Synthesis NA PE supply chain database at present.  
 
As previously noted, some companies self-certify at multiple Tier levels.  Synthesis assessed 
and placed these companies in the most relevant Tier.  This does not imply that the Tier 1-4 
companies view themselves in only the categories in which they are identified below. 
 
The maps provide a view of the companies by OEM, Tier 1, Tier 2, Tier 3 and Other (including 
Tier 4 and those companies that classify themselves under multiple Tiers).  Each map includes 
a link to an Internet site that contains an interactive version of the map that permits the user to 
access data on each point (company name, city, product focus). 
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Figure 1: Map of Select NA OEMs, Including PEV and HEV Final Assemblers 
 

 
 
On-Line Version of Map:  http://batchgeo.com/map/5e4f551ad60c09dfd359102c5d876775 
 
Key: 
 
A: AMP Electric Vehicles, Inc. 
 100 Commerce Dr. 
 Loveland, OH 45140 
 Capability: Mfg. EVs 
 
B: BYD America Corp. 
 46147 BYD Blvd. 
 Lancaster, CA 93534 
 Capability: Mfg. EVs 
 
C: Chrysler LLC 
 1000 Chrysler Dr. 
 Auburn Hills, MI 48326 
 Capability: OEM 
 
D: Electric Vehicles International 
 1627 Army Court, Suite 1 
 Stockton, CA 95206 
 Capability: Mfg. alternative energy vehicles 
 
E: Emerald Automotive LLC 
 420 Brookes Dr., Knobbe House 
 Hazelwood, MO 63042 
 Capability: Mfg. electric hybrid delivery vehicles 
 
F: Ford 
 Ford Wayne Assembly Plant, 7625 Michigan Ave. 
 Wayne, MI 48184 
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 Capability: OEM 
 
G: General Motors 
 GM Advanced Technology Center 
 Torrance, CA 
 Capability: OEM 
 
H: Honda of America Manufacturing, Inc. 
 24000 Honda Parkway 
 Marysville, OH 43040 
 Capability: OEM 
 
I: John Deere 
 Engine Works, 3801 West Ridgeway Ave. 
 Waterloo, IA 50704 
 Capability: HEV/EV industrial equip. 
 
J: Kleenspeed Technologies, Inc. 
 Building 554, Cody Rd. 
 Moffett Field, CA 94035 
 Capability: Mfg. EV powertrain systems 
 
K: Mercedes Benz Research & Development NA - a Daimler Co. 
 12120 Telegraph Rd. 
 Redford, MI 48239 
 Capability: OEM 
 
L: Proterra 
 11 Whitlee Court 
 Greenville, SC 29607 
 Capability: Mfg. electric drive transit buses 
 
M: Renault/Nissan 
 One Nissan Way 
 Franklin, TN 37067 
 Capability: OEM 
 
N: Smith Electric Vehicles 
 12200 Northwest Ambassador Drive, Suite 326 
 City, MO 64163 
 Capability: Mfg. electric commercial vehicles 
 
O: Tesla Motors 
 3500 Deer Creek Rd. 
 Palo Alto, CA 94304 
 Capability: EV mfg. 
 
P: Toyota 
 Toyota Motor Manufacturing Kentucky (TMMK) 
 1001 Cherry Blossom Way; Georgetown, KY 40324 
 Capability: OEM 
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Figure 2: Map of Select NA PE Tier 1 Suppliers 
 

 
 
On-Line Version of Map:   
http://batchgeo.com/map/1bfa1dd627471d0a4d5a77596cae6321 
 
Key: 
 
A: Allison Transmission, Inc. 
 4700 West 10th St. 
 Indianapolis, IN 46222 

Capability: Design/mfg. auto. transmissions, hybrid propulsion systems, components for 
comm. & mil. vehicles 

 
B: Baldor Electric Co. (ABB Subsidiary) 
 5711 R.S. Boreham, Jr. St. 
 Fort Smith, AR 72901 
 Capability: Industrial inverters 
 
C: Calsonic Kansei North America, Inc. 
 One Calsonic Way 
 Shelbyville, TN 37160 
 Capability: Mfg. inverters, syst. & components 
 
D: Continental Automotive Systems US Inc. 
 3740 North Austin St. 
 Seguin, TX 78155 
 Mfg. elec. components for powertrain & chassis and pressure sensors 
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E: Delphi Automotive LLP 
 1265 North River Rd 
 Warren, OH 44483 
 Mfg. electronic systems, parts & wiring assemblies 
 
F: Denso International America 
 1720 Robert C. Jackson Dr. 
 Maryville, TN 37801 
 Capability: Starters, Alternators, Electronics 
 
G: Hyundai Mobis 
 7001 Kia Pkwy. 
 West Point, GA 31833 

Capability: Mfg. front-end modules, front-rolling chassis modules, rear-chassis modules 
and cockpit modules, front and rear bumpers 

 
H: KollMorgen 
 201 West Rock Rd. 
 Radford, VA 24141 
 Capability: Powertrain Systems 
 
I: LG Chem Power, Inc.  
 1857 Technology Dr. 
 Troy, MI 48084 
 Develops lithium-ion polymer battery packs, battery mgmt. syst. 
 
J: Mabuchi Motor America Corp. 
 3001 West Big Beaver Rd., Suite 520 
 Troy, MI 48084 
 Capability: Mfg. DC-fractional HP elec. motors 
 
K: Magna Electronics, Inc. 
 2050 Auburn Rd. 
 Auburn Hills, MI 48326 
 Capability: Mfg. elec. controls, actuators, sensors and motors 
 
L: Mitsubishi Electric Automotive America, Inc. 
 1705 Downing Dr. 
 Maysville, KY 41056 
 Mfg. ignition coils, engine control units (ECUs), comm. products, etc. 
 
M: Odyne Systems LLC 
 N4 W22610 Bluemound Rd. 
 Waukesha, WIS 53186 
 Capability: Mfg. hybrid propulsion systems 
 
N: Protean Electric 
 100 West Big Beaver Rd., Suite 250 
 Troy, MI 48084 
 Capability: Mfg. in-wheel electric motor drive systems 
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O: Quantum Technologies 
 25242 Arctic Ocean Dr. 
 Lake Forest, CA 92630 
 Capability: Powertrain Systems 
 
P: Remy International Inc. 
 600 Corporation Dr. 
 Pendleton, IN 46064 
 Capability: Design, mfg. elec., powertrain/drivetrain and related components 
 
Q: Robert Bosch, LLC 
 38000 Hills Tech Dr. 
 Farmington Hills, MI 48331 
 Capability: Inverter & component mfg. 
 
R: Rueland 
 17969 East Railroad St. 
 Industry, CA 91748-1192 
 Capability: Design, dev., mfg. of custom-build electric motors and brakes 
 
S: Saminco/American Traction Systems 
 10076 Bavaria Rd. 
 Fort Myers, FL 33913 
 Capability: Mfg. inverters/powertrains for industrial appl. 
 
T: Siemens 
 3333 Old Milton Parkway 
 Alpharetta, GA 30005 
 Capability: Industrial/commercial vehicle inverter mfg. & R&D 
 
U: TDK Corp. of America 
 475 Half Day Rd. 
 Lincolnshire, IL 60069-2934 

Capability: Mfg. capacitors, inductors, EMC solutions, magnets, power supplies, OLED 
technology etc. 

 
V: TM4 Inc. 
 135 Joseph-Armand Bombardier St., Suite 25 
 Boucherville, Québec J4B 8P1, Canada 
 Capability: Design/mfg. elec. drivetrains 
 
W: Toshiba America Electronic Components Inc. 
 19900 MacArthur Blvd., Suite 400 
 Irvine, CA 92612 
 Mfg. elec. engine components 
 
X: XL Hybrids Inc. 
 145 Newton St. 
 Boston, MA 02135 
 Capability: Developer parallel hybrid system powertrain conversion systems 
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Figure 3: Map of Select NA PE Tier 2 Suppliers 
 

 
 
On-Line Version of Map:  http://batchgeo.com/map/64c43520461c4dde672aa2d3740f887e 
 
Key: 
 
A: Arkansas Power Electronics International, Inc. 
 535 W. Research Center Blvd. 
 Fayetteville, AR 72701 

Capability: Mfg. SiC power modules, R&D on WBG inverters for solar and wind appl. 
 
B: AVX Corp. 
 One AVX Blvd. 
 Fountain Inn, SC 29644 
 Capability: Mfg. capacitors & other passive elec. components 
 
C: CEPCOS 
 8787 Complex Drive 
 San Diego, CA 92123 

Capability: Design, dev., mfg. power capacitors, switching components, sensors and 
EMC components 

 
D: Fairchild Semiconductor 
 640 Avis Dr. 
 Ann Arbor, MI 48108 
 Capability: Semiconductor, incl. WBG, IGBT R&D, mfg. 
 
E: Fuji Electric Corp. of NA 
 50 Northfield Ave. 
 Edison, NJ 08837 
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 Capability: Semiconductor mfg. 
 
F: General Atomics 
 3550 General Atomics Court 
 San Diego, CA 92121 
 Capability: Design, dev., mfg. high-energy capacitors and microprocessors 
 
G: HRL Laboratories, LLC 
 3011 Malibu Canyon Rd. 
 Malibu, CA 90265-4797 
 Capability: GaN on Si Power Switch R&D for automotive applications 
 
H: IBM Microelectronics 
 Austin, TX 
 Capability: Semiconductors 
 
I: Infineon 
 640 N. McCarthy Blvd. 
 Milipitas, CA 95035-5113 
 Capability: Capacitor, etc. R&D & mfg. 
 
J: International Rectifier Corp. 
 El Segundo, CA 90245 

Capability: Mfg. mixed-signal analog ICs, advanced circuit devices, integrated power 
systems, and components 

 
K: Kemet Corp. 
 340 Fordham Rd., Suite X 
 Wilmington, MA 01887-2113 
 Capability: Capacitor, etc. R&D & mfg. 
 
L: Microsemi Corp. 
 2381 Morse Ave. 
 Irvine, CA 92614 
 Capability: Mfg. semiconductors 
 
M: Mitsubishi Electric Automotive America, Inc. 
 1705 Downing Dr. 
 Maysville, KY 41056 

Capability: Mfg. ignition coil, engine control units (ECUs) & entertainment & 
communications products 

 
N: ON Semiconductor 
 Phoenix, AZ 85008 
 Capability: Mfg. semiconductors 
 
O: Phoenix International Corp. 
 1441 44th St. NW 
 Fargo, ND 58102-2854 
 Capability: Custom design & mfg. elec. controls, displays, sensors and syst. 
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P: Powerex 
 173 Pavilion Lane 
 Youngwood, PA 15697 
 Capability: Mfg. Si/SiC modules 
 
Q: Renesas Electronics America Inc. 
 2880 Scott Blvd. 
 Santa Clara, CA 95050-2554 

Capability: Mfg. high-throughput microprocessors and embedded microcontrollers 
 
R: Rohm Semiconductor 
 2323 Owen St. 
 Santa Clara, CA 94054 
 Capability: Semiconductor R&D & mfg. 
 
S: SBE, Inc. 
 Wilson Industrial Park, 81 Parker Rd. 
 Barre, VT 05641-9106 
 Capability: Capacitors 
 
T: Spansion, Inc. 
 915 DeGuigen Dr. 
 Sunnyvale, CA 94085 
 Capability: Semiconductor mfg. 
 
U: Taiyo Yuden (USA) Inc. 
 440 Stevens Ave., Suite 300 
 Solana Beach, CA 92075 
 Capability: Semiconductor mfg. 
 
V: Texas Instruments 
 Houston, TX 
 Capability: Semiconductor mfg. 
 
W: Toshiba America Electronic Components Inc. 
 19900 MacArthur Boulevard, Suite 400 
 Irvine, CA 92612 
 Capability: Mfg. elec. engine components 
 
X: Universal Semiconductor 
 1925 Zanker Road 
 San Jose, CA 95112 
 Capability: Design, dev., mfg. custom-built single chip IC solutions 
 
Y: Vishay Americas 
 63 Lancaster Ave. 
 Malvern, PA 19355-2143 
 Capability: Semiconductor R&D & mfg. 
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Figure 4: Map of Select NA PE Tier 3 Suppliers 
 

 
 
On-Line Version of Map:  http://batchgeo.com/map/aee1a7d5a5e89ac48fbc8b47797322d0 
 
 
A: A2Mac1 
 8393 Rawsonville Rd. 
 Belleville MI 48111 
 Capability: CAD 
 
B: Analog Devices, Inc. 
 Norwood, Massachusetts 02062 

Capability: Mfg. high performance analog, mixed-signal, digital processing, and MEMS 
ICs 

 
C: Ansys 
 275 Technology Dr.; Canonsburg, PA 15317 
 Capability: CAD 
 
D: Autocam Corp. 
 4436 Broadmoor 
 Kentwood, MI 
 Capability: Mfg. tight-tolerance metal components 
 
E: Cree, Inc. 
 4600 Silicon Dr. 
 Durham, NC 27703 
 Capability: Mfg. SiC and GaN light-emitting diodes (LEDs), SiC wafers 
 
F: EFC International, Inc. 
 1940 Craigshire Rd. 
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 St. Louis, MO 63146-4008 
 Capability: Mfg. specialty metal, plastic and electrical components 
 
G: Electron Energy Corp. 
 924 Links Ave. 
 Landisville, PA 17538 

Capability: Design & mfg. high performance rare earth magnets and magnet assemblies 
 
H: FEV, Inc. 
 Auburn Hills, MI 48326 
 Capability: Engine R&D 
 
I: General Electric 
 1 Research Circle 
 Niskayuna, NY 12309 
 Capability: Powertrain R&D 
 
J: Hitachi Automotive Systems America, Inc. 
 955 Warwick Rd. 
 Harrodsburg, KY 40330-1067 
 Capability: Mfg. elec. parts and systems 
 
K: Honeywell Int. 
 Honeywell Aerospace Engineering & Technology 
 2525 West 190th St. 
 Torrance, CA 90504-6099 
 Capability: Inverter & component R&D 
 
L: Keystone Electronics Corp. 
 31-07 20th Rd. 
 Astoria, NY 11105 

Capability: Mfg. precision elec. interconnect components/hardware in metallic/non-
metallic materials 

 
M: Kostal of America, Inc. 
 Troy, Michigan 48083 
 Capability: Mfg. elec. products 
 
N: Multicraft International 
 4341 Highway 80 
 Pelahatchie, MS 39145 
 Capability: Mfg. elec. & electro-mechanical components 
 
O: OPAL-RT 
 1751 Richardson, Suite 2525 
 Montréal, Québec, Canada; H3K 1G6 
 Capability: CAD 
 
P: Orion Manufacturing Inc. 
 480 Apple Tree Dr. 
 Ionia, MI 48846 
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Capability: Metal stamping & assembly, prototyping, part & process engineering, design 
and contract building 

 
Q: PWO de México S.A. de C.V. 

Carril Norte de Sn. Cristobal s/n, Parque Industrial Sn. Felipe Chachapa,  Chachapa, 
Puebla 72990, Mexico 
Capability: Mfg. elec. control system housings, electrical motor housings, and sub-
assemblies 

 
R: Southwall Technologies, Inc. 
 3788 Fabian Way 
 Palo Alto, CA 94303 
 Capability: Dev./mfg. thin-film coatings 
 
S: Superior Essex Inc. 
 1601 Wall St. 
 Fort Wayne, IN 46802 
 Capability: Mfg. copper and aluminum enameled magnet/winding wire products 
 
T: TRW Automotive US LLC 
 24175 Research Dr. 
 Farmington Hills, MI 48335-2642 
 Capability: Mfg. electronic controls 
 
U: UT-Battelle, LLC 
 Columbus, OH 
 Capability: R&D 
 
V: Worldwide Manufacturing USA Inc. 
 408 Canal St., Units A & B 
 San Bruno, CA 94066 
 Capability: Die casting, stamping, electronics fabrication 
 
W: Xerox Research Centre of Canada 
 2660 Speakman Dr. 
 Mississauga, ON L5K 2L1, Canada 
 Capability: Materials research center 
 
X: ZF Electronics Corp. 
 Pleasant Prairie, WI 53158 
 Capability: Design, dev., mfg. switches 
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Figure 5: Map of Select NA PE Tier 4 Suppliers 
 

 
 
On-Line Version of Map:  http://batchgeo.com/map/44eb43748ed7a7e884a26bf802ffc00f 
 
Key: 
 
A: Arnold Magnetic Technologies Corp. 
 770 Linden Ave. 
 Rochester, NY 14625 
 Capability: Mfg. magnets, magnetic assemblies 
  
B: Cree, Inc. 
 4600 Silicon Dr. 
 Durham, NC 27703 
 Capability: Mfg. SiC and GaN light-emitting diodes (LEDs), SiC wafers 
 
C: Dow Corning 
 Dow Corning Electronics Solutions 
 2200 W. Salzburg Rd. 
 Midland, MI 48686 
 Capability: Semiconductor, capacitor, etc. R&D 
 
D: Johnson Matthey, Inc. 
 435 Devon Park Drive, Suite 600 
 Wayne, PA 19087 
 Capability: Mfg. specialty chemicals and related products 
 
E: Kyocera America, Inc. 
 8611 Balboa Ave. 
 San Diego, CA 92123 

Capability: Design, mfg. & assembly ceramic microelectronic substrate/package & 
interconnect solutions 
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F: Melexis Inc. 
 15 Trafalgar Square 
 Nashua, NH 03063 
 Capability: Mfg. semiconductor components 
 
G: Mirwec Film 
 601 Liberty Drive 
 Bloomington, IN 47403 
 Capability: Capacitor film 
 
H. Sapa Extrusions 
 9600 Bryn Mawr Avenue 
 Rosemont, IL 60018 
 Capability: Aluminum extrusions 
 
I. Silicon Materials, Inc. 
 2 Rutgers Rd. 
 Pittsburgh, PA 15205 
 Capability: Wafers 
 
J. Toray Plastics (America), Inc. 
 50 Belver Ave. 
 North Kingstown, RI 02852 
 Capability: Capacitor film 
 
 
Selected Points Regarding the Maps: 
 

• Lower tier companies tend to locate in the general vicinity of the upper tier customers.   
 

• Tier 1s are primarily located in Ohio, Michigan, Indiana, Illinois, Florida, the Northeastern 
seaboard, Kentucky, Alabama, Tennessee, Georgia, and California. 

 
• The number of companies identified grows in number from OEMs through Tier 3, and 

then contracts substantially in the Tier 4 category. 
 

• These maps are intended to provide a geographic view of the distribution of companies 
at various levels of the supply chain.  This list and accompanying details regarding the 
companies can be updated to address DOE-VTO program management requirements. 
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Lessons Learned from Global Automotive PE Production Leaders 
 
Background 
This section addresses the tasking to determine the current PE production leaders, how they 
succeeded (in terms of volume), and their actions and strategies relevant to NA PE supply-
network expansion activities.   
 
Synthesis developed limited scope case studies concerning three global PE production leaders: 
Denso, Mitsubishi Electric and Continental.  Synthesis selected these companies from among 
the global PE production leaders in the 2012 Top 10 inverter manufacturer list.  These 
companies consist of the two largest Japanese Tier 1s (Denso and Mitsubishi Electric) and the 
lead European Tier 1 (Continental).  The following analytic results are extracted largely from 
these studies. 
 
These case studies (see Appendix E for further details on each) integrated information from 
hundreds of secondary sources on each company, including from academic and business 
journals, public press announcements, targeted Japanese and Chinese language research, and 
selected insights obtained from primary sources.  The purpose of the case studies is to research 
and analyze how the current PE production leaders came to be among the top-ranked among 
automotive traction drive PE producers. 

 
DOE reviewed and approved of the selection criteria employed.  Synthesis ruled out Toyota 
because it produces its own inverters, and our tasking was to focus on Tier 1-4 supply chain 
dynamics rather than on internal OEM suppliers. 
 
Mitsubishi Electric and Denso were chosen because 1) they are #2 and #3 in the rankings, 
respectively, and 2) they represent two very different types of Japanese companies.  While 
Denso is closely integrated with the manufacturer that it supplies (Toyota), Mitsubishi Electric is 
functions as a Tier 1 supplier to several companies in Japan and around the world (Honda, 
Mitsubishi and PSA). 
 
Synthesis chose to include Continental as opposed to Hitachi in order to include a European 
Tier 1 within the effort, and because Hitachi is very similar to Mitsubishi Electric in that it 
supplies a number of OEMs (GM, Isuzu, Shanghai-GM, etc.). 
 
In selecting Continental, Synthesis chose to look at a European company in order to contrast its 
approach with the Japanese companies.  Synthesis selected Continental rather than Bosch 
because Continental is publicly traded and therefore financial and other information is more 
accessible. Additionally, Synthesis selected Continental because it supplies BMW, Daimler, 
FAW-VW, Ford, Volvo, Renault and the VW group, making it one of the most diverse inverter 
manufacturers. 
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Table 3: Top 10 Inverter Manufacturers 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Source:  Synthesis collection, analysis and aggregation from public and proprietary commercial sources.  
(Note: This information is based on Synthesis analysis of 2012 data.  These figures represent the number 
of vehicles sold that incorporated each company's inverters.   This ranking is provided for comparison 
purposes only and does not reflect the exact number of inverters produced by each company.) 
 
Lessons Learned 
The difference in approach taken to supplier relations by these companies is striking, while the 
success of each is undeniable.  The following are the specific lessons learned relevant to NA 
PE suppliers, covering the core ingredients to success that were found apply across each of the 
three companies’ growth: 
 

• Long-term, sustaining relationships with OEM(s)  
 

• Intent and capability to deliver global top-ranked quality, competitiveness and volume, 
and for a broad portfolio of automotive and beyond-automotive products 

o PE-only does not work! 
o Automotive-only is not sufficient! 

 
• Capability to invest $100s of millions over decades  

o Patient capital linked to global growth strategy 
required 
 

• Capability to build and sustain competitive facilities wherever the market demands and 
rapidly achieve proximity to fast-growing markets 
 

• Capability to produce consistent engineering reliability and product quality standards – 
communicated throughout a global supply chain – to achieve optimal supply chain value 
management 

 
In terms of manufacturing volume, the three selected companies are top players in the inverter 
market and are also major players in terms of OEM sales.  However, Mitsubishi Electric is not 
nearly as dominant in terms of OEM sales for automotive parts other than inverters, as shown in 
Table 4 below.  The three companies are top inverter producers and key players in global OEM 

 2012 
Toyota  1,017,178 
Mitsubishi Electric 294,868 
Denso  261,895 
Hitachi  156,065 
Continental  85,585 
Bosch  56,153 
Hyundai Mobis 53,762 
Toshiba  42,320 
Calsonic Kansei 37,980 
TDK  22,271 



37 Synthesis Partners ©               September 2013 

supply of parts ranging from fan belts to complete electronic systems. The NA OEMs are major 
customers of these companies. 

 
Table 4: Ranking of Selected Tier 1s – By Sales to OEMs 

 
Supplier Global (2011) NA (2011) 

OEM Sales ($M) Ranking OEM Sales ($M) Ranking 
Denso $34,153 2 $5,464 5 
Continental* $30,521 3 $5,799 3 
Mitsubishi Electric $5,557 39 $1,223 45 
*Includes tire and rubber division 
 
Source:  Synthesis collection, analysis and aggregation from public and proprietary commercial sources 

 
Company-by-Company Data That Informs The Lessons Learned 
Denso began as division of an automotive OEM (Toyota).  It has been in the auto component 
business since its inception in 1936.  It was spun off from its parent company in 1949, and now 
makes everything from spark plugs and fan belts to automotive radar systems; only recently has 
Denso started branching out into non-automotive markets (primarily industrial robots).  Denso 
sells to OEMs (primarily Toyota) and the aftermarket. 
 
Denso is vertically integrated in that it manufactures semiconductors and other subcomponents 
to be used by other Denso business units and Keiretsu – and therefore its full range of PE 
production capabilities are not considered to be as competitive or extensive as Mitsubishi 
Electric’s. 
 
In 2013 Denso announced that it will spend $1 billion to expand manufacturing operations in NA 
to include manufacturing inverters and other PE.1 

 
Denso is investing $126M to build an evaluation facility in Japan “to strengthen its development 
of PE products, such as inverters used in hybrid vehicles.” R&D expenses of the entire Group 
for the fiscal year ended March 31, 2012 amounted to ¥298.3 billion [$3.6 billion], of which 
¥263.8 billion [$3.2 billion] was for the Japan segment, ¥12.4 billion [$151.7 million] for the NA 
segment, ¥7.9 billion [$96.4 million] for the Europe segment, ¥12.9 billion [$157 million] for the 
Asia & Oceania segment, and ¥1.2 billion [$14.8 million] for other areas. (Source: Pg. 11, 2012 
Denso Annual Report). 
 
Denso is seeking to develop “world-first products originating in North America”.  The company’s 
goal is to cut by half its imports of parts manufactured in Japan and expand assembly in NA. In 
product development targeting China, India and ASEAN region, Denso is seeking to “promote 

                                                
1 Denso International America Inc., "DENSO to Invest Nearly $1 Billion in North America Over 
Next Four Years - Localization of Product and New Business Results in Significant Investment 
and Jobs."  1/15/13, Press Release.  http://www.densomedia-na.com/news/show/id/466).  
Accessed 4/25/13. 
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the development of products with reduced production costs by focusing on essential functions 
based on regional needs.”  (Source: Pg. 11, 2012 Denso Annual Report).  
 
Denso has been stepping up activities designed to develop a roadmap for efficiently making 
R&D investment, while predicting trends in society and technologies, as well as needs, from a 
long-term perspective in collaboration with Group companies worldwide. Through these 
activities, the Group seeks to develop and roll out innovative technologies and services in 
various regions around the world as early as possible, with the aim of contributing to the 
advancement of automobiles and the creation of an automotive society for the future.”  Each 
year Denso hosts a general meeting where it explains its procurement policies to its principal 
suppliers.  (Source: Pg. 11, 2012 Denso Annual Report). 

 
Mitsubishi Electric began in 1921, making electric motors for Mitsubishi shipbuilding and electric 
fans for commercial market.  It expanded into automotive electronics in the 1970s and now 
produces a wide range of products such as hydroelectric generators, solar panels, TVs, and rice 
cookers.  The Industrial Automation Systems business segment comprises of 23.4% of 
Mitsubishi’s total sales.  Automotive electric and electronic products are included in the 
Industrial Automation Systems segment, which contains core technology and products including 
electrical power steering, high-efficiency alternators, ISS starters, high-power starters, car 
navigation technology, car multimedia technology, and EV/HEV motors/inverters.  Mitsubishi 
Electric primarily sells to a variety of OEMs, though it does supply some aftermarket parts. 
 
Mitsubishi Electric is the most vertically integrated of the three for producing PE, as its divisions 
manufacture electronic components such as insulated-gate bipolar transistors (IGBTs), diodes, 
and other semiconductor devices for sale commercially.   
 
Research did not reveal major facility expansion plans for Mitsubishi Electric.  The last major 
construction activity noted was a testing lab for start-stop micro-hybrid systems at the Mitsubishi 
Northville, MI research and development center in June 2012.   
 
Mitsubishi Electric does not break out automotive- or PE-specific R&D funding.  R&D related to 
different aspects of automotive PE can be found in their Industrial Automation Systems division, 
which includes automotive equipment manufacturing, and the Electronic Devices division, which 
includes electrical components manufacturing, and in their “Other” category where “R&D that 
benefits the entire Group is carried out.” In fiscal 2012, total R&D expenditures, including quality 
improvement expenses constituting manufacturing costs, amounted to ¥169.7 billion ($2.07 
billion). 
 
Continental began as a tire manufacturer in 1871 and is currently the world’s 4th largest tire 
manufacturer.  Continental expanded into automotive electronics via acquisitions: it purchased 
Temic from DaimlerChrysler in 2001; German automotive rubber and plastics company Phoenix 
AG in 2004; the automotive electronics unit of Motorola in 2006; and Siemens VDO from 
Siemens AG in 2007.  Continental sells only to OEMs.  (Note:  While Continental PE sells 
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directly to OEMs, it is self- identified as a Tier 1, 2, 3 and 4 supplier and that is reflected in our 
list (Appendix B and the maps on pgs. 21-24). 
 
In terms of PE business structure, Continental relies heavily on Tier 2 and 3 suppliers, and 
therefore is considered more of a supply chain management organization.  For example, 
Continental does not have semiconductor manufacturing capabilities in-house (as far as can be 
determined from public information), nor other component manufacturing capabilities as does 
Denso, and particularly Mitsubishi Electric. 
 
Continental Automotive Systems U.S. Inc. was the third largest overall supplier to NA OEMs in 
2011.  Continental has three development centers in Auburn Hills and Dearborn, MI; Deer Park, 
IL; and Newport News, VA.   The center in Dearborn is listed specifically for R&D of hybrid and 
E-drive components and systems.  
 
Continental has a production facility in Seguin, TX that produces engine, transmission and 
hybrid control units.  Continental acquired the plant in 2006 from Motorola and currently 
employs more than 1,300 workers at the plant, and expects to hire an additional 300 employees 
in the next few years.  One in five vehicles (all types) sold in the U.S. includes powertrain 
modules built by the Seguin plant.2 

 
Continental’s Newport News location produces injectors and fuel rail systems for gasoline 
engines, CNG injectors, diesel injectors, air pressure regulators and exhaust after-treatment 
products.  The Newport News plant is undergoing a $113 million expansion project to add 
automotive sensors to the product line.  Continental also has three sites in Mexico producing a 
variety of actuators, control units, and other components for various engine- and transmission-
related systems.   
 
Continental is not currently publicizing any major PE-related R&D work.  Much of the corporate 
R&D efforts that are discussed are directed toward highly automated driving, driver assistance 
systems, batteries, and tire-related topics.  The R&D budget for the Automotive Group totaled 
€1,495.6 million ($1,976.4M) in 2012. 
 
Whereas Denso and Mitsubishi Electric operate tightly integrated supply chains that institute 
common internal business standards and practices, Continental maintains a competitive Tier 2-
4 supplier network with open opportunities for capable companies to win contracts.  They do not 
rely on a vertical integration strategy (e.g., Toyota).  Interestingly, Continental started out as a 
tightly integrated firm, and then made the strategic decision to expand its supplier base beyond 
its initial relatively constrained supply chain, first to include European suppliers and then to 
encompass NA and Asian suppliers. 
 

                                                
2Rivard, Robert, "Why San Antonio Should Retie the Knot with Germany."  2013.  The 
Rivard Report, 3/13/13.  http://therivardreport.com/why-san-antonio-should-retie-the-knot-
with-germany-2/.  Accessed 8/9/13. 
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Corporate analogies of each of these companies in terms of American companies: 
• Denso: Delphi (nee Delco) 
• Mitsubishi Electric: General Electric 
• Continental: no current analogy, unless Goodyear were to buy Hitachi Automotive 

Systems America. 
 
Top Constraints Affecting NA Tier 1-4 PE Producers  
 
This section contains detailed findings from primary source interviews accompanied by selected 
information gleaned from secondary source research. All primary sources are anonymized 
unless specific approvals were provided to Synthesis for attribution. 
 
The section is organized into three segments: 
 

• Key Findings 
 

• Selected Interview Extracts 
 

• Selected Market Research Report Extracts  
 
 
Key Findings 
The automotive PE supply chain is brittle in that disruption to a limited number of material or 
component suppliers (Tier 4 and below) can have significant negative impacts.  This finding is 
key to understanding the context in which NA PE producers seek to achieve high volume 
production in the future.  
 
Why the PE Supply Chain Is Brittle 
The supply chain for many industries is commonly represented in the shape of a pyramid with 
the final product manufacturer at the top of the pyramid, followed by the number of Tier 1, Tier 
2, Tier 3 and other suppliers in order as the pyramid shape widens out until the base of the 
pyramid is reached, representing the raw materials suppliers. 
 
In contrast, as depicted in Figure 6 below, the automotive PE sector supply chain is more 
appropriately represented in the shape of a diamond.   
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Figure 6: PE Supply Chain Diamond 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Source: Synthesis Partners (2013) 
 
 
Similar to the more familiar pyramid supply chain diagram, the diamond supply chain diagram 
starts out at the top with the point representing the OEMs, then widens out as the Tier 1, Tier 2 
and Tier 3 suppliers are represented.  However, around the Tier 3 level, at the widest part of the 
diagram, a gradual narrowing of the diagram begins to take place, representing the smaller 
number of suppliers at the Tier 4 and below levels.  This narrowing continues until the diamond 
shape is completed again at a point at the base, representing the raw material suppliers.  The 
narrow point at the bottom of the diamond could represent a critical weakness in the automotive 
PE supply chain.   
 
Synthesis finds that while OEMs can seek to avoid supply disruptions by working with a range of 
Tier, 1, 2 or 3 companies, they appear to remain vulnerable to disruptions at the critical Tier 4 
and below. 
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Figure 7: Risk Reduction Needed to Address Brittleness in the PE Supply Chain  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Synthesis Partners (2013) 
 
 
The Figure above underscores where risk reduction strategies are needed to address the empty 
space – that is, in the space between 3 supplier levels and the far more limited number Tier 4 
level suppliers.    
 
The empty space labeled “Risk Reduction Needed” underscores the depth of brittleness in the 
automotive supply chain.  As shown, the range and depth of missing suppliers that might 
otherwise provide a path to more predictable access to automotive-grade materials and 
components at the bottom of the automotive supply chain is significant. 
 
The brittleness finding does not indicate that suppliers do not exist for materials.  Instead, there 
are suppliers for advanced materials and components needed for traction drive PE that can 
offer products, but there are a limited number of competing suppliers at the Tier 4 and below 
level. 

 
This can cause disruptions in cases such as a period of strong market demand in which Tier 1s 
and 2s are seeking to expand production quickly.  At such critical moments, brittleness in the 
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supply chain works to constrain supplier volume and can extend the vicious cycle of low 
production volume, higher per unit costs, and the resulting low investment. 
 
Several examples of the negative impacts of brittleness in the automotive supply chain include 
the recent natural and man-made disasters that have had serious impacts on the mid- and lower 
levels of the automotive supply chain.  Sources contacted for this project discussed the 
devastating affects of the tsunami that struck Japan in March 2011, and the massive flooding in 
Thailand and their impacts on future growth possibilities on the NA PE supply chain.   
 
The tsunami alone was damaging enough as Toyota, Honda, Nissan and other Japanese 
automakers were forced to suspend operations at their domestic plants because of the disaster.   
Tens of thousands of parts are required to produce a car, many of which are highly precise and 
are so specialized that there are no substitutes.  Any disruption in the supply of these parts can 
bring automobile production to a standstill.  Toyota Motor Corp. reported that immediately after 
the disaster that it had difficulty securing about 500 of these precision parts, although the firm 
was able to reduce that number down to about 30 by mid-May 2011.  
 
Nonetheless, Toyota resumed production at all of its Japanese plants within six weeks of the 
quake.  The rapidity with which Toyota resumed production may be due to the fact that most of 
Toyota’s Japanese production is located south of Tokyo (particularly Nagoya) including the 
Prius hybrid, which is built only in Japan.    
 
The effects of the earthquake and the resulting supply disruptions reached beyond Japan: 

• Honda cut production by 50% at its plant in Swindon, England 
• Citroen temporarily laid off workers in its French plants to conserve parts sourced from 

Japan 
• Ford closed a plant in Belgium to conserve parts sourced from Japan 
• General Motors temporarily shut down production and lay off workers because of a lack 

of parts sourced from Japan 
• Toyota ceased production at five plants in Europe for eight days in late April 2011 to deal 

with shortages of parts there. 
 
The severe effects of the tsunami illustrate the degree of potential impacts of supply chain 
difficulties.  While Japan's automakers had contingency plans in place for such events, the 
tsunami illustrated that additional work is needed on a global basis to reduce automotive supply 
chain risk. 
 
Regarding NA PE, Synthesis assesses that similar effects could be observed should a specific 
producer of critical automotive-grade raw materials be disrupted. 
 
The above impacts may have also provided the impetus for the current interest in reinvigorating 
the NA supply chain that Synthesis has found among PE companies. 
 
Specifically, during the course of this research task, Synthesis received confirmation from 
multiple sources that they are prepared for and will participate in increased collaboration with 
OEMs and virtually all levels of suppliers to address the broad issues that brittleness in the 
supply chain have created.  This type of collaboration could result in a more diverse and 
capable supply chain.  Sources discussed the need for collaboration to understand market 
trends, investment requirements, and supply chain capabilities.   
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Nonetheless, there appear to be at least three factors contributing to the persistence of the 
diamond-shaped supply chain:   

• An insufficient understanding of both the nature of the problem and the level of the risk.  
The combination of these factors directly reduces the participants’ motivation and 
capability to spur growth in the numbers and quality of Tier 4s and below companies.   

• Formidable barriers-to-entry for would-be new Tier 4s, as the incumbents are companies 
are niche players, have deep connections to the Tier 2 and 3 automotive suppliers, and 
are extensively certified and warranted for automotive work.   

• Profit margins in automotive supply are in general low relative to many other industries.   
There are significant alternative markets with higher volumes and/or higher profit 
margins, particularly for PE suppliers.  This makes it difficult to attract investment and 
new entrants.   

 
In response to these conditions, OEMs continue to seek to establish multiple suppliers of 
particular items by working with a range of Tier 1, 2 and 3 companies.  However, it appears that 
the supply chain is built on a weak base.   
 
Key Findings from Primary Research Sources 
 
Each Figure below addresses a key question that was discussed in the interviews during this 
research task.  Synthesis’ assessment is not attributed to any particular interview source, but is 
rather the result of Synthesis’ integrated assessment of all the information developed during this 
task. 
 
Note on Interpretation of Primary Research Source Findings 
 
The following primary research results are not the result of a traditional survey.  They are 
derived from Synthesis’ independent, in-house review of raw data developed through open-
ended conversations with sources.  Each interview began with the introductory letter from Mr. 
Pat Davis, which described the nature and goal of this research exercise (see Appendix C). 
 
After all of the interviews were completed, Synthesis identified and characterized common 
themes and topics covered in most of the interviews.  The topics identified focused on areas 
where there was agreement or disagreement and that directly relate to the viability of the NAPE 
supply chain.  These topics were then highlighted for further analysis by Synthesis through the 
several figures and tables provided below.   
 
No sources or third parties were asked to comment on the results of the Synthesis assessment 
of interview content prior to publication of this report. 
 
Synthesis’ assessment of the in-depth interviews is specifically based on and includes: 

• 43 respondents who were engaged in open-ended conversations about the supply chain  
• Some respondents answered all questions while some respondents didn’t answer many 

questions, leading to different subtotal respondent numbers in the tables and figures 
below 

• Some respondents gave much more detailed answers than others, which is not reflected 
in counting up of “yes’” and “no’s” but is carefully considered by Synthesis in formulating 
the findings in other sections in this report. 
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Figure 8: Discussion Results: “Is the Traction Drive Inverter Market Important to Your Firm?” 
 

Type of 
Respondents 

Number of 
Respondents 

Answer: 
YES 

% of Total Answer: NO % of Total 

OEM 10 7 70% 3 30% 
Tier 1 17 12 71% 5 29% 
Tier 2 9 2 22% 7 78% 
Tier 3 1 0 0% 1 100% 
Other 6 3 50% 3 50% 

 
ALL 

Subtotal:     
43 

Subtotal:   
24 

Subtotal: 
56% 

Subtotal:   
19 

Subtotal: 
44% 

 
Source:  Synthesis Partners collection, analysis and aggregation from public and proprietary commercial 
sources. 
 
Analysis: 

• In response to the question “Is the traction drive power inverter market important to your 
firm?” a slight majority of respondents, or 56%, (24 of the 43 interviewees) – stated that 
it was.  
 

• Approximately 70% of the OEMs and Tier 1s interviewed stated it was.  This is not 
surprising given the primary role that each of these types of organizations play in 
advancing the development of key components used in hybrid and electric vehicles. 
Their business and planning interests require that the core components needed for 
hybrid and electric vehicles are available and economical.    
 

• Tier 2 and 3 companies exhibited significantly less interest (~25% responded in the 
affirmative) in the traction drive power inverter market.  This response indicates the 
challenge that exists in terms of growing the participation of Tier 2 through 4 
organizations in the marketplace for automotive traction drive power inverters.  

 
• Approximately 44% of all respondents (19 of the 43 interviewees) stated that the traction 

drive inverter market is not important to their firm.  These respondents are essentially 
stating that they are not interested in making significant investments in this market at this 
time. 
 

• A minority of OEMs and Tier 1s (30%) do not believe that the traction drive inverter 
market is important to their firm, while a majority of the Tier 2 and other companies (50 – 
75%) take this view.   
 

• The responsiveness and responses of the Tier 1s queried indicates that these 
companies are deeply committed to sustaining the NA PE supply chain.  Synthesis 
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assess that a strategy to enhance the NA supply chain diversity and capability would be 
well-served by engaging these companies.   

 
• Secondary sources indicated that Tier 1s are hedging their bets and seeking to expand 

to industries beyond automotive to diversify their markets, even while they are 
committed to automotive OEM customers. 

 
Figures 9 through 11 below provide rankings of companies based on the number of times 
interviewees cited these companies as investment leaders in the NAPE supply chain. 
 
Figure 9: 
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Source:  Synthesis Partners collection, analysis and aggregation from public and proprietary commercial 
sources. 
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Figure 10:  
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Source:  Synthesis Partners collection, analysis and aggregation from public and proprietary commercial 
sources. 
 
Figure 11:   
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Source:  Synthesis Partners collection, analysis and aggregation from public and proprietary commercial 
sources. 
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Analysis: 
 

• The above three figures depict the most-cited companies, by category, in interviews 
regarding NA PE supply chain investment activity.   

 
• Investment leaders in the NA PE supply chain appear to be either 1) among the global 

leaders in HEV/EV production, including PE components, or 2) NA-based automotive 
suppliers that are exceptionally focused on building a sustainable PE supply chain in NA. 

 
• Three of the top five companies in the All Company category are headquartered in NA.  

This may be attributed to the size of the US market for EVs and HEVs.   
 
• Research did not indicate that any of the companies listed are planning strategic-level 

coordination.   
 
• There is a lack of representation of Tier 2 through 4 companies in the above rankings.  

This is an additional factor in exacerbating the already brittle supply chain.   
 
• Numerous respondents noted Delphi’s NA investment activity, despite the fact that 

Delphi is not in the top tier of global PE suppliers.    
 
• The frequency with which UQM was referenced is notable, as it is a motor, not PE 

supplier.  UQM's intensive engagement with DOE is apparently having an impact on 
community perceptions. 
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Figure 12: Distribution of Positive Responses:" Is A US-Based PE Supply Chain Critical To Your 
Firm’s Future Success?” 
 

NUMBER OF 
RESPONDENTS 

Number of 
Respondents 
That Agree 

Rationales for Agreement Share of 
Subtotal 
Respondents 
That Agree 

36 11 Reduce inventory costs, increase 
competitiveness, protect IP 

50%  

 5 To continue process of expanding NA supply 
base 

23%  

 6 Other rationales 27%  

SUB-TOTAL: 22  
 

All of above rationales 61%  

 
Source:  Synthesis Partners collection, analysis and aggregation from public and proprietary commercial 
sources. 
 
Analysis: 
 

• In a wide-ranging set of in-depth interviews, Synthesis identified a small number of 
rationales for supporting a NA-based PE supply chain. 
 

• A strong majority of companies (61%) that engaged in these discussions with Synthesis 
believe that a U.S.-based PE supply chain is critical to their firm’s future success.  This 
would appear to augur well for initiatives designed to expand participation of current and 
new players in NA PE supply chain developments. 
 

• Among respondents answering positively, 50% cited the desire to increase 
competitiveness by reducing logistics and inventory costs and protecting IP. 

o Proximity to markets reduces costs, and any cost reduction is notable in that it 
can deliver a competitive advantage in a very competitive global market.   

o There is a significant potential benefit for suppliers if their IP can be protected to 
some extent.  This could catalyze innovation since the innovators can be more 
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confident that their inventions will accrue a reasonable ROI. 
 

• Among all the respondents, Synthesis found an understanding that the US is at a 
crossroads in terms of both the need for, but absence of a globally competitive NA 
automotive PE supply chain.  
 

• Companies that are investing in the NA PE production, naturally support investment in 
similar activities by other organizations and the USG in order to support a more diverse, 
higher capitalized set of participants.    
 

Figure 13: Distribution of Negative Responses: “Is A U.S.-Based PE Supply Chain Critical To 
Your Firm’s Future Success?” 
 

NUMBER OF 
RESPONDENTS 

Respondents 
That Do Not 
Agree 

Rationales for Disagreement Share of 
Subtotal 
Respondents 
That Do Not 
Agree 

36 9 Supply chain is global; environmental 
regulations are too strict in NA; in any case, 
external factors such as shipping costs, 
exchange rate fluctuations and market 
volumes determines location of suppliers 

64%  

 4 Overseas suppliers are currently the source of 
necessary engineering, technology and 
components. 

29%  

 1 Other rationales 7%  

SUBTOTAL: 14  
 

All of above rationales 39%  

 
Source:  Synthesis Partners collection, analysis and aggregation from public and proprietary commercial 
sources. 
 
Analysis:  
 

• 39% of the respondents (14 of 36) do not believe that a US-based PE supply chain is 
critical to their firm’s future success. This may be a large enough cohort to have a 
negative impact on the development of a NA PE supply chain.  Their rationale: 

o The current supply chain is global and sufficiently large to address demand 
o Environmental and other business regulations are too heavy in North America.  

This view is voiced particularly in comparison to low-cost Asia-Pacific nations. 
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o External factors, which suppliers have no control over (e.g., exchange rate 
fluctuations, shipping costs, market volume) will determine location of suppliers 

o The development, engineering, technology and components needed are primarily 
sourced from overseas suppliers 
 

• The challenge of establishing automotive PE IP positions – and protecting these 
positions – in order to generate a sustainable competitive advantage is a topic of 
concern and discussion.   
 

• These responses point to a recognition that current market conditions are not sufficient 
to drive extreme changes in the PE supply chain.   
 

• Real-world constraints, such as exchange rate fluctuations, shipping costs, trends in 
EV/HEV market volumes and demand are all considered beyond the control of 
automotive suppliers.  Among the responses who answered negatively, Synthesis found 
a “work with what we have” mindset.  These companies do not appear to push for new 
approaches to achieve significantly different PE supply chain dynamics in NA 
 

• Among the major benefits of the current global supply chain are the ability to leverage, 
through outsourcing arrangements, the high-level PE development, engineering and 
technology development capabilities resident among dominant overseas suppliers. 
 

• Respondents uniformly recommended a careful and cautious and gradual development 
strategy for the NA supply chain.   
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Figure 14:  
 
43 interviewees were queried concerning their assessment of the key advantages and 
disadvantages of a NA PE supply chain.  Each interviewee could provide one or more response, 
or no response.  The results are depicted in the following two Figures. 
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Source:  Synthesis Partners collection, analysis and aggregation from public and proprietary commercial 
sources. 
 
Analysis: 
 

• The most frequently cited advantage of a NA-based PE supply chain is proximity to 
market.  This includes time-to-market advantages (in which hours and days count) and 
cost advantages resulting from reduced shipping and inventory charges.  

 
• The second most frequently cited advantage of a NA PE supply chain is the US’ 

industrial-base’s capability to generate knowledge and break-through technology and 
produce reasonable ROI. 
 

• The third most frequently cited advantage is the EV/HEV market potential in NA.  The 
NA market size is discussed in the secondary source sections of this report.  This 
interview finding underscores how economic and market conditions are the ultimate 
determining factors for automotive supply chain investment decisions. 
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• The fourth most frequently cited advantage of a NA PE supply chain is the opportunity to 
develop and leverage partnerships between industry and government.   
 

• Other advantages mentioned less frequently included factors such as exchange rate 
fluctuations, IP protection and ease of communication.  This is not an indication that 
these are not important to a small, but vital, set of companies.   

 
Figure 15: Key Disadvantages of a NAPE Supply Base 
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Source:  Synthesis Partners collection, analysis and aggregation from public and proprietary commercial 
sources. 
 
Analysis: 
 

• The most frequently cited disadvantage – by far – of the NA PE supply chain is the 
perceived high cost of the products produced.  Economics factor on both the pro 
(proximity to market) and con side of the NA PE supply chain issue.   

 
• Any investment activity in NA which does not include plan to meet globally competitive 

cost benchmarks will not succeed in the long run. 
 

• The frequency of responses is similar among the second through fifth disadvantages 
listed above.  This points to a level of agreement among sources regarding market 
demand instability and risk-averse investment planning in the NA automotive PE market.   
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• Specifically, the following factors were suggested to Synthesis as carrying equivalent 
weight as disadvantages in the NA context: 

o Unstable/insufficient market demand. 
o Risk-averse investment planning: numerous sources highlighted the negative 

implications for building and sustaining a new industry, e.g., automotive PE 
supply, when business planning is focused on quarterly returns.  This point is 
raised in the HEV/EV supplier community, noting the contrast with the long-term 
– though reportedly loss-leading – large-scale, long-term investment strategy 
pursued by Toyota in HEVs. 

o USG picking winners and losers: this comment reflects frustration with outcomes 
when USG investments are understood to be “helping only certain companies 
succeed.”  This view comes from sources that are supportive of USG 
involvement when it is focused and understood to investing in broad technology 
approaches, integration or development of standards, or pre-competitive 
technology development activities, regardless of the companies that participate. 

o Lack of availability of key components produced in NA, as the automotive PE 
industry is a global one dominated by overseas suppliers at present.   
 

• The lack of engineers and skilled workers is the sixth-most frequently mentioned 
disadvantage.  This suggests that the pragmatic economic forces discussed above, 
whether market-, industry- or government-based, are the critical constraints to 
expanding the NA PE supply chain and that lack of qualified personnel is not a critical 
factor at this time. 
 

• The remaining disadvantages were mentioned by single respondents, and therefore do 
not achieve sufficient weight for discussion as broad consensus findings. 

 
Figure 16 below depicts the responses collected from 21 of the 43 interviewees who provided 
their specific views on the role that NA-based suppliers play in automotive PE supply chain 
activities. 
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Figure 16: 
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Source:  Synthesis Partners collection, analysis and aggregation from public and proprietary commercial 
sources. 
 
Analysis: 
 

• Consistent with global power inverter supplier rankings presented by Synthesis in this 
and other studies, NA suppliers make a relatively small contribution at present.  The 
automotive PE supply chain is a global one, with NA suppliers playing a small or minimal 
role at the present time. 
 

Figure 17 below depicts the responses collected from 24 of 43 interviewees who provided 
specific views on whether or not NA PE suppliers are planning to expand production in the next 
five years. 
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Figure 17: 
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Source:  Synthesis Partners collection, analysis and aggregation from public and proprietary commercial 
sources. 
 
Analysis: 
 

• A strong majority of the respondents believed that NA PE suppliers are not planning on 
preparing to expand production in the next five years.   
 

• This consensus view appears to indicate that those organizations now anticipating or 
planning on a diverse set of NA-based companies expanding or entering the PE supply 
chain may be disappointed.   
 

• The 17% of the respondents stating that suppliers are preparing to expand production, 
are with, or know of, the companies that are actually making investments.  Secondary 
sources corroborate their information.  This is notable because individuals are 
discussing highly capable, globally managed and committed companies focused on 
building a supply chain in pursuit of the most important advantages of a NA supply chain 
identified above. Despite the fact that they are a minority they can have significant 
impacts on future outcomes in automotive traction drive PE supply. 
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Selected Interview Extracts Regarding All of the Tasks 
 
The following are a selection of quotes obtained from sources (whose affiliation is generically 
described as OEM, Tier 1, Tier 2, Tier 3, Other) that are considered particularly relevant.  These 
quotes are only a small sample of those that SP has relied on to produce the above findings. 
 
The quotes are sourced from interviews that Synthesis conducted to assess the current state, 
bottlenecks in, constraints to, growth of, and potential significant shifts in the NA supply chain 
for PE.  Each of the following quotes in each of the separate topic areas is sourced to a different 
company.  Further identifying information is not provided in order to honor confidentiality 
agreements with the sources. 
 
Global Forces Shape the Supply Chain – and are Now Driving Participants to Diversify Supply 
Chains, Reduce Costs, and Improve Performance 
 
OEM: (paraphrase) We are looking to diversify beyond the vertically integrated model because 
global competition is significant and no single company can sustain the innovation needed to 
succeed in the long-term. 
 
Tier 1:  "Today's supply chain is really global, and has to be.  Even the Japanese, known for 
their tight, vertical supply chains, recognize this and have been discussing the diversification of 
their supply chains." 
 
Tier 1:  "The supply chain is important, but our experience shows that the supply chain will 
follow the manufacturing.  For example, our preference is to locate our manufacturing as close 
to the market as possible to offset currency exchange rate fluctuations and shipping costs." 
 
Significance of Trusted Information Exchanges Cannot Be Overestimated 
 
Tier 1:  "A database of information on potential suppliers, e.g., who makes what, the state 
they're located in, etc. would be very helpful to supply chain participants and manufacturers. 
Similarly, an up-to-date database on local, state and federal grants, loans, tax incentives, 
related POCs, etc. would be very helpful." 
 
OEM:  "When local, state and federal government awards are made, make the content 
traceable so the supply chain supporting the award is clearly shown." 
 
OEM:  "For suppliers who wish to be a strong player in this growing sector, it is imperative that 
they continue to communicate with the OEM Engineering teams to keep abreast of new 
program opportunities, and other emerging technologies." 
 
The PE Supply Chain is Limited, Uneven and Weak – and Unlikely to Change Anytime Soon 
 
Tier 1:  "In the automotive sector, the traditional view of the supply chain is a pyramid shape, 
with the OEMS on top, then Tier 1, Tier 2, Tier 3, etc.  However, for automotive electronics, the 
supply chain diagram has a diamond shape, starting out similar to the pyramid diagram with 
OEMs at the top, then Tier 1 and Tier 2 [in the middle], but when you get to the Tier 3 level (the 
component and material manufacturers), there is a sudden widening [followed by a sharp 
narrowing].  This is because there may be 5 suppliers of a given item at this level, but there may 
be only 2 suppliers of the materials [Tier 4 and below] needed for those items.“  
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Tier 1:  "We generally establish a set of suppliers for a specific product and once that product is 
released that group of suppliers stays pretty much constant." 
 
Tier 2:  “The current NA supply chain is not stable enough to support the design of components 
[needed by] most OEMs." 
 
Tier 1:  "We, like other manufacturers are focused on obtaining the highest quality components 
at the best price.  With some high-dollar components, such as IGBTs, the only realistic sources 
are from Germany and Japan." 
 
Tier 1:  "Inverters in general also have a smaller supply base, especially when compared to 
motors.  This can make it more difficult for customers to access the inverters they require for a 
given application.  … And yet, interestingly, we have heard from some customers that they had 
never heard of us even though we a product that was just what they were looking for." 
 
Tier 1:  "...there is little chance that there will be any immediate change in the U.S. supplier base 
for this market.  These days, manufacturing sites are chosen based on "Leading Cost Country" 
(LCC) (including currency exchange, logistics, time-to-market, cost, quality, historical 
knowledge, in-depth supply chain management), as opposed to what used to be termed 
"Lowest Cost Country".  For the reasons cited, this is unlikely to change.  Inverters in particular, 
are heavily dependent on a competitive material cost structure and manufacturers at that level 
in the supply chain are not going to locate in the U.S. in the current climate." 
 
NA-Manufactured Component Availability is Limited, and Companies Attempting to Increase 
their NA Content are Stymied 
 
OEM:  "... can't go too much further than 60% US content because of component availability in 
the US." 
 
OEM:  "(we have) a target to increase the local/domestic content and a strategy to meet the 
target, but we are not focusing on power inverter and PE first (we are starting with other areas, 
there is too little domestic availability)" 
 
OEM:  "...the supply chain is not enough for (us) to localize.  In fact, localization rate of inverter 
is low." 
 
Tier 1:  "It really comes down to cost and quality.  For example, we are always looking for new 
suppliers and actually, could use assistance in this area.  Currently, we use U.S. suppliers for… 
some of the mechanical components, but many of the components are simply not available in 
the U.S. and still come from Japan (or other areas).  We have no target date or number which 
we are striving to reach regarding the use of local suppliers, but we are looking to expand the 
number of U.S. bases suppliers if the quality and cost are competitive." 
 
Tier 1:  "Currently, most U.S. suppliers appear to be waiting for the market to reach a certain 
level before becoming engaged.  However, there may also be a certain level of complacency 
evident." 
 
Tier 1:  " …. we couldn't find a U.S.-based supplier for motors (we tried) and had to go to a 
South Korean motor manufacturer." 
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Tier 1:  “Unfortunately, our inverter production for EVs/HEVs is still very much dependent on 
one component supplier in Japan – if that supplier goes down, production will stop." 
 
Advantages of NA-Based Manufacturing and Supply 
 
Tier 1.  “Currency risk control; spreading risk on geological extreme events or political events; 
logistical proximity – but not lowest cost, highest quality! – yet” 
 
Tier 1:  “The advantages of a U.S.-based supply chain include better customer support and 
ready availability of stock.  For example, if a supplier is U.S.-based, we can obtain a needed 
part in 24 hours.  This is not the case with overseas suppliers.  Although I can't offer specifics, 
there are instances where our overseas suppliers have filled foreign domestic customer orders 
ahead of ours – increasing delays." 
 
Economic Development Official:  "Ohio, Kentucky, Tennessee and Mississippi...have actively 
pursued investments from Japanese automobile manufacturers, demonstrated by the leaders of 
these states making a concerted effort to convince Japanese manufacturers to come to their 
states and establish manufacturing operations." 
 
Challenges in Building and Sustaining U.S.-Based Manufacturing and Supply 
 
Tier 2:  "...it is unlikely that we will produce capacitors in the U.S.  Currently, most of the 
inverters sold in the U.S. use film capacitors and our plants in Japan and Malaysia produce 
these capacitors for the U.S. market.  It is possible that we might establish assembly operations 
here given the right conditions, but manufacturing does not appear likely." 
 
Tier 2:  "At our level (capacitors) there is virtually no one looking to invest in manufacturing in 
the U.S.  In fact, some of our competitors who invested in manufacturing in the U.S. in prior 
years have either already closed or are now in the process of closing their manufacturing 
facilities here and moving production overseas.  There is no talk of manufacturing in the U.S.   
It's important to remember that our average selling price is in the 0.80 range and for many of our 
products; we're looking for production in the millions of units.  The cost of manufacturing in the 
U.S. just has always (for us) been too high." 
 
Tier 2:  "...U.S. automobile OEMs require ISO/TS 16949 certification whereas their Japanese 
counterparts do not.  This adds to costs as Japanese Tier 1s require the TS certification when 
they sell to U.S. manufacturers." 
 
Tier 1:  "Ideally, we would like to manufacture the electronics (e.g., transformers, buses, PCBs, 
etc.) in the U.S. as our sales volume increase.  The electronics components are bulky and 
shipping them from Asia is expensive.  However, environmental regulations may prevent us 
from manufacturing them in the U.S." 
 
To Add to the Challenge, Component Suppliers Shift to Higher Volume Industrial Markets When 
Possible 
 
Tier 1:  "... at the supplier level, there is more of a trend of suppliers leaving the automobile 
industry in general due to the highly-specialized requirements [and lower costs]." 
 
Tier 1:  “Tier 2 and Tier 3 suppliers of IGBTs, capacitors, etc. are more inclined to focus on 
industrial applications for their products due to higher volumes." 
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Tier 2:  "Our business, semiconductors, is a volume business and the volumes for industrial 
applications are not only huge, but we can take a modular approach, which has not been the 
case with the automotive sector.  In the industrial sector, production for one application is often 
interchangeable with another, providing significant leveraging and driving costs down.  It makes 
quite a difference when you're speaking of production in the millions for industrial applications 
vis a vis production (maybe) in the hundreds of thousands for automotive applications.  Making 
the situation worse, each automotive OEM has their own specs." 
 
Cost Reduction Remains a Big Challenge 
 
Tier 2:  "Generally, when Detroit realizes they are 20% over cost, they expect everyone to 
accept a 20% cut to keep their final costs in line.  This approach doesn't work, at least not in 
semiconductor manufacturing." 
 
Tier 1:  “Significant cost reductions for inverter production can be achieved at high enough 
volumes -- maybe 500,000.  However, in terms of the overall cost issue, batteries are a much 
more important issue for reducing the cost of an EV/HEV.  The inverter and traction motor are 
not as critical as the battery.  If target improvements in battery performance are met, then the 
other areas will follow."  [If not, then it becomes very difficult.] 
 
Wide Bandgap (WBG) Materials (SiC) Not Plausible At This Time in NA 
 
Tier 2:  “The core technical challenge for SiC today is that it is like dropping a “Ferrari into a VW 
chassis." 
 
Tier 2:  "NA automotive OEMs have no interest in WBG, or no interest in funding and 
developing it independently of what the Japanese are doing overseas." 
 
Tier 2:  "In Japan, main players are all moving toward a complete SiC module – and “are quite 
likely” to get there in 2018-2019, “at smaller volumes". 
 
Comments Related to Specific Companies 
 
OEM:  "I think it is safe to say that Toyota was willing to accept a lower ROI (or possibly no ROI) 
in exchange for the increased sales and public relations benefit of selling more HEV’s." 
 
Tier 2:  "...firms like Tesla are demonstrating that a different approach can work.  For example, 
Tesla (I think) is using discrete IGBTs, a standard component.  By doing this, they're buying a 
commodity that reduces their costs.  This approach could be applied to other areas as well." 
 
Comments on USG Efficacy and Roles in Automotive Supply Chain 
 
Better to Focus on Components, not Systems 
 
OEM:  "On a macro level, the USG and DOE have historically focused on system level 
development.  A much better focus would be at the component level, on the "enablers" that will 
benefit the final product.  When the USG has taken steps on the component level, the tendency 
has generally been to [enable the private markets] to choose winners and losers." 
 
Consider Acting on Market Reports 
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OEM:  "It would be in DOE's interest to pay closer attention and act on some of the very 
recommendations that result from the reports produced by SP and others....(for example, one 
report commissioned by DOE) summarized a finding that nearly all respondents supported -- 
which type of electric motor would be most appropriate to focus on.  Yet, DOE never 
implemented that recommendation in its programs -- it kept investing in other approaches.  Of 
course, there are many other factors which come into these decisions, but the bottom line is that 
these types of surveys do identify important information that can be acted on." 
 
Avoid Protectionist Rhetoric 
 
OEM:  "Generally, there is a large amount of rhetoric in the U.S., starting at high levels of 
government, against Chinese investment in the U.S. … Chinese companies...want to invest 
more, want to manufacture in the U.S. … Does the U.S. want (transplants) to invest in the U.S.?  
If so, we need to see some indications -- at the federal, state, regional and local levels.  Like any 
other investor, we are eager to hear what can be offered us to expand our manufacturing in the 
U.S." 
 
Need for a Strategic Plan Based on Regional Factors, New Players, and Market Forces  
 
OEM:  "…giving consideration to regional energy policies which make sense for specific regions 
of the country, these region's populations, climate, etc., might be appropriate as areas such as 
the southwest might be more appropriate for EVs whereas other areas of the country might 
realize more benefits from FCVs (Fuel Cell Vehicles), etc." 
 
OEM:  "DOE, DOD and other USG agencies are so eager to focus their resources on large 
companies and determining "winners" and "losers" that they distort market forces." 
 
Tier 1:  “Although we're dealing with a global market, there are some issues that the U.S. needs 
to (and can) address.  For example, our public sector is just not aware of the importance of 
effective partnering between the public and private sectors.  Europe, Japan, China -- all 
recognize the value of strong public-private partnerships and have a demonstrated commitment 
to them.  There needs to be more of a push in this area in the U.S. with a closer examination of 
prospective technologies, including answering the following questions: 
- Where will the technology be developed? 
- Where will the technology be deployed? 
- How will the technology affect competition in the supply chain? 
 
These questions all need to be answered on a local, regional and national level." 
 
Funding R&D Aimed at Near-Term Production is not Realistic 
 
Tier 1:  "DOE needs to have reasonable expectations as to how much influence can be exerted 
here -- continued/expanded funding of R&D is important, e.g., integration of thermal 
management, etc., but such funding needs to have reasonable expectations of the outcome.  
Funding an R&D project while requiring production in 12 months for example, is just not 
feasible." 
 
USG’s Heavy Hand Makes Things Worse 
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Tier 1:  "...the Affordable Health Care Act will increase our health care premium costs 4-5 times.  
This is money that we could have devoted to R&D, but instead, have to allocate it to increased 
health costs." 
 
Tier 1:  "...the USG needs to avoid the temptation to pick company or technology winners or 
losers." 
 
Tier 2:  "Rather than try and force the market, the USG would do better to continue to focus on 
enabling technologies -- for example, their investments in motors and high-temp capacitors is 
very helpful.  The USG might also do better, if possible, to do more due-diligence on companies 
before making investments.  For example, a company that has been dependent on SBIR funds 
would not be a good candidate for a manufacturing investment." 
 
Tier 2:  "However, it (the EV/HEV market) is best left to develop on its own without government 
intervention.  This is probably one of the USG's weaker points in that the USG timeline for the 
market is unrealistically aggressive." 
 
USG’s Heavy Hand Makes Things Better 
 
Tier 1:  "the supply chain has benefited from the role of the USG.  The EV industry is definitely 
in a better position today because of USG programs.  I think this will become very clear within 
the next 5-10 years as the market takes shape and the results from the USG's involvement 
becomes more obvious." 
 
Tier 2:  "Domestic volume of end programs is the only medicine right now.  And the US 
government could do the industry the biggest good by becoming a steady reliable buyer for 
things like Postal Vehicles, Government Fleet vehicles, and Defense support vehicles." 
 
Need Improved Measurement Protocols for Standards and Testing 
 
Tier 2:  "One area that the USG could play an important role, but has taken no action is the 
creation and implementation of standards and testing.  There is a strong need for the 
development of measurement protocols to assess performance in WBG devices.  The basis set 
on Si tests which are currently used don't work and each manufacturer is left to establish its own 
testing protocols.  Then, when the customer receives the product and tests it, different results 
are achieved." 
 
Shortage of Qualified Engineers 
 
Tier 1:  "There is a huge deficit of qualified engineers which places this country at a significant 
disadvantage.  It's not surprising that Japan and Germany are leaders in many of the areas 
we're discussing as there is a climate in each of those countries which promotes the education 
of engineers." 
 
Need for Legal Reform 
 
Tier 1:  "Unlike other major markets such as Europe and China, we have to be overly 
conservative in our implementation of new innovations.  In the U.S., the threat of lawsuits are a 
constant factor as we're developing products and this affects the innovations we pursue.  In 
China and Europe, "pain and suffering"-type lawsuits are not common and certainly the damage 
awards are no where near the amounts we see in the U.S." 
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Innovators are not Manufacturers 
 
Tier 3:  "...innovation comes from small companies.  Large firms use the innovations developed 
by small firms as corporate American does not do well with internal entrepreneurs.  You see this 
in firms such as DELCO, GM, Chrysler, etc. -- they will get rid of entrepreneurial employees.  
The role of the USG in the EV/HEV area should be to sustain the innovators until they and/or 
their technologies are bought by larger firms for development.  The USG should not be financing 
innovators to become manufacturers.  The current climate for seeking USG funds makes this 
difficult as one of the first questions you see on funding applications is, "How many jobs are you 
creating?" ...  This is not an appropriate question for an innovator and discourages technology 
advancements at this level." 
 
Selected Market Research Extracts 
 
Synthesis reviewed hundreds of third party market research analyses that directly or indirectly 
addressed the issue of the top constraints or bottlenecks that currently limit NA Tier 1-4 
producers from achieving high volume power inverter manufacturing. 
 
The following extracts provide the most relevant data-points revealed.  These market research 
studies directly and indirectly addressed the market trends and developments that are affecting 
the evolution of the NA PE supply chain.   
 
NA OEM-Tier 1 Supplier Working Relations Studies 
 
The "12th Annual NA Automotive OEM - Tier 1 Supplier Working Relations Study,"3 reports 
several findings based on an Internet-based survey conducted early-March to mid-April 2012.  
The survey included the following respondents: 

• 564 sales personnel 
• 439 Tier 1 suppliers 
• 39 NA Top 50 suppliers 
• 67 NA Top 100 suppliers 

 
Among the most notable findings for the purpose of this report, regarding OEM-Tier 1 working 
relations: 

• Toyota and Honda continue dropping to the lowest levels ever, though they are still the 
highest ranked 

• GM and Chrysler continue improving to reach their highest levels ever 
• Ford and Nissan essentially flat 
• There is considerable variation within each OEM 
• There is inconsistent implementation of effective approaches for improving OEM-

supplier working relations; OEM purchasing top management typically “get it”; OEM 
buyers generally do not. 

• Substantial potential supplier benefits are not being realized by OEMs. 
 

                                                
3Henke, Jr., Ph.D., John W., "12th Annual NA Automotive OEM - Tier 1 Supplier Working Relations 
Study."  OEM Purchasing Summit.5/15/12.   
https://societyofautoanalysts.poweredbyeden.com/files/189/75094.pdf.  Accessed 8/15/13. 
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A second market survey by Booz &Co.4, based on a survey of 208 automotive executives and 
suppliers completed in early 2012, covered trends and challenges in the automotive supply 
chain. 
 
The following findings from the Booz & Co. are notable: 
 

• A supplier either must be in a position to “create end-user pull, drive demonstrable 
reductions in OEM costs, improve fuel efficiency, or be a trusted solutions provider for an 
OEM’s problems. "Otherwise, the automotive supplier will be placed in a position where 
it will have to “meet basic requirements at the lowest cost.” 
 

• Alternative powertrains (i.e., electric drive) will gain share but adoption rates are seen as 
dependent on government support.  “Without government assistance, half of all 
respondents to the survey believe this segment will remain limited to 5 percent or less of 
the U.S. market by 2020.” 
 

• When comparing powertrain choices, “respondents are most confident in the long-term 
prospects of full hybrid and mild hybrid and less sure about the future prospects for plug-
in, fuel cell and battery-electric autos.  Forty percent of OEMs and suppliers believe full 
hybrids will be the leading alternative to the conventional gas internal combustion engine 
in 2020.” 
 

• “92 percent of OEM executive respondents say they are either producing just enough or 
too few vehicles to satisfy demand.” 

 
• “34 percent of suppliers and 55 percent of OEMs say cuts in capacity have left them 

constrained.” 
 
• “Instead of ramping up to match the highest rate of recovery—the equivalent of 

recalibrating to the high-water mark—vehicle manufacturers are operating with very low 
inventories; some report as little as 15 to 20 days sales outstanding (DSO), which is far 
lower than peak levels of 100 DSOs experienced a few years ago.” 
 

• “Given capacity constraints, suppliers have managed to regain some leverage over 
manufacturers, and they do not want to surrender that leverage.  As overall volume and 
orders rise, many suppliers are choosing to postpone investing in new fixed assets, 
opting instead to add overtime shifts and other incremental approaches to optimize 
existing capacity.” 
 

• “Approximately 60% of supplier respondents say they are actively looking at acquisitions 
– with expansion into new regions or business segments the primary aim. The industry 
has expressed a clear understanding that it needs to grow smarter, by not letting 
capacity grow faster than natural market demand.” 

 

                                                
4Booz & Co., "2012 U.S. Automotive Industry Survey and Confidence 
Index."http://www.booz.com/media/file/BoozCo_2012-US-Automotive-Industry-Survey-and-
Confidence-Index.pdf.  Accessed 8/1/13. 
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A third survey entitled the "OESA Automotive Supplier Barometer"5 was conducted July 8-10, 
2013 and generated 96 survey responses.  The most relevant results from this survey are 
below: 

• “76 percent of suppliers plan to run overtime shifts in the first quarter of 2012, and more 
than half of our respondents said they were constrained by capacity.” 
 

• “Historically suppliers have not successfully communicated their value proposition to 
customers.”  
 

• “Mergers and acquisitions are increasing for 41 percent of companies, whereas last year 
this value was 31 percent. Companies with revenue in the $501 million to $1 billion 
range, seem particularly focused on capital investments and M&A opportunities. 

 
• “The lending environment continues to be a discussion topic in automotive. While most 

suppliers do not see much change in allowable credit or covenants, commercial loan 
interest rates draw more attention. 46 percent of responding companies expect that 
commercial loan interest rates will tighten somewhat over the next 12 months while 25 
percent expect some tightening in cost of credit lines.” 

 
• “Company divestiture remains an unlikely action within strategic plans over the next 12 

months.” 
 

• “Acquisitions are a consideration for most supplier companies; 10 percent indicating a 
high likelihood of acquisition and 48 percent indicating a moderate likelihood.” 

 
• “For those considering acquisitions, the goals of building market share, accessing new 

customers or following existing customers into geographic markets, and accelerated 
access to new technologies are key priorities for possible acquisitions.” 
 

• “As suppliers continue to manage increasing production volumes, the top priority action 
items in budgets are purchasing capital equipment and hiring direct hourly/salary and 
temporary/contract employees. Footprint expansion is not considered a key action. As 
one respondent noted, “We already have the footprint, now we need people.” 

 
Relevant Market Data 
 
U.S. is Still a Key Market for OEMs – Especially for EV/HEVs 
 
Although the majority of interview respondents emphasized the need for a proven HEV/EV 
market before making substantial investments in NA PE production capacity, there is no 
question as to the importance of the NA automotive market to domestic and foreign-based 
OEMs and suppliers.  A Japanese Government official summed this up by pointing out that the 

                                                

5 Original Equipment Suppliers Association, "OESA Automotive Supplier Barometer."  7/8-10/13. 
http://www.oesa.org/Knowledge-Center/Automotive-Supplier-Barometer/2013-Supplier-
Barometers/2013-July-OESA-Automotive-Supplier-Barometer.pdf.  Accessed 8/7/13. 
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U.S. remains a key market for Japanese automotive OEMs as 15 million new vehicles are 
expected to be sold in the U.S. in 2013 and that Japan's OEMs expect to continue their strong 
position in this market.  The official said that as of 2012, Japanese OEMs held a 37% market 
share in the U.S., with 70% of the Japanese automobiles sold in the U.S. also produced here.  
He also noted that Japan's OEMs expect further increases in the percentage of the automobiles 
they produce in the U.S. 
 
Regarding the EV/HEV market, one Toyota executive pointed out that it took Toyota 10 years 
for the Prius to achieve 1,000,000 overall vehicle sales in U.S6.  This comment underscores the 
patience (and capital) required as OEMs and their suppliers engage the EV/HEV market.  His 
point is further made in the following chart, which demonstrates inconsistent monthly sales of 
HEV/EVs.  
 
Figure 18: Sales of Prius HEV, i-MiEV, Volt PHEV, Leaf EV and Prius PHEV Since Market 
Introduction 

 
 
Source: International Energy Agency, "Global EV Outlook, Understanding the Electric Vehicle Landscape 
to 2020."  4/13, pg. 
18.http://www.iea.org/topics/transport/electricvehiclesinitiative/EVI_GEO_2013_FullReport.pdf.  
Accessed 7/19/13.  (Used with permission from the IEA). 
 
The above Figure depicts sales of leading EV, HEV and PHEV vehicles since market 
introduction –including the Prius HEV, i-MiEV, Volt PHEV, Leaf EV, and Prius PHEV.  The chart 
illustrates that none of these vehicles realized consistent increases in sales volume, up to three 
years after their introduction.  Understandably, OEMs do not disclose break-even points for their 
vehicles.  However, one report asserts that Toyota reached profitability on the Prius only after 
four years of sales.  (Source:  Ohnsman, Alan, "Toyota Says It's Now Turning a Profit on the 

                                                
6Wimmer, Robert, "Future Transportation Trends and Challenges."  Toyota NA  3/23/11.  pg. 11/39.  
http://transportation.ky.gov/sashto/future%20transportation%20trends%20and%20challenges.pdf.  
Accessed 7/17/13.   
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Hybrid Prius", 12/19/01, Bloomberg News, http://articles.latimes.com/2001/dec/19/autos/hy-
prius19.)  Inconsistent EV/HEV sales and long-term break-even points are likely causes of 
suppliers’ reluctant to commit significant resources. 
 
Figure 19: Electric Drive Vehicle Sales in the U.S., By Type of Alternative Drivetrain, 2012 
  
 

2012	  

Month	   Hybrids	  
(HEVs)	  

Plug-‐In	  Hybrid	  (PHEVs)	  
incl.	  Extended	  Range	  
(EREVs)	  

Battery	  
(BEVs)	   Total	  

January	   21,778	   603	   824	   23,205	  
February	   36,222	   1,023	   639	   37,884	  
March	   48,206	   3,200	   961	   52,367	  
April	   39,901	   3,116	   775	   43,792	  
May	   37,184	   2,766	   612	   40,562	  
June	   34,558	   2,455	   863	   37,876	  
July	   31,610	   2,537	   479	   34,626	  
August	   38,369	   3,878	   837	   43,084	  
September	   34,835	   4,503	   1,306	   40,644	  
October	   33,290	   4,994	   2,040	   40,324	  
November	   35,002	   4,544	   2,211	   41,757	  
December	   43,690	   4,965	   2,704	   51,359	  

Total	   434,645	   38584	   14251	   487,480	  

	   	  
Total	  Vehicle	  Sales	  YTD	  
2013	   	  	   14,439,684	  

	   	  
Electric	  Drive	  Market	  
Share	   	  	   3.38%	  

 
 
Source:  Data is from Electric Drive Transportation Association.   
http://electricdrive.org/index.php?ht=d/sp/i/20952/pid/20952.  Accessed 9/3/13.  (Used with permission 
from the Electric Drive Transportation Association). 
 
As the above Figure shows, 434,645 HEVs were sold in the U.S. in 2012.  Extrapolating 2013 
YTD sales indicates that approximately 500,000 will be sold by years end, a 15% increase.   
 
Almost 53,000 EVs/PHEVs were sold in the US in 2012.  Extrapolating 2013 YTD sales 
indicates that approximately 80,000 will be sold by years end, a 51% increase.   
 
One of our Tier 1 respondents points out that the HEV market is growing at about 12% per 
annum compared to gasoline vehicle market growth of about 3% per annum.  His statement 
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appears to be supported by the sales figures for 2012 and 2013 to date, although the previous 
chart's tracking of specific EV/HEV sales from the point of their introduction demonstrate a much 
less-than consistent pattern of sales. 
 
A Regional Approach Is Needed to Understand the Evolution of the NAPE Supply Chain 
 
There is a growing understanding that the demand of EV/HEVs is higher in certain regions, as 
illustrated in Figure 20.  Understanding the nature of regional trends, and how they can be 
leveraged to better plan and address market opportunities by NA automotive supply chain 
participants, may have an impact on PE production in NA 
 
Figure 20: EV Sales by Region In the U.S. 
 

 
Source:  Miller, Lois and Pam Wylie, "Roadmap Towards a Sustainable Electric Vehicle Market."  pg. 9.  
6/17/13 Presentation.  2013 IEEE Transportation Electrification Conference & Expo.  (Used with 
permission from Ford Motor Co.). 
 
Might Electrical Machines Beyond EV/HEV Applications Surpass Automotive Markets? 
 
Could applications for inverters intended for non-automotive markets surpass the EV/HEV 
market in terms of volume and ROI? This question bears close examination, especially when 
considering future trends in automotive PE supply. 
 
Studies commissioned by the U.S. Department of Energy found that electric motors consume 
almost 60 percent of all power generated in the United States.  In fact, the research has 
revealed that some industries are so motor-rich that motors consume more than 92 percent of 
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the supplied energy.  Additional data on trends in energy efficiency in industrial sectors, and by 
extension how the PE supply chain may be impacted by the installation of induction motors in 
industrial facilities, is available from the California Energy Commission Public Interest Energy 
Research Program.  
 
A Tier 1 interview source noted that 60-70% of global energy is consumed by electrical 
machines and demand is growing by 20% per year.  This may indicate that market demand for 
industrial applications of PE will outstrip automotive growth rates in the near-, mid- and longer-
terms. 
 
The global market for electric vehicle inverters, including hybrid and pure electric drivetrains, 
“will grow from around $10billion in 2013 to an estimated $18 billion in 2023,” according to ID 
Tech Ex., a market research firm. 
 
Synthesis finds that profit margins and volumes of inverter manufacturing for EV/HEV 
applications are both relatively low.  This will discourage companies from entering the traction 
drive power inverter market for EV/HEVs.  (Source: Interviews OEM and Tier 1-3 sources). 
 
This could explain why a number of responses to the EV/HEV market in Synthesis’ surveys 
were along the lines of “we're waiting for the market to develop.”  U.S. inverter manufacturers 
and suppliers are taking this position in order to avoid expending resources on an unattractive 
market.  (Source: Interviews OEM and Tier 1-3 sources and supported by 2012 and 2013 Booz, 
Henke and OESA automotive supplier survey results). 
 
More analysis is needed regarding the level of market demand that could sustain an increased 
NA supply base volume. 
 
Declining American Competitiveness of American Automotive Supplier Networks  
 
The issue of declining competitiveness of American automotive engineering and supplier 
networks is a key constraint affecting any potential growth of the American automotive supply 
chain.  The following points gleaned from market research reports and primary sources add 
context to the nature of this challenge: 

• "The loss of market share and competitiveness among American suppliers has 
accelerated.  In comparison to 2011, the 23 American automotive suppliers lost one rank 
on average [in 2012].”7 

• “The total revenue in the automotive supplier industry dropped by -3.9% to €140.5 bn.  
With 7.1% of revenue, margins are at the average level of all global Top 100 players. 
This is somehow curious as vehicle production increased by 2.3 million units (+17.2%) to 
15.8 million vehicles (“cars” and “trucks”) on the NA domestic market in the past year. 
Today, Johnson Controls (Rank 9) is the last American player in the global Top 10 – in 
the year 2000, six out of ten of the biggest automotive suppliers in the world were 
American.  Even suppliers with a high and safe aftermarket business like Goodyear or 
leading technology companies (like BorgWarner in turbocharging and dual clutch 
transmission systems) disappointed with declining or stagnating sales in 2012."8 

                                                
7Berylls, "2nd Global Top Automotive Suppliers 2012."Press Release, 
4/4/13.http://www.berylls.com/en/home/news/berylls-umsatzwachstum-automobilindustrie.php.  Accessed 
7/29/13. 
8 Ibid. 
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• Suppliers must be competitive on a global level in terms of cost and quality in order to 
take advantage of localized production opportunities for saving on shipping costs, 
countering exchange rate fluctuations, and gaining the benefits of 24-hour availability, 
time-to-market reductions, and further cost savings through volume manufacturing, etc. 
(Source: Interviews of U.S. and transplant OEMs, Tier 1-3s). 

 
Significant and Growing Role of Transplants in U.S. Automotive Market – Especially With 
Regards to PE 
 
Synthesis assesses that an opportunity exists for Tier 1-4 suppliers to serve the well-capitalized 
inverter transplant manufacturers as they look to expand operations in NA.  Transplant 
manufacturers have invested many billions of dollars to assemble, design, conduct R&D, 
engineering, and produce components in NA: 

§ Calsonic Kansei:  As of June 2012, the company is preparing to manufacture inverters 
for the Leaf in Tennessee. 9 

§ Nissan is assembling the LEAF EV at Nissan's Smyrna, Tennessee assembly plant, 
along with the batteries in the country's largest lithium-ion automotive battery plant.10 

§ Nissan has also announced a plan to increase local production content of vehicles from 
approximately 69% in 2010 to 85% by 2015 in the Americas.  

§ Nissan's plans include producing the new Infiniti JX in 2012 in Smyrna.   
§ A portion of the production of the next-generation Rogue will shift from Japan to Smyrna 

in 2013.11 
§ Honda has achieved a number of significant benchmarks, including: 

o First Japanese OEM to manufacture in the U.S., beginning November 1st, 1982. 
o First international OEM to export U.S.-made automobiles to overseas markets 

(Fall 1987) 
o $2.2 billion invested in U.S. for 2011 and 2012 
o Will become a net exporter of vehicles from U.S. by end of 2014; many of the 

vehicles exported from the U.S. are designed, developed and engineered in the 
U.S. by Honda R&D Americas 

o Honda established operations in America in 1959, and now employs more than 
26,000 associates in its U.S. sales, R&D and manufacturing operations with a 
capital investment of more than $12.5 billion. 

o 85% of the Honda and Acura automobiles sold in NA are produced in U.S., and 
this share is expected to rise above 90% by 2014.12 

o 545 suppliers in 34 states provide the parts and materials to produce Honda and 
Acura products in the U.S.13 

§ Mitsubishi Electric Automotive: U.S. suppliers include Delphi Automotive Systems and 
Visteon.14 

                                                
9 Linked in Posting accessed 4/22/13 via http://www.linkedin.com/groups/Employment-Opportunity-
4418848.S.126392439. 
10 Nissan, "Nissan Leaf Press Kit, http://nissannews.com/en-US/nissan/usa/presskits/us-2013-nissan-leaf-
press-kit, accessed 9/6/13. 
 
11Nissan, 2012 Annual Report, pg. 8/42, as accessed via http://www.nissan-
global.com/EN/DOCUMENT/PDF/AR/2012/AR2012_E_All.pdf, accessed on 9/6/13. 
12Honda, "Honda Builds 1 Millionth Automobile for Export From U.S.",  Honda News Releases, 
12/5/12.http://www.honda.com/newsandviews/article.aspx?id=7014-en.  Accessed 7/29/13.   
13"Honda, "50 Years of Investing in America, 1959-2009."  pg. 15/24.   
http://www.honda.com/news/local_news_content/[5032]_Honda_in_America.pdf.  Accessed 8/1/13. 
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§ Toshiba has been manufacturing motors at its Houston, Texas plant since 1980, and the 
company is seeking to expand its localized supply chain.  Toshiba is now also 
performing motor design, and engineering at the plant.   

o In June 2013 Toshiba completed $20-million expansion of industrial inverter 
manufacturing facility at the Houston plant that effectively doubles production 
capacity for medium-range voltage industrial inverters for the oil & gas, mining 
and railway car industries.15 

§ Toyota: As of December 2012, over 15% of Toyota’s year-to-date sales were HEVs 
(Global Sales - 4,200,000)16 

o Cumulative total U.S. Sales for Toyota numbered 1,800,00017 
o The company is manufacturing DC/AC inverter assemblies for the Toyota 

Tacoma at its Columbus, Indiana plant. 18 
§ Magna:  At the DOE Annual Merit Review meeting in May 2013, Magna noted that it 

delivered 4,352 stand-alone inverters in FY2012.19 
§ Powerex completed an expansion of its manufacturing facility (with 70% DOE funding) to 

reach a production capacity of 1.5-million Si/SiC modules annually.  These inverters are 
intended for EV and other applications.20 

                                                                                                                                                       
14"Worldwide Resources for the NA Automotive Industry", 
http://www.jefflynn.com/Brochures/MitsubishiElectric.pdf 

15Toshiba, "Toshiba Completes Expansion of Houston Inverter Plant", 7/10/13, 
http://www.toshiba.co.jp/about/press/2013_07/pr1001.htm, accessed 7/15/13. 

16Wimmer, Bob, "PEVs and the Consumer, Mobile Sources Technical Review Subcommittee, pg. 3/12, 
12/13/12, http://www.epa.gov/air/caaac/mstrs/dec2012/wimmer.pdf. 
 
17 Ibid. 
 
18 Toyota, "Toyota Material Handling, U.S.A., Inc. Begins Construction On Columbus, Ind. Headquarters", 
12/4/12, http://m.toyotaforklift.com/news/detail.aspx?ID=137, accessed 9/6/13. 
 
19Magna E-Car Systems of America, Inc., "DE-FOA-0000026 - Grant Supporting Construction of United 
States Based Manufacturing Plants to Produce Electric Drive Components."  Janice Thomas, Principal 
Investigator.  Pg. 5.  2012 DOE Vehicle Technologies Program Annual Merit Review, Arlington, Virginia, 
5/15/13. 
 
20Powerex, "Powerex Completes New Automated Production Center,".  Press Release, 8/1/12. 
http://www.pwrx.com/LibrarySearch.aspx#1019.  Accessed 6/9/13. 
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Automotive OEM and Supplier Profitability Metrics 
 
Automotive manufacturing is a $1.6-trillion-a-year global industry, producing two-ton machines 
with more than 14,000 parts from a global web of suppliers every five seconds.21 
 
Research has indicated that the operating profit margins in automotive supply chains are very 
low relative to other industries.  Figure 21 below shows profit margins in the range of -9% to 
+5% in the 1995-2014 timeframe for S&P 500 automotive manufacturers and auto parts and 
equipment.  The automotive manufacturer segment experienced a significant drop in profit 
margins to -9% in 2008-2009.  The highest profit margins achieved were slightly above 5% for 
OEMs and their suppliers in the 2011 timeframe.  Profit margins for auto parts and equipment 
manufacturers, while less volatile in 1995-2014 timeframe, are relatively low.   
 
Figure 21: S&P 500 Sector Operating Profit Margins: Compared to Consumer Discretionary 
 

 
Source:  Yardeni Research, Inc., "S&P 500 Sectors & Industries Profit Margins", 8/26/13, pg. 5/14, as 
accessed via http://www.yardeni.com/pub/sp500margin.pdf.  (Used with permission from Yardeni 
Research). 
 

                                                
21Rocky Mountain Institute, "Comparing Global Auto and US Big 3 Profits."  http://www.rmi.org/RFGraph-
Automotive_and_oil_industry_profits.  Accessed 8/19/13. 
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In contrast, Figure 22 below depicts a range of profit margins in the semiconductor industry from 
1997-2010, bottoming out at approximately 6% (2001, 2002, and 2009) and attaining a high of 
approximately 25% in 2000.  The lowest profit margin for the semiconductor manufacturers 
exceeds the highest for the automakers in this timeframe. 
 
Given this disparity of profit margins, the automotive industry remains relatively less attractive 
for capital investment.  This holds true throughout the automotive supply chain.  The additional 
fact that industrial PE applications also can deliver production volumes in the millions (as 
addressed by sources above) is also working against the automotive sector. 
 
Figure 22: S&P 500 Sector Operating Profit Margins: Compared to Information Technology 
 

 
 
 
Source:  Yardeni Research, Inc., "S&P 500 Sectors & Industries 
Profit Margins."  8/26/13.  Pg. 11.  http://www.yardeni.com/pub/sp500margin.pdf.  Accessed  8/26/13.  
(Used with permission from Yardeni Research). 
 
Other sources support the view that automakers' profit margins are relatively low vis a vis other 
industries, for example, the global oil industry.  Figure 23 below clearly illustrates the industry's 
susceptibility to financial downturns. The 2007–2008 global financial crisis sharply reduced 
sales of new vehicles and directly affected the financial stability of the U.S. Big 3 auto 
manufacturers (Ford, General Motors, and Chrysler). 
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Figure 23: Comparing Global Auto and US Big 3 Profits (includes Oil Industry Profits) 
 
 

 
 

Source:  Rocky Mountain Institute.  http://www.rmi.org/RFGraph-Automotive_and_oil_industry_profits. 
(Used with permission of the Rocky Mountain Institute). 

An Unresolved Cost Driver  
 
Numerous sources confirmed that the limited performance, high cost (both new and 
replacement) of the EV/HEV batteries will continue to limit market acceptance of EVs.  The 
research below highlights the battery cost reductions needed to achieve cost parity with internal 
combustion engines.   
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Figure 24: Estimated Costs of EV/HEV Batteries Through 2020 
 
 

 
 
Figure showing projected falling battery costs through 2020, pg. 17/41, Source:  International Energy 
Agency.  http://www.iea.org/topics/transport/electricvehiclesinitiative/EVI_GEO_2013_FullReport.pdf.  
(Used with permission of International Energy Agency). 
 
EVs and HEVs Will Go Slow on Silicon Carbide (SiC) Power Devices 
 
Synthesis assesses that SiC will be adopted slowly by automotive PE manufacturers due to its 
relatively high cost and continued improvements in silicon technology.   
 
“Uncertainty hangs over the market for power devices made with the wide-bandgap (WBG) SiC, 
due to a lack of clarity over whether and when electric vehicles will adopt them,” according to a 
recent study on the SiC industry released by market analyst firm Yole Développement.22 
 
As noted in that report, “We have no firm estimate of when it will come,” says Philippe Roussel, 
Yole's business unit manager compound semiconductors, PE, LED & photovoltaics. “It’s still 
questionable.”23 
 

                                                
22Yole Developpement, "Inverter Market Trends 2013 - 2020 and Major Technology Changes." Report 
Sample, 2/13.  http://www.semiconductor-today.com/news_items/2013/MAY/YOLE_070513.html.  
Accessed 8/21/13. 
23 Ibid. 
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The report also noted that “Automotive qualification can take up to five years.  So, even if 
qualification for use in electric and hybrid electric vehicles (EV/HEV) is on-going, it most likely 
will not be clear if SiC has been successful until 2015. Also, although qualification for EV/HEV 
charger inverters would be quicker, SiC faces a greater challenge there from silicon 
superjunction MOSFETs, IGBTs (insulated-gate bipolar transistors), and also WBG gallium 
nitride (GaN) devices.”24 
 
Finally, “As a result, in its latest analysis on the SiC industry Yole describes two scenarios for 
the evolution of the SiC industry.  Its more optimistic scenario sees SiC devices (transistors and 
diodes) used commercially in EV/HEV from 2015 onwards, taking 11% of the market from 
silicon IGBT devices by 2020. In the pessimistic scenario, EV/HEV implementation does not 
start until 2017/2018, making PV [photo voltaic] inverters the number-one SiC application in 
2020.”25 

                                                
24 Ibid. 
25 Ibid. 
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Alternative scenarios and singular issues that could be potentially leveraged to achieve a 
significant expansion in NA power inverter manufacturing volume. 
 
Introduction 
 
Please note that this section does not address demand-side activities such as private and public 
actions designed to increase the market demand for EVs, HEVs and plug-in EV/HEVs through 
rebates and other incentives, as they are outside the scope of this study.   
 
Analysis 
  
Primary and secondary research indicates that a significant expansion in the NA power inverter 
manufacturing volume is extremely unlikely in the foreseeable future due to:  
• Current insufficient market demand to lead to shift a significant portion of the global supply 

chain to NA 
• Globally competitive suppliers can satisfy current and expected demand for high quality 

products  
• Profit margins in traction drive PE applications are low relative to PE applications in other 

markets (e.g., oil and gas, industrial motors, wind, solar) 
• Industries other than automotive offer larger volumes for power inverter manufacturers 
• The higher cost structure of the NA operating environment, including labor and regulatory 

costs 
 

These factors all contribute to capital and talent flowing to non-automotive PE markets.   
 
Synthesis therefore assesses that identifying paths to a significant expansion of NA power 
inverter manufacturing volume at this time is not a credible exercise.  Instead, Synthesis has 
sought to identify scenarios and singular issues that may be leveraged in order to achieve a 
limited expansion.   
 
Synthesis has previously identified the three critical dimensions (Synthesis’ 2012 “Power 
Electronics Technology Roadmap Analysis Report”) that directly affect the evolution of the PE 
supply chain, as they are key cost drivers: 

• Manufacturing Volume 
• Investment (Private and Public) 
• Supply Chain Integration 

 
These three dimensions are depicted in Figure 25 below.   
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Figure 25:  Critical Dimensions of PE Cost Reduction 
 

 
 
Source: Synthesis Partners (2012) 
 
The Figure depicts the role of DOE’s technology Research, Development, Test and Evaluation 
(RDT&E) activities, which occur in the context of the levels of EV/HEV manufacturing volume, 
investments, and supply chain integration.  As Synthesis found in the 2012 and 2011 reports, 
NA PE suppliers report that volume, investment, and supply chain integration are the key drivers 
of any cost reduction activity.   Cost reduction, especially in an industry with low profit margins, 
is the critical path to expanding market share and supply chain volume in a globally competitive 
market. 
 
Scenarios 
 
Three distinct scenarios were produced by Synthesis to illustrate pathways to a limited 
expansion in NA power inverter manufacturing volume.  Figure 25 indicates that scenarios to 
address increasing volume should include the investment or supply chain integration factors, or 
both.  Synthesis assesses that this approach could enable a transition from the present brittle 
NA supply chain to a potential future globally competitive NA supply chain.   
 
Further analysis of each scenario could be useful assess their relative plausibility, including 
viewpoints and counterpoints from key sources.  In addition, further analysis could help 
determine the extent of expansion in NA power inverter manufacturing that these scenarios (or 
other scenarios) might support. 
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Following the scenarios is a discussion of singular issues that could potentially be leveraged to 
achieve a limited expansion in NA power inverter manufacturing volume. 
 
Scenario #1: Increase NA Volume by Increasing Supply Chain Integration 
 
Supply chain integration involves a rationalization of the number of PE architectures, designs, 
and other aspects to increase supply chain efficiencies.  In this case, two OEMs could combine 
efforts to create common, pre-competitive specifications for classes of traction drive inverters.   
 
This scenario is built on the assumption that OEMs are seeking to realize logistics, flexibility and 
value-engineering benefits (i.e., the ability of the OEM to be more responsive to market 
demands through in-house engineering changes at lower costs) and can do so through 
increased PE product rationalization. 
 
This arrangement would enable suppliers to focus on a smaller number of power inverter 
requirements, allowing RDT&E and manufacturing resources to be dedicated to fewer designs 
and products, thus increasing economies of scale and lowering unit costs.  Synthesis assesses 
that the advantages of a NA supply chain could lead some OEMs to require that some of their 
suppliers locate in NA 
 
A rationalized supply chain could contribute to more effective supply chain management of 
important factors such as quality, cost, and schedule.  OEMs are increasingly requiring robust 
supply chain management from their Tier 1-4 suppliers.   
 
It is reasonable to expect that additional OEMs would seek to access the NA inverter 
manufacturing efficiencies realized.   
 
Further, participation by non-automotive manufacturers, (e.g., industrial motors manufacturers, 
which address a much larger and more profitable market) in specification-setting could lead to a 
significant expansion of market volumes for PE designs that incorporate specifications for both 
markets.   
 
Expanding NA supply chain volumes could initiate a virtuous cycle, in which company 
investments in NA technology, labor, and equipment could generate more NA business.   
 
This scenario has not occurred because the OEMs and Tier 1s consider traction driver inverter 
design as proprietary information, thus limiting information sharing.  Further, at present, no 
impartial organizations have aggregated information, identified and addressed gaps, and 
developed roadmaps to achieve common specifications.  This would require leadership and 
funding.   
 
Synthesis considers this scenario as the most likely to occur of the three discussed here.  
However, achieving this scenario would be difficult.   
 
Scenario #2: Increase NA Volume by Increased Investment, Via a NA-OEM-In-House Inverter 
Development 
 
In this case, a NA OEM could implement a strategy to develop traction drive inverters in-house 
to leverage the competitive benefits of in-sourcing production, including speed-of-delivery, 
flexible engineering in response to real-world inverter RDT&E experience, IP protection, and 
cost reduction. 
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This scenario acknowledges the potential key competitive advantages that could accrue to an 
OEM should it pursue a Toyota-like strategy of performing inverter design and engineering in-
house.  In order to implement such a strategy, significant investments would be required of the 
NA OEM.  The viability of this strategy relies on the projected ROI.   
 
If the expected ROI is sufficient, NA power inverter manufacturing volume would increase as the 
OEM in-sources manufacturing previously performed largely overseas.  However, this would not 
increase overall market size, but would simply re-distribute existing manufacturing.   
 
This scenario has not come to pass because insufficient information exists to inform a credible 
determination of ROI.  Further, in-sourcing development, design, and production of major 
components would be a major cultural shift in business strategy.  Only Toyota has implemented 
this business model on a large scale, and information about its successes, failures, and lessons 
learned is scant.   
 
Synthesis assess that the likelihood of a NA OEM pursuing this strategy is low.   
 
Scenario #3: Increase NA Volume by Increased Investment and Supply Chain Integration 
through Multiple OEM Collaboration 
 
In this case, two NA OEMs would in-source the design and production of power inverters.   
These two OEMs also would collaborate to establish common integrated requirements for 
traction drive inverter components.   
 
In addition to the benefits outlined in scenarios 1 and 2, this scenario would result in more 
comprehensive understanding of technology gaps and the required investments and 
engineering skills. 
 
This scenario has the benefit of focusing greater investment on NA supply chain activities, 
drives supply chain integration through common OEM requirements and thus potentially 
increases NA power inverter manufacturing volume. 
 
Just as scenarios 1 and 2 could have a limited affect on NA supply chain volume, the integration 
of the two, at a larger scale (2+ OEMs), could be expected to have a commensurately larger 
impact.   
 
This scenario is judged to be very unlikely, as it incorporates the risks of the first two and further 
requires unprecedented collaboration among the OEMs. 
 
Singular Issues That Can Potentially Be Leveraged To Achieve A Limited Expansion in NA 
Power Inverter Manufacturing Volume 
 
Transitioning from the current vicious cycle of low volume high per unit cost to a virtuous cycle 
of increasing volume and decreasing per unit costs requires new approaches and strategies.  
New strategies can be informed by identifying singular issues for realizing realistic paths to 
limited expansion in NA power inverter manufacturing.  
 
The following strategy elements are foci of global PE manufacturing leaders, as determined via 
the case study research.  Each of the following strategy elements point to the issues that can 
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potentially be leveraged to achieve a limited expansion in NA power inverter manufacturing 
volume:  

• Tier 1 organizational leadership focused over the long term on delivering top-ranked 
quality and increasing revenue year-on-year in the global context.  This focus on 
revenue can come at the expense of profits in the near- and mid-terms.   

• Capability and intent to invest hundreds of millions of dollars over decades to build and 
sustain global leadership in PE. 

• Capability and intent to envision, build, and sustain competitive facilities in response to 
market demand to produce high-volume automotive parts (including PE) accordingly. 

• Long-term, sustaining relationships with OEMs – not simply for PE – but for a portfolio of 
complex automotive parts – to sustain long-term Tier 1 supplier relationships.  

• Decades of effective execution of the above points, in conjunction with a balanced 
portfolio of other automotive parts or components. 

 
Synthesis assesses that there is are a number of opportunities for DOE to affect these and 
other factors by: 
 

1. Leveraging the above strategic success factors to enable a NA PE supply chain 
expansion by engaging the NA-based transplant OEMs and Tier 1 companies.  Table 5 
provides a summary of their desired engagement points.   

 
2. Identifying specific measures to address the brittleness of the NA automotive PE supply 

chain.  Specifically, targeted capability improvements, technology investments, or other 
activities could mitigate the risks posed by disruptions to material or component 
suppliers (Tier 4 and below) to the NA PE supply chain.   

 
3. Providing technology development leadership and/or manufacturing capacity assistance 

efforts could expand the field of Tier 4 suppliers.   
 

4. Assisting with engagement and collaboration among supply chain companies.  Interview 
sources and secondary research have indicated that targeted efforts to improve 
communication and collaboration could be helpful in enabling growth by fostering an 
improved understanding of technology gaps and required investments and engineering 
skills.  This could result in a more diverse, capable, and efficient market.   

 
The table below illustrates the willingness of supply chain companies to participate in increased 
collaboration.  
 
A requirement for successful collaboration involves knowledge and appreciation of the specific 
interests of the players involved, which is neither static nor readily available.  Further, the 
information-sharing mechanisms and engagement process are topics for future discussion.   
 
By way of introduction to the singular issues involved, Synthesis reviewed the content of the full-
text interviews to produce the following list of paraphrased statements regarding the type of 
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information exchange that specific NA PE supply chain participants are seeking.  Each company 
listed below represents a unique company.   
 
Table 5: Synthesis’ Assessment Regarding Needs Expressed, by Company 
 
Company Type Synthesis Assessment Regarding Needs Expressed 

 
OEM Assistance in identifying communities who truly want transplant 

investment; Assistance in identifying incentives, funding, grants, 
resources, infrastructure appropriate to target manufacturing 
activities. 

Tier 1 Assistance in recruiting engineering talent 
Tier 1 Assistance in identifying potential U.S. suppliers 
Tier 3 Assistance in obtaining expanded R&D funding for SiC, WBG 
Tier 1 Assistance in obtaining WBG R&D funding 
Tier 1 Assistance in targeting investments in R&D and manufacturing; 

Assistance in developing strategy in response to Toyota, Nissan 
and other OEM’s strategy to "look beyond Denso"; Assistance in 
obtaining expanded R&D funding for Si, capacitors and 
inductors. 

Tier 2 Assistance in expanding manufacturing in U.S. 
OEM Incentives for semiconductor manufacturing in U.S. 
OEM Assistance in identifying common ground for the common good 

in OEM-supplier relationships; Additional cost analyses for 
major EV components along lines of what SP did with inverters. 

OEM Assistance in identifying and tracking investment capital, loans, 
grants and incentives. 

Tier 2 Assistance in promoting collaboration between OEMs and 
suppliers to work together to identify areas of commonality, such 
as: Assistance with standardized inverter with at least some 
common automotive and industrial applications; Identify 
component standardization candidates along lines of Tesla's 
reported use of discrete IGBTs as standardized component. 

Tier 1 Assistance in identifying technology acquisition/transfer 
opportunities from public and private sector -- "We are willing to 
pay very well for technology once the research has been 
completed and this allows us to focus on what we do best."  

Tier 1 Assistance in identifying next steps towards standardization; 
Assistance in establishing pool of trained engineers 

OEM Assistance in identifying U.S. suppliers with competitive TDC 
(total delivery cost), performance, quality and reliability to help 
meet corporate goal of 85% local manufacturing in U.S.; 
Assistance in generating approaches to cost reduction while 
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maintaining quality through system integration, 
standards/optimization for high voltage circuits, thermal 
management for power modules, and development of power 
modules. 

Tier 1 Assistance in identifying competitive suppliers offering cost and 
quality advantages; Expanded funding of Si 

Tier 2 Expanded funding of enabling technologies similar to past 
funding of motors and high-temp capacitors; Expanded 
engineering talent pool; Assistance/encouragement/direction in 
identifying what needs to be done to attract, keep and expand 
transplant "incumbents".   

Tier 2 Assistance in identifying OEM customers 
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Appendix B 
 

Companies Identified as Part of NA Power Electronics Supply Chain 
 

 
Alphabetical Order, By Company Name 
 
3M Automotive 
A.E. Petsche Co., Inc. 
A.J. Rose Manufacturing 
A2Mac1 
ABB Corporate Research Center 
AC Propulsion Inc. 
Adept Technology, Inc. 
Advanced Energy Industries 
Advanced Research Projects Agency - Energy (ARPA-E) 
AEES, Inc. 
Aegis Technologies 
Aeronvironment 
AG Manufacturing, Inc. 
Allied Motion Technologies, Inc. 
Allison Transmission, Inc. 
Altak 
ALTe Powertrain Technologies, Inc. 
Altera Corp. 
American Electronic Components, Inc. 
American Furukawa, Inc. 
American Mitsuba Corp. 
American Superconductor Corp. 
American Traction Systems 
American Zettler, Inc. 
Ameri-Tek Manufacturing, Inc. 
AMP Electric Vehicles, Inc. 
Analog Devices, Inc. 
Ansys 
Arcimoto 
Arens Controls Co., LLC 
Ark Technologies, Inc. 
Arkansas Power Electronics International, Inc. 
Arnold Magnetic Technologies Corp. 
Austria Microsystems USA, Inc. 
Autocam Corp. 
Autoliv, Inc. 
Automated Assembly Corp. 
Avago Technologies 
AVX Corp. 
Baldor Electric Co. 
Ballard Power Systems, Inc. 
Behr-Hella Thermocontrol, Inc. 
BI Technologies, Corp. 
Bicron Electronics Co. 
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Bluways USA, Inc. 
BMW Group - Design Works USA 
Bocar Group 
Bosch Rexroth 
BTech Corp. 
BYD America Corp. 
ByTec, Inc. 
C&H Die Casting, Inc. 
C-9 Corporation 
Cal-Comp USA (San Diego), Inc. 
Calsonic Kansei North America, Inc. 
Capsonic Group, LLC 
Cherry Corp. 
Chicago Miniature Lighting, LLC 
Chomerics N.A. 
Chrysler LLC 
CIE Automotive USA, Inc. 
Cinch Connectors USA 
Cinetic Automation Corp. 
Clemson University 
Cobra Wire & Cable, Inc. 
Cogebi, Inc. 
Coilcraft, Inc. 
Continental Automotive Systems US, Inc. 
CoorsTek, Inc. 
Creation Technologies, LP 
Cree, Inc. 
CTS Corp. 
Curtis Instruments, Inc. 
Dana Holding Corp. 
Datatronic Distribution, Inc. 
Dayton T. Brown, Inc. 
DBM Reflex Enterprises, Inc. 
Dearborn Electronics, Inc. 
Debron Industrial Electronics, Inc. 
Delphi Automotive LLP 
Delta Tau 
Denso International America 
Dexter Magnetic Technologies, Inc. 
DOE Advanced Manufacturing Program 
Dow Corning 
Dresser-Rand Group Inc. 
Dunlop Systems & Components USA 
Dupont Automotive 
DynaPlas Ltd. 
Echelon Corp. 
ECOtality N.A. 
EFC International, Inc. 
Efficient Power Conversion Corporation (EPC) 
Electric Vehicles International 
Electron Energy Corp. 
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Electronic Concepts, Inc. 
Elmos N.A. 
Emerald Automotive LLC 
Emerson Industrial Automation 
Emitec Inc. 
Endura Plastics, Inc. 
Engineered Plastic Components, Inc. 
Enova Systems 
EPCOS 
EPIC Technologies, Inc. 
ETCO, Inc. 
Evatran, LLC 
Fairchild Semiconductor 
Faria Corp. 
Ferroxcube 
FEV, Inc. 
Firstronic LLC 
FlexFab, LLC 
FloMet, LLC 
Florida MicroElectronics LLC 
Ford 
Free Form Fibers, LLC 
Fuji Electric Corp. of N.A. 
Futaba Corp. of America 
GaN Systems, Inc. 
GE Intelligent Platforms 
General Atomics 
General Atomics 
General Electric 
General Motors 
Genovation Cars 
Gibbs Die Casting Corp. 
Global Power Electronics 
GreenTech Automotive, Inc. 
HBPO N.A., Inc. 
Hella N.A., Inc. 
Henkel Electronic Materials 
Heraeus Precious Metals North America 
Hi-Lex America, Inc. 
Hitachi Automotive Systems America, Inc. 
Hitachi Metals North Carolina Ltd. 
Honda of America Manufacturing, Inc. 
Honeywell Int. 
HRL Laboratories, LLC 
Hybrid Design Services, Inc. 
IAV Automotive Engineering, Inc. 
IBM Microelectronics 
IEEE 
IER Fujikura, Inc. 
II-VI Inc. 
INFAC Corp. 
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Infineon 
International Rectifier Corp. 
International Resistive Co. 
Intersil Corp. 
Ioxus Inc. 
IST Corp. 
ITW Delpro 
IXYS Corp. 
J&M Products, Inc. 
Jacobs Technology 
JFE Engineering America Inc. 
John Deere 
Johnson Controls, Inc. 
Johnson Electric Automotive Products Group 
Johnson Matthey, Inc. 
JST Corp. 
Judd Wire, Inc. 
Kauffman Engineering, Inc. 
Kemet Corp. 
Kendrion FAS Controls, Inc. 
Kettering Univ. 
Key Plastics LLC 
Keystone Electronics Corp. 
Kimball Electronics Group Inc. 
Kleenspeed Technologies, Inc. 
KOA Speer Electronics, Inc. 
KollMorgen 
Kongsberg Automotive 
Kostal of America, Inc. 
Kramski N.A., Inc. 
KUKA Assembly and Test Corp. 
Kulicke & Soffa Industries 
Kurz-Kasch, Inc. 
Kyocera America, Inc. 
LAPP USA, Inc. 
Lear Corp. 
Leeson Electric Corp. 
LEM USA, Inc. 
LG Chem Power, Inc. 
Littelfuse Commercial Vehicle Products 
Logikos, Inc. 
Lumex, Inc. 
M.I.S. Electronics, Inc. 
Mabuchi Motor America Corp. 
Magmotor 
Magna International of America, Inc. 
Magnetic Instrumentation, Inc. 
Marathon Electric Motors 
Materials and Electrochemical Research Corp. (MER) 
Materion 
Maxwell Technologies, Inc. 
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McCleer Power, Inc. 
McMaster Univ. 
Mecaplast USA Inc. 
Melexis Inc. 
Mercedes-Benz Canada 
Metglas 
Methode Electronics, Inc. 
Michigan Economic Development Corporation (MEDC) 
MICRO 
Microflex, Inc. 
MicroMo Electronics, Inc. 
Microplastics Inc. 
Microsemi Corp. 
Mississippi State University 
Mitsubishi Electric Automotive America, Inc. 
Mitsubishi Electric Research Laboratories (MERL) 
Mitsumi Electronics Corp. 
Mobis Alabama 
Modine Manufacturing Co. 
Molex Inc. 
Multicraft International 
Multitronics VMI, LLC 
Nashville Area Chamber of Commerce 
National Renewable Energy Laboratory (NREL) 
National Transportation Research Center 
NBE Tech, LLC 
Nesscap Energy Inc. 
NextEnergy 
Nichicon (America Corp. 
Nippon Electric Glass 
Nissan Technical Center N.A. Inc. 
Novasentis, Inc. 
Oberg Industries Inc. 
Odyne Systems LLC 
Ohio State University 
Omron Automotive Electronics, Inc. 
ON Semiconductor 
OPAL-RT 
OPTEK Technology Inc. 
Orion Manufacturing Inc. 
Pacific Insight Electronics Corp. 
Panasonic Electric Works Corporation of America 
Parlex Corp. 
Pave Technology Co., Inc. 
Penn State University 
Philips Automotive Lighting N.A. 
Phillips & Temro Industries Ltd. 
Phillips Diversified Manufacturing, Inc. 
Phoenix International Corp. 
Plastikon Industries Inc. 
Powerex 
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Preh, Inc. 
Prettl de Mexico S.A. de C.V. 
Protean Electric 
Proterra 
Purdue Univ. 
PWO de México S.A. de C.V. 
QM Power 
Quantum Technologies 
Raytheon 
Remy International Inc. 
Renault/Nissan 
Renesas Electronics America Inc. 
Reuland Electric 
Revere Industries LLC 
Ricardo 
Richco, Inc. 
Rima Manufacturing Co. 
Rinehart Motion Systems 
Robert Bosch, LLC 
Rockwell Automation Technologies 
Rogers Corp. 
Rohm Semiconductor 
Royal Die & Stamping Co., Inc. 
RPK Mexico S.A. de C.V. 
SAIC 
Samtec Inc. 
Saturn Electronics & Engineering Inc. 
SBE, Inc. 
Schott North America, Inc. 
Schunk Graphite Technology LLC 
Semikron 
Siemens Energy & Automation 
Sierra Lobo Inc. 
Sigma Technologies International, Inc. 
Smith Electric Vehicles 
Solitron Devices, Inc. 
Southwest Research Institute 
Spansion, Inc. 
SPS Technologies Inc. 
St. Clair Technologies Inc. 
Stanley Electric U.S. Co. Ltd. 
Star Micronics America Inc. 
Stewart EFI Connecticut LLC 
STMicroelectronics 
Stoneridge, Inc. 
Sumitomo Electric Wiring Systems Inc. 
Superior Essex Inc. 
Swoboda, Inc. 
Taditel Automotive Electronics Ltd. 
Taiyo Yuden (USA) Inc. 
TDK Components USA Inc. 
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Tecvox OEM Solutions LLC 
Tesla Motors 
Texas Instruments 
The Bergquist Co. 
The Intec Group 
The Zippertubing Co. 
TM4 Inc. 
Toshiba America Electronic Components Inc. 
Toyota 
Transphorm 
TRW Automotive US LLC 
U.S. Army Tank Automotive Research, Development & Engineering Center (TARDEC) 
U.S. Tsubaki Power Transmission, LLC 
United Chemi-Con Inc. 
Universal Semiconductor 
University of Alabama, Birmingham 
University of Arkansas 
University of Colorado, Colorado Spring 
University of Maryland 
University of Michigan-Dearborn 
UQM Technologies Inc. 
US Hybrid 
US Micro Products Inc. 
UT-Battelle, LLC 
Valeo Inc. 
Vehicle Technologies Program, DOE 
Venture Plastics Inc. 
Vernay Laboratories, Inc. 
Vishay Americas 
Visteon Corp. 
Westbrook Manufacturing Inc. 
Worldwide Manufacturing USA Inc. 
Xerox Research Centre of Canada 
XL Hybrids Inc. 
Yazaki 
Yazaki N.A. Inc. 
Young Technology Inc. 
Zin Technologies, Inc. 
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Appendix C 
 

Introductory Letter from Pat Davis, Director, Vehicle Technologies Office, Energy 
Efficiency and Renewable Energy, US Department of Energy, Washington, DC 
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Appendix D 
 

Sample Questions Used to Initiate Interviews  
 
 
1.  How important is the current and anticipated market for traction drive power inverters to your 
company? 
 
2.  What companies do you see making substantial investments traction drive power inverters in 
the U.S.? 
 
3.  To what extent is your firm investing in this area? 
 
4.  How critical is the supply chain to traction drive power inverter manufacturing in the U.S.? 
 
5.  What advantages/disadvantages does the U.S. supply chain offer for traction drive power 
inverter production? 
 
6.  How could the U.S. supply chain be improved to better serve traction drive power inverter 
manufacturing in the U.S.? 
 
7.  How big a part do U.S. suppliers play in the current (and future) of traction drive power 
inverter manufacturing in the U.S.? 
 
8.  Do you think U.S. suppliers are preparing to expand traction drive power inverter production -
- if so, at what volumes, at what investment, evidence? 
 
9.  Can you refer us to any of your Tier 1, 2, and 3 suppliers in order to gain their feedback on 
these and/or similar questions? 
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Appendix E 
 

Case Studies 
 

Continental Automotive Group 
 
Executive Summary Outline 
 

• Annual Results (through end FY 2012) 
o Revenue (Sales): 

§ North America: $5.88B 
§ Global:  $25,.76B 

o R&D Investment:  
§ North America:  Not Available 
§ Global:  $1,976.4M 

o Number of employees in North America 
§ 24.5K (as of December 21, 2011) 

o Market Capitalization (Continental AG) 
§ $24,081.4M (as of March 22, 2013; information from Reuters) 

 
• Business Plan Goals (through end 2017) 

o Relevant Goal:  
§ Continued sales growth 

o Planned R&D Investments: 
§ Highly automated driving, driver assistance systems, batteries, and tire-

related technologies 
o Planned Future Revenues: 

§ North America:  Not found 
§ Global:  $1.3B increase by 2017 from sales of driver assistance systems 

o Other Strategy Notes: 
§ In the past, market growth and expansion has been primarily due to 

acquisitions.  This seems to have slowed in recent years.   
 

• Note:  Continental AG consists of two major Divisions:  Automotive Group (OEM parts) 
and Rubber Group (tires and other rubber/polymer-based products).  Unless specifically 
stated, the following information pertains to the Automotive Group only. 
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A. Volume 
 
Major Affiliations and Customers 
 
Major Shareholders (Continental AG): 
 

Schaeffler Group (49.9% of shares as of Oct 2011) 
M.M.Warburg & CO KGaA  (5.19% of shares as of Apr 2011) 
Metzler seel. Sohn & Co. Holding AG (5.19% of shares as of Apr 2011) 
Government of Singapore Investment Corporation Pte. Ltd (3.05% of shares as of Oct 2011) 

 
Joint Venture Partners (Continental AG): 
 

SK Innovation (S. Korea; Li-Ion batteries) 
Remy International (US; integrated starter alternator damper (ISAD) systems) 
Huayu Automotive Systems Components (Shanghai; braking systems) 
GKN Driveline (UK; emissions technology) 
Liang Yi (China; power steering hose assemblies) 
Grand Ocean (China; air-conditioning and power steering hose assemblies) 
Nisshinbo (Japan; brake and chassis systems) 
Ashok Leyland (India; infotainment and other automotive electronics systems) 
Zytek Automotive (UK; HEV/EV motors, R&D for electric and hybrid powertrain technology) 

 
Major Customers: 
 
Continental AG supplies parts to almost all OEMs globally.  The Automotive Group supplies 
HEV/EV-specific parts to the following manufacturers: 
 

Inverters: 
 

BMW 
Daimler 
Renault 
VAG 
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Batteries: 

 
Daimler 

 
Motors: 

 
GM 
Renault 
Volvo 

 
DC/DC Converters: 

 
BMW 
Daimler 
Renault 
VAG 
Volvo 

 
Select Automotive Group Suppliers: 
 

AT&S (printed circuit boards) 
Bertrandt (engineering services) 
DSM (plastic raw materials) 
EPT (plug connectors) 
Infineon (semiconductor components) 
Kern+Liebers (punching and forming) 
LG Innotec (electronic components) 
LTH (aluminum die casting) 
MEKTEC (flexible printed circuit boards) 
Murata (electronic components) 
NXP Semiconductor (semiconductor components) 
Schweizer (printed circuit boards) 
SFS Intec (forming machining) 
Soehner (electromechanical components) 
ST Microelectronics (semiconductor components) 
Swoboda (electromechanical components) 
Tektronix (measuring equipment) 
Tripod (printed circuit boards) 
Texas Instruments (semiconductor components) 
Unitech (printed circuit boards) 

 
Primary Automotive Products 
 
The Automotive Group operates in 170 countries and consists of three divisions:  Chassis & 
Safety, Powertrain, and Interior.   
 
The Chassis & Safety Division develops and produces electronic and hydraulic brake and 
chassis control systems, sensors, driver assistance systems, airbag electronics and -sensors, 
washer systems and electronic air suspension systems.  
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The Powertrain Division’s range of products includes gasoline and diesel injection systems, 
engine management, transmission control, including sensors and actuators, as well as fuel-
supply systems and components and systems for hybrid and electric drives: 
 

Power electronics 
Electric motors 
Battery systems 
Energy management 
Power net systems 

 
The Interior Division produces a range of products that includes instrument clusters and 
multifunctional displays, control units, electronic car-entry systems, tire-monitoring systems, 
radios, multimedia and navigation systems, climate control systems, telematics solutions and 
cockpit modules and systems. 
 
PE-Relevant Products 
 
None found which could be supplied to other companies at Tier 2 or 3 level for inverter 
production (e.g. semiconductors, cooling plates, bus bars, etc.). 
 
OEM Automotive Parts Sales 
 
 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 
Global 2.1 4.8 5.5 5.4 5.6 7.6 9.3 10.3 11.4 25 25.0 18.7 24.8 30.5 

North 
America 

0.63 1.1 1.7 1.62 1.7 2.38 2.8 3.1 2.4 5.2 5.1 3.4 4.7 5.8 
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OEM Inverter Sales 
 

Propulsion Inverter 
Supplier 

2010 2011 2012 

Toyota  0 535,874 1,017,178 
Mitsubishi Electric 195,536 226,033 294,868 
Denso  770,863 144,864 261,895 
Hitachi  29,663 58,365 156,065 
Continental  7,859 20,257 85,585 
Bosch  7,332 19,003 56,153 
Hyundai Mobis 11,652 27,940 53,762 
Toshiba  69,706 5,885 42,320 
Calsonic Kansei 0 27,258 37,980 
TDK  0 56,952 22,271 

 
 
NA Automotive Operations 
 
Continental Automotive Systems U.S. Inc. was the third largest overall supplier to NA OEMs in 
2011. 
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There are three  development centers in Auburn Hills and Dearborn, MI; Deer Park, IL; and 
Newport News, VA.   The center in Dearborn is listed specifically for R&D of hybrid and E-drive 
components and systems.  
 
A production facility in Seguin, TX produces engine, transmission and hybrid control units and 
the Newport News location produces injectors and fuel rail systems for gasoline engines, CNG 
injectors, diesel injectors, air pressure regulators and exhaust after-treatment products.  It is 
undergoing a $113M expansion project to add automotive sensors to the product line. 
 
There are also three sites in Mexico producing a variety of actuators, control units, and other 
components for various engine- and transmission-related systems.   
 
B. Supply Chain Integration 
 
History 
 
Continental started out as a company manufacturing tires.  It got into the automotive parts and 
electronics business through a series of acquisitions in the 1990s and 2000s. 
 
1871 – Continental-Caoutchouc- und Gutta-Percha Compagnie is founded in Hanover as a joint 
stock company. Manufacturing at the main factory in Vahrenwalder Street includes soft rubber 
products, rubberized fabrics, solid tires for carriages and bicycles. 
 
1928/29 – Merger with major companies of the German rubber industry to form Continental 
Gummi-Werke AG. Takeover of plants in Hanover-Limmer and Korbach/Hesse. 
 
1979 – Takeover of the European tire operations of Uniroyal, Inc., USA, gives Continental a 
wider base in Europe 
 
1985 – Takeover of the tire operations of the Austrian company Semperit. 
 
1987 – Acquisition of the NA tire manufacturer General Tire, Inc.  
 
1995 – The Automotive Systems division is established to intensify the systems business with 
the automotive industry. 
 
1997 – Continental presents ISAD (Integrated Starter Alternator Damper) for which it receives 
the German Industry Innovation Award. ISAD is a key technology that lowers fuel consumption 
and replaces the vehicle's starter and generator with one single unit. [Precursor of today’s 
stop/start systems] 
 
1998 – Acquisition of a US company's Automotive Brake and Chassis unit, the core of which is 
Alfred Teves GmbH in Frankfurt. ContinentalTeves and its worldwide operations are integrated 
into the Automotive Systems division. 
 
2000 – Continental and Nisshinbo set up a new joint venture (Continental Teves Corporation) in 
the field of brake and chassis systems for the Japanese and Korean markets. 
 
2001 – Majority holdings are purchased in two Japanese companies manufacturing brake 
actuation components and disk brakes. 
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ContiTech acquires a 51% stake in a Chinese company making air-conditioning and 
power-steering hose lines. 

Continental reinforces its activities within the growing automotive electronics market by 
acquiring electronics specialist Temic.  The company is integrated into the Automotive Systems 
division. 
 
2004 – Continental expands its production base in Romania by opening up a plant making 
assemblies for automotive electronics – with an on-site R&D center – in Sibiu, as well as a 
manufacturing facility for air-conditioning lines in Timisoara. Continental acquires the wheel 
sensors business of a Japanese company with manufacturing operations in China. 
 
2005 – Cooperation with ZF Friedrichshafen for the joint development and marketing of hybrid 
vehicle technology. 
 
2006 – Continental acquires the automotive electronics business of the company Motorola, Inc. 
The new unit is integrated into the Automotive Systems division. It includes Motorola’s 
operations in the growing fields of controls, sensors, interior electronics and telematics, with 
plants in North America, Japan, China, Mexico, France, UK and Germany. 
 
2007 – Continental acquires Siemens VDO Automotive AG and advances to among the top five 
suppliers in the automotive industry worldwide, at the same time boosting its market position in 
Europe, North America and Asia.  
 
2008 – Production of lithium-ion batteries for use in vehicles with hybrid drives begins in the 
Nuremberg plant. 

Schaeffler KG becomes the major shareholder of Continental AG following the 
conclusion of the takeover offer published in the summer of 2008. 
 
Supply Chain Culture 
 
Continental AG uses a highly structured supply chain management system and has developed 
a series of documents to address their relationship with their suppliers.  Most of these 
documents are available only to their suppliers. Their Corporate Social Responsibility (CSR) 
documentation does not specifically address supplier relations except to state that suppliers are 
expected to adhere to Continental’s standards as outlined in the CSR.  
 
From “Supplier Code of Conduct” 
 

Continental recognizes that legal and cultural requirements vary in a global market. 
Continental expects all of its suppliers to act with the same fairness, honesty and 
responsibility in all aspects of their business. This Supplier Code of Conduct highlights 
important standards that are consistent with Continental’s company values and to which 
each supplier of Continental must strictly adhere.  

 
Communication with suppliers is via SupplyOn 
(http://www.supplyon.com/automotive_industry.html).  Access is limited to suppliers. 
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Continental AG Purchasing – Production Materials 2012 

 
1) E.g. synthetic rubber, carbon black. 
2) E.g. printed circuit boards, connectors, motors. 
3) E.g. stamped parts, turned parts, castings. 
4) E.g. textiles, plastics. 
(From Continental AG “Fact Book Fiscal Year 2012”) 

 
C. Investment Level (Public and Private arrangements relevant to this company) 
 
Current R&D Investments 
 
Continental does not break out hybrid/EV or PE-specific R&D funding in their reports.  The 
figures cited are for the Automotive Group only.  
 

Continental Automotive Group 2008 2009 2010 2011 2012 
R&D Expenses (€M) 1,276.2 1,144.3 1,227.1 1,367.5 1,495.6 
R&D Expenses ($M) 1,798.9 1,640.0 1,626.1 1,770.7 1,976.4 

 
(Source:  Continental AG Annual Reports; exchange rate as of December 31 of the years 
indicated) 
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Future Plans for North America 
 
In early 2012 Continental Automotive announced they were investing more than $113M in their 
Seguin, Texas manufacturing facility.  They are adding production of automotive sensors to the 
product line which already includes powertrain control modules.  They expect the expansion 
project to be complete by 2017. 
 
D. R&D 
 
R&D Activities 
 
Nothing was found specifically about PE-related R&D.  Much of the corporate R&D efforts are 
being directed toward highly automated driving, driver assistance systems, batteries, and tire-
related topics.   
 
R&D POC(s) 
 
Continental Automotive Systems, US Inc. 
Research and Development of hybrid and E-drive components and systems 
15001 Commerce Drive North 
Dearborn, MI 48120 (USA) 
Phone 313-583-5980 
 
Kregg Wiggins 
Senior Vice President, NAFTA Powertrain Division 
Kregg.Wiggins@continental-corporation.com 
 
Kathryn Blackwell 
Vice President Communications and Marketing NAFTA Region 
Continental Automotive 
One Continental Drive 
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Auburn Hills 
Michigan 48326 
Phone: 248-393-6593 
Email:  Kathryn.Blackwell@continental-corporation.com 
 
Continental Automotive Systems, 
Production of engine, transmission and hybrid control units 
3740 North Austin Street 
Seguin, TX 78155 (USA) 
Phone 830-379-8850 
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Denso 

 
Executive Summary Outline 
 

• Annual Results (through end FY 2012) 
o Revenue (Sales): 

§ North America:$6.23B 
§ Global:  $46B 

o R&D Investment:  
§ North America: ¥12,482M [$151.7M] for North America 
§ Global: ¥298,362M [$3.630B] 

o Number of employees in North America 
§ Denso today employs 15,685 people at 32 plants, R&D facilities and 

administrative operations in North America. 
o Capitalization 

§ ¥3,624,682M [$37,698.1M] (Source:  Reuters, 03/12/2012) 
 

• Business Plan Goals (through end 2017) 
o Relevant Goal: “World-first products originating in North America” 
o Planned R&D Investments: 

§ Plans to spend $1B to expand manufacturing operations in North America 
to include manufacturing inverters and other PE 

§ Currently […]the “overseas segment comprise[s] about 12% of total costs, 
but we plan to increase this percentage as we expand and improve our 
R&D organization.” 

o Planned Future Revenues: 
§ North America: Plan is to achieve$8B 
§ Global: Plan is to achieve $48.5B (includes North America) 

o Other Strategy Notes: 
§ Across the world, “promote the development of products with reduced 

production costs by focusing on essential functions based on regional 
needs” 

• “These measures have helped our products to be newly adopted 
by local overseas automakers primarily in China” 

§ “Develop a roadmap for efficiently making R&D investments, while 
predicting trends in society and technologies, as well as needs, from a 
long-term perspective in collaboration with Group companies worldwide.” 
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A. Volume 
 
Major Affiliations and Customers 
 
The Denso web site lists 200 “Denso group companies worldwide” which include joint ventures, 
subsidiaries and affiliated companies.  These are listed at 
http://www.globaldenso.com/en/aboutdenso/globalnetwork/groupcompanies/index.html 
 
Major Stockholders:  Toyota Group (22.54% of total shares) 
 
Major Customers:   
 
Fifty percent of Denso’s total annual sales are to Toyota Motor Corporation.  They supply other 
components such as air conditioning systems, spark plugs, filters, and fan belts to many other 
OEMs globally.  They supply HEV/EV-specific parts to the following manufacturers: 
 

Inverters:   
 
GAC-Toyota 
Guangzhou Auto 
Kuozui-Toyota 
Toyota 
 

Motors 
 

Guangzhou Auto 
 
DC/DC Converters: 

 
Mitsubishi 
Nissan 
Renault Samsung 
Toyota 

 



118 Synthesis Partners ©               September 2013 

Primary OEM Automotive Products 
 
Powertrain Control Systems Division: 
 

Engine Control Components 
 

Ignition coils, Magnetos, Spark plugs, Glow plugs, Exhaust gas sensors, Ceramic 
substrates, Diesel Particulate Filters (DPFs), Engine ECUs for motorcycles, Exhaust 
Gas Temperature Sensor 

 
System Control Components 

 
Valves (Exhaust gas recirculation (EGR) valves, Automatic transmission (AT) control 
valves, AT solenoid valves, Oil flow Control Valve (OCV), Vacuum Switching Valve, and 
others), Knock sensors, Variable cam timing (VCT) components, Throttle bodies, Air flow 
meters, Oil filters, Air cleaners, Integrated air fuel modules, Shift-by-wire actuators, 
Horns, Accelerator Pedal Module (APM), Evaporative Leak Check Pump Module 

 
Diesel Injection Products 

 
Common rail systems, In-line fuel injection pumps, Rotary fuel injection pumps, Nozzles, 
Fuel filters 

 
Gasoline Injection Products 

 
Fuel pumps, Fuel pump modules, Fuel injectors, Direct Injection Components (Injector, 
Pump) 

 
Engine Electrical Systems 
 

Starters, Alternators 
 

EHV Components 
 

Inverters, DC-DC converters, Battery monitoring units 
 
Thermal Systems Division: 
 

Thermal Systems Products 
 

Air conditioning systems for cars, Radiators, Cooling fans, Inter coolers, Oil coolers, 
Engine cooling modules, Reserve tanks 

 
Climate, Cooling and Heating Products 

 
Air conditioning systems for buses and construction equipment, Truck refrigeration units, 
Air purifiers 

 
Information and Safety Systems Division:  
 

Information and Communications 
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Instrument clusters, Integrated climate control panels, Smart keys, Remote keyless entry 
controllers, Rear and corner sonars, Car security systems, Body ECUs, Tire Pressure 
Monitoring System, Remote Touch Controller, Car navigation systems, Electronic Toll 
Collection (ETC) on-board equipment, Data communication modules, Advanced vehicle 
operation system 

 
Driving Assist and Safety Products 

 
Airbag sensors and ECUs, ABS/ESC actuators and ECUs, Millimeter-wave radars and 
ECUs for pre-crash safety systems and adaptive cruise control systems, Laser radars 
and ECUs for adaptive cruise control systems, Cameras and ECUs for Lane Keeping 
Assist, ECUs for adaptive front lighting systems 

 
Electric Control Components 

 
Sensors and ECUs for Electric Power Steering systems (EPS), Electric Drive Unit (EDU) 
for electric Variable Cam Timing system (e-VCT) 

 
 
Electronics Systems Division: 
 

Electronics Products 
 

Engine ECUs, Transmission ECUs, Power management ECUs 
 

Electronics Devices 
 

Semiconductor sensors, ICs, Power modules 
 
Small Motors Division: 
 

Small Motors 
 

Windshield wiper systems, Windshield washer systems, Power window motors, seat 
motors, Power sliding door motors, Power steering motors, Motors for Engine control 
systems, and other automotive motors 

 
Sales in 2012 were divided as shown in this graphic from the Denso 2012 Annual Report: 
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Source: http://www.globaldenso.com/en/investors/annual_report/2012/product/index.html 
 
PE-Relevant Products other than Inverters 
 
Engine ECUs, Transmission ECUs, Power management ECUs, Semiconductor sensors, ICs, 
Power modules 
. 
OEM Automotive Parts Sales 
 

Denso OEM Automotive Parts Sales ($B) 
 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 
Global 11.81 12.58 16.39 16.25 15.35 16.86 19.93 22.87 28.53 35.70 27.76 28.73 32.85 34.15 

North 
America 

3.00 3.35 3.80 3.72 3.77 3.89 4.38 4.83 4.56 5.81 3.33 3.45 5.74 5.46 
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OEM Inverter Sales  
 
 
 

Propulsion 
Inverter Supplier* 

2010 2011 2012 

Toyota  0 535,874 1,017,178 
Mitsubishi Electric 195,536 226,033 294,868 
Denso 770,863 144,864 261,895 
Hitachi  29,663 58,365 156,065 
Continental  7,859 20,257 85,585 
Bosch  7,332 19,003 56,153 
Hyundai Mobis 11,652 27,940 53,762 
Toshiba  69,706 5,885 42,320 
Calsonic Kansei 0 27,258 37,980 
TDK  0 56,952 22,271 

 
*Numbers based on total sales of vehicles using inverters from specified supplier; ranked by 
2012 data.  
 
 
 
NA Automotive Operations 
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Denso Group Companies in the US: 
 

Denso International America, Inc.1 
Denso Sales California, Inc. 
Denso Manufacturing Michigan, Inc. 
American Industrial Manufacturing Services, Inc. 
Denso Manufacturing Tennessee, Inc.2 
Denso Manufacturing Athens Tennessee, Inc. 
Michigan Automotive Compressor, Inc. 
TBDN Tennessee Company 
Associated Fuel Pump Systems Corporation 
Denso Wireless Systems America, Inc.3 
Denso Manufacturing Arkansas, Inc. 
TD Automotive Compressor Georgia, LLC 
Denso Reinsurance America, Inc. 
Asmo North America, LLC 
Asmo Manufacturing, Inc. 
Asmo North Carolina, Inc. 
Asmo Detroit, Inc. 
Asmo Greenville of North Carolina, Inc. 
Kyosan Denki America, Inc. 
Kyosan Denso Manufacturing Kentucky, LLC. 
Systex Products Corporation 
Systex Products Arkansas Company 
Denso Air Systems Michigan, Inc. 
NWB USA, Inc. 

 
1R&D facility for prototype wireless DSRC equipment 
2Manufactures variety of automotive electronic products including ECUs and stop/start 
starters; adding high-output alternators and HEV inverters in 2014 
3Manufactures electronic components including GPS navigation units 

 
 
B. Supply Chain Integration 
 
History 
 
1936 – Toyota begins manufacturing electrical components in-house 
 
1949 – In-house electrical component division separated from Toyota Motor Co., Ltd. and 
established as Nippon Denso Co., Ltd. with ¥15 million capital. 
 
1953 – Established cooperative agreement with Robert Bosch GmbH 
 
1971 – Established Nippon Denso of Los Angeles, Inc. as the first overseas subsidiary.  
 
1979 – Adopted of Denso Policy for the 1980s with goal of sales of one trillion yen after 10 
years 
 
1984 – Established Nippon Denso Manufacturing U.S.A., Inc. in Michigan. 
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1985 – Established Nippon Denso America, Inc. near Detroit.  
 
1986 – Adopted Denso Policy for the 1990s  with goal of becoming global Denso 
 
1991 – Established Denso Research Laboratories 
 
1996 – Corporate name changed to Denso corporation 
 
1997 – Adopted “Denso VISION 2005” as long-term management plan 
 
2000 – Adopted "Denso ECOVISION 2005" as an environmental management goal. 
 
2004 – Announced Denso VISION 2015. 
 
2012 – Bosch sold its 5.4% share of Denso for $1.4Bciting the need to fund investments and 
strategic acquisitions; the shares were considered to be only a financial investment 
 
2013 – Announced plans to spend $1B to expand manufacturing operations in North America to 
include manufacturing inverters and other PE 
 
2013 – Announced plans to build “evaluation facility to strengthen its development of PE 
products, such as inverters used in hybrid vehicles worldwide” in Anjo Japan; investing $126M; 
starting operation in April 2014. 
 
Supply Chain Culture 
 
From Denso 2012 “Report on Social Responsibility:” 
http://www.globaldenso.com/en/csr/report/2012/documents/e04.pdf 
 

As a global corporation with operations in 35 countries and regions, DENSO procures 
components, materials and equipment worth 2,000 billion yen from some 5,000 suppliers 
each year (with a local procurement rate of 70%). 
 
Five policies of procurement 

1. Open door policy 
2. Mutual growth based on mutual trust 
3. Promotion of green procurement in consideration of the environment 
4. Promotion of local procurement aiming to be a “good corporate citizen” 
5. Permeation of compliance with laws and regulations and confidentiality 

 
Each year, DENSO Corporation holds a General Meeting of Suppliers in which the 
Company explains its procurement policies to about 300 principal suppliers. The 
Company has also created the Constitution Assessment Program for Suppliers 
(CAPS)*,which defines assessment standards in the areas of quality, cost, delivery, 
management, the environment, safety and compliance in order to facilitate mutual 
growth in the midst of global competition. The program, which is operated by DENSO 
Corporation and its domestic Group production companies, seeks to strengthen 
partnerships by enhancing suppliers' constitution, assisting in support activities and by 
recognizing outstanding supplier performance Group production companies in the 
Americas, Europe, Asia/Oceania and China began implementing CAPS, and they are 
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working to establish and extend the program while giving due consideration to unique 
national and regional characteristics. 

 
 
C. Investment Level (Public and Private arrangements relevant to this company) 
 
Current R&D Investments 
 

 2008 2009 2010 2011 2012 
R&D Expenses (¥M) 311,474 297,148 270,077 290,069 298,362 
R&D Expenses ($M) 3,785.39 3,611.29 3,282.29 3,525.26 3,626.04 

(Source:  Denso 2012 Annual Report; exchange rate as of March 31 of the year 
indicated.) 

 

 
 
Future Plans for North America 
 
From Automotive News, January 21, 2013 
http://www.autonews.com/apps/pbcs.dll/article?AID=/20130121/OEM01/301219986/denso-
plans-1-billion-in-n-a-projects 
 

Denso International America Inc. plans to invest about $1 billion in North America over 
the next four years, including about $750 million in the United States that will create 
more than 1,200 jobs, the supplier said at the Detroit auto show last week. 
 
The unit of Japan's Denso Corp. said it would expand production of some current parts, 
including radiators and condensers, but also would add parts to its U.S. lineup. Those 
include stop-start starters, which it began building in Maryville, Tenn., in June; high-
output alternators; inverters for hybrid vehicles; memory-seat modules; and gasoline 
direct injectors. 
 
Denso also said it will invest to make its own production equipment, including dies, in 
North America as part of a plan to cut imports from its parent in Japan. Denso now 
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spends "several millions of dollars" a year on dies and other production equipment 
imported from Japan, a spokeswoman said. 
 
Denso today employs 15,685 people at 32 plants, R&D facilities and administrative 
operations in North America. 
 
The investments are part of Denso's current five-year business plan, which calls for 
global revenues to rise at a 7 percent annual pace to ¥4 trillion, or about $48.49 billion, 
in the fiscal year that will end March 31, 2017, from $38.24 billion in the fiscal year that 
ended March 31, 2012. 
 
That goal implies revenues will rise faster than global vehicle production, which Denso 
predicts will average a 6 percent annual gain in that period. 
 
In North America, Denso is targeting a rise of 7 percent a year for that stretch, which 
would take its NA revenues to $8 billion. The supplier wants to develop "world-first 
products originating in North America,"  Hikaru Sugi, senior executive director of Denso 
International America, wrote in Denso's 2012 annual report. In other words, rather than 
relying on products that are developed in Japan and sold first to customers there, the NA 
unit wants to develop its own products that are sold to clients in North America first. 
 
Denso also wants to expand local purchasing. The company's goal is to slash by half its 
imports of parts that are manufactured in Japan and merely assembled in North 
America. 

 
D. R&D 
 
R&D Activities 
 
Building “evaluation facility to strengthen its development of PE products, such as inverters 
used in hybrid vehicles worldwide” in Anjo Japan; investing $126M; starting operation in April 
2014. 
 
From “Research and Development (R&D) Activities” in the Denso 2012 Annual Report: 
 

In the hybrid and electric vehicle field, we have taken advantage of coil technology 
developed in the field of alternators to develop a motor generator that simultaneously 
achieves both improved efficiency and downsizing. This motor-generator performs drive 
motor control and regenerative control using the motor as a generator. It has been 
adopted for use in the Aqua compact hybrid vehicle of Toyota Motor Corporation.  
 
In addition, Denso has put in place a development framework centered on technical 
centers in six overseas regions around the world, in order to promptly identify needs in 
each region and reflect them in product development. This was achieved by enhancing 
technical centers in China, India and Brazil, in addition to those in the U.S., Europe, and 
Asia & Oceania. Collaboration on cutting-edge technologies has also been 
strengthened. 
 
In product development targeting China, India and the ASEAN region, Denso have 
promoted the development of products with reduced production costs by focusing on 
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essential functions based on regional needs. These measures have helped our products 
to be newly adopted by local overseas automakers primarily in China. 
 
Furthermore, Denso has been stepping up activities designed to develop a roadmap for 
efficiently making R&D investment, while predicting trends in society and technologies, 
as well as needs, from a long-term perspective in collaboration with Group companies 
worldwide. Through these activities, the Group seeks to develop and roll out innovative 
technologies and services in various regions around the world as early as possible, with 
the aim of contributing to the advancement of automobiles and the creation of an 
automotive society for the future. 
 
R&D expenses of the entire Group for the fiscal year ended March 31, 2012 amounted 
to ¥298,362 million [$3,626M]. The breakdown of expenses is ¥263,813 million 
[$3,206M] for the Japan segment, ¥12,482 million [$151.7M] for the North America 
segment, ¥7,934 million [$96.4M] for the Europe segment, ¥12,918 million [$157M] for 
the Asia & Oceania segment, and ¥1,215 million [$14.8M] for other areas. Currently 
R&D costs for the overseas segment comprise about 12% of total costs, but we plan to 
increase this percentage as we expand and improve our R&D organization. [Exchange 
rate as of March 31, 2012, the date of the Annual Report] 
 

 
R&D POC(s) 
 
Doug Patton 
Senior Vice President - Engineering Division 
Denso International America Inc. 
24777 Denso Drive - Southfield 
MI 48034, USA 
Phone: 248-372-8610 
doug_patton@denso-diam.com 
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Mitsubishi Electric Corp. (MELCO) 
 
Executive Summary Outline 
 

• Annual Results (through end FY 2012) 
o Revenue (Sales): 

§ North America: $2,714M ((Mitsubishi Electric Corp. and subsidiaries) 
§ Global:  $44,384M (Mitsubishi Electric Corp. and subsidiaries) 

o R&D Investment:  
§ North America: Not found 
§ Global: $2,069M  

o Number of employees in North America 
§ 754 (Mitsubishi Electric Automotive America) 

o Capitalization 
§ $18,663M (as of March 10, 2013; information from Reuters) 

 
• Business Plan Goals (through end 2017) 

o Relevant Goal:  “the Group is promoting individual business strategies and 
bolstering regional strategies, with a priority on Asia” 

o Planned R&D Investments: 
§ Nothing found 

o Planned Future Revenues: 
§ North America:  Nothing found 
§ Global:  Nothing found 

o Other Strategy Notes: 
“Regarding the businesses within the Group that possess noteworthy global 
growth potential (power systems, transportation systems, building systems, 
factory automation systems, automotive equipment, space systems, power 
devices, air conditioning systems and other businesses), the Mitsubishi 
Electric Group will expand such businesses to be a driving force of Group-
wide performance. 
 
“The Mitsubishi Electric Group will bolster cross-business regional strategies 
with priority on Asia in response to newly emerging markets, which are 
anticipated to experience high growth rates. In the Chinese market, where it 
has already established numerous businesses and built a solid foundation, 
the Group will apply its combined strength to the further expansion of its 
operations by strengthening collaborative links between its operating bases 
as well as its businesses. The Group will also take steps to augment 
partnerships with leading business groups in China.” 
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A. Volume 
 
Major Affiliations and Customers 
 
Automotive products fall under the Industrial Automation Systems business segment.  The 
major subsidiaries and affiliates of this segment are: 
 
Subsidiaries: 
 
DB Seiko Co., Ltd. 
MeiryoTechnica Co., Ltd. 
Mitsubishi Electric Automotive America, Inc. 
Mitsubishi Electric Thai Auto-Parts Co., Ltd. 
Mitsubishi Electric Dalian Industrial Products Co., Ltd. 
Mitsubishi Electric Automation, Inc. 
Mitsubishi Electric Automotive Czech s.r.o. 
 
Affiliates: 
 
Shizuki Electric Co., Inc. 
Nippon Injector Corporation 
Shihlin Electric & Engineering Corporation 
 
Major Shareholders: 
 
The Master Trust Bank of Japan, Ltd. (Trust Account)  
Japan Trustee Services Bank, Ltd. (Trust Account)  
State Street Bank and Trust Company  
Meiji Yasuda Life Insurance Company  
Nippon Life Insurance Company  
Mitsubishi Electric Group Employees Shareholding Union  
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SSBT OD05 OMNIBUS ACCOUNT-TREATY CLIENTS  
The Bank of Tokyo-Mitsubishi UFJ, Ltd. 
Japan Trustee Services Bank, Ltd. (Trust Account 4)  
The Chase Manhattan Bank, NA. London SL Omnibus Account 
 
Major Customers: 
 
Mitsubishi supplies electronics, infotainment systems and instrument assemblies to most OEMs 
globally.  They supply HEV/EV-specific parts to the following manufacturers: 
 

Inverters: 
 
Honda 
Mitsubishi Motors 
PSA 
 

Motors: 
 
PSA 
 

DC/DC Converters: 
 
Mitsubishi Motors 
PSA 

 
Primary Automotive Products 
 
Airbag control systems 
EGR valves 
Electronic keys 
Engine management systems (ECUs) 
HID ballast control units 
Intelligent power units (inverters) 
Millimeter-wave radar 
Power steering actuators and motors 
Turbochargers and turbocharger actuators 
Traction motors 
Alternators 
Starters 
Navigation systems 
Audio and entertainment systems 
 
PE-Relevant Products 
 
Power modules: 

IGBT modules 
High voltage IGBT modules 
Intelligent power modules 
DIPIPMs (Dual Inline Package Intelligent Power Module) 
PFC (Power Factor Correction) modules 
MOSFET modules 



130 Synthesis Partners ©               September 2013 

Semiconductors 
Rectifier diodes 
Thyristors 
 
OEM Automotive Parts Sales 
 
 

Mitsubishi Electric OEM Automobile Parts Sales ($B) 
 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 
Global 2.90 3.00 3.09 3.00 2.74 2.54 3.33 3.41 3.86 4.44 4.07 2.76 5.27 5.56 

North America 0.52 0.72 0.74 0.75 0.53 0.57 0.67 0.68 0.71 0.71 0.58 0.41 1.05 1.22 
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OEM Inverter Sales 
 

Propulsion Inverter 
Supplier* 

2010 2011 2012 

Toyota  0 535,874 1,017,178 
Mitsubishi Electric 195,536 226,033 294,868 
Denso  770,863 144,864 261,895 
Hitachi  29,663 58,365 156,065 
Continental  7,859 20,257 85,585 
Bosch  7,332 19,003 56,153 
Hyundai Mobis 11,652 27,940 53,762 
Toshiba  69,706 5,885 42,320 
Calsonic Kansei 0 27,258 37,980 
TDK  0 56,952 22,271 

 
 
NA Automotive Operations 
 
Mitsubishi Electric US companies include Mitsubishi Electric Power Products, Mitsubishi Electric 
US (Elevator/Escalator Division, Heating & Cooling Division, Photovoltaic Division, 
Semiconductor Division), Mitsubishi Electric Automotive America (MEAA), Mitsubishi Electric 
Factory Automation, Mitsubishi Electric Visual Systems America and Mitsubishi Electric 
Research & Development Laboratories. 
 
Mitsubishi Electric Automotive America (MEAA) produces: 
 

Alternators 
Starters 
Engine management systems 
Electric power steering systems 
Ignition coils 
EGR Valves 
Sensors 
“xEV” intelligent power units 
Air bag control systems 

 
Customers include: 
 

Automotive customers: 
Chrysler Group 
General Motors  
Ford Motor Co. 
Freightliner LLC 
Honda of America Manufacturing, Inc. 
Mack Trucks, Inc. 
Mitsubishi Motor Manufacturing of America, Inc. 
Nissan Motor Manufacturing Corp. USA 
Subaru of Indiana Automotive, Inc. 
Volvo Trucks of North America, Inc. 



132 Synthesis Partners ©               September 2013 

 
Tier One suppliers: 
Delphi Automotive Systems 
Visteon Corp. 

 
Mitsubishi Electric Research Laboratories is “the NA arm of the Corporate R&D organization.”  
Their Mechatronics group does R&D in PE: 
 

The Mechatronics group conducts fundamental and applied research and develops 
advanced technology in the areas of mechatronic systems and control, merging 
advanced control theory, dynamical systems theory, physics, computer science, 
mechanical engineering, optics, embedded systems, and PE, all with the intent to 
expand the performance envelope of Mitsubishi Electric products. The Mechatronics 
Group has expertise in multivariable, nonlinear, optimal & model-predictive control 
theory, nonlinear estimation, nonlinear dynamical systems, mechanical design, laser 
processing & sensing, 3D CAD and rapid prototyping. The group is growing its research 
and development portfolio in these areas, with an emphasis on control systems and 
dynamical systems. The business drivers for this R&D program are twofold. First, the 
design and control of electromechanical systems is central to many areas of Mitsubishi 
Electric’s business. Second, with the rapidly increasing power of embedded computation 
and sensing technologies, there is the opportunity for synergy among research in 
mechatronics and control and MERL’s existing research strengths in computer and 
information technology. 
http://www.merl.com/research/?research=Mechatronics 

 
 
B. Supply Chain Integration 
 
History 
 
Mitsubishi Electric Corp. was established in 1921 with paid-in capital of ¥15M.  It originally was 
spun off from Mitsubishi Shipbuilding Co. to build electric motors for ships.  It entered the 
consumer segment that year selling electric fans.  From there it started manufacturing electric 
railway equipment, elevators, and electric power generation equipment. 
 
In the 1960s and 1970s it branched out into computers, air conditioning systems, automobile 
electronics, satellites powered by photovoltaic technology, and nuclear power generation. 
 
Mitsubishi Electric Automotive America, Inc., (MEAA) founded its Detroit area sales office in 
1979. In 1987, its first production facility, producing alternators and starters, opened in Mason, 
Ohio.  Production of electronic components such as radios, CD players, sensors and engine 
management systems began in 1995 at a new plant in Maysville, Kentucky. 
 
Today Mitsubishi Electric has operations in 35 countries, more than 117K employees, and 
consolidated net sales of more than $44 billion in 2012.  Sixty-seven percent of sales in 2012 
were in Japan, 7% in North America, 16% in Asia (excluding Japan), 8% in Europe, and 2% in 
other regions.  
 
The company is divided into six business segments:  Energy and Electric Systems, Industrial 
Automation Systems, Information and Communication Systems, Electronic Devices, Home 
Appliances, and Others.  Industrial Automation Systems segment comprises 23.4% of total 
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sales.  Automotive electric and electronic products fall under this segment with core technology 
and products including electrical power steering, high-efficiency alternators, ISS starters, high-
power starters, car navigation technology, car multimedia technology, EV/HEV motors/inverters. 
 
The Electronic Devices segment builds power modules, high-frequency devices, optical devices, 
LCD devices, microcomputers, system LSIs, and other electronic components.  It represents 
4.8% of the company’s sales.  
 
Supply Chain Culture 
 
From “Our Purchasing Philosophy” 
http://www.mitsubishielectric.com/company/about/procurement/policy/index.html 
 

To guarantee our customers the highest-quality products, we are constantly searching 
for new suppliers. We encourage manufacturers from all over the world, regardless of 
size, to contact us about submitting a quotation. The decision to embark on a new 
business relationship is made after careful consideration of three major factors: product 
price, product quality and delivery performance. To ensure continued high quality and 
efficiency, we periodically review our relationships with our partners. 
 
We believe in long-term relationships built upon understanding and trust. Such a 
foundation makes for better collaboration with our suppliers, and helps us to develop 
together to achieve mutual prosperity. 
 
Our mission is to satisfy the needs of people everywhere. To meet their growing 
expectations, we must widen and strengthen our affiliations with companies all over the 
world. We are seeking cooperation, not just business, and are looking for potential 
partners who are willing to join us in our drive toward global prosperity. 

 
From “Corporate Social Responsibility through the Supply Chain” 
http://www.mitsubishielectric.com/company/csr/report/partners/index.html 
 

Based on our supplier selection standards, the Mitsubishi Electric Group regularly 
evaluates its business partners in terms of quality, price, delivery, customer service, 
environmental issues, regulatory compliance systems and other attributes. 
 
We make purchases from business partners placing a strong overall evaluation on a 
priority basis in an effort to build good business relationships from a long-term 
perspective. The Group gives the designation of "key supplier" to business partners 
especially important in the promotion of our business activities. 
 
A "key supplier" is defined as a business partner that provides key parts related to 
product performance or that has high-level technology or other critical attributes. 
 
Our partnerships with these business partners are more involved than with regular ones, 
as they engage in joint development of parts and materials from the initial development 
stage, adopt cutting-edge products, and promote value analysis. We also work with key 
suppliers to develop activities aimed at the joint creation of costs. 

 
The “Mitsubishi Electric Global Procurement Network” site 
(http://www.mitsubishielectric.com/company/about/procurement/network/index.html) lists their 
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procurement offices around the world.  There are two in the US:  Mitsubishi Electric 
&Electronics USA, 5665 Plaza Drive, P.O. Box 6007, Cypress, California 90630; and Mitsubishi 
Electric & Electronics, One Penn Plaza 250 West 34th Street, Suite 5127, New York, NY 
10119(email for both: Purchasing.US@meus.mea.com.  The listing under “Products, etc.” for 
both states “Purchasing from American Suppliers for Mitsubishi Factories in Japan.”  There is no 
listing for procurement offices for their US factories.  
 
C. Investment Level (Public and Private arrangements relevant to this company) 
 
Current R&D Investments 
 
Mitsubishi Electric does not break out automotive- or PE-specific R&D funding in their reports.  
R&D for automotive PE could be done in their Industrial Automation Systems segment, where 
automotive equipment manufacturing is done, in the Electronic Devices segment, where 
electrical components are manufactured, or in their “Other” segment where “R&D that benefits 
the entire Group is carried out.” 
 

R&D Expenses (¥B) 2008 2009 2010 2011 2012 
Industrial Automation Systems 37.1 37.8 34.7 45 54.9 
Electronic Devices 8.6 8.3 7.3 8.6 9.4 
Others 27.2 26.9 26.1 25.5 28.3 
Total 72.9 73 68.1 79.1 92.6 
      
R&D Expenses ($M)      
Industrial Automation Systems 374.66 388.53 374.37 543.02 669.70 
Electronic Devices 86.61 85.31 78.75 103.77 114.10 
Others 273.94 276.49 249.20 307.70 345.00 

(Source:  Mitsubishi Electric 2012 Annual Report; exchange rate as of March 31 of the 
years indicated) 
 

 
 
 
Future Plans for North America 
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The last major construction noted was a testing lab for start-stop micro-hybrid systems added to 
the Northville, Mich., research and development center in June 2012.   
 
D. R&D 
 
R&D Activities 
 
Mitsubishi Electric does not break out automotive- or PE-specific R&D funding.  R&D for 
automotive PE could be done in their Industrial Automation Systems segment, where 
automotive equipment manufacturing is done, in the Electronic Devices segment, where 
electrical components are manufactured, or in their “Other” segment where “R&D that benefits 
the entire Group is carried out.”  From the 2012 Annual report: 
 

In fiscal 2012, total R&D expenditures, including quality improvement expenses 
constituting manufacturing costs, amounted to ¥169.7 billion ($2.07B). Mitsubishi Electric 
reports R&D activities by business segment according to purpose, type, result and 
expenditure. However, expenditure on fundamental and basic research that does not fall 
under the purview of a specific business segment is accounted for under Others. 

 
In the Industrial Automation Systems segment, R&D activities are aimed at enhancing 
the competitiveness of our lineup, which includes motors and related products; 
mechatronics equipment; FA control equipment and systems; automotive electric and 
electronic components; electric power steering (EPS) and related products; and car 
multimedia systems. Mitsubishi Electric’s important R&D successes include MELSEC-
FX3GC series, programmable controllers; MELSERVO-J4 series, servo amplifiers & 
motors; FREQUPS FW-S-series, small-capacity UPS; MV series, wire-cut electrical 
discharge machines; ML3015NX-60XF, CO2 laser two-dimensional processing 
machines; a memory car navigation system; DSRC on-board unit; DIATONE speaker 
SW-G50 for automobile; a display system for curved surfaces; and, Blu-ray disc player 
for automobile. R&D expenditures in this segment totaled ¥54.9 billion ($669.7M).  

 
In the Electronic Devices segment, our R&D focuses on semiconductor and other 
electronic devices that are themselves vital components used in all our business 
segments. Major R&D achievements include GaN HEMT C-band amplifier for satellite 
communication; uncooled 25Gbps direct-modulation LD; the path switching-type W-
CDMA high-efficiency transmission power amplifier; DIAFINE®*5, industrial TFT20 LCD 
module; J series automotive power semiconductor modules; MOSFET installed DIPIPM; 
and, 1200V HVIC for inverter systems. R&D expenditures in this segment totaled ¥9.4 
billion ($371.2M). 

 
In Others, fundamental technology R&D that benefits the entire Group is carried out at 
the Corporate Research and Development Group and the Corporate Total Productivity 
Management & Environmental Programs Group research centers, which strive to 
enhance Group competitiveness and create new businesses. In our main areas of R&D 
we have developed a motor system with a built-in SiC inverter; a robot system aligning 
bulk components; and, a multi-band power amplifier for automatic band switching and 
seamless roaming. R&D expenditures in this area amounted to ¥28.3 billion ($345M). 
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R&D POC(s) 
 
Automotive Electronics Development Center 
840, Chiyodamachi, Himeji-shi, Hyogo 670-8677, Japan 
Phone: +81-792-93-1251  
 
Mitsubishi Electric Research Laboratories (MERL)  
201 Broadway, Cambridge, MA 02139, U.S.A. 
Phone: +1 (617) 621-7500 
URL: www.merl.com 
 

Dr. Joseph Katz – VP and Deputy Director 
Telephone: 617-621-7515 
Email: katz@merl.com 
 
Dr. Scott Bortoff – Group  Manager, Mechatronics  
Phone: 617-621-7533 
Email:bortoff@merl.com 

 
Mitsubishi Electric Automotive America, Inc. 
4773 Bethany Road, Mason, Ohio 45040, U.S.A. 
Phone: +1-513-398-2220  
URL: http://www.meaa-mea.com 
 

Mike Delano – Executive Vice President 
Email: mike@mitsubishielectric.com 
 
Yohei Jim Matsuura– Global Sourcing 
Telephone:513-573-6672 
Email: ymatsuura@meaa.mea.com 

 
Mitsubishi Electric Automotive America, Inc. 
15603 Centennial Drive, 
Northville, Michigan 48168, U.S.A. 
Phone: +1-734-453-6200  
 

David McLenaghan – Executive Director, Sales and Engineering 
Email – dmclenaghan@meaa.mea.com 

 
 


