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Abstract
Now in their 21st year, the PACE Awards recognize innovation in the auto supply chain. This paper 
presents an initial analysis of the 400-plus finalists and 200-odd winners over 1999-2014. These data 
provide a unique perspective on innovation in the supply chain. Unlike snapshots culled from patents or 
other metrics, finalists must meet a variety of criteria – market acceptance, innovativeness and 
significance – vetted by a panel of independent judges. Several things emerge from the analysis. First, it 
allows a comparison of models of innovation: that it is induced (here primarily by regulatory mandates), 
that it is driven by wider technical advances, and that it is due to idiosyncratic inventions. Second, it 
highlights the use of “technology roadmaps” that help coordinate innovation across the supply chain. 
Third, the competition provides a list of innovations appropriate for case study analysis. This paper 
provides one such (brief) case study. It concludes with a discussion of additional ways in which the data 
might be used.

Introduction 
Over the past 25 years the pace of innovation in the automotive industry accelerated. Motor vehicles are 
increasingly "high tech" products, with rapid improvement in performance on a variety of metrics such as 
fuel efficiency, emissions and safety, while facing more stringent consumer expectations for paint, driver/
passenger amenities and noise-vibration-handling. Furthermore, automobiles are complex assembled 
products, and suppliers play a much greater role in undertaking R&D – among other drivers of that shift, 
automobile companies had few capabilities in electronics, software, engineering computing, paints and 
plastics, and while they had tremendous experience with steel they had little knowledge of other metals. 
Suppliers, new and old, brought such skills to the industry (Rubenstein and Klier 2014, Kuan and Helper 
2013).1

The PACE competition reflects that environment. The first applications for a PACE Award were made in 
summer 1994, with the initial awards made in spring 1995. It took several years for the competition to 
take root as a North American innovation competition; it is now global in scope, and its applicant pool 
includes suppliers large and small in a wide array of niches, including second-tier suppliers and indirect 
suppliers of engineering tools and production equipment. It thus provides a unique though unconventional 
database. Except for the first round, descriptions are available of the innovation of each finalist, and a 
judges citation for each award winner. Applicants self-select, though the sponsors discourage potential 
applicants who fail to meet one or another standard, such as being able to demonstrate market uptake for 
their innovation. The pool shifted over time, as the competition expanded its scope and became better 
known, and as the types of innovation that rose to the top shifted. However, this also is a strength, the 
judges look for both commercial viability and significance for the industry, but accept innovations that are 
protected by trade secrets or engineerings capabilities (including speed to market) rather than patents 

1. The spinoffs of internal parts operations with their attendant R&D capabilities – Delphi from GM in 1999, 
Visteon from Ford in 2000 – are part of this trend.



(Levin et al. 1987). The PACE competition provides a large number of examples that do not reflect a 
"draw" from the full universe of supplier innovation, but which is more robust than case studies that 
might be based on personal connections and limited to a single country or set of technologies.
This paper includes one example to provide a sense of a PACE-winning innovation; separate research will 
use the innovations of PACE finalists to examine innovation related to environmental considerations, and 
to look at the innovations of suppliers headquartered in Canada. The emphasis in this paper is an analysis 
of the finalists and winners over the past 16 years.2 The focus is on three main questions: to what extent 
are the innovations of PACE finalists and winners directed towards meeting regulatory mandates – 
emissions, fuel efficiency, safety – rather than primarily directed at cost reduction or enhancing 
characteristics (better paint, less noise) that are directed at consumers. The second is the extent to which 
innovations depend crucially upon innovations in material science (new alloys, new sensors) or other 
technological enablers. Third, innovation is now central to the stated strategies of many automotive 
suppliers. The management of R&D that underlies that strategy makes use of "technology roadmaps". 
Can the PACE competition allow that to be documented?

Organization
The core of the paper proceeds in 5 parts. Section 1 gives an introduction to the PACE Awards and 
descriptive statistics on the pattern and categories of awards over the last 16 years. Section 2 summarizes 
theoretical issues, the sources of technical change and innovation that transcends the boundaries of a 
single firm. Section 3 presents a specific case of a PACE Award-winning innovation that stemmed from a 
collaboration between ArcelorMittal and Magna Cosma in close cooperation with their initial customer 
Honda. Section 4 provides a formal analysis of trends across time of "market (regulatory) induced" 
innovation and "technology enabled" innovation and of innovation for which "technology roadmaps" are 
central. briefly discusses social and engineering perspectives on supply chain developments. The 
concluding Section 5 indicates how the initial analysis in this paper might be refined, and notes other 
research projects that can draw upon the PACE dataset.

1. Background-on-the-Automo&ve)News)PACE-Award
Origins
The PACE Awards originated on the basis of discussions ca. 1993 between Lee Sage, then of the 
automotive practice of Ernst & Young, and Peter Brown, then the publisher of Automotive News. Both 
believed through their interactions with the industry that the role of suppliers was rapidly evolving, and 
wanted to reach out to that segment as markets for their respective businesses. E&Y had previous 
experience sponsoring the EY Entrepreneur of the Year Award (1986-date), while Automotive News was 
exploring initiatives to expand its readership beyond what had historically been a dealership base. They 
jointly launched the program in 1994 to recognize innovation among automotive suppliers. They recruited 
judges in early 1994, all independent of the sponsors,3 and sought initial applicants in summer 1994. The 
initial awards were given in an Academy-award-like black-tie event in the spring of 1995, coinciding with 
the Society of Automotive Engineers (SAE) meeting in Detroit.

2. The finalists for the 2014-15 competition will be announced at the Society of Automotive Engineer "Global 
Leadership Conference" at the Greenbrier resort in West Virginia in early October; winners will be announced 
April 20, 2015.

3. See the PACE website at http://www.autonews.com/Assets/html/pace_award/default.htm for a list of current 
judges. All have deep experience with suppliers, while bringing a wide range of backgrounds to the 
competition, from a banker and two economists to former assembly plant managers, supplier executives, R&D 
managers and government researchers. Most are engineers by training. The current chief judge is J Ferron, an 
engineer and lawyer who was a NADA Vice-Present and then a key executive at JD Power & Associates before 
joining PACE, as a part-time post-retirement position. Mea culpa: one author (Smitka) has been a PACE judge 
from the inception of the competition.



Process
The overall process has been similar from the start. The sponsors (who have shifted at several points of 
the competition)4 actively publicize the competition and encourage firms with whom they interact to 
apply; Automotive News also advertises the competition in their weekly magazine (and now also online). 
In early October a subset of the judges chose a finalists on the basis of applicants' paper submissions. 
Each finalist is then visited by two of the judges in the late fall and early winter, which typically includes 
an engineering presentation on the innovation, a presentation of the business case, and a factory tour or 
other demonstration of the underlying innovation. The judges also contact at least two outside references, 
typically customers of the supplier who are buying or considering adapting an innovation, to verify the 
claims and competitive analysis provided by the finalist in the site visit. Finalists are not privy to the 
content or outcome of discussions with references. The judges then prepare a written report based on their 
site visit prior to meeting as a group in Dearborn, Michigan in February to collectively choose award 
recipients. Sponsors are not part of the meeting, and have no access to the judges reports or to any of the 
discussions of the judging panel.5 The awards themselves are presented at a black-tie event on the opening 
night of the week of the SAE (Society of Automotive Engineers) convention in a tearing open of 
envelopes. The entire process is coordinated by a chief judge, hired by Automotive News but otherwise 
independent from them or other sponsors. Judges receive no compensation other than for out-of-pocket 
expenses. All materials related to the competition are under a non-disclosure agreement.
Development
It took several years for PACE to become well-established; on average there were only 13 finalists (and 5 
awards) in the first 4 years (1995-1998). The number of finalists rose to 23 (with 10 awards) during the 
next decade (1999-2009) and to 32 finalists (with 14 awards) from 2000 to date.6 While applicants pay an 
up-front fee, due to sponsorship constraints finalists were initially limited to innovations made in North 
America. From 2000 European-based suppliers were encouraged to apply, with site visits in Europe by 
the judges. Since 2004 the competition has imposed no geographic restrictions, and judges have made site 
visits in Asia, Brazil and Eastern Europe. Due to the interest of sponsors, awards have been divided into a 
shifting set of categories such as location, firm size, product versus process or other criteria and (at the 
height of the "dot.com" fever) IT. In practice the judges ignore categories in their deliberations, and have 
not felt compelled to make an award in each category. Indeed, from time to time the judges reassign a 
firm from one category to another based on what they learned through the site visits. Finally, for several 
years a subset of applicants received honorable mention, but were not considered finalists and did not 
receive a site visit. That practice was dropped in the 2006-7 cycle. Ancillary awards (environmental, 
supplier-OEM partnership) have been given from time to time, but are not central to the PACE award 
process and are voted on separately by the judges after selecting award winners.
Award Criteria
Awards are given to firms for an innovation, not to a firm per se; firms can and do apply more than once 
in a cycle. In addition, with increasing frequency one or more suppliers jointly apply. The judging process 
does not take that into consideration. In practice, in many years the same (multidivisional!) firm has won 
more than one award in a single cycle, and the judges have also recognized joint PACE winners for a 
single innovation.

4. In 2013-2014 outside sponsors included EY, a successor firm to Ernst & Young; the Transportation Research 
Center, a test facility operated by the School of Engineering at Ohio State University; the Original Equipment 
Suppliers Association (OESA) and the Society of Automotive Engineers.

5. One-two individuals at Automotive News coordinate with an outside media company that prepares the videos 
and other components of the award ceremony; they are privy to the results, but do not share them with others at 
AN, except for one writer who prepares a press release for distribution after the ceremony. To date there has 
been no known leak of results prior to the ceremony.

6. The competition does not track the number of applicants. Since the Chief Judge may discourage firms from 
applying who clearly fail the uptake criterion; the competition does not seek to maximize the number of 
applications. Similar, some firms are known to run pre-application "beauty contests" to winnow the number of 
entries they fund, based on their sense of what it takes to be named a finalist and to win an award.



In making their choices the judges employe three key criteria:
• innovative: 

Have we seen it before? This can be documented through patents, but also relies on the 
collective knowledge of the judging panel of automotive technology. It is a key question 
judges pursue with outside references, typically development engineers or senior 
purchasers at automotive assemblers, whose job is to know what is (or soon will be) 
available. 
However, to be considered an innovation also needs to be recent, and not something 
(however important) that has been in the market longer than the 3-4 years of a vehicle 
development cycle.

• uptake:
Has it been sold? Judges exhibit a strong preference for an innovation in actual use. A 
near-term SOP (start of production) is generally not sufficient, even if evidenced by 
written contracts verified by customer references. In recent years most winners have 
"booked" business from multiple customers by the time of the award (though this may not 
be noted in award citations, as customers frequently mandate that suppliers to a vehicle 
not be announced until SOP). However, some innovations (paints) may not be compatible 
with existing equipment and so are only adapted in new or renovated assembly plants, 
and hence exhibit slow and discrete uptake.

• importance:
Has it "changed the name of the game?" Are competitors being forced to respond, has the 
supplier won substantial conquest business, does it bring large dollar savings or profits to 
the customer, or does it have some other story to tell? Is it a one-off invention, a "one-
horse shay," or does the innovation draw upon know-how or product concepts and 
production methods that will lead to "Gen II" (a second generation) of a product, or to 
applications to other areas of a vehicle?

Historically PACE finalists have included innovations for both commercial and passenger vehicles; for 
production processes and equipment; for software and other tools; and for both OEM and replacement 
market use. In the past a few finalists were for dealership-oriented equipment or services, but the current 
competition does not encourage such applications.7

Data Strengths and Weaknesses
First, PACE finalists self-select. There are many important innovations every year that are not recognized 
by the competition because the innovating firms choose not to apply. The sample is thus neither random 
nor comprehensive, though it does exhibit heterogeneity across almost every dimension of geographic 
location, firm size, type of customer and the underlying technologies.
Second, the competition provides information that patent counts or firm R&D expenditures do not. It is 
thus a complement to widely-used metrics of innovation. In particular, trade secrets lie at the heart of 
many of the innovations that the PACE competition recognizes. While in making their case to the judges 
firms may sketch such new methods, there is no need to publicly reveal such secrets or even to indicate 
that they are central to the innovation. Judges are precluded from revealing such information in their 
citations of winners under their non-disclosure agreement.8

7. See http://www.autonews.com/section/PACE?cciid=internal-aninside-pacefoot for videos of the innovations 
recognized as 2014 finalists and PACE Award winners.

8. Judges first saw Federal-Mogul's trade secret "High Precision Electro-Erosion Machining " in use on products 
in 2006 for making pistons. Once the piston was in production, rivals observed the elimination of the bushing 
for the pin, but could not reverse-engineer why that was acceptable to customers. Federal-Mogul however had 
to explain what they had done to customers, and after a few years enough information leaked that they decided 
to  publicize HPEEM, pushed by their suppliers requesting that they license it to other suppliers.



Third, In the past several years the competition has stiffened, in part because it is better known, and 
perhaps in part because more innovation is occurring among suppliers. Several large suppliers now use a 
PACE Award as a tool to evaluate internal innovation projects, starting many applications online but 
submitting only a small number; the competition thus sees the best innovations those firms have to offer. 
The judges observe in their deliberations that innovations that received an award a decade ago might well 
not have made it to the finalist stage in recent years. There is no ready way to make objective such 
observations. Similarly, many other details that might be of interest, such as cooperation across 
geographies, or the benchmarking by a finalist of the technologies of other firms, may be revealed to the 
judges but not disclosed as part of the competition.
Fourth, the analysis of the winners must rely primarily on publicly available materials. The citations of 
finalist innovations are often one paragraph in length. Categorizing a particular innovation on that basis as 
"environmental" versus (merely?!) cost-saving or "invention" versus derived from a "roadmap" is 
fundamentally subjective. While as a judge of the competition one author (Smitka) can draw upon a deep 
knowledge of the entire body of winners, the non-disclosure mandate means that he cannot reveal the 
reasons for classifying a particular finalist in a particular manner. Indeed, to preserve confidentiality all 
counts are summarized by year, so that this research does not reveal the classification given to a particular 
finalist on a particular criterion. However, the author does make available a comprehensive dataset of the 
public citations of all finalists and winners after the initial year, compiled from Automotive News 
coverage of the competition and from the programs of the award ceremony.9 The other author (Warrian) 
classified winners on the basis of  their citations.
Sum
The entries chosen as finalists for the PACE Award represent a wide array of innovations made by 
suppliers, since 2004 on a global basis. It encompasses product ("parts"), process and tools, and software 
from Tier I and indirect suppliers, for use by both other suppliers, assemblers, and distribution and 
aftermarket. It thus provides a rich set of observations that extend beyond those captured in studies that 
focus on patents or other formal R&D metrics. This paper presents initial results from a comprehensive 
dataset of the 400-plus finalists and nearly 200 winners over 1999-2014.

2.-Technology-Roadmaps
What drives innovation? This section first reports results based on (i) a classification of all finalists. It 
then narrows that analysis to focus on (ii) winning innovations with an environmental contribution.
The focus here is on "roadmaps" as a reflection of the drivers of change. For example, Europe has put in 
place a series of emissions performance standards (Euro 
IV, Euro VI) with specific maximum emissions for 
various components of a vehicle exhaust by a given 
date. Firms then use those to back out concrete targets 
tied to their product area. For example, to achieve Euro 
VI standards diesel engines may need to operate at 200 
bar. A piston manufacturer can then back out of that the 
thermal and mechanical stresses their product might 
face, and given engine development cycles can come up 
with a timeline by which they need to achieve particular 
targets. 

Portion of Simplified Roadmap
F-M Presentation to W&L students, May 2011

In interviews with suppliers, technology roadmaps also serve as a coordination mechanism. One, Federal 
Mogul, develops roughly 30 roadmaps for different technologies, which it presents to customers (Such 
2013). Broadly, such roadmaps take known and anticipated regulatory and legislative mandates, and use 

9. Available at http://econ244.academic.wlu.edu/pace-award-finalists-2/.



them to identify technologies that might enable meeting those requirements, linked to a timeline. By 
sharing roadmaps, suppliers can coordinate developing their piece of complex systems (such as engines) 
with their suppliers. In the case of a piston, what strengths do they anticipate needing to meet, and how 
might they accomplish that? Similar roadmaps can be developed for friction reduction, thermal loads and 
other criteria, helping engine design integrators to know what might be possible, and to better analyze 
tradeoffs with other components of an engine.
Finalists
A dataset of the citations for all finalists was compiled, and each was classified across multiple 
dimensions. One set sought to categorize innovations according to roadmaps and other "pull" factors, as 
well as whether an innovation was an outcome of a systematic R&D process or was an "invention" that 
originated independent of such processes. Another sought to indicate technology enablers, "push" factors.

Trends in PACE Awards (1997-2013)

The categories of award continue to be dominated by General Efficency. 



Data Analysis

The following charts present descriptive statistics from the database for various award categories in the 
environmental and safety categories over past 15 years.

Environmental Benefits (1)



Environmental Benefits (2)

Roadmaps



Technologies

Cross-Firm Collaboration



Definition of Categories of Awards

Emission Reduction 

The primary goal  in environmental regulation is to reduce the amount of these GHG from transportation 
source by minimizing the amount of CO2 emited from vehicles. OEMs are forced to come up with new 
innovative product in relate with reducing CO2 emission vehicles. However, innovation also occors in 
reducing NOx and VOC emissions. In a result, innovations in emission reduction are found not only in 
vehicle emission but aslo in the manufacturing processes. 

An example of award winning innovation on emission reduction is 2007, Diesel After treatment 
Predictive Development Process by Tenneco Inc. Tenneco has changed the rules of the game through their 
successful development and application of proprietary "light tools" (software) for use in design of Diesel 
after treatment emission controls systems. Tenneco’s proprietary tool is directly responsible for Tenneco's 
capture of 100% of the 2007 light duty Diesel truck after treatment share. It has raised the standard of 
excellence in Diesel exhaust system design.

Fuel Efficiency

An example of the award winning innovation on fuel efficiency is the 2006 StARS Micro-Hybrid system 
by Valeo Electrical Systems. The StARS Micro-Hybrid consists of a belt driven, reversible claw-pole 
synchronous machine that mounts on any internal combustion engine in place of the conventional 
alternator, and a separate electronic inverter placed between the machine and the standard 12V battery. 



The system allows the combustion engine to be turned off automatically when the car stops and the driver 
holds the brake pedal down, and to be restarted instantaneously when the brake pedal is released in favor 
of the accelerator. Initial commercial applications and uptake of the StARS Micro-Hybrid have been on 
smaller platforms, but this innovation is now being fitted to larger ones as well, e.g. a 4.2 liter 6-cylinder 
SUV. It is currently available as an option on the Citroën C3 Sensodrive, with a fuel saving of 6 to 20% in 
real life urban driving and has been used also for other vehicles such as BMW, Mercedes and Nissan.

General Efficiency

General efficiency has been by far the most often recognized award compared with other catagories. By 
maximizing efficiency it delivers direct effects on cost reduction in automobile assembly line and final 
product.

An example of an award in the general efficiency category is the 1999 award by Dürr Industries is the 
RFC or Radiant Floor Construction Paint Oven. The fundamental change in the oven design is the use 
of the floor of the oven as the main heat source. The direct-fired air is forced through the Dürr-designed 
chamber in the floor to provide controlled radiant heat. Dürr and their customers claim significant savings 
in the purchase and installation of this new oven, of up to 10%, due in part to its modular design and the 
elimination of heat exchangers. In addition, it is estimated that operating savings will be significant in 
terms of costs of gas, electricity, and filters saved over conventional designs.

Safety

An example of an award winning in the safety category is the Adjustable Pedal System by Teleflex 
Automotive Group. The patented adjustable pedal system, allows drivers of shorter stature to move the 
accelerator, brake, and clutch pedals closer to the driver, while permitting the driver to maintain normal or 
desired seating position and optimum body positioning, and without altering pedal deployment action or 
angle. This allows or insures safer air bag deployment, safety restraint system effectiveness, and steering 
wheel and instrument panel control access, while enhancing comfort, especially on long drives.

Others (Navigation, New software innovation, Entertainment)

There are innovations in the automobile industry for navigation products, entertainment and new software 
development that are entirely new. These innovations are categorized as Others.

Teamcenter In-Vehicle Software (IVS) Management System by Siemens PLM Software. The 
Siemens In-Vehicle Software Management system addressed and solved the increasing number of vehicle 
variations that manufacturers face with the growth of distributive electronic systems. Siemens and Ford 
have created a software mangement system permitting them to monitor every vehicle variation on a 
global basis down to the VIN (vehicle identification number). This innovation extends the lifetime control 
Ford has of its global fleet by leveraging existing software management processes that also maintain 
security protocols for firewalls between competing suppliers to all model types. 



Next Generation Navigation System by Ford Motor Co. partnership with Clarion Corporation of 
America This major evolution for in-vehicle, real-time interface between audio, graphics and data 
became a reality because of the close relationship between Clarion Corp of America and Ford Motor 
Company during an extended product development process. The combined efforts created a series of firsts 
in integration, real time information feeds, voice recognition multi-language software and Human 
Machine Interface (HMI). Along the way Clarion and Ford reworked the rules of collaboration in that 
they successfully operated together dealing with other global software and electronics companies such as 
Microsoft and Sirius. The working relationships established by the joint development teams provide a 
model for future technologies and in-vehicle software efforts.

Emission Reduction and Fuel Efficiency

There are also innovations that combine emission reduction and fuel efficiency. Innovations in this 
category have achieved both objectives. An example is the Piezo Direct Injection System for Gasoline 
Applications by Continental in 2008. Improving fuel injection is aimed at better performance from less 
gasoline, meaning enhanced efficiency, economy, combustion, and emissions. Continental has for the first 
time applied piezo activation to direct injection in high revving gasoline engines. The result is estimated 
at up to 20% fuel savings, 40% reduction in hydrocarbon emissions, and 12% reduction in CO2 
emissions, while doubling the rpm range for engine efficiency.

Fuel Efficiency and General Efficiency 

There are also innovations that combine fuel efficiency and general efficiency. An example of an award 
winning innovation on this category is DualTronic™ dual clutch, direct shift gearbox (DSG) by 
BorgWarner Inc in 2005. BorgWarner’s DualTronic™ dual clutch, direct shift gearbox is an entirely new 
concept in automatic transmissions. It has the lighter weight, packaging efficiencies, and fuel economy of 
a manual transmission. The result is a drivetrain that provides the efficiency of a manual but the 
convenience and effortlessness of an automatic. The benefit is smoothness, stability, and uninterrupted 
torque, while, at the same time, fuel economy and compact light weight resemble those of a pure manual. 
The result is major gains in driving performance. The BorgWarner dual clutch DSG feature already 
contributes very appreciably to equipped Audi TT 3.2 quattros and VW Golf R32s. This innovation is 
being rolled out across the entire VW Group line-up of vehicles.

Emission Reduction and Safety (1 award):

RHP Highway Parallelogram Trailer Air Suspension System by Meritor Automotive in 1999. 
Meritor's innovation is a compact and light-weight suspension system that utilizes a revolutionary design, 
eliminating the traditional trailing arm suspension, replacing it with a tandem suspension system, 
producing a parallel movement of the trailer's air springs. Meritor's innovative system also results in 
dramatic safety and handling improvements. The improved handling and control characteristics result in 



significantly improved driver safety and comfort, as well as reduced wear and stress on the equipment. 
The new design is also easier to service, reducing operating, maintenance, and repair costs. The new 
design's reduction in overall weight also lowers daily operating fuel costs and increases equipment 
flexibility, permitting greater loads and lowering back haul costs.

General Efficiency and Safety (1 award); 

DuPont EcoConcept by DuPont Automotive Systems in 2007. DuPont's EcoConcept paint and process 
enabled Volkswagen de Mexico to eliminate the need for the primer coat, so Volkswagen can now paint a 
car with three coats, not four. This eliminated one spray booth and the associated oven, which yielded 
significant savings for Volkswagen, increased profit for DuPont, and decreased volatile emissions from 
the paint process.

2. Importance-of-Roadmaps

An important trend in recent years among PACE winners has been the success of companies that have 
technology road maps. The following is a summary of technology roadmaps from the top three winners: 
Delphi, Federal Mogul and Borg Warner. While all three firms have roadmaps, they have significantly 
different strategies.

Delphi 

The company that has the most awards given by the PACE Awards during 1997-2013 is Delphi. Delphi 
has won a total of 15 awards. The following table shows the number of awards won by Delphi and on 
what year. 

Delphi Award Winning PACE innovation products

Technology Roadmaps of Winners 

Delphi

Keywords
Safe, Green, Connected

Technologies
Electrical/electronic architecture
Powertrain systems
Electronics and safety
Thermal systems

Federal Mogul

Keywords
Renewable energy, fuel economy, 
emission reduction, green materials 
and processes
Technologies
Low friction/high load coatings and 
materials
High temperature and RFI systems
R e n e w a b l e e n e r g y a n d n e w 
combustion

Borg Warner

Keywords
Powertrain diversity

Technologies
Downsized turbocharged engines, 
transmissions, engine timing systems
Turbochargers, dual clutch technology, 
variable cam timing systems 

Number Year Company Division Award Winning Innovation



Roadmap Development 

On the Delphi website, there is a specific section on their investment portfolio: Aftermarket, Automotive 
Industry, Commercial Vehicle Industry, Delphi Technologies, Other Industries & Services, Residential 
and Commercial HVAC/R Industry and Testing Services. Our search focused further on the Delphi 
Technologies section.

What became interesting is that Delphi has an Intellectual Asset Management (DTI) division, which is a 
division in to extract the technologies made from the research and development and license them to 
startups companies. DTI works with entrepreneurs, startups and other strategic partners. Preliminary work 
such as develop technologies to proof of concept stage (or prototype), conducting validation testing and 
even putting them into productions are to be conduct by Delphi’s spinoffs. 

Among the successful spinoff companies aided by Delphi are;

 a. SpaceForm: Commercializing the revolutionary DRW metal welding technology developed by 
Delphi, this new company is changing how space frames and components are designed and built. 
SpaceForm is developing applications for the automotive industry to help reduce the weight of 
vehicles and enhance components and subsystems. SpaceForm is also part of a multi-year, multi-
million dollar NASA grant under the Man to the Moon and Man to Mars expeditionary missions.

 b. Monarch Antenna: Self-structuring antenna technology is being advanced by Monarch Antenna to 
improve the reliability of wireless links in consumer, industrial, and government communications 

1
2

3

4
5
6

7

8
9
10
11
12

13

14

15

1999
2000

2001

2002
2002
2003

2004

2004
2005
2010
2010
2011

2012

2012

2013

Delphi Automotive Systems, Delphi Saginaw 
Steering Systems
Delphi Delco Electronics Systems
Delphi Automotive

Delphi Delco Electronics Systems

Delphi Automotive Systems
Delphi Corporation, Delphi Energy & Chassis
Delphi Corporation

Delphi Corporation, Delphi Energy & Chassis

Delphi Corporation and Sirius Satellite Radio
Delphi Corporation Powertrain Systems Division
Delphi Corporation
Delphi Automotive
Delphi Automotive

Delphi Automotive

Delphi Automotive

E-STEER™ electronic steering

Forewarn® Adaptive Cruise Control
Math Based Metal Removal (MBMR) 
software
Passive Occupant Detection System, 
Generation II (PODS II)
QUADRASTEER system
MagneRide variable suspension damping
Saginaw Steering Systems (Delphi 
Steering) –Horizontal Modeling and 
Digital Process Design for CAD/CAM
Delphi Forewarn® Back-up Aid and Side 
Alert
Sirius Backseat TV™
Delphi Direct Acting Piezo Injector
Electronically Scanning Radar
Delphi Multec GDi Fuel Injector
Delphi L-Shape Crimp for 0.13 mm2 wire 
size
Delphi Thermal Multi Port Folded Tube 
Condenser
F2E Distributed Pump Common Rail 
System

http://delphi.com/manufacturers/dti/available-technologies/manufacturing-processes-and-logistics-for-license/deformation-resistance-welding/
http://www.monarchantenna.com/


devices. The technology is the result of a five-year research and development effort between Delphi 
and Michigan State University. Monarch Antenna, in collaboration with a leading industrial sensor 
company, is launching its first antenna for advanced smart wireless monitoring systems for power 
plants.

Sale of Patents

Delphi also sells some of their patent technologies. Delphi has numerous technologies for transportation 
and non-transportation applications and is continually growing and investing in new intellectual property 
to enhance its portfolio.

With constant monitoring and managing of Delphi's patent portfolio, the Intellectual Asset Management 
(IAM) team has been able to identify a number of patented technologies it is interested in selling to 
companies and entrepreneurs seeking to enhance their technology portfolio.

Licensing 

Delphi has an excellent intellectual property (IP) portfolio of proven automotive product technologies, 
which support a wide range of vehicle requirements. This IP portfolio — originally developed for 
automotive customers — continues to be expanded for additional applications, providing further product 
solutions. Delphi's IP forms the basis of an active licensing program aimed at targeting these core 
automotive technologies for other markets. The proven performance and inherent cost advantages of the 
intellectual property created for the demands of customers worldwide has proven to be the basis of 
revenue growth opportunities for our licensees. Both patents as well as product and process know-how 
form the basis of the IP portfolio, available under license from Delphi.

Summary

No comprehensive roadmap was found on the Delphi website. The Delphi for thrust innovation is better 
indicated through its Intellectual Asset Management to keep focus on managing their innovative products 
by either selling patents, licensing their technologies or supporting spinoffs for long run business 
development purposes. The Delphi investment plan focuses not only in the automotive industry but also 
the Residential and Commercial markets. Using Delphi experience and expertise in automotive thermal 
systems, Delphi is developing energy-efficient thermal technologies to help support green building, 
electronics cooling and even new sources of power generation.

Federal-Mogul 

Federal Mogul has the second highest number of awards won in the PACE awards. With a total of 12 
awards achieved from 2003-2013, winning in almost every year except; 2004,2005,2008 and 2009. The 
table below shows the award winning innovations and what year is it won in.

Federal-Mogul Award Winning PACE innovation products



Federal-Mogul was found in Detroit in 1899, now headquartered in Southfield, Michigan, and employs 
nearly 39,000 people in 36 countries. Federal-Mogul operates with two business segments. The 
powertrain segment focuses on original equipment powertrain products for automotive, heavy-duty and 
industrial applications; the vehicle components segment sells and distributes a broad portfolio of products 
in the global vehicle aftermarket, while also serving original equipment (OE/OES) manufacturers with 
vehicle products including brake friction, chassis, wipers and other components.

Roadmap Development

Federal Mogul segments its website according to: Original Equipment, Industrial and Aftermarket. 

To meet tighter emission standards such as Euro VI on highway regulation, strength and cooling 
performance were needed in piston diesel engines. Through their Monosteel Diesel Piston an award 
winning innovation PACE award product in 2006, Federal Mogul produced a solution. Starting with a 
two-piece design, and using inertial welding to combine the crown and the sleeve into a structurally sound 
whole, it met the stress and durability requirements of the next-generation diesel engine. The two pieces 
allowed the design of an effective cooling gallery without the need for machining. That in turn enabled 
the sleeve to provide sufficient mechanical support. The Monosteel piston not only lasts longer, avoiding 
burnout and cracking, but performs better than previous designs, in terms of blow-through and other 
performance characteristics. 

Number

1

2

3

4
5
6
7

8

9

10

11

12

Year

2003

2006

2007

2007
2010
2010
2010

2011

2011

2012

2013

2013

Company
Federal-Mogul Corporation

Federal-Mogul Corporation

Federal-Mogul Corporation

Federal-Mogul Corporation

Federal-Mogul Corporation
Federal-Mogul Corporation
Federal-Mogul Corporation
Federal-Mogul Corporat ion / 
Powertrain Energy
Federal-Mogul Corporat ion / 
Powertrain Energy
Federal-Mogul Corporation

Federal-Mogul Corp. Powertrain - 
Sealing – Southfield
Federal-Mogul Corp. – Powertrain, 
Bearings and Ignition

Award Winning Innovation
ThermoQuiet

Monosteel Piston

High Temperature Alloy (HTA) Exhaust Gaskets

Federal-Mogul Goetze Diamond Coating

High Precision Electro-Erosion Machining
DuraBowl Piston Reinforcement Process
Bayonet Connection System for Profile Wiper Blades
Low-Friction LKZ® Oil Ring

EcoTough® Piston Coating

Two-dimensional Ultrasonic Testing for Raised Gallery 
Diesel Pistons

Injection Molding of High Modulus Bonded Pistons Used in 
High Pressure Transmissions
IROX® – Highly Effective Coating for Engine Bearings



Magnum Monosteel is the next generation of the previous award-winning product Monosteel piston. It 
reduces piston mass up to 7% and additionally reduces friction, which improved fuel economy and lower 
emission. 

Technology developments in Federal Mogul are continuously improving, creating new innovations from 
previous innovative product development. Federal Mogul product developments are linked with previous 
products. In the above example, the Magum Monosteel Piston that used the Monosteel Piston as its 
baseline for further innovation.

BorgWarner

BorgWarner is third in th enumber of PACE Awards, with a total of 11 awards won from 2005 – 2013. 
Since 2005 BorgWarner won a PACE award every year except in 2006, 2010, and 2011.

BorgWarner Award Winning PACE innovation products

BorgWarner isa global technology leaderin powertrain solutions.They focus ondeveloping 

leadingpowertrain technologies thatimprove fuel economy,emissions andperformance.The 

facilities arelocatedacross theglobe, operates manufacturing and technical facilities in 60 

locations in 18 countries. Customers include VW/Audi, Ford, Toyota, Renault/Nissan, General 

Motors, Hyundai/Kia, Daimler, Chrysler, Fiat, BMW, Honda, John Deere, PSA, and MAN.

Number
1

2

3

4

5
6

7

8

9
10

11

Year
2005

2007

2007

2007

2008
2009

2009

2009

2012
2013

2013

Company and Division 
BorgWarner Inc.
BorgWarner Turbo & Emissions 
Systems GmbH

Porsche AG with BorgWarner 
TorqTransfer Systems
Porsche AG with BorgWarner Turbo 
& Emissions Systems GmbH

BorgWarner Turbo & Emissions 
Systems
BorgWarner's Morse TEC Division
Ford for its Partnership with 
BorgWarner Morse TEC Inc.
BorgWarner, Inc. and Beru AG 
Business Unit
BorgWarner Turbo Systems

BorgWarner Turbo Systems
BMW Manufacturing Co., LLC for 
their partnership with BorgWarner 
Turbo Systems

Award Winning Innovation
DualTronic™ dual clutch, direct shift gearbox (DSG)
The BorgWarner Turbo & Emissions Systems 
Gasoline Turbocharger with Variable Turbine 
Geometry
The BorgWarner High Energy ITM3e AWD System

The BorgWarner Turbo & Emissions Systems 
Gasoline Turbocharger with Variable Turbine 
Geometry
Turbocharger with R2S® Regulated Two-Stage 
Technology
CTA Camshaft Phasing System
Cam Torque ActuatedTM (CTATM) Cam Phaser

Pressure Sensor Glow Plug (PSG) for Diesel Engines

Turbocharger for internal combustion engines with 
low-pressure exhaust gas recirculation
Regulated 3-turbocharger System (R3S)
Regulated 3-turbocharger System (R3S)



BorgWarner Regulated Three-Stage Turbocharging System (R3S)

An award winning innovation product development in 2013, which is the BorgWarner regulated three-
stage (R3S) turbocharging system was developed based on a previous award-winning product in 2008-
named regulated two-stage (R2S) turbocharging system. 

RS2 consist of two series of connected turbochargers: a smaller unit a smaller unit (referred to as the 
high-pressure turbocharger) and a larger unit (known as the low-pressure turbocharger). At low engine 
speeds, the smaller high- pressure turbocharger ensures spontaneous engine response without "turbo 
lag”(delay between opening the throttle and the turbo spinning and producing boost). With increasing 
engine speed, the larger low-pressure turbocharger gradually takes over more of the work, ensuring 
constantly increasing power and high output torque across a wide range of engine speeds. The 
combination allows carmakers to offer low-fuel-consumption, efficient, downsized engines with the 
dynamic response and high peak output power of a larger engine, all with lower emissions.

The BorgWarner regulated three-stage (R3S) turbocharging system combines the benefits of two-stage 
turbocharging for high specific power output and parallel sequential turbocharging for best drivability. It 
increases power density while improving fuel economy and reducing emissions for downsized diesel 
engines.

Roadmap Development 

The first award winning innovation DualTronic™ dual clutch, direct shift gearbox (DSG) in 2005 was a 
turning point for BorgWarner. It developed rapidly. By 2007, the one millionth DualTronic module was 
produced in Germany and BorgWarner built a second facility in 2008 to support the growing demand for 
DualTronic transmission technology. By 2010 the two millionth DualTronic module was built in France 
and Germany. Award winning innovation products from the PACE awards are shown in the History 
section of the Borg Warner website. It demonstrates the importance of winning the PACE awards is for 
BorgWarner.  The R2S and R3S innovation products show a path dependency with previous technology to 
develop new innovative products. However, interestingly, no separate roadmap development was been 
found on the website. 



3. ArcelorAMagna-Cosma-Steel-Stamping-Door-Ring-Case

The Arcelor-Magna-Honda Hot Stamped Door Ring project is a current applicant for a PACE award and 
expected winner for 2014. It is an interesting case because it illustrates the close collaboration of OEMs, 
Tier 1 suppliers and steel companies whose combined efforts are required in order to meet the technical 
challenges arising from environmental and safety regulatory changes, while at the same time adapting 
production processes to reduce costs. The case also gives specific examples of the importance of materials 
science developments and new engineering tools as fundamental facilitators of supply chain innovation.

Arcelor is making a drive to engineer the microstructures of its auto steels and alloys to facilitate Hot 
Stamping. This allows them to sell their highest margin steels at the same time as improving costs and 
performance for their customers. Arcelor has lots of tailor blanking experience but never with coated 
steel. This is Aluminum Silicate coated steel. The coating material can get into the welds and weaken 
them. Hot Stamping will reduce the welding required. 

Magna pursues its modularization strategies. Cosma has been its leading success story, taking into 
account that they do trucks and SUVs that are more amenable to modularization than sedans. This is 
because it is a Body on Frame architecture. There is a link to a next generation solution by avoiding using 
HSS directly. They use alloys. The steel at 900C is poured into the die at > 600C and hardens to move 
from mid steel to high strength steel through quenching. 500MPA to 1500 MPA. The latter cannot be 
stamped without wrecking or wearing down the machinery. Hot Stamping is also an alternative to Hydro-
Forming.

Honda goes out of its way to identify itself as the leader among the OEMs in using HSS. They made a  
separate presentation in the meetings. Honda is the leader in moving to Hot Stamping. Their objective 
was to make the whole ring from one sheet of steel. They are shifting the steel for better performance but 
with the same weight. It can do more complex shapes with less material and with much less welding 
required.

Project Description

 Hot Stamped Laser Welded Blanks are now growing in production as automakers apply lightweight 
body architectures while making the structures stronger to meet the new crash and safety 
requirements. The current case well illustrates the benefits of using Laser Welded Blanks for Door 
Ring or Door Opening Panel (DOP) reinforcement for achieving significant weight savings and 
material utilization benefits while improving the structural ability to meet even more stringent crash 
requirements like the new IIHS+ Small Overlap Crash Test, Roof Crush and Side Impact 
requirements.



 Laser Welded Blanks require additional processing for AlSi coated version of Boron Steel. 
Additional grades of hot stamped steel grades with lower strengths are being developed to allow not 
only thickness and material optimization but also strength optimization. Advances in laser processing 
technologies allow laser welding companies to bring to market more complex laser welded blanks 
more cost efficiently than ever before.

With the recent introduction of hot stamped laser welded blanks by ArcelorMittal Tailored Blanks in 
North America in August 2012, this capability is now available to all automakers as a way of 
optimizing the hot stamped parts in the body in white applications. All the key traditional benefits of 
Laser Welded Blanks, optimizing gauges for light-weighting, improved material utilization for lower 
material cost, part consolidation to eliminate spot welds and supplant it with butt welded laser joint 
are now available to designers for applying these benefits to their designs.

Recently Honda introduced this technology in their 2014 Acura MDX as a key enabler in helping 
them reduce weight, improve crashworthiness, improve material utilization, reduction of weld stack-
ups and improved fit-finish by using the industry first hot stamped door ring laser welded blanks.

The benefits of using a door ring concept include:
1. Improved material utilization through blank nesting 
2. Improved performance like crashworthiness and load transfer through a laser seam weld 
3. Weight reduction through optimized gauges 

4. Allowing the benefit of using new hot stamping steel grades such Ductibor 500P® in addition to 

the existing Usibor 1500P® grade through ArcelorMittal.
While the traditional designs of using multi-piece spot welded stampings worked well in previous 
design architectures, with the inclusion of the small overlap crash loadcase changes the load 
requirements. This loadcase has prompted many automakers to upgrade all their materials reinforcing 
the door opening panel to all be hot stamped. This promotes the opportunity to these individual 
stampings into one stamping to meet the crash load requirements of roof crush, side impact, frontal 
and small overlap tests. When using the laser welded blanks, the individual gauges being used can be 
optimized as shown in the subsequent sections.
Baseline Design



The base design does not meet the new IIHS Small Overlap loadcase.

The Arcelor-Cosma-Honda project is using a new multilinear laser welded blank design.

Multilinear Laser Welded Blank Design

Ductibor 500P® is characterized by a very good stability during the hot-stamping process and high 
ductility after hot-forming: UTS is around 600MPa and elongation about 20%. It is a ferritic steel 
grade, similar to HSLA steels range of properties, with specific micro-alloying to guarantee good 
stability during hot-stamping. The final microstructure is a combination of ferrite and martensite, 
with stable ferrite grain size even with large cooling speed variations.

By introducing Ductibor 500P®, the design now behaves differently in side impact, absorbing more 

energy while local deforming, leaving a stiff upper Usibor 1500P® portion that acts as an anti-
intrusion interface component. This replaces the traditional design in some architectures, where 

AHSS grades like DP590 or DP780 are used to achieve a similar behavior. Utilizing Ductibor 500P® 

in the laser blank eliminated the spot welded overlap and creates a ring safety cage structure. 

The material utilization improvement is a resulting function of the design layout of the weld lines as 
it translates to the sub-blanks in individual steel coils.



Further design iteration showed that the benefits achieved through adding more weld lines start to 
rapidly diminish. As an illustration, a 5-piece hot stamped laser welded is presented which also meets 
the crash requirements, further improves the material utilization and has lower part weight.

Five Piece Hot Stamped Laser Welded Design

All the design iterations meet the crash performance requirements, shows weight improvements over 
the baseline design. The designs also show improvements in the blank cost for all cases versus the 
multi-piece baseline hot stamped design. The normalized cost considers the assembly cost of the spot 
welds require to join the multi-pieces together.

The Arcelor-Cosma-Honda case is demonstrating the benefits of using a laser welded blank 
for hot stamped Door Ring or Door Opening Panel. All the analysis was done by applying the key 
IIHS load cases (Side Impact, Roof Crush, Narrow Overlap) to the S-in Motion body concept 
designed by ArcelorMittal. The design was modified to accommodate various versions of the laser 

welded blank for the door ring. Both Usibor 1500P® and Ductibor 500P® were considered in this study. 

Through blank nesting the material utilization was carried out for all individual sub-blanks on 
individual coils. The design was optimized for crash performance only and the material utilization 
was not optimized. Weld line location was also not optimized for processing advantages. The weight 
reduction was realized not only by the reduction of the blank weight of the door ring, but 



optimization of the body side structure wherein reinforcements and other parts were optimized. Cost 

estimation was done assuming AMTB Usibor 1500P® and Ductibor 500P® steel grades.

Key conclusions can be drawn from the case: 

• Applying hot stamped laser welded blanks helps with weight reduction while improving the 
material utilization 

• Adding more complexity in blank further optimizes the material utilization, weight and cost 
reduction 

• Laser Welded Blank designs are less expensive than the multi-piece design .

Honda has patented the design and processes for Hot Stamped Door Ring design.

Arcelor Technology Roadmap. 

The product development team at AMTB is seeking to extend the benefits shown by the first 
implementation by evaluating the benefit of applying a door ring in differing configurations. Using 
the S-in Motion Body concept, as developed by ArcelorMittal Global R&D engineering team, as the 
basis of the initial design, they are seeking to demonstrate the benefit of extending the concept 
through various iterations to demonstrate how adding more complexity to the blanks improves 
potential for light-weighting, material utilization and final cost of the solution.

Arcelor is looking to pursue UHSS steel products using its proprietary brands of Usibor and Ductibor 
steels. The specific applications however have to fit into the proprietary architecture of the OEM Honda 



who have themselves patented aspects of the final product. The case is being lead by the Tailor Blanking 
division of Arcelor Mittal NA, who in turn are drawing on the output the global AM Research and 
Development Centre for auto steels. For AM this is a significant proof of concept and legitimation of AM 
as a lead player in the replacement of mid steels by UHSS steels. These also represent among the highest 
margin steels in AM’s product offerings. But interestingly, the dual phase transformation of the steel only 
takes place in the actual hot stamping mould.

Magna Road Map

Magna Cosma has been a leader in hydro-forming over the past 20 years but sees hot stamping as the next 
step in the manufacturing process (Kotagiri 2010). 
Magna Cosma believes taken an industry lead in bringing this forming process to body structure 
applications. These include body pillars, rockers, roof rails, bumpers and door intrusion beams.
Magna sees four key drivers of change in the auto industry: CAFE Standards, Emission Standards, the 
Changing Auto Industry and Improved Safety Standards.
Specifically for Hot Stamping it has a clear technology and engineering Roadmap.

Moving to hot stamping will in fact reduce the volume of hydro-forming. It will also allow them to retire 
existing stamping equipment which would either we worn down the new high strength steels or not even 
be able to form them properly. But it will also reduce the total amount of welding required so as to avoid 



the HAZ problems with compromising the microstructure of UHSS steels in the manufacturing process 
because of too much exposure to welding flames.

Across the supply chain, the combination of the steel metallurgy and the new stamping technology will 
produce a product that meets the IIHS safety standard, reduce welding requirements and reduce material 
wastage/improve materials utilization in the manufacturing process.

Honda Road Map

Honda has a market challenge in that existing technology of laser welded blanking will not meet the new 
side impact IIHS standard. It wants to satisfy the new safety requirements while continuing to reduce 
costs and lightweighting of the vehicle for environmental and CAFÉ targets. Honda also is pursuing a 
technology roadmap around hot stamping as a major manufacturing innovation in which it is seeking to 
be a global leader among the OEMs.

The 2014 MDX 123 pound weight reduction has been achieved through the use of advanced materials and 
news body design concepts. On the materials side, it includes 59% HSS. Mildsteel 36%, Mg 2%, Al 3%. 
The results is a vehicle that has the lightest weight in its segment.

Front collision Efficient Load management design uses next generation Advanced Compatibility 
Engineering. Through ACE, the Cabin structure manages front, side roof and rear collisions. Multi-
connection Bumper Beam. Tailor Welded Hot Stamp Door Ring.

The 2014 MDX uses the world’s first continuous hot stamped front door ring. Hot stamped steel 

combined with one piece construction eliminates multiple joints, making the door ring much 

stronger and lighter.

In Honda’s view, future demands will require new thinking and design (Keller 1018; Zum 

Mallen 2013). Today’s cars mostly depend on using different types of steel for the structure. 

Soon most vehicle bodies will be made up of a variety of materials, combined into a single 

heterogeneous structure, For Honda, the Multi-Material Body is the future of vehicle 

architecture.

The applied grades of high strength steel covered a wide range of properties:



Using Advanced Compatibility Engineering™(ACE™) Structure distributes the forces of an incoming 
vehicle across the front structure. Helps maintain structural integrity of cabin during a frontal crash.

Hot Stamp Tank Guard was Honda’s first application of hot stamp in the 2007 Model MDX.

The Hot Stamp process helped achieve cost and weight reduction of 7% lighter than the 
baseline case; 40% fewer parts than the baseline; and 89% less welding than baseline. 
Honda is looking for similar results in the new Door Ring Hot Stamping application for 
the 2014 MDX.

4. Conclusion

Policy Implications
Previous research on manufacturing (Warrian 2010) established that innovation, particularly for small and 
medium sized firms, consists of incremental process improvement. This could lead to a policy cynicism 
that it is impossible for a small firm to catch up or be at the innovation leading edge because of the 
subsidiary place of SME’s in global supply chains.
However, Perez (2009) casts all this in a different light. It is the second leg up in the technology trajectory 
that accelerates the innovation process and also represents, for the duration of the cycle, the major 
opportunities for growth and investment. For example, some PACE award-winning small suppliers such 
as Gentex with their electrochromatic autodimming mirrors chose to remain as Tier II suppliers while 
growing into billion-dollar businesses. Others (particularly in commercial vehicles) supply segments that 
are inherently low in volume, or choose not to pursue an expansion policy while remaining profitable (eg, 
several small PACE winners that make trim out of specialized materials). Such suppliers can be enablers 
of growth at their Tier I customers.
Learning from the PACE experience, in addition to the growth of decentralized, networked business 
models, we see that the fundamental enablers of innovation in auto supply chains are developments in 
material science and new engineering tools (Smitka 2013). Further, the PACE judges have added a new 
category of award for “Collaboration” to specifically recognize the interactive learning and joint 



management of successful ventures going forward, reflecting not just the marketing needs of the PACE 
awards but the observation that such collaboration is more common. The specific case of Arcelor-Manga 
Cosma- Honda has all of these attributes. Both Arcelor and Honda have technology roadmaps, UHSS 
steels for the former and hot stamping for the latter. Magna also has a roadmap for its next steps, from 
hydro-forming of parts that dominated in the last 20 years, to hot stamping and laser welding that will 
largely displace the latter for advanced applications driven by regulatory standards and lightweighting 
going forward.
A major public policy opportunity arises in looking at investments, policies and incentives that accelerate 
the pace of incremental innovation within the technology trajectories of the auto OEMs that will turn on a 
shift of the “common sense” of auto manufacturing in light of the new materials driven-lightweighting 
imperatives. Advanced materials ought to be commanding the same time and attention for policy makers, 
researchers and the media that has embedded the IT revolution in the last decade.

Future Analysis
One step is to revisit categories and their definitions and recategorize innovations on that basis. Some 
categories proved uninformative, as noted in the Appendix (eg, whether an innovation is generic or firm-
specific). Others may have been inconsistently rated, as coding began with the most recent year and 
worked backwards. In other words, the data can be better refined. That may allow additional insights, but 
of course risks skewing results on the basis of some level of data mining.
Second and more important, the initial systematic analysis is of all finalist innovations, and makes no 
distinction of whether an innovation received a PACE award. Different trends may emerge, as hopefully 
the judging process succeeds in ranking innovations on the basis of the three criteria of novelty, uptake 
and significance for the industry in a robust manner. At the opposite end, a few innovations chosen as 
PACE finalists on the basis of the underlying paper application prove not to be in the course of the site 
visit and reference checks. So some finalist innovations were in the end either not adopted or quickly 
disappeared from the market. Restricting the analysis to winners would avoid counting such innovations, 
but at the cost of reducing the number analyzed by 55% (186 winners over 1999-2014 versus 413 
finalists).
Finally, additional case studies can help illuminate themes hinted at herein. They can also help answer a 
key question of any such competition: how successful has the process been in recognizing significant 
innovations? We know of some award winners that were ahead of their time (eg, heads-up displays, which 
have yet to be adopted in significant numbers) and others that were derided at the time but were 
ultimately widely adopted (the JCI Homelink garage door opener) and had an even wider impact as they 
helped shift the placement of features in vehicle interiors to rearview mirrors. At the opposite end, a 
Federal-Mogul bearing that at the time of their finalist evaluation was on a single engine and was not 
given an award now has a 90+% market share.10 A random sample might elucidate Type I and Type II 
errors in distinguishing finalists from winners.
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Appendix
Finalist Categories

Categories
This paper rates each finalist as "yes" or "no" across a range of criteria. Our analysis is based on annual 
counts. The ratings are inevitably subjective. However, they draw upon 20 years of experience as a judge 
of the PACE competition, which include intense discussions of each finalist as part of the selection 
process. To maintain firm-level confidentiality the categorizations of a particular innovation are not 
disclosed.
Source:

External Roadmap
Internal Roadmap
Idiosyncratic
Customer Request
Hail Mary

The first group of measures is the source of the innovation; each supplier is given a "yes" on one and only 
one measure. 
Designating an innovation as reflecting a "roadmap" means that the supplier sought to advance along a 
path where the firm believes technology is headed. For example, the tighter Euro VI emissions standards 
will require diesel engines to operate at a higher compression. That in turn means greater thermal and 
mechanical load, and so suppliers in that footprint know that they will need new materials, coatings and 
manufacturing processes to remain a player. They can back out from this (for example) a piston thermal 
load, and can then undertake R&D specific to handling that stress. This then leads to products (a complete 
piston, a tie rod, a cylinder liner, piston rings) that allow manufacturers to develop engines. An external 
roadmap is one that comes from such regulatory mandates. An internal roadmap comes from the pursuit 
of cost reduction or other criteria, for example in the various paint processes where eliminating an entire 
step (eg, moving to "wet on wet" application of paint layers that allows the elimination of an oven).
"Idiosyncratic"includes inventions unconnected to a strategic goal. This can come from a bright idea, or 
playing around with a new material.
"Customer request" may be for something tied to a roadmap, but the emphasis of the innovation was to 
address a specific feature a customer desired or a problem they had encountered. PACE Judges are 
typically privy to this, but it may not be reflected in publicly reflected materials. Hence this category is 
likely an undercount.
Finally, the "hail mary" category reflects a firm that is developing a product due to internal issues, 
typically a business unit that is losing market share or unprofitable. Again, this category will understate 
the numbers, because judges are not always privy to this information, and even when they are it is not 
publicly available information so cannot be coded. It is more an inference. Impressionistically many of 
the finalist innovations in the first years of the competition were of this sort, while few or none are today.
Nature of innovation:

Systematic
Invention
Applied Engineering
Other

This set of measures is on the nature of the innovation process. "Systematic" is used to indicate that an 
innovation is the outcome of a systematic R&D process. "Invention" indicates that the core idea 
originated outside of a systematic process, even if the concept was later brought into a systematic process 
for commercialization. "Applied Engineering" indicates that the innovation was an outcome of an 



incremental product or process improvement effort, even if the final result was a fairly significant 
improvement. "Other" is used for innovations that fit none of the above or were impossible to classify. 
Again, these are inferences based on a knowledge of the companies and innovations of PACE competition 
entries that were selected as finalists. While on occasion the categorization draws upon specific 
knowledge, due to the non-disclosure nature of the competition no attempt was made to indicate when 
categorizations were made other than by inference. In general, an innovation was 
Benefits of innovation:

Fuel Efficiency
Weight reduction
Emissions reduction
Safety enhancement
Environmental and Recycling (production process)
Consumer convenience
NVH (noise vibration handling)

The above benefits are self-explanatory. Innovations may bring benefits in multiple areas, so coding is not 
unique. Finalist-specific totals for this category do not add up to 1!
Enablers of innovation:

Materials Science (Steel, Al, other metals)
Foam fabric fiber
Paint Adhesives other Chemistry
Software
Electronics and Sensors

This is a judgment about whether the innovation was based in a fundamental manner on R&D in a 
specific area of  technology. This is not a very precise measure. For example, new compact, dual clutch 
transmissions may be dependent on advances in metallurgy that allow gears to carry more load, rather 
than reflecting clever architectures. So the materials science category is likely an undercount. That 
however is not readily observed. In contrast, many vehicle systems now incorporate sensors and 
electronic controls, but advances therein may be unimportant for the ability to bring a particular 
innovation to market. This category is thus likely an overcount.
Engineering tools and other:

CAE or simulation dependent
Production Process
Tooling
Indirect Supplier

At present virtually all suppliers use a range of sophisticated CAE and simulation tools. That was not the 
case in the early years of the PACE competition. The current coding for that category is thus 
uninformative. The latter three categories indicate when an innovation was for a production process rather 
than a product, and whether new types of tooling were central. Typically such firms are indirect suppliers.
Applicability:

Model Specific
Generic Approach

In practice almost all finalist innovations are categorized as generic in nature, rather than as useable for 
only a specific product or by a specific customer. That was not obvious a priori. So this coding proved 
uninformative. Note that in practice certain types of innovations may not diffuse for idiosyncratic reasons. 
While a lighting or seat innovation may be potentially generic, it may in practice be limited to one 



customer due to styling or purchasing strategies (eg, a strategy to avoid purchasing complete seats so as to 
maintain better pricing power). Similarly, the adoption of a paint innovation may be contingent on 
building a new paint shop. Since that is by far the largest investment at an assembly plant, diffusion may 
be restricted to greenfield operations.
Jointness:

OEM Collaboration
Solo innovation
Supplier Collaboration

This category is an attempt to measure innovations where collaboration was central. At least in the past 5 
years it has not been unusual for customers (assemblers) to take part in the site visit or even make part of 
the engineering presentation for finalist-level innovations. However, since innovation of almost any 
production part requires some measure of joint engineering effort between suppliers and customers, this is 
hard to observe and so is highly subjective; it is coded conservatively. The PACE judges formally 
recognize "Innovation Partnership" with an award to an OEM. That choice is made independent of the 
decisions to give the underlying innovation a PACE award. It encourages OEMs to participate in the 
award ceremony, but the numbers are restricted to keep the ceremony short while no more than one award 
is typically given to a single OEM to bring more firms to the stage. It is thus not useful for analysis.


