Reigniting growth
Advanced Materials Systems

Overview
The fundamental role of materials in providing functional
solutions to market has changed. Much of the chemical
industry is caught up in a struggle to overcome cyclicality,
legacy assets, and hardwired cultures.1 Practical challenges
associated with traditional business models of selling
chemical and materials products by volume have become
increasingly apparent in overall industry performance for
the last two decades, particularly in recent years2 and
virtually all sectors of the manufacturing industry have
seen significant rates of erosion in their performance.3
Meanwhile, chemical and materials manufacturers have
endured commoditization while they adhered to a focus of
price over value.4

value in current 21st century global markets through
the development of systems-level solutions to address
current global unmet needs and wants. The Reigniting
growth: Advanced Material Systems report describes an
approach for the manufacturing industry to invigorate
value generation by pursuing opportunities in large
markets, enabled by materials technologies, wherein
innovation moves beyond the frontier of new molecules
and materials. This approach, called Advanced Materials
Systems, or AMS5 (see Figure 1), has the potential to spur
growth, create value, and renew innovation by delivering
functional solutions6 to markets and customers to address
unmet market needs driven by global megatrends.7
5

“Advanced Material Systems” (AMS) refers both to materials
innovatively integrated into whole solutions to address specific
market needs and the overall commercial development framework
(business models, partnerships, and intellectual property strategies)
to bring such solutions to market.
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“Functional solutions” refers to physical systems enabled by the
specific performance properties of materials classified either
conventionally (e.g., polymers, metals, ceramics, composites, and
semiconductors) or according to newer categorizations (e.g.,
specialty monomers, polymers, and polymer materials, hybridmaterial systems, nanostructured materials, biobased polymeric
materials, and bio-inspired systems).

7

The World Economic Forum (The Forum) identified nine megatrends
set to define many global unmet needs of the 21st century that
are tractable to AMS solutions: climate change, environment, and
sustainability; growing demand for energy; limited resources; scarcity
and unequal distribution of water; growing demand for food,
nutrition, and health; demographics, including shifting populations
and mobility; shifting centers of economic activity; social life in a
technological world; and corporate global citizenship; DTTL Global
Manufacturing Industry group analysis of The Forum data included
in a presentation deck for a monthly Project Board guidance
“WELCOM” virtual meeting and Chief Innovation Officers of World
Economic Forum Partner Organizations and bilateral discussions

Yet industries that are enabled by materials, chemistry,
physics, and biology are particularly well poised to capture
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From analyses in a series of studies of the global chemical
industry by the Deloitte Touche Tohmatsu Limited (DTTL) Global
Manufacturing Industry group titled Chem2020, including The
chemical multiverse: Preparing for quantum changes in the global
chemical industry, 16 November 2010,
www.deloitte.com/thechemicalmultiverse; and The decade ahead:
Preparing for an unpredictable future in the global chemical
industry, 10 December 2009, www.deloitte.com/thedecadeahead.

2

Ibid.
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World Economic Forum in collaboration with DTTL Global
Manufacturing Industry group, Future of Manufacturing:
Opportunities to drive economic growth, 24 April 2012, www.
deloitte.com/futureofmanufacturing.
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Observation by the DTTL Global Manufacturing Industry group
through the various discussions with chemicals and material
manufacturers, February 2012 to October 2012. DTTL compiled a
database of information on Advanced Materials Systems that was
used to formulate the analysis for this paper.

Figure 1: The Advanced Materials Systems framework to support new approaches for innovation
and growth
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Source: DTTL Global Manufacturing Industry group, October 2012.

Case study — Color Kinetics
Unmet need: Lighting accounts for between 13 and 18 percent
of total electricity generated in the United States. Increased
market penetration of light-emitting diode (LED) light sources (one
mode of solid-state lighting) could result in energy savings of up
to US$30 billion in 2030, reduce greenhouse gas emissions by
up to 210 million metric tons of carbon, and decrease electricity
consumption for lighting by roughly 46 percent (against a scenario with no LED market
penetration).
Material innovation: Color Kinetics created an Advanced Material System around
solid-state lighting using LEDs composed of existing compound semiconductors such
as gallium nitride.
Process technology: High-volume, high-yield production used scalable approaches
to manufacture LEDs for drop-in substitution of incandescent bulbs as well as custom
lighting solutions.
Ecosystem and business model: Color Kinetics employed process innovations and
systems-level innovation to assemble complete fixtures comprising individual LEDs,
electronics, optics, and mechanical designs for thermal dissipation. Financial support
from the U.S. Department of Energy (DOE) and open innovation collaborations and
partnerships with LED suppliers enabled competitively priced lighting solutions using
patent-protected systems and designs.
Path to success: Color Kinetics increased its revenue from approximately US$15
million to US$80 million between 2000 and 2008.
Source: U.S. Department of Energy (DOE) Energy Efficiency and Renewable Energy (EERE), 2011 Building
Energy Data Book, March 2012, http://buildingsdatabook.eren.doe.gov/docs/DataBooks/2011_BEDB.
pdf; U.S. Energy Information Administration website, FAQ, accessed on 24 October 2012, www.eia.gov/
tools/faqs/faq.cfm?id=99&t=3; U.S. DOE EERE, Energy Savings Potential of Solid-State Lighting in General
Illumination Applications, January 2012, http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/
ssl_energy-savings-report_jan-2012.pdf; U.S. DOE EERE, Solid State Light Research and Development,
Multiyear Program Plan, April 2012, http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/
ssl_mypp2012_web.pdf; U.S. DOE Color Kinetics, SEC Form S-1 filed on 9 April 2004, www.sec.gov/
Archives/edgar/data/1048611/000095013504001808/b48986cksv1.htm; Philips, “Color Kinetics to release
fourth quarter and full year 2004 earnings on February 3,” 26 January 2005, www.colorkinetics.com/
corp/news/pr/archive/2005-01-26-earningsdate.htm; Philips, “Color Kinetics reports record revenues and
earnings for fourth quarter and full year 2005,” 9 February 2006, www.colorkinetics.com/corp/news/pr/
releases/2006-02-09_q4earnings.html; Philips, “Color Kinetics reports financial results for fourth quarter and
full year 2006,” 8 February 2007, www.colorkinetics.com/corp/news/pr/releases/2007-02-08_earnings.html.

Hallmarks of the Advanced Materials Systems
approach
The Advanced Materials Systems framework calls for
leveraging inventive combinations of materials from
existing industry inventories (versus discovering new
molecules and materials), process technologies, new
business models, and open innovation partnerships and
collaborations. The Reigniting growth report is a call to
action for players in the AMS ecosystem, across a variety of
industries and points along the value chain, to reinvigorate
growth by rethinking conventional paradigms. Players
willing to maneuver the inherent risks stand to be well
rewarded by capturing a leadership stake in re-creating
and claiming value in a complex, evolving landscape.
1. Open innovation
Open innovation describes companies’ use of both
external and internal ideas and paths to market in order to
advance their technology, in regard not only to technology
development but in commercialization and partnering to
take the solution to market. This may often involve publicprivate partnerships. Open innovation requires preemptive
intellectual property protection in shared-value models
for all stakeholders. Successfully applied, it may generate
significant revenues. In one example, a start-up, Color
Kinetics, leveraged innovations in solid-state lighting that
drove its eventual acquisition by a large lighting provider,
for nearly US$800 million (a 10-times multiple of revenue;
see sidebar, Case study — Color Kinetics). The closed
innovation approach no longer correlates well with growth
in revenue, income, or market capitalization.8
at The Forum in a slide titled “Nine global trends selected for
discussion,” (as developed by the Community of Chief Innovation
officers at The Forum) on 21 July 2009, www3.weforum.org/docs/
IP/2012/CH/WEF_CH_GlobalTrends_InnovationNeeds.pdf.
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World Economic Forum in collaboration with DTTL Global
Manufacturing Industry group, Future of Manufacturing:
Opportunities to drive economic growth, 24 April 2012,
2

Figure 3: Enterprise value to capital (2003 to 2011)
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Figure 2: Return on net assets (2003 to 2011)
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2. Systems-level design
Value capture in the 20th century for the chemical and
materials industries was driven largely by a focus on
new-materials development and substitution of natural
materials by synthetic ones. In the AMS ecosystem, the
value-capture potential of these materials lies more in their
capacity as building blocks for integrated solutions than in
their inherent commodity value. Markets now favor systems
integrators over materials suppliers (see Figures 2, 3),9
which is ushering in a new era of integration engineering.
Reigniting growth examines case studies of innovative
AMS solutions, with potential for game-changing impacts
on numerous industries, including:
• Stretchable electronics for flexible, ultrathin
diagnostics, and sensors designed to be worn on the
skin like temporary tattoos, undetectable to the user,
with initial applications in health care, athletics, and
defense.
• Bioabsorbable composites that integrate existing
biopolymers into medical device solutions like resorbable
stents for treating arterial disease.
• Energy-capturing solar window technology that
harnesses natural sunlight for energy generation in solar
panels that can be effectively used in existing window
systems.
• Other emerging materials are also discussed,
including self-assembled materials, biomimetic
nanocomposites, metal-organic frameworks, and
ionic liquids.
www.deloitte.com/futureofmanufacturing.
9

DTTL’s analysis of over 6,000 companies, from 2003 to 2011, in a
range of manufacturing industries reveals that the market favors
companies with explicit strategies in systems-level integration (using
return on net assets and enterprise value to capital as proxies; see
Figures 2, 3 herein).

3. Process innovation
Certain evolutions in global markets point to challenges
and opportunities for AMS solutions: 1) carbon-sourceagnostic fuels and chemical feedstocks as alternatives
to petroleum, being pursued given concerns about
energy costs and energy security; 2) sustainability as a
potential profit driver, encouraging not only alternative
feedstocks but strategic recovery, and reuse or recycling,
of resources like precious metals and rare-earth elements;
and 3) decentralized production and distribution to serve
emerging high-growth markets not based in traditional
city-centers, enabling customized solutions for local
conditions and distributed deployment in areas lacking
extensive infrastructure.
The AMS approach encourages process innovation as
a means of addressing these challenges by integrating
currently available materials in systems-level design.
Progression from the materials focus of the AMS
framework (see Figure 1, left) to processes (see Figure
1, right) is being enabled by the rise of several disruptive
process advances (yet not a comprehensive set), with
potential multibillion-dollar disruptions to the market:10
10

BCC Research, Nanotechnology: A Realistic Market Assessment,
September 2012, www.bccresearch.com/report/nanotechnologymarket-applications-products-nan031e.html; European Commission
High Level Expert Group (HLG) on Key Enabling Technologies (KET),
KET — Industrial Biotechnology Working Group Report, June 2011,
http://ec.europa.eu/enterprise/sectors/ict/files/kets/4_industrial_
biotechnology-final_report_en.pdf; Brent Erickson, Janet E. Nelson,
and Paul Winters, “Perspectives on opportunities in industrial
biotechnology in renewable chemicals,” Biotechnology Journal
Vol 7 No 2 pp 176–185, February 2012, http://onlinelibrary.wiley.
com/doi/10.1002/biot.201100069/abstract; Markets and Markets,
“Global Additive Manufacturing Market (2012–2017), By Application
(Medical Devices, Automotives, & Aerospace) and Technology
(3D Printing, Laser Sintering, Stereolithography, Fused Deposition
Modeling, Electron Beam Melting, & Tissue Engineering),” October
3

• Nanotechnology permits engineering of numerous
classes of materials with heretofore unavailable structural and functional precision at ultrafine scales. Entirely
new sets of unique mechanical, optical, and electronic
properties that emerge at the nanoscale will be enabled
from existing materials for novel applications in every
industry.
• Industrial biotechnology stands to be a major contributor of highly disruptive production platforms and feedstocks in numerous industries, particularly in the energy
and chemicals sectors.
• Additive manufacturing fabricates solid three-dimensional objects directly from digital models through
depositing and “curing in place” successive layers of
polymers, ceramics, or metals. It is distinguished from
traditional subtractive machining techniques and allows
production to be scaled out rather than up.

There are important roles for companies ranging from
large-market-cap to start-ups in the AMS ecosystem.
Certain manufacturing industry leaders have leapt
forward with the AMS framework as they look beyond
conventional options for product development. As one
example, major automaker Ford Motor Company has
partnered with U.S. federally funded national lab, Oak
Ridge National Laboratory, and The Dow Chemical
Company to develop composite automobile body panels
to reduce vehicle weight by as much as 25 percent.13 A
large digital wireless telecommunications company (market
cap of approximately US$103 billion) is pursuing wearable
health-monitoring technology to bring diagnostics outside
of hospital settings. And a large integrated medical device
company (market cap of approximately US$43 billion) is
developing minimally invasive bioresorbable devices and
integrated catheter-electronics systems.

4. End-user-defined performance criteria
Implicit to potential value capture in the AMS ecosystem
is a keen understanding of real end-user needs and a
willingness to permit end-user performance requirements
to dictate the design of AMS solutions. The “build it and
they will come” mentality held by the chemicals and
materials industry in the past, which saw lucrative gains
captured by innovations in materials alone, is no longer
sufficient to generate value in current markets.

Given their agility and creative cultures, start-ups may
play a particularly significant role in developing disruptiveimpact AMS advances. The DTTL Global Manufacturing
Industry group analyzed 18 top venture capital firms
investing in AMS-related companies and determined
four standards for venture capital investment, including:
solutions that address an existing unmet need; a
“two-generations” improvement on current technologies
in terms of performance, without higher cost; the ability of
a solution to move from concept to market in five to eight
years; and, ideally, a strategic commercialization agreement
in place with a large partner.

Performance-cost relationships can be visualized through
frontier curves, which plot performance as a function of
cost, to illuminate trade-offs between performance and cost
that consumers are willing to accept in solutions for a given
market need.11 Companies that fall behind the delineation
will likely not see market success; those “ahead of the curve”
stand to actually create a new frontier and disrupt the market.
Who will benefit from the Advanced Materials
Systems framework
Companies poised to benefit from developing AMS
solutions span value chains across several diverse
industries. Again, the Deloitte Touche Tohmatsu Limited’s
(DTTL) Global Manufacturing Industry group analysis has
identified over 6,000 publicly traded companies, each
with annual revenues greater than US$100 million, that
have the potential to be involved with functional solutions
enabled by the AMS framework. These companies
represent a breadth of industries and end markets
(transportation, construction materials and equipment,
construction services, machinery, electronics, chemicals,
pharmaceuticals, and textiles and apparel), collectively
valued at up to approximately US$21 trillion.12

Decommoditizing business models: unleashing the
value of Advanced Materials Systems
To position even the most promising new Advanced
Materials System in an emerging or existing industry
requires that a leadership team consider additional
variables to those of more conventional business strategies
and business models. The DTTL Global Manufacturing
Industry group considers that there are critical elements
to hold in view while selecting business models to target
— ranging from understanding core capabilities within
the four walls of a business, to the nature of a company’s
intellectual property (IP) and how that IP would factor
into the overall ecosystem, to engagement with technical
and commercial development partners and customers.
Preemptive responses to inevitable “triggers” (occurrences,
milestones, technical hurdles, market changes, etc., that
pipeline transportation, marine transportation, energy, port and
harbor operations, crude/natural gas transport, airports, and
railroads,” accessed on 21 August 2011; Datamonitor, Global
Construction Materials Industry Report, June 2011; Datamonitor,
Global Construction and Engineering Services Report, July 2011;
MarketLine, Global Machinery Report, June 2012; Datamonitor,
Global Technology Hardware and Equipment Report, June 2011;
MarketLine, Global Chemicals Report, July 2011; Datamonitor,
Global Pharmaceuticals, Biotechnology, and Life Sciences Report,
May 2012; MarketLine, 2012 Global Textile, Apparel, and Luxury
Goods Report, May 2012.

2012, www.marketsandmarkets.com/Market-Reports/additivemanufacturing-medical-devices-market-843.html.
11

As described in Michael E. Raynor’s The Innovator’s Manifesto:
Deliberate Disruption for Transformational Growth, Crown
Publishing Group: New York, 2011, which focuses on Clayton
Christensen’s landmark disruption theory.

12

The Manufacturing Institute, Facts about Modern Manufacturing,
8th ed, 2009, accessed on 25 October 2012, www.nist.gov/mep/
upload/FINAL_NAM_REPORT_PAGES.pdf; Dow Jones Industries
Snapshot, “Air transportation, industrial transportation, airlines,

13

Oak Ridge National Lab (ORNL), Innovations in Manufacturing:
Ford–Dow Partnership Linked to Carbon Fiber Research at ORNL,
accessed on 25 October 2012, www.ornl.gov/sci/manufacturing/
success_stories/CF_Ford-Dow.pdf.
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Figure 4: Functional solutions brought to the market and measured for performance
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constitute key market deviations and critical decision
points) are factored into the design of business models
from the outset.

component development to system integration) including
research institutions, start-ups, independent engineering
firms, and product manufacturers.

An Advanced Material Systems approach asks companies
to rethink entirely how value is created and captured in
the market place. Key contrasts between conventional
approaches and the more needs- and market-focused
AMS framework are identified in Figure 4. Four crucial
differences are considered as suggestion-imperatives:
1) keen understanding of customer requirements translated
into functional solutions; 2) decisions on the optimal degree
of open innovation for solutions development; 3) strategic
positioning within the entirety of the AMS landscape; and
4) selection of the best commercial partners to bring new
functional solutions to market.

The widest possible protective IP stance will be designed
in from the start to accommodate the broadest range
of applications for any material, process, or integrated
whole solution. The differentiation afforded by strategic
partnerships and relationships that are difficult to replicate
can be an important adjunct to IP infrastructure, setting
a company’s AMS apart from other potential competitive
solutions. This type of strategic positioning through
partnerships may prove even more protective than IP:
the leverage gained through collaborations strategically
entered for the specific, unique contribution of given
companies or organizations can prove an obfuscating
barrier for would-be competitors.

Business models in the AMS view are neither, strictly,
templates nor frameworks but rather a dynamic
collection of tactics along the development cycle based
on a common strategic philosophy (see Figure 5). The
imperative could be as broad as “revenue before cost”
or “better before cheaper,” to steer specific development
questions (e.g., “Who designs? Whose materials? Who
manufactures?”) and guide commercialization-path
decisions from IP to partnering.

Acknowledging the value potential of in-house innovation,
an AMS framework may emulate certain start-up strategies
to attracting and retaining talent, in order to foster
creativity for bottom-line impact. Such strategies may
include selective recruitment (assessing potential hires on
the basis of skill and personality versus job descriptions),
flat-lattice hierarchy (flexible leadership structures),
contribution-based evaluations, and encouragement of
creative development.

Potential partnerships are considered from among a
range of players across the full breadth of an AMS value
chain (from materials and process discovery to materials
5
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Reigniting growth with Advanced Materials Systems: A call to action
The Reigniting growth report calls on makers and integrators of materials to boldly rethink
value creation and the means of achieving it, to revisit innovation, and forge new frontiers
of opportunity by both building upon and expanding beyond traditional mind-sets
(in product development, partnering, and business models). The report examines the
Initial focus: Starting point
characteristics of, and opportunities open to, those players who will likely be successful in
approaching global unmet
market
through
development of new functional solutions
System
levelneeds
intellectual
property:
— especially Advanced Differentiated
Material Systems
that incorporate existing chemicals and materials,
partnerships
through inventive processes, into differentiated offerings.
A key concept cited in this study is the position and plight of large chemical and materials
companies. Will most in these industries embrace an AMS-like change, as a leading few
have begun to do, or will the risk of diluting focus from managing the core outweigh the
risk of stretching boundaries and breaking convention to pursue the opportunities of a
new century (opportunities that competitors — foreseen and unforeseen — are only too
eager to capture)? Ultimately, elements of the entire spectrum of commercial development
in materials and chemicals could be redefined as companies consider the implications of
pursuing AMS, the intricacies of protecting IP in increasingly collaborative development
networks, the role of public-private partnership, value-sharing in open innovation, risk
mitigation and management with systems-level integration, and the impacts of resource
reuse and recycling; the inflection points in these and other critical variables have yet to be
determined. The Advanced Material Solutions approach is not a new industry pursuit but a
distinct managerial framework and roadmap to guide future system innovation;
Reigniting
System components
growth has aimed to delineate the major anchors through the AMS framework and has
endeavored to synthesize observable trends and data in a developing area. Broader and
deeper empirical descriptions will arise and be refined, as innovation in Advanced Material
Systems escalates globally and across relevant industries and as AMS solutions further
penetrate markets. The confluence of variables particular to the 21st century global
economy, the evolving state of commercial materials and chemicals developments, and the
profoundly disruptive potential of new technological capabilities will continue to tell an
interesting story in Advanced Material Systems.
Intellectual property activity

Figure 5: Business model selection strategy

Source: DTTL Global Manufacturing Industry group, October 2012.
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