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Innovations may come from

Structural sophistication

Materials Science and Engineering (MSE): 
Extending frontiers of MSE

Implications for the future: focus shifts

Thermal power cycles based on 
turbomachinery

Energy harvesting based on advanced materials 
in the long run

Materials Complexity Graph representing the use of modern and perspective materials

Dealing with complexity: Economic complexity index by MIT and Harvard [link]

A better way: Materials Genome Initiative for Global Competitiveness [link]

“The Materials Genome Initiative is a new, 
multistakeholder effort to develop an 
infrastructure to accelerate advanced materials 
discovery and deployment”

…
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Figure. Materials Science and Engineering (MSE) 
companies, energy machinery manufacturers and 
utility companies included in BCG’s list of top 
innovators  
[Source: Boston Consulting Group].
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The scale of structural sophistication is limited
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 And many others 

Reviews on separate materials 
Iron Oxides: From Nature to Applications. (Ed) Damien Faivre. Wiley-VCH, 2016

Materials selection in mechanical design / Michael F. Ashby. — 4th ed. 

Philo 6, the first supercritical 
coal unit rated at 120 MW with 
a thermal efficiency of 40%, 
costed [ASME] 170 $/KW

1957: Total supercritical plant cost 
without carbon capture, $/kWe  
 [The Future of Coal by MIT]

1330 $/KWe

Today:

The scope of structural 
sophistication depends on  
opportunities created by new 
materials

=

$1    = $8.51957 now

Structural sophistication may 
reach saturation

Figure. Materials Science and Engineering (MSE) 
companies and energy machinery manufacturers 
included in Thomson Reuter’s list of top 100 global 
innovators  
[Source: Thomson Reuters].

Materials Science and Engineering (MSE) companies have a larger innovation potential than 
companies producing energy equipment and machinery. Utilities can only deploy innovative 
solution (structural and material) provided by manufacturers and MSE companies.

105 hour creep rupture strength of turbine rotor alloys [P.S. Weitzel et al. 
Advanced Ultra-Supercritical Power Plant (700 to 760C) Design for Indian 
Coal. Babcock & Wilcox Power Genera on Group. Technical Paper 
BR-1884, 2012]

Optimization and operations research in managing R&D policy 
Maximizing the economic output of R&D in MSE 

How to make materials research more efficient? 
What areas of materials research should be paid more attention?

Problems with new materials deployment will become more complicated: 

# There are approximately 100,000 engineering materials available today 

# There is competition not only within specific classes of materials (polymers, metals, 
ceramics, composites, etc.) but also between classes 

# Switching between different classes may potentially provide lower production or 
life-cycle cost and greater performance, but it complicates the materials selection 
and introduces new risks 

# Materials selection is gradually drifting towards earlier stages of development; the 
choice of a material often defines engineering design of a product or service 

# New complex materials are coming:

MSE innovation continuum

Research Deployment

Is there saturation in 
MSE innovation?

“The urgent demand for new energy technologies has greatly exceeded the 
capabilities of today’s materials and chemical processes”  
[George Crabtree et al. Computational Materials Science and Chemistry: 
Accelerating Discovery and Innovation through Simulation-Based Engineering 
and Science. US Department of Energy, 2010]

What tools do we have to accelerate the deployment of new materials?

New challenge: Dealing with complexity in Materials Science and Engineering

CompositesNano-modificators

Polymer Nanocomposites

Polymers

The traditional way

There are two fundamental sources of innovations in energy sector technology: 
(1) structural sophistication, (2) Materials Science and Engineering (MSE). Structural 
sophistication implies increasing complexity of energy equipment. The integration of a high-
power fuel cell into the combined natural gas cycle power plant is an example of structural 
sophistication which leads to enhanced efficiency. Research in MSE results in better 
insulators, conductors, energy storage materials, load-bearing elements, energy flow control 
and, thus, better energy conversion devices. Examples of MSE creating new windows of 
opportunities for energy technology are abundant: from gallium nitride and silicon carbide 
elements used in power electronics to the working fluids of organic Rankine cycles. With 
respect to innovation in energy technology, companies can be divided into three groups: MSE 
companies, equipment manufacturers and operators of energy systems. Companies 
conducting research in MSE are among the most innovative. Leading manufacturers of 
energy equipment demonstrate a comparable rate of innovation. Operators (e.g. utility 
companies) are far less innovative. 
Analysis of current trends in MSE indicates that there is a considerable potential for 
innovation in energy technology associated with the transfer of innovations from MSE to the 
manufacturers of energy equipment and further to the operators. A part of this potential may 
remain unrealized because of the persistent lag in energy technology caused by the extended 
lifetime of energy equipment and energy-efficiency gap. However, the energy sector may 
benefit from targeted technology transfer from MSE to R&D in energy companies and long-
term programs aimed at relating MSE research to applications in energy technology.

Creating opportunities for 
structural sophistication

[IRENA Renewable Energy 
Technologies: Cost Analysis Series. 
Solar Photovoltaics. Vol. 1: Power 
Sector. Issue 4/5 (June 2012)]

New advanced dielectric materials for energy storage 
Applications + Low-cost potential storage systems for high 
energy density capacitors 

“Search requirements: searches over multiple 
repositories for data on known materials that meet all 
of the above constraints, simultaneously searches on 
models that allow for parametric variation of processing 
and composition variables, to design new materials with 
improved properties” [James A Warren. The Materials 
Genome Initiative, Data, Open Science, and NIST]
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