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The following is a summary report and notes for the Purdue University Regional Clean Energy 
and Innovation Forum, held June 8-10, 2016 on the West Lafayette campus. 

Objective

The Regional Clean Energy Innovation Forum was held on June 8-10 under the auspices of 
Discovery Park in association with Argonne National Laboratory.  The objective of this forum 
was to bring together leaders in clean energy innovation from the Midwest region that 
encompassed the states of Minnesota, Iowa, Wisconsin, Illinois, Indiana, Michigan, Missouri and 
Ohio.  The 195 registrants represented this region’s National Laboratories, key university 
research centers, and industry, as well as faculty and staff from across Purdue University. 

Summary 

The Midwest has tremendous amounts of natural resources, is rich in manufacturing, and has 
outstanding national laboratories associated with the U.S. Department of Energy.  According to 
the key note presentation by President Daniels, the solutions to energy problems are important to 
the work of society, since these solutions relate not only to energy, but also to health, food, and 
the economic welfare of the region and the nation.  Purdue University, together with its partners, 
carries out pioneering research in technologies both for utilizing or generating energy in new 
ways as well as in conserving energy.  Some examples of new energy ventures close to the West 
Lafayette campus include a federally funded materials center which will be starting-up in the 
near future and the world’s most advanced jet engine manufacturing facility in Lafayette, IN.  In 
addition, there are significant activities in translation and technology transfer that are occurring 
at the Purdue Research Foundation’s Research Park in West Lafayette, IN. 
 

 
President Daniels welcomes participants of the Regional Clean Energy Innovation Forum. 
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Dr. Tómas Díaz de la Rubia summarized the capabilities of Discovery Park in key areas of 
materials, nanotechnology, bioenergy research, energy storage and wind energy, as well as 
experience in public/private partnerships.  He introduced the Under Secretary for Science and 
Energy, Dr. Lynn Orr, who addressed the importance of regional clean energy innovation 
partnerships.  These partnerships will play an important role in addressing technology 
innovation, formation of consortia to advance the region in energy programs, and, building on 
current DOE programs and business models, would advance clean energy in the Midwest.  These 
partnerships must address climate concerns, air quality, and water quality issues over a sustained 
period of time in order to ensure environmental and energy security. In the long-term clean 
energy innovation and private/public partnerships will decide which societies are competitive 
and which ones are not.  This message was conveyed both during the keynote presentations and 
during separate meetings with the graduate students and faculty who had carried out research 
supported by DOE. 

Concurrent opportunities for major innovations and changes are already occurring, and will 
define how the United States and other countries will address the goals negotiated at the United 
Nations Climate Change Conference in Paris on December 12, 2015, for reduction of greenhouse 
gas emissions.  At this meeting, many countries, including the U.S., agreed to double clean 
energy research and development over the next five years.  This research will address the 
fundamental science of energy generation and utilization as well as mitigation of the effects of 
CO2 emissions on climate change. 

The DOE’s clean energy portfolio will be focused on early stage R&D, with $110 million 
requested for the FY 2017 budget for Regional Energy Centers.  This research initiative includes 
fostering regional opportunities for energy innovation, and capitalizing on the intellectual capital, 
as well as the science and engineering enterprises of universities, laboratories, start-ups and other 
research organizations which have the capability of carrying out technology transfer as part of a 
team based effort.  Since renewable energy availability, local climates and team resources, and 
available assets of universities and national laboratories vary with region, a regional approach 
will be an important component of the DOE research portfolio.  There are possibly up to 10 
multi-stage regions where this approach might be considered, although the extent of the program 
will depend on budget approvals. 

In the case of Indiana there is a synergy between entrepreneurship and discovery, as well as 
translating new technology developments into the energy industry.  Examples cited by 
Lieutenant Governor Holcomb of Indiana include hundreds of windmills, a solar (photovoltaic) 
farm at the Indianapolis International airport, and biofuel production facilities currently 
producing ethanol for fuel use.  These synergies and the status of energy technology in Indiana 
will lead to new jobs, higher wages, and positive economic developments with new technology 
developments expected to have a regional impact, as well. 

In addition to wind and solar power (i.e., photovoltaics), coal and nuclear energy are also 
important and will make continuing contributions.  However, there has been a large decrease in 
the use of coal over the last ten years.  Senator Jim Merritt pointed out that approximately 1/3 of 
the coal plants will be taken out of service by 2030.  While biomass and geothermal energy 
sources are still struggling, wind has led the way for solar power, and major advances and 
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improvements in battery storage will have impacts both on solar and wind generated electrical 
power, as well as meeting some of the needs for corporate and manufacturing facilities where 
power storage is an important component.  Nuclear energy is another option since it provides 
carbon-free energy.  In addition, improvements in production efficiency will also play a role.  An 
example is Subaru which has a major automobile plant in Lafayette, IN, and which has 
significantly improved its efficiency and serves an example of what can be done.  The session 
ended by Senator Merritt pointing out that “saving energy is bipartisan.” 

(Left to Right) Suresh Garimella (Purdue), Tomás Díaz de la Rubia (Purdue), Mitch 
Daniels (Purdue), Pankaj Sharma (Purdue), Jim Merritt (Senator, Indiana), Thomas Golab 
(Navitas Systems), Lynn Orr (DOE), Eric Holcomb (Lt. Governor, Indiana) welcome 
participants and speakers in the Regional Clean Energy Innovation Forum at Purdue 
University. 
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Overall Findings of the Panels 

The key findings of the 5 panels presented a consistent message: 

(1) Efficient energy generation and utilization have both a regional and national basis.  The time 
has come to address clean energy that is most appropriate for a given geographical area, and 
for which solutions and living laboratories to test and prove the solutions, is best done on a 
regional basis.  In our case, the pertinent region is Indiana, Illinois, Michigan, Ohio, 
Missouri, Wisconsin, Iowa, and Minnesota. 

(2) There is a compelling case to be made for a Purdue University led regional energy center 
whose scientific and engineering basis would address the bioeconomy, wind and solar 
energy, grid integration, advanced materials, energy storage technology, and public-private 
partnerships in the Midwest.  Purdue has a presence in all of these areas, and together with 
other partners could act as a lens to focus regional activities on robust and internationally 
relevant solutions in clean energy; and 

(3) Staffing of high technology activities in clean energy will require an appropriately educated 
and trained workforce.  Purdue University, its academic partners, and National Laboratory 
collaborators are uniquely positioned and actively engaged in addressing this need.  A 
Regional Center for Clean Energy will enable this on-going resource to be ramped up and 
bring about a renaissance in clean energy research, development, and utilization in the 
Midwest.  The Midwest has potential to become a role model for other Regional Energy 
Centers.

Under Secretary of Energy Orr discusses energy, environmental security, & mission innovation. 
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Summaries for Individual Panels 

Panel No. 1:  Energy Storage
Moderator:  George Crabtree (Argonne National Laboratories) 

Panelists:  David Roberts (Battery Innovation Center), Mark Johnson (Department of Energy), 
Joaquín Rodríguez-López (Illinois at Urbana-Champaign) Thomas Golab (Navitas Systems) 

Energy Storage panelists discuss energy storage technology challenges and 
opportunities at Purdue University Regional Clean Energy Innovation Forum. (Left 
to Right): George Crabtree (Argonne National Laboratory), David Roberts (Battery 
Innovation Center), Mark Johnson (Department of Energy), Joaquín Rodríguez-
López (Illinois at Urbana-Champaign), Thomas Golab (Navitas Systems) 

Energy storage is critical for expanding the generation of electrical energy and for grid and 
transportation applications.  The development of batteries with higher power density will 
facilitate more efficient capture of energy from wind and solar by providing ways to store power 
until it is needed.  While energy storage is important, the distribution of energy also faces major 
challenges including cyber security, since the distribution system is controlled through computer-
based algorithms and control systems.  A cyber-attack on the electrical grid could have a major 
consequence on the U.S. economy by causing large power generation plants to be shut down and 
an electrical power cut off to major manufacturing facilities in urban areas.  There are numerous 
research and implementation opportunities that should be addressed and for which a regional 
energy center would provide an enabling and catalytic effect. 

The production of batteries will need to be less costly and the adaptation of older technologies 
(such as Kodak’s mass manufacture of photographic films) could serve as a model in the 
manufacture of batteries and other large volume energy storage products.  Given the need to 
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reduce the cost, this approach should enhance utilization of batteries. Renewable electrical 
energy harvested from the wind and the sun will need to be stored in a cost-effective and robust 
manner with a number of different configurations. 

The need for scientists and engineers who will work in this research area and also in the 
engineering of cost-effective batteries was also addressed.  When batteries are produced on a 
large scale, many technology problems will likely be encountered and this will benefit from 
public/private partnerships to address the many aspects of storage technology, ranging from 
battery technology to optimizing methods for deploying batteries as part of the grid.  Advances 
in storage will require cross-disciplinary research and cooperation, and investment by 
government and industry.  Policy is also needed in order to enable the utilization of the electrical 
power derived in this manner, and also to apply the technology not only to automotive transport 
but also to the chemical industry or to on-site manufacturing where a reliable supply of 
hydrogen, H2, is also important. 

In response to questions, the Panel suggested that there will be multiple technologies that will be 
needed in order to achieve the goals of energy storage over the next 5-10 years.  In addition to 
technological and regulatory policies, the positioning of the utilities with respect to this 
technology will be important in terms of financing adaptation of clean and renewable energy by 
individual consumers (households). 

Dr. de la Rubia leading discussion on opportunities for energy innovation in Midwest Region 
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Panel No. 2:  Biomass/Synthetic Biology
Moderator:  Michael Ladisch (Purdue University) 

Panelists:  Bruce Dale (Michigan State University), Jennifer Dunn (Argonne National 
Laboratory), Nancy Heimann (Enginuity Worldwide), Peter Keeling (Iowa State University), 
Kent Peters (Department of Energy) 

There are a number of products derived from renewable resources, which may either include 
energy sources (liquid fuels) and perhaps, just as importantly, bioproducts, derived from 
unutilized biomass materials (after biofuels have been manufactured).  The Panel addressed both 
environmental and supply chain issues, including land use and managing the generation of 
biomass, which will be needed to provide feedstocks to industrial facilities that utilize 
lignocellulosic biomass to form both liquid fuels and value-added co-products.  The co-products 
may find use in the manufacture of plastics, coatings, and other chemical products for which an 
oxygenated (i.e., plant material derived) molecule may have superior properties.  As this part of 
the industry ramps up, beneficial interactions between food, feed, the environment and biofuels 
should be emphasized, and will likely emerge.  Regional factors will impact feedstock selection 
ranging from agricultural residues (for example, corn stover), woody biomass, and specialty 
energy crops such as switchgrass and Miscanthus. 

Some of the challenges that will face the bioeconomy, but which can be solved if properly 
addressed, include the transportation of biomass from the point at which it is generated (i.e., the 
farm) to the point of where it is processed (i.e., fermentation facility).  Pricing of the feedstock, 
as well as the final product, in addition to the pricing of oil against which some of these products 
will compete, is a key consideration in determining whether or not some of these routes might be 
practical.  Nonetheless, there is significant optimism that this can be done, with current work 
moving in the direction of using renewable feedstocks for the production of both biofuels and 
bioproducts.

The production of bioproducts benefits from biology, since biological catalysts (both 
microorganisms and in some cases enzymes) are able to selectively remove oxygen from sugars 
derived from biomass.  While there is a gap between innovation and use of new technology in 
the industry, this gap can and must be addressed.  A key impediment is the need for massive 
scale-up of process technologies and manufacturing capabilities for bioproducts derived through 
biological, biochemical, and chemical catalysis and separations.  The correct cost and price 
points will need to be defined and the quality of products will need to be better than existing 
products derived from less expensive petroleum.  Life cycle analysis will be needed to guide 
choices for smart designs of production facilities and generation of renewable feedstocks in a 
sustainable manner.  Examples of bioproducts that could be both developed and deployed 
regionally include aviation biofuels, gasoline extenders for light engines, bio-monomers for 
biodegradable plastics, and specialty chemicals derived from both the lignin and cellulosic 
components of biomass feedstocks.  Translation of technologies from laboratory to commercial 
production must be a focus, with the existing regional infrastructure providing pre-existing 
capital infrastructure from which to expand the biorenewables portfolio in a meaningful way. 

Overall, the areas that require both fundamental research and translation efforts are in sustainable 
biofuels and bioproducts, feedstock production and fundamentals of biomass deconstruction.  
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Bioproducts have an important role to play since their price points place them at a higher selling 
value than the fuel itself and thereby would have a positive economic effect.  Some of the 
considerations in selecting which bioproducts might provide a good fit with biorefineries that are 
currently under development include obtaining a product that could serve as a building block for 
other chemicals; may be manufactured by a process that has an improved GHG profile over 
products with equivalent functionality but derived from petroleum; and has a unique 
characteristic and sufficiently large market to attract companies to manufacture it. 

The cost sensitivity of these processes is due to the cost of the feedstock (e.g., corn stover) where 
prices (between $40 and $80/ton) of biomass must be considered.  A sustainable supply of 
biomass feedstock must be available.  However, low oil prices make it difficult to keep biofuels 
competitive.  A focus on the technology and links between producing fuels and chemicals will be 
important for the economics of biorefineries and for planning purposes so that these biorefineries 
can carry out either thermal or bioprocessing types of reactions.  Regardless of the approach, 
sustainability will be the key in managing the interaction of crops with growth conditions so that 
these provide consistent feedstocks suitable for deconstruction and separation for eventual 
production of fuels, biopolymers, and biochemicals from lignocellulosic biomass.  Energy policy 
changes may also be needed. 

Panel 3:  Critical Materials/Advanced Manufacturing
Moderator:  Thomas Lograsso (Ames Laboratory) 

Panelists:  John Barnes (Alcoa Titanium & Engineered Products), Carol Handwerker (Purdue 
University), Chenn Zhou (Purdue University Northwest) 

Panel 3 addressed the need for a stable supply of clean energy, and the diversification of 
expanded production.  Appropriate materials for fabrication of equipment and systems that 
generate electricity using wind, electrical power and other means is an important factor.  This 
Panel gave an industrial viewpoint and observations regarding how renewable energy and clean 
technologies could be conveyed in ways that are appealing to people.  For example, at Alcoa, 
one of the approaches used for rolling out new products is to manufacture these products in a 
way that they are appealing to the consumer.  The supply chain of both technology and materials 
can be controlled in a predictable manner.  It is important for utilization of new materials to 
communicate the message of what the material will do and the price point at which it will be 
successful.  Innovation, integration, and industrialization of new discoveries and developments 
have many challenges which must be recognized and overcome. 

The development of new materials, and manufacturing of these materials in new ways, will 
impact clean energy through improving efficiency (and therefore generating less CO2), as well as 
by providing materials that can be used in aviation, transportation systems, and for energy 
generation and storage.  One example given was the computer simulation of the internal parts of 
a blast furnace, where modeling and prediction of heat distribution patterns at very high 
temperatures lead to improvements in blast furnace operations and reduced the amount of energy 
required.

Nanotechnology has the potential to provide materials with superior properties, but scalability is 
a challenge.  Transfer of technology from the laboratory to large-scale manufacturing faces a gap 
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that requires a flexible team that is critical of their work and can identify gaps needed to 
overcome manufacturing issues.  The technology readiness level (abbreviated TRL) captures 
some of the inherent challenges with transition from TRL3 (small scale) to TRL6 or 7 (pre-
commercial and pilot plant) scale requiring a significant effort and careful planning in order to 
achieve final goals.  Within this context, the production of titanium powder by Alcoa 
underscored many of the challenges. Titanium powder, which is difficult to handle, is 
manufactured to specifications on a very large scale.  Success required not only innovation but 
also integration of the different unit operations that occur in the manufacture of the powder.  This 
project succeeded due to an understanding of how large-scale production could be industrialized. 

Some examples of critical materials and advanced manufacturing for wind energy included 
windmills, where permanent magnets enabled more efficient operation, lead-free solder, which 
addressed a safety issue but also changed properties of circuit boards, which had previously used 
lead in their soldering method. 

 
Erin Lucas and Pankaj Sharma discuss commercialization opportunities in the Midwest region. 

Titanium metal parts presented different challenges.  Ingot to install (ship ingots to Airbus and to 
Boeing for manufacture of aircraft components) was the original model which is undergoing 
major changes due to 3D printing.  3D printing enables parts to be manufactured using powders.  
However, systems integration of 3D printing capabilities with other manufacturing is also 
required and presents both an opportunity and a challenge.  The problem in this case is that 
machines do not integrate well, but once this is overcome, the use of 3D “ink” results in 
“infinite” possibilities with the adoption limited by the vision and imagination used to implement 
the technology.  Given the numerous possibilities presented by the new materials, John Barnes 
(from Alcoa) pointed out that there is “no saturation point in education.”  More is better from the 
point of view of developing, translating, and implementing new technologies. 
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The fundamental problem that defines gaps in translation revolves around the key questions of: 

 1. Is it economic? 
 2. Is there a market for the product? 
 3. Can the materials use cycle be closed? 

In order to bridge what is known as the “valley of death,” an increased level of accountability 
with respect to high level goals is needed so that the development pathway can be carried 
forward in an efficient and productive manner, and the product development cycle avoids “the 
valley of death.” 

In the case of magnets, the rare earths first needed for the magnets is very challenging 
particularly with respect to recycle.  In this case, the magnets need to be kept intact and 
collection becomes a huge issue if these materials are to be recycled. 

 
Professor Carol Handwerker proposes challenges and solutions for developing critical materials 
to Thomas Lograsso (AMES Laboratories). James Chavez (Sandia National Laboratory) is in 
background. 

While there are various ways that the Critical Materials Institute can achieve its goals, the 
International/National Electronics Manufacturing Institute carries out projects only with in-kind 
resources.  The adaptation of new materials for clean energy is related to supply chain, and 
suppliers (for example, Alcoa) must keep up with the technology as it develops given its huge 
impact on manufacturing of advanced materials which go into different types of products for 
conserving energy, utilizing energy more efficiently, or generating energy. 
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Panel No. 4:  Wind Energy/Grid Integration
Moderator:  John Bear (MISO Energy) 

Panelists:  Doug Esamann (Duke Energy), John McDonald (GE Grid Solutions), Lian Shen 
(University of Minnesota), Juan Torres (Sandia National Laboratory)

A key area for efficient use of electrical energy is the grid.  One of the concepts currently being 
examined is a self-healing grid that will implement, divert, or redirect electrical power in 
response to extreme events.  This requires establishment of foundational standards, which 
involve technology, industry standards and policy.  In 2009, NIST, under the America 
Recoveries Act (ARA), coordinated development of the smart grid and examined many of the 
issues involved. 

The key to a smart grid and utilization of renewable power is management of demand since solar 
and wind power will not replace baseload power because of the variability in the renewable, 
electrical power generation.  Consequently, baseload and large electrical generation facilities are 
still needed.  Many of these are currently coal-based, although there is a move to shutter some of 
the older coal facilities and replace with natural gas. 

Juan Torres of Sandia Laboratories pointed out that Hawaii provides a case study in that it has 
small diesel generators that provide power, with their grid being built upon electromechanical 
generation capabilities.  In the case of Europe, wind and solar are “super highly meshed,” and 
provide a living laboratory and interesting case studies for the U.S. and the management of the 
U.S. grid.  A smart grid looks at both demand and supply, not just the demand side, and 
consequently requires significant optimization.  There is much more work to be done on the 
demand side of electrical power usage. 

A smart grid will need to be optimized on a regional basis; hence, the Regional Clean Energy 
and Innovation Center could play a role, and could facilitate coordination on a larger national 
basis.  Some questions to be addressed relative to cyber security include the close link of 
physical operations and computer control, and achieving a stable grid.  There needs to be clear 
understanding of the risks that are involved.  One of the panelists suggested that a cybersecurity 
course be required of all students (only a few graduate students at the meeting had actually taken 
a cybersecurity course at this time).  Since digital control and cybersecurity will be critical for 
stable operation of a grid and many other types of power generation, this should be a high 
priority.  One other comment offered that integrating wind power with hydropower would be 
difficult because the hydropower may not be well-controlled, particularly during periods of 
drought or other special events. 
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Graduate students and researchers present and discuss posters on their research on biocatalysts. 

During dinner, Jay Gore 
reflects on the many 
excellent ideas and 
approaches for regional 
clean energy innovation, 
discussed during the 
forum. 

Panel No. 5:  Public/Private Partnerships
Moderator:  Mark Johnson (Department of Energy) 

Panelists:  Justin Hage (Indiana Economic Development Corporation), Marcey Hoover (Sandia 
National Laboratory), Duane Johnson (AMES Laboratory), Paul Mitchell (Energy Systems 
Network), Byron Pipes (Purdue University), Alfred Sattelberger (Argonne National Laboratory) 

A Panel on public/private partnerships was headed by Mark Johnson (Director, Advanced 
Manufacturing Office at DOE) who is familiar with various forms of partnerships.  These 
included CRADAs (ventures between faculty and/or national laboratories and small businesses), 
the Small Business Voucher Program, and related small business programs.  One of the 
challenges indicated was identifying who a small business should work with in order to form a 
partnership and effectively develop new technology.  Research laboratories could provide 
facilities to external partners, thereby reducing the need to replicate the same facilities in the 
private sector and improve the accessibility and efficiency with which new technology is 
developed.  One of the issues discussed included the foundational problem of companies 
spinning off businesses (examples are General Electric, IBM, and others), in which the 
businesses are run separately.  This was presented as causing a negative impact on research.  In 
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this case, the research, which was previously carried out in a contiguous organization, was 
fragmented. 

In the area of clean energy, there is currently global agreement to increase carbon efficiency and 
do it as technology becomes available.  Public and private partnerships are needed throughout 
the country, with regional emphasis on regional issues and solutions that apply on a national 
basis.  In order to achieve this, tax credits and other incentives could be put in place.  In addition, 
an energy systems network is another approach, and an example is given between the partnership 
of utilities and automotive transportation currently being developed through shared-ride vehicles.  
In Indianapolis, the use of electrical vehicles on a shared-ride basis is being tested to make more 
efficient use of the vehicles and encourage adaptation of electrical vehicles.  Byron Pipes 
described the new Institute for Advanced Manufacturing which is one of the NNMI laboratories, 
as a win/win situation. 

It is imperative to speed up the timeline from discovery to development, and work with industry 
partners to define gaps and challenges before the translation process starts, if at all possible.
Examples would be the environmental remediation associated with cell phones and laptops, 
where design might make it easier to recycle components.  Marcey Hoover described DOE’s 
Sandia National Laboratories, which have a budget of approximately $3B, and which address 
energy and climate, safety and security, nuclear energy, and bioenergy challenges.  Unlike the 
defense and intelligence work also being done at Sandia, the laboratory wishes to share and 
partner in the energy areas. 

The challenges in carrying out the work under the auspices of a public/private partnership appear 
to be communication, and at times, differences in culture (i.e., timelines and expectations).  
Alfred Sattelberger described Argonne National Lab, a $750M DOE laboratory in the Chicago 
area, with 15 research divisions and 5 national user facilities.  Argonne is also home to the Joint 
Center for Energy Storage Research, an energy innovation hub that includes 4 other national 
labs, 5 companies and 5 universities. Al mentioned a new DOE-funded program called Chain 
Reaction Innovations that allows entrepreneurs, on a competitive basis, to apply for access to the 
Argonne ecosystem and use of its experimental and computational facilities.  The bottom line of 
this Panel was given by Mark Johnson, who stated that “the public wants science with an 
outcome.”  Other key take-aways are that economics are regional (therefore, benefiting from a 
regional center).  At the same time, appropriate partnerships create prosperity with technology.
The building of technology, for which there are no competent workers, however, is not 
constructive, and therefore, an educational component will be very important. 

Public/private partnerships benefit from tax incentives to support small businesses through 
technical assistance, and an example was given for Sandia Laboratories.  In this case, 2500 small 
businesses from around the State are supported through funding of $48 M resulting in creation of 
5,000 New Mexican jobs.  This requires, however, that PI’s will work with businesses, and 
entails a significant management effort.  In Chicago, the investment community is involved 
through Argonne Laboratories and businesses in the area, which address clean energy, the 
battery program, and also work through the University of Chicago, to make connections between 
academics and private companies, as well as the National Lab. 
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Other programs that are available for partnerships include traineeship programs managed by the 
Advanced Manufacturing Office at DOE, and building “boxes,” i.e., integrated systems for 
prototypes of electrical systems.  Successful public/private partnerships require people trained to 
work in the various parts of translating technology and starting up new businesses.  A number of 
key points were made during the discussion by the Panel, of what might be needed for educating 
students to pursue projects within this context.  These included: 

 1. Understanding policy and business; 
 2. Learning how to do economic analyses (GE was given as an example); 

3. Understanding how to solve an energy problem, as compared to simply 
discovering science.  These require completely different mind-sets; 

4. Facilitating continuous discussions between scientists, researchers, and engineers 
as a project develops; 

 5. Identifying timelines and then achieving them; 
6. Learning how to build milestones into timelines, and then handling difficult go/no 

go decisions; 
7. Understanding how to start small, working with proposals that require cost-share, 

and learning how to create value propositions. 

All of these elements go into public/private partnerships, and could be done on a regional basis 
with the Regional Clean Energy Center providing the infrastructure and people to begin the 
formation of these partnerships and also provide the technical, scientific, developmental, and 
educational components required for success. 
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