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ABSTRACT 

Research, product development and technology transfer comprise different stages in a continuum 
of progress based on growth of knowledge, improvement of capabilities and deployment of those 
capabilities to improve the quality of life.  Technology development turns knowledge into 
actionable goods and services while technology transfer enables permeation of technology from 
its origins into a wide variety of applications.  The ongoing and future importance of oil and gas 
(O&G) industrial progress requires well-planned and vigorous research and development (R&D) 
as well as effective technology transfers both to and from the O&G enterprises.  

The US Department of Energy (DOE) invests more in basic and applied research than any 
federal agency other than the National Institutes of Health (NIH) and the National Science 
Foundation (NSF).  But DOE investment in O&G-related R&D is almost entirely through the 
National Energy Technology Laboratory (NETL) which is the only national laboratory dedicated 
to fossil-fuel energy.  Applied research is carried out by a combination of federal and business 
organizations, with business operating at twice the level of the federal government.  Most O&G-
related research is, in fact, funded privately by energy companies. 

As a result of federal government legislation from 1980 through 2007, government-sponsored 
research, development and technology transfer has increasingly favored collaborations 
comprising consortia of government, academic, non-profit and industry researchers and 
technologists.  As part of that trend, three main initiatives by the DOE have included (1) Energy 
Innovation Hubs, involving large numbers of distributed efforts but led by a central institution to 
integrate fundamental research through commercial technology deployment; (2) Energy Frontier 
Research Centers, comprising a few dozen senior investigators at multiple institutions and 
focused on fundamental research to overcome technology roadblocks; and (3) ARPA-E projects, 
based on small groups at single institutions who focus sharply on high-risk / high-return 
technologies of near-term payoff.  However, none of those three initiatives have emphasized or 
substantially included O&G-related projects. 

Technology deployment includes training of personnel to understand and effectively use new 
technologies in productive, commercial applications.  Indeed, the technology-sociology theory of 
Charles Perrow holds that the inability of effective training to keep pace with complicated 
growth of advanced technologies is a contributor to “normal accidents” in all technology-
dependent enterprises, including O&G.   Even so, there currently is no clearinghouse of 
information to assess how effectively training is accomplished during the rollout of new 
technologies during O&G developments. 

Accomplishing safe and environmentally sustainable O&G developments, as needed for the 
nation’s energy security during transition to renewable sources of energy, improvements must be 
made to better include O&G concerns in the nation’s overall R&D programs and priorities.  Key 
findings and related recommendations are that: 

• Funding is not well aligned with the critical role of O&G among balanced national 
priorities.  The majority of the funds dedicated to hydrocarbon-based energy R&D are 
focused on carbon capture and sequestration (CCS) rather than on minimizing the 
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lifecycle footprint of O&G development. More attention is needed on sustainable 
production of petroleum and, especially, natural gas which is an abundant domestic 
resource. 

• Consortia have become the dominant and most beneficial R&D performance platform.  A 
formal infrastructure should be created to facilitate communication between 
organizations and projects involved in O&G-oriented R&D.  Establish an Energy Frontier 
Research Center or Hub (Hub) that is focused on low-environmental-impact O&G 
exploration, processing and use.    

• Communication of R&D progress on energy topics remains ineffective.  The federal 
government could organize an annual Energy Research Summit, which brings together 
leading researchers working in fields having or having the potential on energy advances, 
including but not limited to researchers working in energy and in environmental, 
computer and social sciences 

• Cross-over of other technology into O&G is under-appreciated.  The communication gap 
should be addressed through the proposed Energy Research Summit or other equivalent 
clearinghouse. 

• Effectiveness of training in O&G technology deployment is not well documented.  The 
federal government should a make meaningful participation in setting standards for 
training in the industry. There should be an immediate effort to set standards for training 
in the O&G field, including content, trainee performance levels, along with company 
processes to monitor the level of the training effort. 
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INTRODUCTION 

A. Oil &Gas Research: A Collaborative Endeavor 

An energy policy meeting national security, economic and environmental goals must include a 
robust, ongoing research effort that includes the steps between basic research and its 
implementation.  It must address the research engine, technology transfer, management support, 
the regulatory structure, and the government environment and thus all of these components are 
conceptually related to research and development (R&D).  Moreover, it must recognize that the 
oil and gas industries (O&G) are part of the overall US industrial pictures, with some activities 
carried out by large multinational companies, and others by small entrepreneurs.  The larger 
companies have a complex set of relationships with subsidiaries and ‘partners’ around the world 
and thus they are part of the bigger trend towards globalization of business and R&D.  As such, 
any picture of research activities must at least take cognizance of those kinds of relationships. 

The business community funds and performs the overwhelming portion of applications-oriented 
US research.   As such, the picture is clouded by internal company relationships, inter-company 
agreements, intellectual property rights concerns, as well as a lack of both open disclosure of 
those efforts and the absence of a readily available picture of overall R&D efforts.  The picture is 
further clouded by the fact that successful work in O&G R&D must involve collaborative 
partnerships among academic, government laboratory and private organizations.  That 
collaborative, multi-lateral practice provides insights and expertise that would not likely be 
available under other unilateral pursuits.  The collaborative practice merges the research and 
technology implementation activities in a positive sense by reducing or eliminating the 
competitive premise of the marketplace.   

B. A Policy-Oriented Picture 

The objective of this paper is to stimulate discussion regarding policy alternatives that can move 
the US national energy program forward.  Certain choices had to be made in order to maintain 
this focus.  The general sphere of ‘research’ is broad, covering everything from the various forms 
of research, to technology transfer efforts intended to disseminate innovations and facilitate 
successful implementation, to providing adequate training.   These activities take place in many 
different venues, including the federal government, federally funded research and development 
centers, academic institutions and private companies.  Some of those activities are viewed as 
proprietary by their performers.  And finally, the data surrounding those activities are fragmented 
and frequently not publicly disclosed.  Given that complex situation, this paper focuses on bigger 
pictures that may be addressed by energy policy.  Where specific instances are mentioned, they 
are used solely as examples of the point being made, and no inferences should be made regarding 
their uniqueness; in most cases, other examples could equally well have been selected.  
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RESEARCH 
A. Trends in R&D Investments 

An examination of R&D in the US shows four clear trends that are important to our concern.  In 
a macro sense, the US as a whole invests large amounts in R&D.  As seen in Table 1, R&D 
expenditures rose from $288 billion in 2003 to $398 billion in 2008 (both measured in 2010 
dollars).  When R&D expenditures are stated relative to a country’s gross national product 
(GNP), the US R&D is comparable with the equivalent measure for many other developed 
nations.  

As seen in Table 1 and Figure 1, beginning in 1980 the business sector R&D expenditures 
exceeded those of the federal government (National Science Board, 2010).  Most overall R&D 
funding is provided by industry, with the federal government playing a major role in basic 
research, and lesser roles a technology marches towards implementation.  While the amount 
invested in research by the federal government is large in an overall sense, an increasing portion 
has been dedicated to defense-related activities.  The amount that the federal government puts 
into energy research is small compared to its other expenditures.  The federal government 
provides critical funds for basic research and for high-risk, high-payoff projects.  And finally, 
much of the current research effort is carried out through consortia – a point that will be 
discussed more fully as part of a discussion about technology transfer.  

Figure 1. Trends in R&D funding by government and industry (National Science Board, 2010). 
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Table 1. US R&D expenditures by funding source (National Science Board, 2010).  In the original 
source, all amounts were inflation-adjusted to either 2010 dollars (“Current”) or 2000 dollars as shown. 
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The business sector funds most R&D (Fig. 2) and it uses most of the R&D funding (Fig. 3), 
including additional funds provided by the federal government (Fig. 4). 

Figure 2.  Trends in R&D investments by 
organizations (National Science Board, 2010). 

Figure 3.  Proportions of total R&D investments 
spent by organizations from different economic 

sectors (National Science Board, 2010). 
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Figure 4.  Federal government R&D funds as spent by 
organizations from different economic sectors 

(National Science Board, 2010). 

B. US Government R&D 

Basic research is carried out by a 
combination of the federal government 
and academic institutions.  Business 
funding for basic research generally goes 
to an assortment of academic and not-for-
profit institutions.  Applied research is 
carried out by a combination of federal 
and business organizations, with business 
operating at twice the level of the federal 
government.  Business funding for applied 
research stays largely within the business 
sector (but not necessarily within the same 
company providing the funding) while 
federal funding is divided between federal 
agencies and FFRDCs (Federally Funded 
Research and Development Centers 
(FFRDCs) that are denoted by the 
government as National Laboratories, 
including several under the umbrella of 
the US Department of Energy (DOE)1. 

The US approach to government funding 
of academic research is different from the 
approach followed in other economically 
advanced countries.  Other countries 
provide block grants to academic institutions, leaving it up to the recipients to decide upon the 
allocation of the funds to departments and types of research.  The US generally provides funding 
for specific, separately budgeted R&D projects supporting objectives of funding agencies.  In 
some cases, states also may provide undesignated funds.  Supporting arguments can be made for 
either the designated- or undesignated-funding approach.  The non-US approach (undesignated 
funds) is administratively simpler but does not allow for tailoring according to topic or relative 
strengths of departments within a specific institution.  The US approach (designated funds) 
requires more complex program management by the government but preserves flexibility in 
targeting funds to the best, peer-reviewed projects regardless of institutional affiliation. 

                                                        
1 The National Laboratories under stewardship of DOE conduct research in a variety of scientific and technical fields.  They include: Ames 
Laboratory, Argonne National Laboratory, Brookhaven National Laboratory, Fermi National Accelerator Laboratory, Idaho National Engineering 
and Environmental Laboratory, Lawrence Berkeley National Laboratory, Lawrence Livermore National Laboratory, Los Alamos National 
Laboratory, National Energy Technology Laboratory, National Renewable Energy Laboratory, New Brunswick Laboratory, Oak Ridge 
Laboratory, Pacific Northwest Laboratory, Princeton Plasma Physics Laboratory, Sandia National Laboratories, Savannah River National 
Laboratory, Stanford Linear Accelerator Center, and the Thomas Jefferson National Accelerator Facility. 
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Table 2.  Single-year (2008) distribution of R&D funds among various enterprises and topical areas  
(National Science Board, 2010). 
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TECHNOLOGY DEVELOPMENT AND TRANSFER 
A. Globalization of R&D into Technology 

The purpose of research is to find new knowledge either to answer questions or to solve 
problems.  In industry, including O&G, the ultimate value of research as part of R&D is to 
enable new or improved products and services, including commercial applications of 
technologies.  In the global marketplace, technology transfer has become an integral part of 
efforts focused on moving goods and services around the world.  The technology-transfer 
practices that have been long-standing in Europe now are becoming essential components in the 
strategy and activities of US multinational firms. 

The most significant change that has taken place is the internationalization of R&D, with a shift 
away from cost reduction and localization to undertaking R&D relating to core competencies in 
international Centers of Excellence – no matter where they may be located.  As part of that 
globalization, there is growing foreign expansion of R&D in the US – some by mergers and 
some by acquisitions.   

There has been a vigorous growth of complex inter-company collaborative relationships – some 
domestic and some international.  Citing work by Freeman (1991), Rycroft (2003) provides the 
following enumeration: 

Such collaborative agreements encompass a wide range of activities, including: 
joint ventures, research corporations (e.g., research pacts, joint development 
agreements), technology exchange agreements (e.g., technology sharing, cross-
licensing, mutual second-sourcing), direct investment, minority/cross holding, 
customer-supplier and customer-user relationships, R&D contracts, one-
directional technology flow agreements (e.g., licensing, second sourcing), 
manufacturing agreements, marketing agreements, or service agreements.  The 
term “strategic alliance” is often used to describe cooperative arrangements that 
are more stable and long-term than these categories, or to encompass 
collaboration that extends over a series of projects (Rycroft, 2003). 

Measures of foreign direct investment focus on capital movements and hence may be a good 
indication of growing technology internationalization.  As pointed out by Rycroft (2003), those 
investments fall into two broad categories: (1) building wholly-owned facilities in the host 
country, (2) undertaking joint ventures, where business enterprises share ownership and control 
across borders; and (3) acquiring control of an existing enterprise in the host country.  
Implementation of those options serves as an indicator of the degrees of attractiveness found in 
relations with the host country.   
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A considerable amount of US company R&D is carried out by majority-owned foreign affiliates 
of those companies (Table 3) (National Science Board, 2010).  Similarly, foreign multinationals 
carry out substantial amounts of R&D in the US (Table 4) (National Science Board, 2010). 

Table 3. Single-year (2006) expenditures on US R&D as work performed outside the US by foreign 
affiliates of US companies (National Science Board, 2010).  In the original source, all amounts were inflation-

adjusted to 2010 dollars (“Current”). 
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Table 4. Single-year (2006) expenditures on foreign company R&D as work performed inside the US 
by US affiliates of foreign companies (National Science Board, 2010).  In the original source, all amounts were 

inflation-adjusted to 2010 dollars (“Current”). 

B. Progress Through Consortia 

The most effective forms of technology transfer come when the parties actively work together, 
i.e., when their individual successes are based on satisfactory use of a technology. 

There is a critical link between technology innovation, technology transfer and globalization.  
The nature of this linkage has changed significantly over time, evolving from a form of 
outsourcing focused on localization and cost saving, to a crucial part of the overall innovation 
process (Rycroft, 2003). 

Rycroft (2003), in a paper focusing on indicators, points out that the work (and hence the 
indicators) focus on three related categories: technological exploitation (taking technological 
processes and products to international markets), technological generation (undertaking 
technology innovation in a host country), and technological collaboration (joining forces to 
innovate together).  Those categories, by themselves, highlight the important dimensions of this 
process and reasons why they are essential to global energy companies.  That categorization is 
elaborated upon more fully by Archibugi and Michie (1995). 
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Although international technology relationships are very important, there are no reliable 
indicators that accurately measure the level of that globalized effort.  Efforts to measure value 
flows have traditionally focused on goods and services rather than intangibles.  Much of the 
subject effort takes place on an intra-firm level, between parents and subsidiaries.  Even if there 
are efforts to place monetary values on those activities, the resulting values are not arms-length 
transactions and they are influenced by many non-market factors.   Alternative measures are used 
as surrogates, each with its own limitations. 

Patents and patent disclosures are an indication of cases where the parties view the innovation as 
valuable and where the desirable form of protection is provided by securing international patents.  
Indexing technology progress by patents suffers from multiple deficiencies (Patel, 1995; Patel 
and Pavitt, 1997; Malerba and Orsenigo, 1996).  Not all innovations are patented, since some 
firms feel that other mechanisms are more effective.  Different technologies are patented at 
different rates. Patents ignore much of the software area, where some feel that adequate 
protection is provided by copyrights.  

H-1B visas are an additional, although imperfect, indicator of science and engineering-based 
collaboration.  The numbers of most types of temporary work visas issued to high-skilled 
workers has continued to increase.  While 65,000 H-1B temporary work visas are authorized, 
there were 20,000 exemptions for students earning US masters degrees or doctorates and further 
exemptions for US academic and research institutions in their own hiring.  Over two-thirds of the 
H-1B visas were used for science and technology visa recipients.  More than half of all H-1B 
visa recipients were for India; Asian citizens made up three-quarters of all the H-1B recipients 
(National Science Board, 2010). 

Figure 5. Single-year (US Fiscal Year 2006) H-1B visas issued by category of worker expertise (National 
Science Board, 2010). 
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The absence of good metrics can hinder the policy setting and management effort.  Indeed, 
Anadon et al. (2010), in an analysis of US energy innovation, make a point of observing: 

It is imperative that all initiatives and institutions are required to consistently 
collect metrics on relevant outputs and outcomes and information about projects.  
This is essential to sustain public and political support, which will be necessary to 
ensure that the energy technology innovation effort enjoys the predictability and 
patience it needs. … Considerable thought is needed to design metrics that will 
drive effort in the right directions: with poor metrics, there is always a danger of 
managers focusing on meeting the metrics rather than the overall goal (Anadon et 
al., 2010). 

Collaboration Pays Off.  While technology transfer is often thought of as simply a tool for 
moving technologies out of the laboratory and towards implementation, in reality it is a process 
that also has many additional dimensions.  It makes a given technology available to a wider 
number of people or firms; it provides feedback essential for fine turning; it provides a basis for 
collaboration; and it may be a source of revenue in and of itself.  When looking at technology 
transfer, one must recognize that a large portion (perhaps most) transfers take place through 
informal mechanisms that may only be indirectly focused on technology transfer per se.  
Consider the following examples: papers in professional journals, reports from government 
laboratories regarding their work or work they are funding, physical proximity, market research 
and strategic planning exercises, patent searches, management, attendance at conferences, 
management consultants, contractors. 

There is a trend towards increased collaboration in R&D and its use.  Consortia bring together 
basic and applied researchers, users, and potential business partners.  The consortium approach 
reflects the needs to bring diverse skills and resources to bear, as well as both explicit and 
implicit recognition of the role that such collaboration can play in moving technology innovation 
to use, and building economic relationships.   

The research consortia and geographic proximity are by far the most interesting forms of 
informal technology transfer.  The consortia provide a wide range of beneficial opportunities: 
academic/lab insights flow into industry; practical insights help to focus research and short 
circuit the process; access to test beds is facilitated by the shared collaboration; and new 
professionals receive training that will benefit them and the industry.  Most significantly, there is 
not only essentially automatic transfer of knowledge between organizations, there is a spillover 
effect benefiting organizations that are not formal participants in the consortia.  Intellectual 
property (IP) issues are not usually barriers to those collaborations since industry participants 
typically find that considerable adaptation is required within their respective companies before 
innovations can be fully utilized. 

Consortia are clearly the basis for future collaborations.  They form networks that facilitate 
transfers of knowledge and technologies.  Using patents as a surrogate for measuring those 
collaborations, people working in collaborative projects become familiar with each other’s work 
and tend to cross cite each other’s work in patent applications (Cohen and Merrill, 2003).  If you 
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are part of a network because of collaborative projects or physical proximity, you have access to 
the resources of the network.  If you are outside of the network you do not have the same access. 

Consortia lend themselves to spillovers, i.e., the creation of knowledge in excess of that 
benefitting the immediate parties.  Thus the formation of a strong technology center can 
contribute to the attraction of related industry with all of the associated research and economic 
benefits.  The spillover effect can be seen, as one example, with the experience in the MIT 
Micro-Electro-Mechanical Systems (MEMS) effort to develop millimeter-scale sensors, 
actuators, and electronic components (Fig. 6). 

Figure 6. Micro-Electro-Mechanical Systems (MEMS) consortium led by the 
Massachusetts Institute of Technology  

  

 

Technology Transfer In.  Discussions of technology frequently assume that there is a closed 
cycle in which advances progress logically from industry-based research to development to 
implementation.  That oversimplified notion ignores potentially major sources of advances – 
advances in related fields, use of products or technologies from other fields, and off-the-shelf 
technologies.  Recent advances in O&G, e.g., advances in analytics and visualization have 
helped formed the basis for 3-D seismic and subsalt imaging.  Although it is difficult to put a 
monetary value on any individual topic, consider the following potential sources of O&G-
relevant technologies: 

	  

• Computational Sciences 
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o Analytics 

o Stimulation 

o Visualization 

o Imaging 

o Data Management 

o Search 

o Data Mining 

o Artificial intelligence 

• Defense 

o Robotics 

o Visualization 

o Targeting 

o Communications networking 

• Management – Human Resources 

o Project management 

o Training and certification 

o Team behavior 

 

Gore-Tex® technology offers examples where new applications developed in topical areas far 
removed from the original purpose of the invention.  Although Gore-Tex® is widely recognized 
as a durable, water-repellant, yet breathable fabric that is favored for manufacture of extreme-
weather garments, its microporous membrane structure makes it applicable also to 
microchemical sampling and analysis.  Surface geochemical techniques for hydrocarbon 
exploration historically have been challenged to preserve samples taken in the field until they 
could be analyzed later in laboratory settings.  Problems included compositional degradation 
through loss of volatile components or though incorporation of extraneous gaseous components 
after removal from the original soil environment.  The technology underlying Gore-Tex® now 
forms the basis for membranes that can be used to improve sample preservation both for 
hydrocarbon exploration and for environmental monitoring.  Gore-Tex® membranes 
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incorporated into sample containers can protect the adsorbent, and maintain the sample integrity 
by protecting it from soil, liquid water, and other site or ambient interferences (Hodny et al., 
2009; Anderson, 2006). 

An additional source of technology transfer comprises technology that already exists but is not in 
use.  The internal R&D process in most companies brings new technologies to a point where the 
advance must be evaluated to determine whether working on it further is worthwhile from a 
business point of view – the costs of moving out of the laboratory into full implementation can 
be very expensive.  Many advances get put on the shelf at that point – the economics do not work 
or needed supporting technologies do not exist or they are not sufficiently relevant to current 
corporate strategic plans.  Once in awhile, one of those technologies surfaces as a full or partial 
solution of a problem.  Such was the case with hydraulic fracturing.   While the potential for 
using ‘on the shelf’ technologies exists, few companies have any formal mechanism for 
periodically reviewing the intellectual property inventories and determining its potential. 

The need for and desirability of technology transfer to move things from the laboratory to 
commercialization have been formally recognized.  “Nearly everywhere, however, decisions 
affecting the bulk of R&D expenditures are made by industry, thus removing achievement of 
such a target from direct government control.  In the United States, industry funds about 67% of 
all R&D (National Science Board, 2010).  Towards that end, the federal government has passed a 
number of acts explicitly designed to encourage research-related cooperation between 
organizations (including commercial organizations), and to facilitate transfers of federally-
funded research into the private sector (Table 5). 
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Table 5. Legislation facilitating technology transfer (National Science Board, 2010). 

	  
Legislation Key Provisions 

Technology Innovation Act of 1980 
(Stevenson-Wydler) 

Established technology transfer as a federal government 
mission by directing federal labs to facilitate then transfer 
federally-owned and originated technology to nonfederal 
parties. 

University and Small Business Patent 
Procedures Act of 1980 (Bayh-Dole) 

Permitted small businesses, universities, and nonprofits to 
obtain titles to inventions developed with federal funds.  
Permitted government-owned and government-operated 
laboratories to grant exclusive patent rights to commercial 
organizations. 

Small Business Innovation 
Development Act of 1982 

Established SBIR program requiring federal agencies to set 
aside funds for small businesses to engage in R&D connected 
to agency’s mission. 

National Cooperative Research Act of 
1984 

Encouraged US firms to collaborate in generic pre-competitive 
research by establishing a rule of reason for evaluating 
antitrust implications of research joint ventures. 

Patent and Trademark Clarification Act 
of 1984 

Amended Stevenson-Wydler and Bayh-Dole Acts regarding 
use of patents and licenses to implement technology transfer.  

Federal Technology Transfer Act of 
1986 

Enabled federal laboratories to enter cooperative research and 
development agreements (CRADAs) with outside parties and 
to negotiate licenses for patented inventions made at the 
laboratory. 

Omnibus Trade and Competitiveness 
Act of 1988 

Added to intellectual property protection.  Directed attention to 
public-private cooperation on R&D, technology transfer, and 
commercialization.  Established National Institute of Standards 
and Technology (NIST) Manufacturing Extension Partnership 
program. 

National Competitiveness Technology  
Transfer Act of 1989 

Expands use of CRADAs to include government-owned, 
contractor-operated federal laboratories.  Increased 
nondisclosure provisions. 

National Cooperative Research and 
Production Act of 1993 

Relaxed restrictions on cooperative production activities, which 
enable research joint venture partners to work together in the 
application of technologies they jointly acquire. 

National Technology Transfer and 
advancement Act of 1995 

Amended Stevenson-Wydler to make CRADAs more attractive 
to federal laboratories, scientists and private industry. 

Technology Transfer Commercialization 
Act of 2000 

Broadened CRADA licensing authority to make agreements 
more attractive to private industry and increase the transfer of 
federal technology.  Established procedures for performance 
reporting and monitoring by federal agencies on technology 
transfer activities. 

America COMPETES Act of 2007 
(American Creating Opportunities to 
Meaningfully Promote Excellence in 
Technology, Education and Sciences) 

Increased investment in R&D, strengthened educational 
opportunities in science, technology, engineering and 
mathematics.  Further developed the nation’s innovation 
infrastructure.  Established NIST’s Technology Innovation 
Program.  Called for a President’s Council on Innovation and 
Competitiveness 
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The federal legislation summarized in Table 5 led to major steps within government agencies, all 
focused specifically on stimulating technology innovation, transfer and exploitation: 

• Technology-related federal departments have technology transfer offices specifically 
charged with identifying technologies and facilitating their movement into the 
commercial sector. 

• Cooperative research and development agreements (CRADAs) permit federal agencies 
and laboratories to work with private organizations on collaborative research, with the 
private organization having the ability to own the resulting intellectual property and the 
federal agency receiving a non-exclusive license for its use. 

• Essentially all major universities have technology transfer offices focused on identifying, 
protecting and commercializing intellectual property, even where the underlying research 
was funded by the federal government (AUTM, 2011).  

• The National Institute of Standards and Technology (NIST) Advanced Technology 
Program (now replaced by the Technology Innovation Program) provides funding and 
other assistance for high-risk, high-payoff innovations that would otherwise be too risky 
to attract venture capital (NIST, 2011).  

• The Federal Laboratory Consortium (FLC) was organized in 1974 and formally chartered 
by the Federal Technology Transfer Act of 1986 to promote and strengthen technology 
transfer nationwide. Today, more than 250 federal laboratories and centers and their 
parent departments and agencies are FLC members (FLC, 2011).  DOE national 
laboratories are members of the FLC consortium. 

Figure 7 summarizes metrics that have been developed for evaluating progress of the US federal 
government programs with regard to technology transfer.
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Figure 7.  Technology transfer metrics for US federal government programs (National 
Science Board, 2010). 
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C. Training 

O&G activities are increasingly dependent upon the use of advanced technologies.  It is thus 
essential that there be an adequate supply of workers that can understand the new technologies, 
along with their limitations and uses.     

It is important that people working in an industry such as O&G will be adequately trained.  This, 
in turn means that several conditions must be satisfied: (1) participants must have the proper 
skills needed to enter the courses; (2) the proper material must be contained in the courses; (3) 
the materials must be delivered in an appropriate and satisfactory manner; (4) there must be 
assurance that participants have an agreed-upon level of comprehension; and (5) there must be 
assurance that participants can use the new skills/knowledge on the job.  Stated differently, there 
is a need for some form of certification at every stage of training. 

The technology sociologist, Charles Perrow provided an excellent framework for understanding 
technology progress and related risks (Perrow, 1984).   His thesis is very simple to understand: 

• There is no such thing as a system that is totally risk-free.  No matter how we work to 
reduce the likelihood of failure, there is always some (hopefully) minimal probability that 
some time, some place, there will be a failure.  (Indeed, he calls them, “normal 
accidents”). 

• Systems grow over time, adding more and more parts to the overall structure. 

• Two things take place as these systems grow.  First, the parts are generally connected 
together mechanically or electronically.  From an engineering point of view, they are 
‘tightly coupled’ and actions in one part rapidly impact other parts of the overall system.  
And second, as the system grows, it becomes more complex and less understandable by 
any one person or even a group of people. 

• Shift now to the human aspects of this same process.  Since there is no such thing as a 
totally reliable system, problems do take place.  Perrow goes on to argue that people have 
a positive bias -- when faced with something that is ambiguous, they tend to interpret the 
event in a positive sense until there is clear evidence to the contrary.  Rather than 
immediately sounding an emergency alarm, they ‘wait and see what is really going on.’  
Moreover, this phenomenon is made worse because people think or are made to think that 
they have limited responsibility.    

• The conclusion to Perrow’s thesis is that when there are problems, the early symptoms 
will probably be missed or ignored, and any reaction that takes place will be to the 
irrefutable problems caused by the spread of failures.  Perrow’s conclusion is illustrated 
with case studies of Three Mile Island, Chernobyl, Space Shuttle Challenger, Exxon 
Valdez, the Iraq War and many other similar situations.  There is no doubt that, if he were 
revising his book today, he would include the Deepwater Horizon incident.. 
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After the Deepwater Horizon incident, which involved the Macondo well blowout and oil spill in 
the Gulf of Mexico in 2010, BP released the results of an internal study (BP, 2010)which 
identified a sequence of errors leading to the disaster. 

• The annulus cement barrier did not isolate the hydrocarbons. 

• The shoe track barriers did not isolate the hydrocarbons. 

• The negative-pressure test was accepted although well integrity had not been established. 

• Influx was not recognized until hydrocarbons were in the riser. 

• Well-control response actions failed to regain control of the well. 

• Diversion to the mud gas separator resulted in gas venting onto the rig. 

• The fire and gas system did not prevent hydrocarbon ignition. 

• The blowout preventer (BOP) emergency mode did not seal the well. 

Through a review of rig audit findings and maintenance records, the investigative team found 
indications of potential weaknesses in the testing regime and maintenance management system 
for the BOP. 

The team did not identify any single action or inaction that caused this accident.  Rather a 
complex and interlinked series of mechanical failures, human judgments, engineering design, 
operations implementation and team interfaces came together to allow the initiation and 
escalation of the accident.  Multiple companies, work teams and circumstances were involved 
over time.  

The investigation team developed a series of recommendations to address each of the key 
findings. The recommendations were intended to enable prevention of similar accidents in the 
future, and in some cases, they addressed issues beyond the causal findings for this accident.  
The recommendations covered contractor oversight and assurances, risk assessment, well 
monitoring and well-control practices, integrity testing and BOP system maintenance, among 
other issues. 

The conclusion of the BP investigation was, in effect, that the Deepwater Horizon disaster had 
all of the components of Perrow’s ‘normal accidents’ – engineering failure, complexity, 
understandability and organizational failures.  Most significantly, in this day and age, it adds an 
additional layer comprising a complex network of subcontractors. 

The bottom line is that, no matter how we deal with the engineering and human errors (and we 
must), under normal circumstances, there can always be accidents.   
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Given the seriousness of human actions, one must look implement quality control, namely, 
certification, for the preparation and delivery of training programs for people dealing with O&G 
activities.  Even so, certification is a difficult process.  Training takes place in many different 
ways, including on-the-job training, reading manuals or taking formal courses.  Over time, the 
training process per se has become more automated and more interactive.  The field now 
includes webinars, DVDs and more recently, participation in simulations.  While there is little 
industry-specific data regarding those approaches, the general training literature claims that the 
more interactive approaches are more effective in terms of retention, the ability to apply new 
skills and the ability of trainees to generalize knowledge to newly learned areas. 

It is important to recognize also that training can take place in many different places, ranging 
from more traditional delivery locations – schools, internal courses, industrial conferences – to 
remotely delivered webinars as well as specialized facilities such as simulators.  Examples of the 
latter are routinely found in the military, aircraft industry and nuclear utility industry. 

RESEARCH AND DEVELOPMENT SPECIFIC TO ENERGY 
A. Department of Energy (DOE) Placement in Federal R&D 

The Department of Defense (DoD) gets the largest allocation of US Federal R&D funds, 
followed by the National Institutes of Health (NIH) and then DOE (Table 6, Fig. 8).  A relatively 
small portion of the total federal R&D budget is allocated to energy-related research (National 
Science Board, 2010) and there are several significant characteristics that are important to O&G 
interests: 

• After DoD,  Health and Human Services (largely NIH) and NASA, DOE has the 
largest R&D budget in the federal government. 

• DOE invests more in basic and applied research than any federal agency other than 
NIH and NSF. 

• DOE invests more resources in FFRDCs than any other federal agency.  FFRDCs get 
66% of the DOE R&D budget and is partially explained by the need for specialized 
equipment and facilities that are only available at DOE labs and FFRDCs. 

DOE is a major player in technology transfer activities such as those noted above. 

B. DOE Core R&D Programs 

The National Energy Technology Laboratory (NETL), which is part of DOE’s national 
laboratory system, supports DOE’s mission to advance the national, economic, and energy 
security of the United States (NETL, 2011).  NETL implements a broad spectrum of energy and 
environmental R&D programs that emphasize domestic coal, natural gas, and oil to economically 
power our Nation’s homes, industries, businesses, and transportation while protecting our 
environment and enhancing our energy independence. 
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Table 6. US Federal government R&D expenditures among agencies (National 
Science Board, 2010). 
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Figure 8.  Proportions and trends of US Federal R&D expenditures by agency 
(National Science Board, 2010). 
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NETL has expertise in coal, natural gas, and oil technologies, contract and project management, 
analysis of energy systems, and international energy issues.  

In addition to research conducted onsite, NETL’s project portfolio includes R&D conducted 
through partnerships, cooperative research and development agreements, financial assistance, 
and contractual arrangements with universities and the private sector. Together, those efforts 
focus a wealth of scientific and engineering talent on creating commercially viable solutions to 
national energy and environmental problems 

NETL is a major component in the US energy research picture.  It is the only DOE national lab 
dedicated to fossil energy and its research encompasses fundamental science through technology 
demonstrations.  As such, it is a strategic center for research in natural gas and oil.  It has a long 
history of successes that include:  

• Development of electromagnetic telemetry (the need for non-wireline, non-mud-based 
communication in air-filled, horizontal or high-angle wellbores; problems with drill-pipe-
conveyed and hybrid-wireline alternatives).   

• Development of wired drill pipe (addressed a need for high data rate communications 
allowing high-resolution downhole drilling information to inform decisions in real time). 

• Development of fracture mapping (absence of a method for measuring the length and 
orientation of a propped hydraulic fracture). 

• Focus on activities carried out in collaboration with commercial enterprises and resulted 
in commercial applications. 

DOE disclosed, applied for and received more patents than any other federal agency.  It executed 
more invention and intellectual property licenses than any other federal agency.  While it is a 
major participant in CRADAs, it is involved in significantly fewer than DoD and the Department 
of Commerce. 

C. DOE Special Initiatives 

Initiatives taken by DOE build upon the role of the federal government in basic research, the 
need for collaboration and the need to facilitate movement of relevant research from the 
laboratory to practical use.  DOE’s efforts are illustrated by three initiatives with unique 
characteristics and roles of each of the three new energy R&D modalities: 

1. Energy Innovation Hubs will each comprise a large set of investigators spanning science, 
engineering, and policy disciplines focused on a single, critical national need identified 
by the DOE.  Top talent drawn from the full spectrum of R&D performers -universities, 
private industry, non-profits, and government laboratories - will drive each Hub to 
become a world-leading R&D center in its topical area.  Each Hub's management 
structure must allow empowered scientist-managers to execute quick decisions to shape 
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the course of research.  With robust links to industry, the highly integrated Hubs will 
bridge the gap between basic scientific breakthroughs and industrial commercialization.  
Initial awards will be openly competed among R&D performers and are for $22 million 
in the first year and $25 million in years two through five, for a maximum of $122 
million over the five-year term, subject to Congressional appropriations.  

2. Energy Frontier Research Centers advance fundamental science relevant to real-world 
energy systems.  Each focuses on the long-term basic research needed to overcome 
roadblocks to revolutionary energy technologies in a particular area.  They are mostly 
multi-institutional centers composed of a self-assembled group of investigators, often 
spanning several science and engineering disciplines.  This research is both "grand 
challenge" and "use inspired" fundamental science motivated by the need to solve a 
specific problem, such as energy storage, photoconversion, CO2 sequestration, etc.  The 
choice of topics was at the discretion of the applicants in response to a funding 
opportunity announcement (FOA) that solicited broadly across grand challenge and use 
inspired science.  The funding range is $2-5 million per year per project.  

3. ARPA-E supports research that is of potentially very high commercial impact but is 
deemed too risky for industrial investments. ARPA-E follows the Defense Advanced 
Research Projects Agency (DARPA) highly entrepreneurial approach to mission-oriented 
R&D by funding scientists and technologists (sometimes by forging and nurturing 
partnerships of its own design) to accelerate an immature energy technology with 
exceptional potential beyond the risk barriers that prevent its translation from the bench 
to the marketplace. ARPA-E will not fund discovery science nor will it support 
incremental improvements to current technologies.  Its federal program managers take a 
"hands on" approach to managing the activities of R&D performers.  The funding range 
per project may be as low as $500,000 or as high as $10 million.  Projects will be selected 
on their potential to make rapid progress towards commercialization and will not be 
extended without demonstrable progress in a 2-3 year timeframe.  

Table 7 provides additional comparisons and contrasts. 
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Table 7.  Characteristics and roles of each of the three new energy DOE R&D modalities 

 

Attribute Energy Innovation Hubs Energy Frontier 
Research Centers ARPA-E Projects 

Investigators 
and their 
institutions 

Large set of investigators spanning 
multiple science and engineering 
disciplines and possibly including other 
non-science areas such as energy 
policy, economics, and market 
analysis.  May be led by Labs or 
universities, nonprofit organizations or 
private firms.  The model is the three 
existing Office of Science Bio-energy 
Research Centers.  

Self-assembled group of 
~12-20 senior investigators.  
May be led by DOE 
laboratories or universities.  
About two thirds of 46 
EFRCs are led by 
universities. 

Single investigator, small 
group, or small teams. 

Central vs. 
distributed  
locations 

Lead institution must provide a central 
location and strong scientific leadership. 
There must be a culture of empowered 
central research management. 

Mostly multi-institutional 
centers, but with a clearly 
defined lead institution 
responsible for 
management. 

Variable depending on 
project. 

Diversity of 
disciplines per 
award 

Many Several Few 

Period of 
award and 
management 

5 years. Managed by Offices across 
DOE. A Board of Advisors consisting of 
senior leadership will coordinate across 
DOE.  

5 years. Managed by the 
Basic Energy Sciences 
program in the DOE Office 
of Science. 

1-3 years. Managed by 
ARPA-E, which reports to 
the Secretary of Energy. 

Award 
Amount  

~$22 million in the first year with up to 
$10 million for infrastructure start-up; 
~$25 million per year in subsequent 
years. 

$ 2-5 million per year $ 0.5-10 million per year 

Core 
motivation  

Integrate from fundamental research 
through potential commercialization. 
The breadth and emphasis of activities 
will be influenced by the nature of the 
Hub. Some Hubs may place a greater 
emphasis on basic and applied 
research, while others may focus more 
on technology development. DOE 
determines the topical areas of the 
Hubs and FOAs are topic-specific. 

Fundamental research with 
a link to new energy 
technologies or technology 
roadblocks. The 
investigators proposed the 
subject matter from among a 
large set of scientific grand 
challenges and energy-
relevant topics identified in 
and the FOA.  

High-risk translational 
research driven by the 
potential for significant 
commercial impact in the 
near-term. In general, 
DOE determines the 
topics of interest, except 
for the initial FOA, which 
was broad-based. 

Using the Energy Innovation Hubs as an example, the Department of Energy planned to establish 
the following three Energy Innovation Hubs in FY 2010: 

• Fuels from Sunlight  

• Efficient Energy Building Systems Design  

• Modeling and Simulation for Nuclear Reactors (DOE, 2011b).  
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Each Hub research focus area was selected based on the following considerations:  

• The focus area represents a significant grand challenge where major advances are likely 
to have a material impact on energy production or usage, greenhouse gas emissions, and 
economic growth.  

• Although the scientific community may have addressed the focus area for decades 
through research at the individual-investigator or group level, a large-scale coordinated, 
multidisciplinary, systems-level approach is needed to accelerate the pace of discovery 
and innovation to realize efficiency, manufacturability, deployment, and utilization of 
new energy solutions.  

DOE established 46 Energy Frontier Research Centers (DOE, 2011a).  Those Centers involve 54 
academic institutions, 13 national laboratories, 5 independent research institutions and 1 business 
laboratory.  Most Centers involve 3-5 organizations.   Among those centers, only two appear to 
be dealing with issues closely related to O&G: 

• Center for Frontiers of Subsurface Energy Security, led by The University of Texas at 
Austin (CFSES, 2011). 

• Center for Catalytic Hydrocarbon Functionalization, led by The University of Virginia 
(CCHF, 2011).  

There are no Hubs currently focused on the transition from the current fossil-based environment 
mix to alternative platforms that have been suggested.   This omission leaves open the possibility 
that we will develop new platforms and have insufficient guidance regarding efficient and 
effective steps for getting there.    

D. External Policy Inputs 

The Energy Technology Innovation Policy Group in the Belfer Center of the Harvard Kennedy 
School analyzed US energy policies (Anadon et al., 2009).  Their work produced the following 
recommendations related to O&G developments and interests: 

1. Increase the Department of Energy (DOE) budget for energy research, development, and 
demonstration to $6,060 million in FY2010 (from $4,173 million in FR 2008).   

a. Of this amount, they recommend that $1,500 million be allocated to basic energy 
sciences and $1,700 million to fossil energy, with the remainder divided between 
electric transmission and distribution, energy efficiency, renewable energy, 
hydrogen, nuclear fission and nuclear fusion.   

b. The major portion of the fossil energy recommendation relates to carbon capture 
and storage (CCS). 

2. Develop, publish and implement a comprehensive US energy innovation strategy. 
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3. Strengthen DOE’s capacity to manage an expanded, integrated federal energy R&D and 
demonstration enterprise. 

4. Create mechanisms for managing both demonstration projects and high-risk, high 
potential R&D. 

5. Encourage expanded private-sector investment in energy innovation. 

6. Strengthen international cooperation in energy research. 

7. Target and better coordinate incentives for large-scale deployment of energy 
technologies. 

FINDINGS AND RECOMMENDATIONS 
A. Findings on the Current State of R&D for O&G Development 

Funding is not Well Aligned with the Critical Role of O&G among Balanced National Priorities. 
Federal funding for domestic energy-related research is low and there is a very small segment of 
the research funds directed towards oil and gas R&D.  The low level of O&G-targeted R&D is 
not consistent with the fact domestic natural gas is viewed as an essential element in yielding 
short-term environmental benefits while moving towards a more environmentally benign energy 
portfolio.  The majority of the funds dedicated to hydrocarbon-based energy R&D are focused on 
carbon capture and sequestration (CCS) rather than on minimizing the lifecycle footprint of 
O&G development. 

An R&D portfolio focused on innovatively moving from the current energy mix to a mix more 
environmentally benign is critical at this time.  The current project mix emphasizes renewable 
energy without adequate attention to a hydrocarbon-enabled transitional path to a renewable 
future. 

Projects currently funded in the energy arena do not generally give explicit consideration to the 
important role of technology developments in related disciplines.  Many of the current 
exploratory and development tools are the direct result of advances made in the computational 
sciences.  Current problems facing oil and gas development have the common social science 
issues, such as risk perception, analysis and management, training, and certifications. 

The majority of R&D that is relevant to O&G has been outsourced to private industry.  That 
approach shifts the funding to projects with short-term commercial payoffs and makes funding 
levels excessively dependant on commercial economic forecasts and company profits rather than 
long-term national strategic objectives.  R&D funds could be used to support the unique role of 
natural gas as a more environmentally benign available energy resource that is a strong 
complement to renewable energy resources.  The R&D necessary to continue to drive a smaller 
lifecycle footprint would be accelerated if conducted at a federal level rather than by a single 
company. Federal funding for R&D links well to responsible federal land management due to the 
amount of gas development that occurs on federal lands. 
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Consortia Have Become the Dominant and Most Beneficial R&D Performance Platforms.  Much 
of the current research taking place is done by a consortium of DOE, national labs, academic 
institutions and industry.  This is essential from a financial point of view, improves the quality of 
the research, and accelerates transfer of research results into practical implementation.  It is 
essential that this mix of implementers and the role played by the consortia be encouraged and 
managed.  Technology transfer must be an important part of any research considerations.  There 
is strong evidence that public-private consortia have benefits extending beyond a specific 
research area and stimulate economic growth in the areas surrounding the research labs (feeder 
companies and spin-offs and housing for partner organizations).   

Communication of R&D Progress on Energy Topics Remains Ineffective.  Much of the 
communication regarding energy-related research is taking place in a fragmented manner, for 
example at conferences, academic publications, professional publications, and industry or 
academic meetings.  That fragmentation makes it difficult to identify and harness diverse sets of 
experts and research results.  There is no central depository or index to research taking place in 
or being funded by the federal government.  

Cross-Over of Other Technology into O&G is Under-Appreciated.  Many advances have their 
origins in disciplines other than energy, per se.  As an example, many of the current O&G 
practices would not be possible in the absence of advances that are more commonly thought of as 
the computational sciences, e.g., data management, pattern recognition, visualization and 
simulation.  To date, there has been little explicit focus on research potential provided by new 
social media, web-based video and webinars. 

Effectiveness of Training in O&G Technology Deployment is not Well Documented.  It is 
difficult to determine the magnitude of training effort that takes place within the O&G industry.   
Most training takes place within companies, in professional divisions of universities, from 
private training companies, or on an ad hoc basis within conferences.  Data are lacking for the 
overall O&G training effort (expenditures, man-hours), methods of delivery, or locations.  It 
must be assumed that where the data exist, they are company-specific and maintained within 
individual company records. 

It is difficult to determine whether the training that takes place focuses on needed areas, is 
timely, and is delivered adequately.  There is no clearing house within which there might be a 
catalog of courses and delivery methods. 

It is not possible to formulate any judgments regarding the skill levels of trainees. Data are 
lacking for evaluations of the training taking place.  It must be assumed that at least some 
deliverers have evaluations at the ends of the courses.  Those evaluation tools are not themselves 
evaluated, nor is there any record of trainee performance during a course. 
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B. Recommendations for Alternative R&D Approaches 

The following is an alternative approach to funding R&D: 

1. Federal funding of energy R&D could be increased for projects that are not subject to 
short-term economic and political cycles. 

2. Federal funding of natural gas R&D related to minimizing the lifecycle footprint could be 
increased to recognize the key role of natural gas as a bridge fuel to a more renewable-
energy-based society.   

Funding commitments longer than 5 years (a current federal milestone), and with effective 
immunity from sentiment linked to seasonal or annual cycles of commodity behavior (a common 
public and political reaction), likely are necessary to solve the more difficult technology 
problems that have the longer-term benefits.  For example, year-to-year volatility in oil and 
gasoline prices, should not be the standard by which O&G-related R&D is commenced or 
canceled.  A long-term vision must prevail for accomplishing energy security and lifecycle 
reduction. 

Natural gas is generally recognized as an important bridge in moving towards other fuel sources.  
Movement in that direction requires careful balancing of the potentials provided by new 
resources such as shale and deep gas, technologies such as hydraulic fracturing, environmental 
and regulatory concerns.  No single company can justify undertaking all aspects of the necessary 
research.  Security would be improved by decreasing the need for LNG imports.  And finally, the 
federal government owns a lot of the resource and would be a major beneficiary of funds coming 
from its safe production.  

DOE R&D initiatives should be revised to include more O&G involvement as follows: 

• Continue to support ARPA-E with focus on high-risk and high-but assure that the ARPA-
E includes research that addresses natural gas capabilities as a bridge to a renewable 
energy future. 

• Establish an Energy Frontier Research Center or Hub (Hub) that is focused on low-
environmental-impact O&G exploration, processing and use.  Establishing a Hub will 
attract related labs, academic-research organizations and industry and will provide a 
critical mass of resources with considerable benefits from related fields, the economy and 
states.  The combination of benefits should create the potential for utilizing diverse 
funding sources and for shifting on-going support to other organizations. 

• Initiate a demonstration project to focus on mixed-source electric generation (coal, oil, 
natural gas, solar, wind, and nuclear) electric generation.  The proposed project will 
identify issues, technologies and strategies for building upon both existing approaches 
and those being developed to move closer towards a low lifecycle environmental 
footprint energy portfolio.  
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• Identify, evaluate, communicate and present mitigation of risks associated with the use of 
energy alternatives.  That holistic risk dialog can be accomplished with collaboration of 
energy researchers, environmental scientists, industry representatives, insurance risk 
experts, and representation of state and local governments.    

Consortia and partnerships can be usefully improved by growing links between public-private 
research organizations working on energy innovations, research, and development.  Particular 
emphasis could be placed on management and oversight, assuring consistency with a national 
energy strategy, assuring consistency within and between organizations, and providing 
guidelines addressing when public-private partnerships are the most effective form of 
relationship (as opposed, for example, to “work for hire” contracts). 

A formal infrastructure should be created to facilitate communication between organizations and 
projects involved in O&G-oriented R&D.  That relatively inexpensive effort could greatly 
enhance sourcing of assistance and sharing efforts, experiences and results.  It has the potential 
to provide process-related research data, reduce duplication, facilitate technology transfer, and 
aid policy formulation and management.  Most significantly, the technical tools already exist, 
e.g., the Internet, database management, data mining, social networks.  The private sector 
organizations can take full responsibility for infrastructure development and management. 

The federal government could organize an annual Energy Research Summit, which brings 
together leading researchers working in fields including but not limited to energy and in 
environmental, computer and social sciences.  The annual WWW Conference is one example of 
such an effort although in a very different discipline. 

Incorporate research and use of new media, behavioral sciences and organization behavior into 
research projects, thus adding efficiency to the research process and facilitating successful 
implementation of results 

The federal government should make meaningful participation in setting standards for training in 
the industry. There should be an immediate effort to set standards for training in the O&G field.  
(The focus here is intentionally on ‘standards’ rather than specifics.  Individual companies and 
circumstances may mandate different approaches and/or delivery systems.  Nevertheless, the 
seriousness of O&G activities and public attention mandate that steps are taken to provide added 
assurance that the activities are carried out satisfactorily.)  This effort should address content, 
trainee performance levels, along with company processes to monitor the level of the training 
effort. 

 

.  
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