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Abstract--This paper is motivated by a need to move research
into application, specifically in the utility industry. There are
many challenges facing the industry: an aging infrastructure, a
growing population, and aggressive energy efficiency targets are
just a few examples. Many technologies exist or are in
development but the rate at which they are being adopted is
slow. Despite a clear need to apply research results to the utility
industry, a cursory review of how research proposals are
evaluated within the utility industry confirms that technology
transfer is only peripherally addressed. In addition, there is no
mechanism to quantitatively assess the technology transfer
potential of a research proposal. The goal of this paper is to
develop an assessment model that can be used to identify the
technology transfer potential of a research proposal. By doing
so, an organization can select the proposals whose research
outcomes are more likely to move into application.

I. INTRODUCTION

While there are voluminous amounts of information about
technology transfer and attributes of successful technology
transfer, there is a lack of information about Aow technology
transfer is done, specifically in the utility industry. In other
words, what success attributes are important to facilitate
technology transfer (TT)? These statements are supported
when reviewing the evaluation criteria of organizations that
fund technology proposals.

The paper is motivated by the significant changes in the
utility industry and the need to transfer technology to solve
pertinent problems. The 2009 Recovery Act has enabled a
significant investment in energy related R&D — to date in
excess of $11B has been spent on energy related
technologies, specifically demand response and energy
efficiency. While the bulk of these investments have been
focused on renewable integration, the resulting research
would have an impact on the entire transmission system.
There are important considerations about system stability,
data availability and integrity, and system reliability as a
result of the need to integrate renewable energy. Yet, despite
substantial investments and the subsequent availability of
technologies, researchers suggest that there will be a lag in
implementing these technologies.

II. BACKGROUND

One assumed outcome of research is that it will be applied
to solve a problem. In other words that the technology will
be applied to address the problem. When should the
technology transfer activities start? Literature suggests that
technology transfer should not start once the research is
finished. Rather, it is an integral part of the research and

development process. The following literature review infers
that TT should be considered as part of the research proposal
evaluation process. Prior literature has been reviewed in
prior recent publications [1,2]

In Mead and Presley’s research [3] they connect the need
to innovate and stay competitive to research that addresses an
organization’s strategic objectives. As such, they developed
a model to select a research portfolio. The evaluation criteria
include elements that consider the end-state of the research,
in other words, the technology transfer. For example, the
probability of market success, market size, existence of a
project champion, and availability and competence of
resources were assessed [3]. While technology transfer was
not explicitly mentioned, consideration is given to the
potential of project success and application or technology
transfer.

Hsu, et al [4], explicitly mention technology transfer as
part of their research project selection model. Their selection

criteria considers the “...success rate of
commercialization...the probability of the success in
technology  transfer, product  development, and

commercialization...”. The authors also state that their
methodology will help to develop better projects and hence
improve the likelihood of commercialization and technology
transfer.

Technology transfer is not a new concept. The
considerable amount of literature agrees that defining
technology transfer is difficult due to the complexity of the
technology transfer process. The definitions vary depending
on the organization, technology type, and technology
maturity, among other factors.

The term technology transfer can be defined as the
process of movement of technology from one entity to
another. The transfer may be said to be successful if the
receiving entity, the transferee, can effectively utilize the
technology transferred and eventually assimilate it. The
movement may involve physical assets, know-how, and
technical knowledge. Technology transfer in some situations
may be confined to relocating and exchanging of personnel or
the movement of a specific set of capabilities. [5]

Technology transfer has also been used to refer to
movements of technology from the laboratory to industry,
developed to developing countries, or from one application to
another domain [5].

The National Technology Transfer Center (NTTC)
focuses on the players involved in federal technology transfer
“...the purpose of a federal technology transfer program is to
make federally generated scientific and technological
developments accessible to private industry and state and
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local governments.” The expectation is that the technology
will be further developed once transferred and “...enhance
our nation's industrial competitiveness or otherwise improve
our quality of life.” [6] A similar definition of federal
research and technology transfer includes the reference to the
serving public and private needs, “...technology transfer is
the process by which existing knowledge, facilities or
capabilities developed under federal research and
development funding are utilized to fulfill public and private
needs”. [7] Further supporting the theme of providing
efficiencies, the Transportation Research Board defines
technology transfer as doing things better, “...technology
transfer is the process by which research and other new
technologies are transferred into useful process, products, and
programs. Another way of saying the same thing is:
technology transfer is the process by which a better way of
doing something is put into use as quickly as possible.” [8]
At a very basic level technology transfer has been defined as
simply, “...technology transfer addresses the assessment,
adoption and implementation of technology” [7]

The definitions of technology transfer are as disparate as
the organizations that apply them. Technology transfer
includes knowledge transfer, enabling people or countries to
be ready to accept new technologies — preparations, and
involves many stakeholders to include national labs,
government agencies, private industries, technical and
management level personnel, as well as developing countries.
As a result of the literature review it can be inferred that the
definition of technology transfer is dependent on the context

and the technology.
Frank Geels describes the multi-criteria aspects of
technology transfer process, relative to sustainability

transitions. In general, he emphasizes that, “...technological
transitions no only involve the technology...but also changes
in elements such as user practices, regulation, industrial
networks, infrastructure....”. [10] and “...technical
trajectories are not only influenced by engineers, but also by
users, policy makers, societal groups, suppliers, ...” [11] In
this context, Geels refers to the technology transfer process as
a relationship and describes the interaction of different
perspectives as the “...dynamics of structural change...”. [10]
Geels identifies the unique levels of interaction: landscape
developments, socio-technical regimes, and technological
niches. Technology transitions occur when there is an
interaction between the different levels. The interaction
results from a need in the landscape created by the socio-
technical regime in the form of understanding user
preferences, policy drivers, culture, etc. In anticipation, the
niche has technology developments ready to respond to the
landscape need — a window of opportunity is opened and the
technology is transitioned. In other words, transition occurs
when all three levels are synchronized and reinforce each
other. A definition of each level is provided:
- Socio-technical landscape: impacted by external inputs;
change happens slowly, typically over a period of

decades.  Relative to this research, the technology
recipient can be seen as the landscape.

- Socio-technical regime: Influences the landscape through
identification of market/user preferences, culture, and
policy implementation

- Niche — Innovations: research and development of new
technologies occurs in this space.

A verbatim explanation from Frank Geels puts context
around the relationship: [12] “...(a) niche-innovations build
up internal momentum, through learning processes,
price/performance improvements, and support from powerful
groups, (b) changes at the landscape level create pressure on
the regime and (c) destabilization of the regime creates a
window of opportunity for niche-innovations. The alignment
of these processes enables the breakthrough of
these...technologies...”. The different levels are similarly
described in several of Geels’ research [10, 11, 12, 13, 14].

Geels’ explains issues with sustainable technology
transitions. These include not offering obvious benefits for
the end-user, comfort level with incumbent technologies
which requires a strategic over-haul of those who support
existing technologies, existing infrastructures, and user
practices that are aligned with the existing technology. [10]
In this proposal, a utility is seen as the incumbent.

Sharma’s dissertation [16] describes the technology
transfer process through time and also clearly shows building
a relationship as a prominent theme to successful technology
transfer:

The relationship theme is also prominent in the work of
Franza, R.M., and K.P. Grant. “Improving Federal to Private
Sector ~ Technology  Transfer,” Research-Technology
Management 49, no. 3 (2006): 36—40 [17]. The attributes they
identify as necessary for technology transfer demonstrate that
a relationship is important. Franza and Grant highlight the
“difference makers” — those attributes which are essential for
successful technology transfer.

For the purposes of this research the relationship
definition of technology transfer will be understood as
transfer of a technology or application from a research
partner (e.g. national lab, industry partner, university, or an
internal researcher) to a utility. Analogous to Geels research,
the research partner can be seen as developing the niche
innovations and the research drivers (renewable integration,
meeting energy efficiency targets, etc.) and utilities are
represented by the socio-technical landscape. The objective
is for these technologies to help a utility address the
challenges of an aging infrastructure, meeting energy
efficiency targets, integrating renewable resources, or
accommodating load growth.

III. METHODOLOGY
This research uses an analytical approach to develop a

decision model that calculates a technology transfer score for
assessing research proposals. Experts are invited to provide

2847



2016 Proceedings of PICMET '16: Technology Management for Social Innovation

judgmental data to determine the relative relationships among
the decision elements at various levels of the model. The
initial part of the research includes one on one meetings with
the experts to identify critical issues and define the criteria.
Following pair-wise comparison instruments are developed
based on the results provided by the experts in the interviews.
The hierarchical decision model (HDM) method is used to
quantify experts’ judgmental data on the issues. The HDM
provides a systematic approach to determine priorities for
alternatives based on the experts’ judgments. A hierarchy
structure is constructed to represent a decision problem.
HDM utilizes pair-wise comparisons to determine priorities
for the alternatives or criteria based on the experts’ opinions.
The appropriate alternatives are decided based on the
quantitative solution to these rankings. HDM is used because
of its many benefits: 1) HDM allows for the measurement of
both objective and subjective factors; 2) Consistency
measures are easily derived to evaluate the quality of the
judgment; and 3) HDM enables group judgment to arrive at a
unique decision that can represent the opinions of all
participants. [9]

IV. MODEL BUILDING

Assuming the ultimate goal of research is to apply results,
it is important to understand how the transfer occurs most
effectively. The objective of this research is to develop a
decision model that calculates a technology transfer score for
assessing research proposals.

Initially the research was organized using Linstone’s
technical, organizational, and personnel perspectives, with
success attributes assigned to each perspective. When the
structure was considered further using a preliminary content

validation, it was apparent that different perspectives were
required to describe the interaction necessary for successful
technology transfer. The revised perspectives, a definition,
and corresponding literature citations are provided.

A. Organizational Strategies:

This perspective refers to the strategies developed
between the research organization and the technology
recipient.  Strategies consider how similar the research
partners are, in terms of organizational structure, their
location, and how many stakeholders are involved in the
technology transfer transaction. For the purposes of this
proposal the research organizations include 5 likely partners:
Universities, Collaborative Partnerships (EPRI, CEATI, etc.),
National Labs (LBNL, PNNL, etc.), Industry Partners (Intel,
IBM, etc.), and other utilities (So Cal Edison, Consolidated
Edison, etc.); the general research consensus is that a
“transfer culture” is necessary for effective TT [17].

A summary of the organizational strategies that have been
identified as necessary for successful technology transfer are
characterized in table 1.

B. Technology Elements.

This perspective considers actions related to the
technology as important for successful technology transfer.
Actions include the researcher’s previous cooperative
experience and ability to demonstrate the technology,
understanding of the recipient’s technology needs, and the
existence of and ability of the Technology Transfer Office to
be effective at marketing the technology.

A summary of success attributes grouped under the
perspective of technology elements is provided in Table 2.

TABLE 1: ORGANIZATIONAL STRATEGIES

Success Attributes Attribute Descriptors

Organizational
Strategies

Organizational Homogeneity

Bureaucracy
Budget flexibility

Geographic proximity

Propensity for Risk

Technical Complexity

. Strategic alignment

e  High degree of institutionalization

. Similar industries and composition of
personnel

. Similar size of firms

. Similar motivations for doing research

. Similar expectations for success

(17, 20, 21, 22, 25 ,26, 29)

. Level of detail in contracts (22, 23, 26)
e  Budget flexibility (17, 20, 21, 22)

. Geographic proximity facilitates TT (17, 22,
29,31, 32)

. Propensity for risk (24)
. High complexity: Multiple stakeholders,

across regions Low complexity: single users,
isolated to a business line (25, 28, 29)

2848



2016 Proceedings of PICMET '16: Technology Management for Social Innovation

TABLE 2: TECHNOLOGY ELEMENTS

Success Attributes Attribute Descriptors

Technology Cooperative Experience

Elements
Understanding the recipient
Educate/Demonstrate Technology

Dedicated TTO

TTO Staffed with Marketing Experience

C. Social Strategies:

The emphasis on social strategies is how to develop and
maintain a relationship between the researchers and recipients
such that technology transfer is more likely to occur. This
perspective and associated success attributes identify the
necessary activities to facilitate a successful technology
transfer. The general consensus among the research was that
a “transfer culture” is necessary for effective technology
transfer [49].

Social strategy attributes that literature identified as
necessary for successful technology transfer are include in
Table 3.

e Previous cooperative experience (25, 31)

o Understand perceptions of adopters (16, 21, 35)
o Educate/Demonstrate technology (21, 25, 29, 33)
e Dedicated TTOs (17)

o Staffed with marketing experience (34)

D. Market Readiness:

This perspective assesses the market’s readiness to accept
the new technology — has a market-pull be sufficiently
created such that it (the market) has a need established and
assessed for the technology? The success attributes that
support this perspective include: a business plan has been
created, financial feasibility has been confirmed, common
standards exist, there is an appropriate level of support from
management, and government incentives exist to make the
technology more appealing to use or be adopted on a larger
scale. Table 4 summarizes the technology transfer success
attributes that are characterized under the market readiness
perspective.

TABLE 3: SOCIAL STRATEGIES

Success Attributes Attribute Descriptors

Social Strategies Creating an Atmosphere of

e Strong and frequent communication (17, 25, 29, 30, 31, 32)

Trust

Cultural Awareness e Cultural awareness (25, 29, 31, 32)

Personnel Involved in TT e TT recipients involved in the R&D phase / Inventors involved in TT (20, 36)
Manpower Flexibility e Manpower flexibility; favorable leave policies (21, 24)

Rewards System in Place e Rewards system in place (17, 25, 29, 30, 31)

TABLE 4: MARKET READINESS

Success Attributes Attribute Descriptors

Market Readiness

Business Plan Exists o Clearly defined need is created (17, 21)

e Recipient domain has business plan for commercialization; Diffusion
process needs to be induced (17, 21)

Government Incentives e Technology incentives available for recipient (21)

Financial Feasibility o Financial feasibility assessed (16)

Organizational Champion for o Strong organizational champion for the technology (21,22 37)

Technology

Technology Transfer Initiated e Technology transfer initiated by top management (22)

by Top Management

Common standards and codes o Favorable regulatory factors; governments can and did influence the choice

exist and are supported

of a single standard (by either a large single country or region) dramatically

and instantaneously increased the forecast for the technology, thus causing
other countries to also adopt the standard. (9, 21)
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These perspectives are the basis for presenting a
conceptual framework for the interactive, complex
relationship that is necessary for successful technology
transfer. The relationship includes organizational strategies
which describe characteristics of the actors involved in
technology transfer; technology transfer actors are described
in the success attribute taxonomy in section 6.2. Technology
elements are related to the attributes of the technology being
transferred, while social strategies consider attributes related
to the personnel policies and actions. Finally, market
readiness includes those attributes that prepare and facilitate
the technology recipient organizations. This framework and
subsequent technology transfer score will help an
organization close the gap between technologies just being
available to their actual adoption and delivery of expected
results.

Much the same way Geels and Sharma describe an
interaction between levels to capture the technology transfer

relationship, the proposed conceptual model describes a
similar relationship. However, this research goes a step
further to specify the success attributes associated with
technology transfer, using a multi-perspective view. In total
the literature review identified 59 success attributes, across
the four perspectives, which contribute to successful
technology transfer; in some cases the success attributes were
grouped based on similar concepts, resulting in 22 as shown
in Figure 1.

V. RESULTS

Table 5 shows the final model developed through the
expert interviews. The weight for perspectives and attributes
were calculated through pairwise comparisons by the experts.

The results indicate that Market Readiness is the most
important factor when it comes to technology transfer.

— Development of a Technology Transfer Score for
Level 1 Mission, Stated for a )
Specific Technology Evaluation of Demand Response Research
Proposals
Level 2
Success
Attribute [
Perspectes
Organizational Technolo . . .
& . Y social Strategies Market Readiness
Strategies Elements
Budget . Cooperative ~ | | Cufturs . oC Business Flan "
Fisibity D p S —— DC AWaTENEss - Existe o
Lewel 3 Success
Attribute s=ographic Educate/Demo Personne o Crganizationa
Descriptions M prosims oo [ oC 7| IntegraltcTT | champion oc
and Desirability N il Technoiozy i
Curves P— Creating an
| Organizationa - e - || atmosphere of | | TopMezmt
Homogensity b [ Dediest=d TTO b T.l.JL_“ bc Initiated Xfr bt
Government
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Figure 1: Proposed Technology Transfer Score Model
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TABLE 5 FINAL MODEL ELEMENTS AND VALUES

Success Attributes Success Attribute
Perspectives Value LV L
Attribute Local Value Contribution to TT
Score
Budget Flexibility 0.18 0.032
L. Geographic Proximity 0.14 0.025
Orgg_l:f:til::al 0.18 Bureaucracy 0.17 0.031
g Risk Propensity 0.27 0.049
Technical & Stakeholder Complexity 0.25 0.045
Cultural Awareness 0.12 0.024
Personnel Integral to TT 0.27 0.054
Social Strategies 0.20 Create an Atmosphere of Trust 0.28 0.056
Manpower Flexibility 0.16 0.032
Rewards System in Place 0.16 0.032
Cooperative Experience 0.18 0.041
Education/Demonstration About the 022 0051
Technology 023 Te.chnology
Elements ’ Dedicated TTO 0.17 0.039
Understanding the Recipient 0.32 0.074
Marketing Experience 0.10 0.023
Business Plan Exists 0.19 0.074
Organizational Champion 0.16 0.062
. Top Management Initiated TT 0.21 0.082
W ELLCAIE DG 122 Government Incentives Exist 0.09 0.035
Common Technology Standards 0.15 0.059
Financial Feasibility 0.20 0.078
Total 1.0 1.0
VI CONCLUSIONS /8]  “What is Technology Transfer?” Available Online:

This paper described a hierarchical decision model to
assess research proposals for their potential of technology
transfer. As identified in literature and reinforced with
practical examples, this model fills a gap of quantitatively
assessing technology transfer potential during the research
and development phase. The model identifies and quantifies
the relative value of technology transfer success attributes
and provides a tool that can be used during the research
proposal selection process. This tool would be used a
supplement to other evaluation criteria.
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