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Abstract--Smart grid is a promising class of new technologies
offering many potential benefits for electric utility systems,
including possibilities for smart appliances which can
communicate with power systems and help to better match
supply and demand. Additional services include the ability to
better integrate growing supplies of renewable energy and
perform a variety of value-added services on the grid. However,
a number of challenges exist in order to achieving these benefits.
Many utility systems have substantial regulatory structures that
make business processes and technology innovation
substantially different than in other industries. Due to complex
histories regarding regulatory and deregulatory efforts, and due
to what some economists consider natural monopoly
characteristics in the industry, such regulatory structures are
unlikely to change in the immediate future. Therefore,
innovation within these industries, including the development of
smart grid, will require an understanding of such regulatory
and policy frameworks, development of appropriate business
models, and adaptation of technologies to fit these emerging
requirements. Technology Roadmapping may be a useful
method of planning this type of future development within the
smart grid sector, but such technology roadmaps would require
a high level of integrated thinking regarding technology,
business, and regulatory and policy considerations. This
research provides an initial examination of the process for
creating such a type of integrated technology roadmapping and
assessment process. This research proposes to build upon
previous research in the Pacific Northwest and create a more
robust technology planning process that will allow key variables
to be tested and different pathways to be explored.

I. INTRODUCTION

A. Problem to be Investigated

Power grid modernization offers the opportunity to
implement technologies with new capabilities that may have
been difficult or impossible in the past. From remotely
operated energy management system, self-monitoring and
self-healing systems, to smart electric vehicles, smart grid can
open a myriad of new opportunities for businesses,
consumers, and decision makers [1]. Therefore, it is critical
to examine how smart grid is likely to develop in the future,
what its effects may be, and to create a detailed roadmap
showing how this vision might occur.

The next section will describe the need for development
of roadmaps to guide the deployment of smart grid
technologies, including current efforts in Oregon and the US
Pacific Northwest. This field is very broad, so only a limited
number of technologies and the capabilities they provide will

be described, with an emphasis on technologies that are
currently being introduced and seen as important in the
region. A more detailed analysis of such technologies,
roadmapping, and technology adoption issues has been
provided in previous literature [2-6]. In particular, this
research will focus on how smart grid technologies can be
used to meet key regional goals, such as enabling the
integration of renewable energy, which according to recently
enacted legislation, must now provide 25% of the energy mix
in Oregon by 2025 [7, 8].

1) Research Problem Description

The topics discussed in the previous section raise a
number of issues that are important to explore both in the
industry practitioner literature and the academic research
literature.  Specific research objectives, goals, gaps, and
questions are defined in section 2.3.4. However, in general
terms, the goal of this paper is to deal with how a tool like
technology roadmapping can be extended to include policy
elements, business / service model elements, and technology-
product needs elements. The research further raises the
question of the interaction between technology push versus
market pull. It then extends these concepts by considering
how they might be affected by regulatory and policy push-
pull dynamics and the effect this may have on business model
development.

II. TECHNOLOGY ROADMAPPING FOR BUSINESS &
REGULATORY INTEGRATION

A. The Case of Smart Grid & Vehicle-to-Grid Charging

Technologies

This section presents a summary of the needs and
challenges for constructing a technology roadmap that
integrates business, market, regulatory and policy factors to
provide a more complete understanding of how emerging
technologies can be developed in ways that fit with regulated
utility industry structures, energy policy goals, and effective
business models. For the case of smart vehicle-to-grid
technologies, it is important to be able to tailor this process to
the development needs of Oregon and the Pacific Northwest.
Each of the methods presented in the research schema will be
explained and discussed later in this chapter. First, however,
a brief review of specific literature relevant here is presented,
along with a justification of why these methods should be
used.
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B. Justification of Methodologies

What methods are needed to study the development of the
emerging vehicle-to-grid smart charging industry and
understanding the various business and market needs,
regulatory and policy requirements, and technology
development gaps that must be filled in order to achieve the
multiple benefits offered by such technology? To fully
answer this, an analysis is required for the entire industry
ecosystem, its stakeholders, and value chain. However,
Smart Grid, Electric Vehicles, and vehicle charging
technologies are still in an emerging state. Likewise, relevant
industry structures, regulatory structures, and policy
structures are at a nascent stage as well. Previous sections
have provided additional details regarding each of these
areas. However, a clear and comprehensive set of methods is
required to study this problem in detail. Therefore, a key
goal of this research will be to propose, explain, and
implement a set of methodologies that is appropriate for
improving understanding in this area. Additional
explanations and references to relevant literature will be
provided in the next section, which summarizes the
methodological needs.

Why are TRM and related methods useful for studying
V2G? Industries and sub-industries are already beginning to
coalesce around Smart Grid, Electric Vehicles, and vehicle
charging technologies. However, many such efforts lack
clear guidance and standards regarding development even
within particular sub-industries, much less coordinated
planning among related industry clusters and value chains.
Technology roadmapping can help provide a vision of where
trends are headed.

In situations where clear business opportunities already
exist, a technology roadmap makes it easier to identify and
understand the nature of such opportunities. However, in
many cases, opportunities and strategies for capturing them
are just being identified. In some cases, business models
have not yet been developed to accommodate evolving
regulatory and policy structures. However, as industry and
trade associations develop for smart grid, the need is growing
to help a wide range of potential Smart Grid users understand
how such new grid infrastructures could benefit specific
industries or sub-industries.

Business Concept Development is therefore an important
initial step.  This provides a way of understanding
stakeholder needs, values, and drivers based on regional
integrated resource planning goals, policy needs, customer
preferences, and opportunities that can be filled by bridging
technology gaps. The next critical step is an industry analysis
that makes use of tools like Porter’s Five Forces to
understand the viability of particular business concepts with
an industry. However, this tool needs to be modified to focus

particular attention on the effect of barriers that exist within
regulated industries, such as utilities, which generally have
evolved as natural monopolies. While regulated monopoly
structures in many cases are unlikely to change for such
industries, it is important to understand how changes in
technology, policy, and limited market restructuring can
create new opportunities. Therefore, the goal of this phase of
industry analysis is to understand what factors can mitigate
existing barriers and how appropriate business targets can be
designed and used to create technology roadmaps. The next
phase is then the actual technology roadmap construction,
including prioritization of key technology gaps, as well as
barriers and mitigators. Finally, an outcome analysis is used
to summarize the main paths to desired outcomes and what
factor dependencies exist in order to achieve these outcomes.

The types of methods presented in this section are needed
in order to deal with the unique nature of smart grid
technology and product development for regulated regional
utility systems in general and for electric vehicle smart
charging systems in particular. Many problems cannot be
solved at just a local or state level, but must instead be solved
at higher levels, such as through the coordinated development
of regional power system planning, policies, and
technologies. ~ Smart Grid and Electric Vehicle Smart
Charging applications are new, and the characteristics of such
systems are not well understood yet. Multiple perspectives
are needed to understand how regulatory and policy issues, as
well as market characteristics, can lead to the creation of new
business models that are appropriate for the rapidly evolving
smart grid technologies that are now emerging.

C. Summary of Methodological Needs

Literature from several key literature streams is reviewed
below. The goal in the following sections is to synthesize the
lessons learned from reviewing these literature streams and to
determine if additional elements are required to develop a
comprehensive methodology for achieving the goal given in
the title of this research: Technology Planning for Emerging
Business Model, Policy & Regulatory Integration - The Case
of Smart Electric Vehicle Charging in Regional Ultilities
Systems. To achieve this, gaps are identified in three main
literature areas: Technology Roadmapping, Smart Grid &
Electric Vehicles, and Integrated Resource Planning. More
detail about each of these areas is provided in the sections
below.
1) Methodological Needs:

Literature

The first key area analyzed was the Technology
Roadmapping literature. The following research gaps are
summarized on the table below.

Technology Roadmapping
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TABLE 1 TECHNOLOGY ROADMAPPING LITERATURE GAPS

Research Concept

Various processes developed for applying
TRM in current and emerging industries

Several methods integrate aspects of
business modeling with TRM 571, [58, 59]
Few studies consider policy dimensions of
TRM or regulatory frameworks, particularly
in the utility industry

TRM generally used at company-, industry-,
and national-level, rather than incorporating
regional utility concerns

More work also needed prioritizing R&D,
acquisition, and barriers

[3, 39-50], [75-82]

A number of processes have been developed for applying
TRM to current and emerging industries. General methods
have been created for examining both the strategic landscape
and technology performance characteristics of new
technology product development [9-13]. In section 1.2.5 and
an initial study was begun to apply such processes to a
particular smart grid sub-industry involving demand response
products. Application of such processes to disruptive
technologies is highly relevant for smart grid and has been
well examined in the literature [14-23]. The process has also
been applied to emerging technologies in the renewable and
sustainable energy industry, which have strong overlaps with
and similarities to the smart grid industry [24-33].

However, the customization of such processes to meet the
needs of specific industries, business models, and emerging
technology products is an important need that must be
addressed. A variety of methods have been developed for
integrating aspects of business modeling with technology
roadmapping [26, 27], [29, 30], [34-39]. The application of
roadmapping to smart grid related industries also need to
consider regional implications associated with region
spanning utility systems [3, 40-43] and development of
business models to address strategic, regulatory, and policy
landscapes [44-59].

However, few studies have done detailed analysis of the
policy dimensions of TRM or regulatory frameworks,
particularly with regard to the utility industry [60, 61], [40],
[41], [44] TRM has generally been done at company-,
industry-, and national-level, rather than incorporating
regional utility concerns [62-70] [60, 61, 71-74]. More work
is also needed to understand how to prioritize R&D needs,
acquisition efforts [75-82] as well as to understand barriers
what may affect implementation. It then may be possible to
determine how such barriers could be mitigated with
practices involving appropriate business models, market, and
regulatory elements [3, 39-50].

References

[9-13], [14-23], [24-33]

[26, 271, [29, 30], [34-39], [3, 40-43], [44-

[60, 61], [40], [41], [44]

[62-70] [60, 61, 71-74]

Research Gaps

Method is needed to integrate business
modeling, policy, and regulatory factors
into TRM for the utility industry

TRM goals must align with regional-level
factors for utility industry and associated
products

Additional work needed prioritizing R&D,
acquisition processes, and barriers in
utility related industries

Therefore, a method is needed to integrate business
modeling, policy, and regulatory factors into TRM for the
utility industry. This method is particularly important for the
utility industry, due to it unique characteristics and the need
for regional scale solutions. Additional research is also
needed regarding prioritization of R&D acquisition
processes, and barriers in utility related industries. An
improved methodology could provide a more complete and
better integrated smart grid roadmap to improve planning in
the industry. Without such a method, technology planning
for regional scale utility systems is likely to be slower, more
difficult, and less integrated.

2) Methodological Needs: Smart Grid & Electric Vehicle

Literature

The second key area discussed was the Smart Grid and
Electric Vehicle literature. The initial discussion of this
included only general literature. The following research gaps
are summarized on the table 2.

Smart grid roadmap literature typically focuses on
operational plans [83], [1], [84], [85-89], for utilities as
opposed to regional energy planning [92-98]. Some studies
examined limited aspects of wider regional planning and
generally indicated advantages over more narrow operational
plans [90, 911, [99].

However, most current studies examined to date generally
have not emphasized regional level considerations [100-113].
Research on important elements of regional level smart grid
planning has been initiated [62, 66-69, 114-118]. But, these
results have not generally been integrated into models that
systematically consider and assess regional goals [71, 72,
119-122]. Process needed to create roadmaps for smart grid
technologies that integrate business modeling with regulatory
factors and policy factors to meet regional energy planning
objectives and overcome structural barriers.
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TABLE 2 SMART GRID & ELECTRIC VEHICLE LITERATURE GAPS

Research Concept

Smart grid roadmap literature typically
focuses on operational plans for utilities
as opposed to regional energy planning

Generally do not consider regional goals
and structural barriers to business and
market adoption

No current SG roadmaps for Oregon or

the Pacific Northwest. [101, 102, 104, 105]

Significant planning also needed for
electric EV smart charging roadmap

Although some initial state-level studies have been
conducted, no current smart grid roadmaps have been created
for Oregon or the Pacific Northwest on a regional basis [101,
102, 104, 105]. Supporting important goals like the
Renewable Portfolio Standard in Oregon and most other
Northwestern states has been discussed in chapter 3, along
with smart appliances, such as electric vehicles. Electric
Vehicle Smart Charging technologies appear to offer
significant potential to support key state and regional goals
for meeting the portfolio standard and enhancing to
robustness of the power system. However, significant
planning efforts [63-65] are needed to created roadmaps
related to these emerging technologies [123], [17-23], [34]
and adapt them to the needs business and market, policy and
regulatory, and technology needs that have been discussed for
such a system [124-127].

Processes are needed to create roadmaps for smart grid
technologies that integrate business modeling with regulatory
factors and policy factors to meet regional energy planning
objectives and overcome structural barriers. Smart grid
planning literature could benefit from better alignment with
technology roadmapping literature. But, significant
customization is needed to develop roadmapping processes
for EV Smart Charging Systems.

3) Methodological Needs: Resource Planning & Policy

Literature

The third key area discussed was the Resource Planning
literature. The initial discussion of this included only general
literature. The following research gaps are summarized on
the table 3.

Strategic alignment of business model and policy
frameworks is particularly important for regulated industries
like electric utilities [128], [7], [129], [130-132]. As
discussed in chapter 1, utilities generally have large capital
costs, high barriers to entry, and increasing efficiencies of
scale. This gives them many characteristics of natural
monopolies. Traditional structures present a number of
advantages and disadvantages. But, with rapid technology
advances in the utility sector, one key issue is the need to
overcome chronically low levels of R&D investment in the
industry, estimated at around 0.25% of revenues [133]. There
is also a need to understand that many aspects of utility

References

[83], [1], [84-89], [90, 91], [92-98], [99]

[100-109], [110-113], [114, 115], [62, 66-
69, 116-118], [71, 72], [119-122]

[63-65], [123], [17-23], [34], [124-127]

Research Gaps

Smart grid planning literature could
benefit from better alignment with
technology roadmapping literature

Process needed to create roadmaps for
smart grid technologies that integrate
business modeling with regulatory
factors and policy factors to meet
regional energy planning objectives
and overcome structural barriers

Customization needed to develop
technology roadmapping processes for
EV smart charging systems

regulatory structures have been useful and durable [134-136].
Thus, it is necessary to incorporate an understanding of utility
regulation and planning processes [90, 91, 100-103] to create
alignment [62, 66, 116-118] between business models and
policy frameworks [119], [137, 138], and technology
development [107], [94, 95].

In particular, unique energy policy planning issues exist in
Pacific Northwest due to multiple regulatory frameworks at
the state [104-106, 108], federal [98, 114, 115], and regional
[67-69] levels. Implementing improved smart grid roadmaps
will take considerable amounts of discipline spanning
knowledge [3, 40, 41], [121]. A multiple perspectives view
[76-81] is critical for creating robust planning models in the
utility industry [63-65], [139, 140] and incorporate these
inputs into a roadmapping process that an understanding of
utility regulation and planning processes to create strategic
alignment between business models and policy frameworks.
TRM methods need to be adapted to unique regulatory
frameworks for regional utility industries [9-11]. Overall,
there is a strong need for robust, multiple perspective
planning models in the utility industry that create strategic
alignment between business models, policy, and regulatory
requirements

4) Research Gaps, Goals, and Questions

The following sections summarize the Research Gaps,
Research Goals and Research Questions determined after
performing all the analysis up to this point in this study.

The gaps identified in sections 2.3.1, 2.3.2, and 2.3.3 are
consolidated here and used to synthesize a Research
Objective.  The Research Objective is to develop an
integrated planning process to address technology, business
models, regulatory, and policy issues for electric vehicle
smart charging systems to meet regional utility industry
needs. Based on this objectives, three main research
questions are created to guide this study. The first research
question is: What are the highest priority technologies, gaps
& barriers for creating V2G systems that meet business,
regulatory, and regional energy policy objectives? The
second research question is: Is TRM an appropriate tool for
understanding technology, business, regulatory, and regional
energy policy objectives?
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TABLE 3. RESOURCE PLANNING & POLICY LITERATURE GAPS

Research Concept

Strategic alignment of business model
and policy frameworks particularly
important for regulated industries like
electric utilities

[119],[137, 138]

Unique regional energy policy planning
issues in Pacific Northwest due to
regulatory frameworks

40, 411, [121]

Multiple perspectives view is critical for
creating robust planning models in the
utility industry

Research Gaps

Lack of integration between
technology planning, business

References

[128], [7], [129], [130-136], [90, 91, 100-
1037, [107], [94, 95], [62, 66, 116-118],

[104-106, 108], [98], [114, 115], [67-69], [3,

[9-11], [63-65], [76-81], [139, 140]

Research Goal

Research Gaps

Need to incorporate an understanding
of utility regulation and planning
processes to create strategic alignment
between business models and policy
frameworks

TRM methods need to be adapted to
unique regulatory frameworks for
regional utility industries

Strong need for robust, multiple
perspective planning models in the
utility industry that create strategic
alignment between business models,
policy, and regulatory requirements

Research
Questions

RQ1: What are the highest
priority technologies, gaps &
barriers for creating V2G

systems that meet business,

modeling, regulatory
development, and regional
energy policy

Lack of Comprehensive Plans
for V2G PNW

Need to identify and prioritize
requirements for development

Develop an integrated
planning process to address
technology development,
emerging business models,
policy, and regulatory issues
for smart electric vehicle to
grid system to meet regional
utility industry needs in the

regulatory, and regional
energy policy objectives?

RQ2: Is TRM an appropriate
tool for understanding
technology, business,
regulatory, and regional
energy policy objectives

technology plans to meet PNW

emerging business,
regulatory, and regional
energy policy objectives

RQ3:Can TRM be
combined with business
modeling and prioritization
to better understand key
requirements for creating a
plan for V2G in the PNW
that meets business,
regulatory, and regional
energy policy objectives?

Figure 2.3.4.1: Summary of Research Gaps, Goals, and Questions

The third research question is: RQ3:Can TRM be
combined with business modeling and prioritization to better
understand key requirements for creating a plan for V2G in
the PNW that meets business, regulatory, and regional energy
policy objectives? The next section then explains the
industry focus for this study.

D. Methodologies Proposed
1) Business Concept Development

An important step in understanding the technology,
business, regulatory, and policy landscapes for emerging
smart grid appliances, like electric vehicle smart charging
systems, is to examine key opportunities that are arising in
this area and see if these opportunities can be developed into
viable business concepts and business plans. A number of
steps are necessary in order to identify and analyze such
opportunities.

It is first important to thoroughly define a complete set of
stakeholders who may support or oppose a particular business
opportunity. In the preliminary analysis matrix for the
business sub-model, an initial list of stakeholders was
created, but little about them was defined. Unlike many
traditional business opportunities that have been studied
outside the utility industry, the unique regulatory structures
that exist for companies in Oregon and the Pacific Northwest
mean that there are many significant stakeholders who are not
direct customers for the product under consideration. A
common tools used for analyzing stakeholders and their
values is the stakeholder-objective matrix [141, 142]. An
example of this type of matrix is shown below.

The stakeholder-objective matrix shown here summarizes
the key stakeholders and the main objectives they both
support and oppose. This matrix specially addresses issues
related to renewable energy integration and demand response.
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As the data is collected for this research, additional
information could be added regarding the stakeholder issues
for of electric vehicles and vehicle-to-grid system
specifically.

To illustrate how a stakeholder-objective matrix could be
applied to small, manageable business case, a pilot study was
performed examining the concept of introducing electric
bicycle rentals and/or charging on the Portland State
University campus. The following diagram illustrates the
stakeholder-objective matrix that was derived.

The stakeholder-objective matrix for this pilot study
summarizes a number of important points. The main
participants envisioned in the electric bicycle enterprise for
this pilot study can be divided into Stakeholders (S),
Customers (C), and Providers (P). Several participants fall

University (S)(C)(P); Government (S)(C); Community
Groups (S) and Community Members (S)(C); Students (C);
Faculty (C); Staff (C); Utility Companies (P); and Third Party
Vendors (P). Each participant has specific issues labeled
“what they support” and “what they oppose,” which are
summarized on the above chart. This information can then be
used as an input to determine how stakeholder objectives can
be translated into drivers of value production for products and
services on a technology roadmap. This information will
then be fed into the next stage of the research process, which
is to conduct an industry analysis to design and obtain a
business target, define business model alternatives, establish
content to construct a technology roadmap, and understand
key barriers and mitigators to development.

into more than one categories. These participants include:

TABLE 4. STAKEHOLDER-OBJECTIVE MATRIX FOR E-BIKE PILOT STUDY

Stakeholder (S) / Customer (C) ‘What they Support What they Resist
/ Provider (P)
Reducing campus parking. Reducing campus Large initial investments. Uncertain technology. Locked in
UNIVERSITY (S)(C)(P) traffic. Reducing emissions. The university is obsolescence. Unless partnerships could be negotiated,

potentially a stakeholder, customer, and/or
provider of goods and services related to e-
bikes.

access to e-bikes would probably be limited to students,
faculty, and staff to avoid shortages of bikes or other
resources.

Reducing city traffic. Reducing street
parking. Reducing emissions. City could
potentially participate as a stakeholder or
customer. They support clear regulations and
standards for charging, operating, and
parking. City government and its employees
may consider sponsoring or becoming
customers of an e-bike system. Tax credits or
other incentives (mainly at the city, county,
or state level, but possibly also federal) to
encourage a campus e-bike system could be
important to make the initial system feasible
to establish. Governments are more likely to
support systems that are accessible to the
wider community and not just those affiliated
with the university.

GOVERNMENT - City, County,
State (S)(C)

Unclear regulations for parking or operating e-bikes on city
streets around campus. They may initially loose some
parking revenue if street parking drops, but it is likely to be
compensated for by additional customer parking tor
businesses. Concerns about bike safety would have to be
addressed. City government would probably resist
becoming a partner or customer in such a project unless
technology and business risk could be sufficient reduced to
make long-term success probably and avoid a politically
embarrassing failure. Governments would be reluctant to
establish substantial incentives, credits, or other financial
support, especially during the recent economic downturn,
unless clear benefits and performance goals could be met
and the risk of business or technology failure could be
shown to be low.

Civic organizations are concerned with

COMMUNITY GROUPS (S)/ reducing traffic, parking, pollution, noise, as

COMMUNITY MEMBERS well as bike safety. Envrionmental groups

(S)(©O) support reduced emissions, use of green
power for bike charging. Individuals
community members might consider
participating in an e-bike system, especially if
it spread beyond the university campus and
into the surround community.

Civic groups may be concerned about enforcing bike safety
requirements and concern about bike vs. car traffic issues.
Environmental groups would resist initiates without clear
benefits in terms of emissions reduction, green power use,
and recycling of toxic battery components.

STUDENTS (C) Reducing fuel costs, reducing parking costs,

increased convenience, reducing emissions.

High upfront fees, long-term commitments, inconvenience,
steep learning curves, lack of reductions of emissions or
other pollutants, lack of use of renewable energy.

Reducing fuel costs, reducing parking costs,

Difficult financing, long-term commitments, steep learning

FACULTY (C) increased convenience, reducing emissions. curves, inconvenience, steep learning curves, lack of
Faculty are like to want increased cargo reductions of emissions or other pollutants, lack of use of
capacity and convenience compared to renewable energy.
students.

STAFF (C) Reducing fuel costs, reducing parking costs, High upfront fees, long-term commitments, inconvenience,

increased convenience, reducing emissions.

steep learning curves, lack of reductions of emissions or
other pollutants, lack of use of renewable energy.

UTILITY COMPANIES (P) Cost recovery, fair rate of return, stable long-

term market, clear regulations, pricing.

Lack of standards, locking in technological obsolescence

THIRD PARTY VENDORS (P) ROI, market share development, intellectual
property development, business model

scalability.

Unprofitable,or marginally profitable markets, lack of
standards, lack of clear regulation, unproven technology.

Source: Adapted from [141, 142]
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After an opportunity is recognized, such as through
literature, consultation with experts, or other means, a
business modeling process can be performed to further define
and assess the potential opportunity. A model is then defined
describing the opportunity both in it current state, the “as is”
model, and what is desired in the future, the “to be” model
[26, 58, 59]. However, prior to creating this model, a
preliminary sub-model is created to assess initial ideas. A
series of basic questions are answered as shown below to
begin defining an opportunity that may later be developed
into a complete business model. The questions have been
modified to make them relevant for creating an integrated
smart grid roadmap, which may have a number of
stakeholders who are not necessarily direct customers.

To illustrate how this type of business sub-model matrix
could be applied, a pilot study was performed examining the
case of electric bicycle rental and/or charging on the Portland
State University campus. The following diagram illustrates
the business sub-models that were derived.

Several key pieces of information can be seen from the
above figure. Key stakeholders include university faculty,
staff, and students, as well as businesses or organizations in
the local area, and local government. Decisions must be
made regarding whether to focus first on specific user
segments among these stakeholders or on a combination of
segments. Further decisions must be made regarding the
possibility of university, utility, or third-party ownership of
an electric bicycle venture and if the primary profit
mechanism will be rentals, battery charging, leasing, or some
combinations thereof. Options for financing and distribution
can then be determined that are appropriate for each of these

cases. The next step in this process explains more details
about defining a business model.

A number of additional steps are required in order to
define a business model. However, before proceeding, it is
important to define what is meant by a business model. In
creating the framework for this research, we referred mainly
to Hamel [52], Slywotzky [53, 54], and Chesbrough [55].
Slywotzky’s definition is perhaps most clear and succinct. A
business model is described as:

“The totality of how a company selects its customers,
defines and differentiates its offerings, defines the tasks
it will perform itself and those it will outsource,
configures its resources, goes to market, creates utility
for customers, and captures profit. It is the entire
system for delivering utility to customers and earning a
profit from that activity.”

Understanding appropriate business models for emerging
technologies, such as electric vehicle-to-grid smart charging
appliances, is critically important, since much of the new
technology is in a nascent state and the direction of
development can depend strongly upon perceived business
opportunities. This can likewise be affected by perspectives
regarding the market, regulatory and policy goals, and the
rate at which technical capabilities are developing.
Therefore, the next step in this process is to examine each of
these key perspectives and to have experts determine what
that they consider to be the highest priority issues in these
areas during the following time periods: 1 year; 2 to 4 years;
and 5 to 10 years.

Sub Model

Sub Model Features

Whe?

Stakeholders? UNIVERSITY, GOVERNMENT, COMMUNITY
What do they support / oppose (See stakeholder matrix)
Customers? STUDENTS, FACULTY, STAFF, LOCAL GOVT,
COMMUNITY

Markets? UNIVERSITY-AFFILIATED, COMMUNITY-
AFFILIATED, COMBINATION

Segments ? SHORT-, MED-, LONG-DISTANCE COMMUTERS

Structure of Market? UNIVERSITY-OWNED, UTILITY
OWNED, 3% PARTY

Target Customers? STUDENTS, FACULTY, STAFF, OTHERS
AS OPPORTUNITY ARISES

What?

Value Proposition? INEXPENSIVE, CONVENIENT, GREEN
TRANSPORTATION

What do stakeholders have now? FOSSIL FUEL VEHICLES,
NON-ELECTRIC BIKES

What do stakeholders want? LOWER FEUL COSTS, LOWER
PARKINGING COSTS, EASIER BIKE COMMUTING FROM

LONG DISTANCES, LOWER EMISSIONS

Products? ELECTRIC BICYCLES, CHARGING SYSTEMS
Customer Utilities? CONVENIENCE, REDUCED COSTS,
LOWER POLLUTION

Competitiveness? LOW E-BIKE OPERATING COSTS.
OVERCOMING INITIAL SKEPTICISM ABOUT HIGH
PURCHASE COSTS AND UNCERTAINTY ABOUT E-BIKES IS
A CRITICAL CHALLENGE TO BE ADDRESSED.

How?
Value Delivery? BIKE RENTAL, BIKE LEASING, BIKE SALES,
BIKE CHARGING, MEMBERSHIP / SUBSCRIPTION

Finance Acquisition? PRIVATE, BANK, VC, CROWD SOURCE,
MICROFINANCE

Manufacturing? N/A

Distribution Channel? B2C, B2G, B2C2G COMBO

Profit & Revenues?

Customers? STUDENTS, FACULTY, STAFF, LOCAL GOVT,
COMMUNITY

Markets? UNIVERSITY-AFFILIATED, COMMUNITY-
AFFILIATED, COMBINATION

Segments ? SHORT-, MED-, LONG-DISTANCE COMMUTERS

Profit Model? FOR-PROFIT, NON-PROFIT,
Ownership Structure? PRIVATE, PUBLIC, PUB-PRIV
PARTNERSHIP

Source: Adapted from [26, 58, 59]
Figure 2.4.1.2: Business Sub Model Matrix for e-Bike Pilot Study
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As was done in the previous section a pilot study
involving electric bicycle use at Portland State University has
been used to illustrate how this type of business concept
development can be applied. The following diagram
illustrates the business concept development information that
was obtained from this process.

The next step in this process is to provide more details
about the necessary business structure and goals. This
information is summarized in the next figure.

By answering the types of questions presented below, it
should be possible to determine the following (at least
tentatively):

e What is the “as is” situation or opportunity to be
explored?

e What is the “to be” vision?

e What are the business goals over time (i.e. 10X growth in

10 years...)

e What are the key gap areas or needs?

A brief example of how this tool would be used is to
estimate potential sales of a specific product, like residential
electric vehicle chargers in Oregon over the next 10 years. A
company engaged in a similar type of electronic equipment
business might consider getting into this business through one
or more of the potential distribution channels, but only if it
could expand sales in a current business area by some goal
(commonly 10X over 10 years). The estimated sales are the
“to be” number and the current product sales are the “as is”
number. If the number for the goal of increasing sales by
10X is greater than the “to be” number, this means there
is a gap in what the new industry is estimated to achieve
versus the business’s goal of increasing its current sales.

After determining if such as gap exists and how large it
is, various alternatives can be examined for achieving
the business goal through one or more business models.
This helps understand key decisions that are likely to
make regarding business entrant to an industry therefore
this research proposes to use this as an input into an
integrated roadmapping process.

Based on the pilot study, the “as is” situation is: Use of
non-electric bicycles on campus as a transport alternative
primarily for short-range commuters. The “to be” situation
is: Use of electric bicycles on campus as part of an integrated
campus commuter system aimed at reducing car use for
intermediate- and long-range commuters. The initial business
goal can be stated in several ways. In terms of return on
investment, a goal of achieving a 10X or ten-fold return on
investment within

10 years is envisioned. In terms of market share, the goal
is to achieve participation equal to 20% of the student
population. At this point in the analysis of this pilot study,
such goals can be considered “stretch goals.” However, they
are useful in defining some possibly metrics of success that
were considered reasonably attainable, based on the data
gathered for this study. Key gaps or needs that would be
necessary to address in order to achieve these goals would be
to make decisions regarding the choice of specific value
delivery methods, distribution channels, and finance methods.
To better understand the possibilities that exist for each of
those alternatives, an industry analysis is helpful. Therefore,
an industry analysis is performed in the next section, and a
more detailed analysis of results for each of these alternatives
is provided there.

Opportunity Recognition (Worksheet 1): What 15 the basic oppornmity and why is it valuable?

(IRF. Policy Analysis, ISEM)

A 45k

Value Propasition

Products? ELECTRIC BICYCLES

Capzbilities? SIMPLE, INEXPENSIVE, GREEN TRANSPORTATION
Competitive Advantage? LOW COST, CONVENIENT

B. Ak PORTLAND STATE UNIVERSITY CAMPUS, MICROGRID, ECODISTRICT...

C. dsk: Why 1= this mportant? (See Perspectives m next section for more detail)

Perspectives Recognition (Worksheet 2): Priority Issues m next 1 to 10 years (Based on 5-Plan elements)

A, Technical Characteristics B. Policv Goals
« LOWCOST ELECTRIC * REDUCE CAMPUS
TRANSPORTATION VEHICLE TRAFFIC
+ CHEAP TO CHARGE * REDUCE CAMPUS
+  HIGH INITTAL FPARKING
CAPITAL INVETMNT » REDUCE EMISSIONS,
+ RENEWABLE ENERGY GHEs.
UsSE * SUPPORT LOCAL
» GREEN SIGNAL GRID
« GRID SUPPORT
ABILITIES

+  MICROGRID
# ECODISTRICT

C. Resuhtory D. Market
*  CAMPUS VEHICLE * REDUCE CONSUMER
POLICY GAS COSTS
*  PARKING POLICY * REDUCE CONSUMER
*  CHARGING POLICY VEHICLE EXFENSES
* VENDOR/ SERVICE » REDUCE CONSUMER
FROVIDER POLICY PARKING COSTS
»  UNIV-OWNED » FAST TRAVEL TO
»  UTILITY-OWNED EXACT DESTINATION
» JIRD PARTY- » EASY BIKE PRENG
OWNED » EASY BIKE USE
»  COMBINATION

Source: Derived from [10, 39, 141, 142]
Figure 4.4.1.3: Opportunities & Perspectives in e-Bike Pilot Study

2946



2014 Proceedings of PICMET '14: Infrastructure and Service Integration.

Business Structure & Goals (My Vision & My Will, ISEM Tools, Stzkehold er-Objective Matrix)

Whar da they support?
Whart da thay apposs?

Whar do they not have now 7
{Sea Staksholdar- (i, Matrix)

B. In What Way?

A, Whe?

Srakehoiders Erafit Msdel
UNIVERSITY PROFIT
GOVERNMENT HON-PROFAIT
COMMUNITY REVENUE SHARING

Chengrshin Structure

(S22 Sralesboldar O Matsiz) UNIVERSITY B2C
UTILITY B2G, B2GEC
Customers IR0 PARTY B2UNIV
STUDENTS
FACULTY Falug Mbda] Finanee Method
STAFF WMKT SHARE: 20% STUDENTS UNIV SELF FINANCING
Whar do they wa? RO GOAL: 106 N 10 YEARS BANKS

C. How?

Valus Deifver Mathod
BIKE RENTAL
BIKE SALES
BIKE CHARGING SERVICE

Disgribution Chanel

FRIVATE, VENTURE CAP
CROWD / MICRO FINANCE

Source: Adapted from [26, 58, 59, 143]
Figure 4.4.1.4: Business Structure & Goals in e-Bike Pilot Study

2) Industry Analysis

Industry analysis is a critical step in this research process.
It makes use of well known tools, like Porter’s Five Forces,
to understand the viability of particular business concepts
with an industry. However, this tool needs to be modified to
focus particular attention on the effect of barriers that exist
within regulated industries, such as utilities, which generally
have been structured as regulated monopolies. While, in
most cases, regulated monopoly structures are not expected to
be fundamentally changed in these industries, it is important
to understand how changes in technology, policy, and limited
market restructuring may lead to the creation of new
opportunities. Therefore, the goal of this phase of industry
analysis is to understand what factors can mitigate existing
barriers and how appropriate business targets can be designed
and incorporated into roadmaps.

A widely used tool for analyzing industry conditions is
Porter’s Five Forces [56, 57]. The tool identifies five forces
based on industrial organization economics that indicate the
overall attractiveness or profitability of an industry based on
its intensity of competition. The tool is valuable for most
industries with competitive structures. The forces examined
include the internal market issues of: (1) bargaining power of
buyers; bargaining power of suppliers; (3), the viability of
substitutes for the product or service in question (4), and the
external market issue of new entrants to market.

In the case of pure monopolies, there would be almost no
threat of new entrants, so Porter’s Five Forces would be of
limited value. However, many utility systems function as
regulated monopolies in limited service territories. In these
cases, the five forces model is relevant and can produce some
valuable insights. This is especially true, as many utility
systems have considered various types of restructuring,
creating de-regulated or partially de-regulated systems that
have increased the competitive elements within the industry.

However, when using the five forces model, it makes
sense to modify portions of it in a number of ways to fit the
general nature of the utility industry. Typically, barriers to
entry are still extremely high for utilities, even in the absence

of traditional monopoly structures, since the investments for
utility infrastructure are very capital intensive. So, a starting
assumption for analysis in this industry is that is very
important to understand the size and types of barriers that
exist. Barriers can be further sub-divided into both the
typical business & market barriers (1) and regulatory &
policy barriers (2). So, the industry analysis portion of this
research makes use of this modified structure for the five
forces model.

Another area that is examined is business & market
targets, as well as regulatory & policy targets for overcoming
barriers in those areas. Finally, mitigation programs are
examined, such as business & market programs, as well as
regulatory & policy programs that could potentially be used
for overcoming these barriers. The following diagram shows
the modified framework. Information from electric bicycle
pilot study mentioned in previous sections is provided here.

Based on the results of the pilot study, a number of key
points can be observed. Industry Viability was rated as
questionable to moderate. This was primarily due to high
perceived barriers and high supplier power. Substitutes for
electric bicycles were considered low to moderate. A number
of mitigators were identified for addressing barriers, such as
joint financing, and special rate structures or incentives that
could be used to make the goal of a university-third-party
partnership more attainable. The overall opportunity was
considered somewhat attractive, as many potential buyers, are
believe to exist for this type of system.

The industry analysis produces three main outcomes: (1)
Designing and Obtaining a business target; (2) Establishing
content to construct a technology roadmap integrating the
business / market and regulatory / policy issues identified in
the industry analysis; and (3) to understand the key barriers
that exist and how they can be mitigated. This information
will becomes an input for the next phase of the research,
which constructs a roadmap based on these elements and
begins the process of prioritizing them.

In situations where clear business opportunities already
exist, a technology roadmap makes it easier to identify and
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understand the nature of such opportunities. However, in
many cases, opportunities and strategies for capturing them
are just being identified. In some cases, business models
have not yet been developed to accommodate evolving
regulatory and policy structures.

To better analyze and define the basis for various business
models that are possible in the emerging smart grid industry,
a technique will be used called My Vision & My Will is used
in the next section [26, 58, 59]. As previously mentioned, a
business opportunity can be examined in terms of both “as is”
and “to be” conditions. By looking at gaps between these
two conditions, different scenarios or alternative approaches
can be envisioned for achieving the desired objective.

In cases where a set of industry roadmaps already exist,
this information can be used as an input for considering
alternatives to reach the “to be” condition. However, because
the type of integrated roadmaps desired in this research do
not currently exist, it will be necessary to come up with
scenario alternatives through a process of expert judgment.
The following matrix is one tool that is helpful in determining
the type of business to customer relationship that is
envisioned.

To illustrate how this type of business-stakeholder
alternatives analysis could be applied a pilot study was
performed examining the case of electric bicycle rental and/or
charging on the Portland State University campus. The
following diagram illustrates the business-stakeholder
alternatives information that resulted from the study.

A number of key pieces of information are summarized on
the figure below. The main business alternatives examined
were Business-to-Consumer (B2C), Business-to-Government

(B2G) with an additional Business-to-Business (B2B) option,
and Business-to-Community-to-Government (B2C2G2B).

In the first case, B2C, the electric bicycle program is
conducted directly to the end-consumers: The students,
faculty, and staff at the university utilizing the program.
Various products or services are available under this model,
such as e-bike rentals, individual memberships, charging
programs, e-bike leases, and e-bike purchases. Profit models
are created based on each of these product service types. A
number of operations systems are also available for enabling
delivery of these products and services, such as software or
web-enabled transactions, point of sales transactions at
kiosks, or individual transactions between buyers and sellers.
The growth model associated with B2C-oriented strategies is
estimated based on an initial start-up in the first year, and
then estimating growth over 5 years and growth over 10
years. Estimates for these time period are that an initial
group of 500 customers (2% of the campus population) could
be established in the first year of operations. After 5 years,
the goal would be to grow this figure to 2,000 (10% of
campus population), and after 10 years, the figure would be
increased to 4,000 (20% of campus population). Such a
strategy has the advantage of being focused on a single
population in a well defined areca. A number of the other
strategies differ primarily in the fact that they reach out to a
broader population in the area surround the campus and the
community. So, they potentially can reach a greater
population. However, they also have the disadvantage of
being less focused on a narrow group with similar needs.
Therefore, other techniques and strategies are expected to be
required to serve these populations.

Mitigators

1. Business & Market Programs
PARTNERSHIPS, JOINT-FINANCING

2. Policy & Regulatory Programs
INCENTIVES, TAX CREDITS, SUBSIDIES,
RATE STRUCTURES

Buyers (M)

STUDENTS, FACULTY, STAFF,
GOVERNMENT, COMMUNITY

Goals

1. Business & Market Targets

E-BIKE RENTAL ON UNIV CAMPUS
2. Policy & Regulatory Goals
DEVELOP UNIV-3RD PARTY PTNRSP

!

Barriers (H)

1. Business & Market

HIGH INITIAL CAPITAL INVESTMENT
LACK OF TAX CREDITS (EX. EVs)
CHARGING & E-BIKE RENTAL INFRASTR
2. Regulatory & Policy

UNIV PROCEDURES FOR GRID ACCESS
GREEN SIGNAL FROM UTILITY

CAMPUS CHARGER DEPLOYMT PLAN

Industry Viability (M)

Overall opportunity is questionable to
moderate. High barrier and supplier
power, but many potential customers

Substitutes (M)

WALKING, NON-E-BIKES, TRANSIT,
MOTORCYCLES, EV/PHEV CARS

SYSTEMS

Suppliers (H)

LIMITED E-BIKE MAKERS, LIMITED
CHARGER PRODUCTS, CUSTOM
ELECTRONICS, CUSTOM SOFTWARE

Source: Modified from [56, 57]
Figure 2.4.2.1: Industry Analysis for e-Bike Pilot Study
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B2C

B2G(2B) B2C2GB

STUDENTS, FACULTY, STAFF
COMMUNITY MEMBERS

Customer / Stakeholder

STUDENTS, FACULTY, STAFF
COMMUNITY MEMBERS,
UNIVERSITY, GOVERNMENT,
COMMUNITY ASSNS.

UNIVERSITY, GOVERNMENT,
COMMUNITY ASSNS.

E-BIKE RENTALS, INDIV
MEMBERSHIP, CHARGING
FEE, *E-BIKE LEASE,* E-BIKE
PURCHASE

Product / Services

E-BIKE LEASE, GROUP
MEMBERSHIP, E-BIKE
RENTAL, CHARGING FEED-
IN, E-BIKE PURCHASES

*E-BIKE LEASE INCENTIVES,
*E-BIKE PURCHASE
INCENTIVES

2023 (10 year)

Operations System PERSONAL BUYS, RENTALS GROUP BUYS &RENTALS INDIV/GROUP BUYS &
SOFTWARE / WEB ENABLED, SOFTWARE / WEB ENABLED RENTALS, INCENTIVES,
POINT OF SALE COMBINATION SYSTEMS
SOFTWARE / WEB ENABLED,
POINT OF SALE
Profit Model INDIV: RENTALS, GROUP: RENTALS, INDIV/GROUP LEASE
MEMBERSHIP, CHARGING MEMBERSHIP, CHARGING INCENTIVES, PURCHASE
LEASE, PURCHASE LEASE, PURCHASE INCENTIVES, CHARGING
FEED-IN
Growth Model 500 customers (2% campus) | 850 (cam, gov, biz) 1000 (cam, gov, biz, com)
2013 (now) 2000 (10%) 4000 (10%, 10%, 5%) 4500 (10%, 10%, 5%, 2%)
2018 (5 year) 4000 (20%) 8000 (20%, 15%, 10%) 9500 (20%, 15%, 10%, 5%)

Source: Derived from [26, 58, 59]
Figure 4.4.2.2: Business-Stakeholder Alternatives for e-Bike Pilot Study

In the second case, B2G, the idea is that rather serving
only the consumers on campus, the initial focus will be on
faculty and staff at the university, as well as local government
agencies, such as city and county employees in the immediate
vicinity of campus. This group would act as a set of lead-
users, testing the system. It is likely that rather than
individually selling to consumers, agreements would be
negotiated that would allow package deals for all employees
or groups of employees at Portland State University, Portland
City Government, Multnomah County Government, the
Portland Development Commission, City Police, Firefighters,
Public Safety workers, and others. This is expected to be a
fairly large group, which often has a history of working with
and frequently even sharing building space on the Portland
State University campus. Due to the likelihood of group
deals, a relatively large group of customers could probably be
acquired quickly. The decision could also be made to expand
the focus of this strategy to a B2G2B model, which would do
the same as above, except that in addition to government
employees, it would also add employees of businesses in the
areas surrounding the Portland State University campus. This
would allow for an even larger group of customers, but would
carry the risk of being less focused, and potentially requiring
a more diverse set of requirements to meet customer needs
than would be the case with a more narrowly defined group.
In the case of the later strategies, estimates are that the initial
customer base in the start-up year would be approximately
850 (2% of campus employees, 2% government employees,
and 1% of local business employees). After 5 years, the
figure would be projected to grow to 4,000 (10% campus,

10% government, and 5% business). In 10 years the goal
would be to increase this figure to 8,000 (20% campus, 15%
government, and 10% business).

In the third case, B2C2G2B, this is essentially an all-of-
the-above strategy. In additional reaching out directly to the
end-consumers on the Portland State University campus
(students, faculty, and staff), the customer base would also
include local government employees, local business
employees, and other community members in the surrounding
area. This approach would have the advantage of a very large
potential customer base, but would also have the
disadvantage of being less focused than the other more
narrowly defined approaches, and therefore having to meet a
much more diverse set of customer needs. In this case
estimates are that the initial customer base in the start-up year
would be approximately 1,000 (2% of campus employees,
2% government employees, 1% of local business employees,
and 1% of other community members). After 5 years, the
figure would be projected to grow to 4,500 (10% campus,
10% government, 5% business, and 2% community). In 10
years the goal would be to increase this figure to 9,500 (20%
campus, 15% government, 10% business, 5% community).

The goal of this analysis is to consider a variety of
different business approaches with potential customer groups
that would require different techniques for serving them and
would ultimately result in very different sizes of initial
customer bases, as well as the eventual size of the customer
based after 10 years. The objective is not to provide forecasts
to determine precisely how many customers will make a
purchase in a given year. The objective is merely to begin
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quantifying general expectations regarding some of the
different business approaches and to be considering the
different techniques for reaching customers with a variety of
different types of needs.

Another business modeling tool is then used to consider
how various factors may be able to change the basis of
competition over time. The following matrix provides a way
of analyzing this. This offers a useful tool for examining
potential factors that may impact an industry with respect to
emerging dimensions of competition and overall industry
viability.

Several categories of industry factor alternatives were
considered for the electric bicycle pilot study at Portland
State University. These factors were divided into Regulatory
/ Policy; Market / Product, and Technology / Function. The
first two categories were further subdivided into new versus
existing structures or conditions in those areas, and the
analysis then considers changes that are envisioned based on
those initial conditions over the next 10 years. The third
category simply examined changes to technological and
functional factors over this time period.

Several categories of industry factor alternatives were
considered for the electric bicycle pilot study at Portland
State University. These factors were divided into the
following: Regulatory / Policy; Market / Product; and
Technology / Function. The first category further subdivided
into New Policy / Existing Regulatory versus New
Regulatory / Existing Policy structures. The second category
was divided between New Product / Existing Market versus

New Market / Existing Product. The third category simply
examined changes to Technological Factors versus
Functional Factors. The analysis then considered changes
over the next 10 years that are envisioned based on initial
structures and conditions in each category.

For the Regulatory / Policy category, the main issues
involved moving from a period in which few campus policies
exist now regarding electric bicycles, electric charging
stations, and policies regarding related vendors and/or
partnerships to a period in 5 to 7 years when these policies
would be expected to mature into comprehensive,
standardized structures. Then, within 10 years, advanced
options, such as transactive energy policy and smart
appliance standards could be developed and strategic
partnerships could be planned. At the same time that new
policies were evolving, appropriate regulatory structures,
rates, frameworks, and instruments would be developed that
would make the new systems practical to implement.

For the Product / Market category, the main issues
involved moving from a period in which new products are
being developed related to electric bicycles and charging
stations, but these products would have to be tested with a
variety of currently envisioned market groups to determine
the best products that would lead to the adoption of smart
electric bicycle systems within the next 10 years. At the
same time, new target market could be tested and to see if
evolving electric bicycle products could be made to appeal to
new groups of end-users and delivered in ways that better
meet their needs.

2015 2020 2025
Regulatory / Policy New Policy / CAMPUS E-BIKE POLICY, | COMPREHENSIVE TRANSACTIVE ENERGY
Existing Regulat CHARGING POLICY, CAMPUS VEHICLE USE POLICY, SMART
Xisting Regulatory VENDOR POLICY / POLICY, STANDARIZED APPLIANCE STDs,
Structure PRTNRSHPs PARTNERSHIP STRUCs STRATEGIC
PARTNERSHIP PLANs
New Regulatory E-BIKE AGREEMNT, VEHICLE USE FEES, TRANSACTIVE VALUE
CHARGING RATES, FEED- | STUDENT BIKE OR E-BIKE | SIGNAL, SMART
Structure / IN, VENDOR FEEs OR CREDITs, APPLIANCE INCENTIVES,
Existing Policy FRAMEWORK STANDARIZED STRATEGIC PARTNERs
PARTNERSHIPs
Market / Product New Product / BIKE & E-BIKE RENTAL E-BIKE RENTAL, LEASING | E-BIKE SMART
Existing Market SOFTWARE, CHARGING | & PURCH, SMART TRANSPORT SYSTEM,
g SYSTEM/MEMBERSHIP, | CHARGING SYSTEM, SMART CHARGING
PARTNER MEMBER GOVT/COMM SYSTEM, GOVT/ COMM
SYSTEM, VENDOR MEMBERSHIP PRGM, MEMBERSHIP PRGM,
SERVICE SYS VENDOR SERVICE SYS VENDOR SERVICE SYS
New Market / MED & LONG-DISTANCE | LONG-DISTANCE E-BIKE | E-BIKE / SMART VEHICLE
L BIKE / E-BIKE COMMUTER | COMMUTER SYSTEM, ALTERNATIVE SYSTEM,
Existing Product SYSTEM, GOVT/ GOVT/ COMMUNITY GOVT/ COMMUNITY
COMMUNITY PARTNER SYSTEM PARTNER SYS, BUS
PARTNERSHIPs PARTNER SYS
Technology / Function | Technological Factor | POINT OF USE RENTAL, MOBILE & POU RENTAL, | SMART VEHICLE
MOBILE RENTAL, LEASE / PURC FULLFMT, | ALTERNATIVE SYSTEM,,
CHARGING TRACKER, CHARGING TRACKER, SMART CHARGING &
EMISSIONS TRACKER, EMISSIONS TRACKER, EMISSIONS SYSTEMS,
VENDOR REVENUE SYS | VENDOR REVENUE SYS | PARTNER MGT SYS
Functional Factor FAST, CONVENIENT EFFICIENT MOBILE & POU | SMART “SCHEDULE

RENTAL, TRAINING /
EASE OF USE,
ACCURATE TRACKING OF
CHARGING, EMISSIONS
PERF AND VENDOR
REVENUES

RENTAL, INTUITIVE EASE
OF USE OPs, ACCURATE
TRACKING OF
CHARGING, EMISSIONS
PERF AND VENDOR
REVENUES

AWARE” VEHICLE
SYSTEM, INTUITIVE EASE
OF USE, ACCURATE
TRACKING OF
CHARGING, EMISSIONS
PERF AND VENDOR
REVENUES

Source: Derived from [26, 58, 59]
Figure 4.4.2.3: Industry Factor Alternatives for e-Bike Pilot Study
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For the Technology / Product category, the main issues
involved moving from point of use systems to more mobile
systems in the next 5 to 7 years, and finally to smart and
“schedule aware” systems in the next 10 years that would be
capable of anticipating how to meet customer needs by using
information that is already known about the customer’s
location and schedule. As technologies evolved these new
capabilities, product development would also occur that
would address concerns about things like emissions
performance, cost effectiveness, and ease of use. Like the
trends envisioned for the technology development, the
product development would be expected to move more from
point of use to mobile platforms in the next 5 to 7 years and
within 10 years have products that easily and intuitively
incorporate schedule aware and location aware functions.

A final method used for understanding business modeling
that will provide input into the roadmapping process is the
Static vs. Dynamic Business Model Matrix. An example of
this matrix is provided below. The matrix examines core
business areas and which, if any, have the potential to grow
or shrink given current conditions and practices, or which
areas have the potential to sustain long-term growth.

To illustrate how this type of static and dynamic business
model matrix could be applied a pilot study was performed
examining the case of electric bicycle rental and/or charging
on the Portland State University campus. The following
diagram illustrates the models that were derived.

Much of the information on the Static & Dynamic
Business Model Matrix is just a summary of information
presented on previous matrices, but it is then categorized
according to the areas that contribute to long-term stable
growth versus more variable growth. A variety of pros and
cons related to each of the basic business models have
already been discussed, but this tool allows a final

comparison of similarities and differences, as well as a few
new insights about risks and rewards associated with each.
The basic value propositions between the main business
models, B2G2B, B2C, and B2C2G2B, are all pretty much the
same: Inexpensive, convenient, environmentally friendly
transportation that reduces the impact of vehicle use and
parking requirements in the campus community. Each of the
models is aimed at a progressively larger potential market in
the order listed above, from left to right. However, they also
involve some progressively increasing risks, as the models
move from markets in which the products are currently
expected to have an appeal to new markets where the
expectations are less certain. B2G2B can be described as a
more focused and less risky strategic model, with a small
domain of initial target users, simple supply method and
fairly robust set of profit model alternatives. However, it has
a more limited dynamic growth capability, focusing instead
on slow, sustainable business growth and limited overall
influence in the broader potential market. At the other end of
the spectrum, B2C2G2B is truly an all of the above approach,
but takes on some significant additional risks in exchange for
the potential for higher dynamic growth potential. The B2C
approach could be described as somewhere in between the
other two approaches.

The information from each of business modeling tools
discussed in this section will becomes an input for the next
phase of the research, which constructs a roadmap based on
these elements and begins the process of prioritizing them.
This will be important, as the industry is undergoing rapid
growth and development. A wide range of potential smart
grid users will need to understand how such new grid
infrastructures could be used with new business models for
specific industries or sub-industries.

Product/ Service

Basic Business

Govt/ Comm (B2G2B)
Biz Model

Combined Model

Direct E-bikes (B2C) (B2C2G2B)

Existing Prod / Existing Market:

New & Existing Prod / New & New & Existing Product / New &

oneis

urewoq

Focus on improving e-bike charging
options for univ faculty/staff, gowt, and
bus partners in community (initial
rollout) . Acquire limited number of e-
bikes for sales and rental test

Existing Mkt: E-bike charging for
current owners in univ students, fac/st|
comm. E-bike sales and rentals for
new users.

Expanded Market: E-bike charging,
rental, leasing, and sales to univ
students, fac/st, govt & bus partners.

lepoi 2169jenS

uopisodoid
anjeA

Affordable convenient, green, and
healthy bicycle transportation for
university community and partner
organizations: Reduce fuel cost,
reduce parking costs,

Cheap, convenient, green, and
healthy bicycle transportation for
university student and employees:
Reduce fuel cost, reduce parking
costs,

Affordable convenient, green, and
healthy bicycle transportation for
university community and partner
organizations: Reduce fuel cost,

reduce parking costs,

Supply Method

E-bike charging, mainly through
membership for existing owners, test
e-bike sales and rental programs.

Direct E-bikes rentals, charging,
and/or membership options

Direct E-bikes rentals, leasing, sales,
charging, mainly through
membership.

Profit Model

E-bike charging, equipment,
equipment sales, multi-level
membership program with partner
associations, and test rental
programs.

Rentals, bike charging, membership

Rentals, bike charging, equipment
leasing, equipment sales, multi-level
membership program with partner
associations

olweuiqg

yimoio
ssauisng
s|qeuleisng
@ousnpu|

Focus on extended campus market of
faculty, and staff, as well as local
government and community
associations: 300 customers (2%
fac/st, 1% gov, 1% bus by 2015;
1200 customers (5% fac/st, % gov
5% bus by 2018.

Focus on direct campus markets
campus markets: 750 customers
(3% campus) by 2015; 2500
customers (10% campus) by 2020;
5000 customers (20% campus) by
2025.

Source: Derived from [26, 58, 59]
Figure 2.4.2.4: Static & Dynamic Business Models for e-Bike Pilot Study
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local business partners, and the
community: 1,000 customers (2%
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com) by 2020; 9,500 customers (20%
campus, 15% gov, 10% bus, 5%
com).
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3) TRM Construction & Prioritization

The diagram in section 2.4.3.2 shows the elements of a
proposed regional roadmapping process. The process of
Business Concept Development mentioned previously also
takes place at this stage, as well as through pre-workshop
information gathering. The information from the
stakeholder-objectives matrix can be used as inputs for the
first elements at the left hand side of the diagram. Several
key stakeholders have been identified and added to this
diagram, and more will be added to this list as needed. The
process of Industry Analysis, which was also mentioned
previously, is then performed to identify product and service
gaps. This information is then used as an input to the next
stages of roadmap construction. Additional details about
each of the workshops in this process are described below in
next sections.

In the first workshop, the stakeholder information will be
translated into drivers of value production for products and
services on a technology roadmap. Product and service
performance factors necessary to satisfy these drivers will
then be identified. Current products and services that meet
existing performance requirements will be identified, along
with any gaps or deficiencies in being able to meet these
requirements.

The second workshop will analyze emerging technologies
and compare them to required technology characteristics that
are expected to be important for those technologies. Potential
technologies will be examined to see how will they meet the
required characteristics. This information will then be used
to determine is gaps exist in technology requirements and the
present state of development for these technologies. If gaps
are identified, then descriptions of R&D programs necessary
to fill these gaps will be created.

In the third workshop, the current market environment and
policy environment with respect to the EVSC will be
examined. If any market or policy elements negatively
impacted product or service performance in the first
workshop, solutions will be proposed to address such market
or policy barriers. Specific mitigation strategies, such as
policy instruments or market incentives may be proposed to
overcome these barriers

The output of the second and third workshops will be
analyzed and prioritized in order to determine which
technology-product gaps are the most significant to address
and which market and policy barriers are the important to
address as well. This will result in a prioritized Regional
EVSC Roadmap which will help stakeholders understand the
most critical elements that are necessary to achieve goals.

A final stage of outcome analysis will then be performed
using the prioritized roadmap to determine the main paths for
key stakeholders to achieve desired outcomes and the factor
dependencies for achieving these outcomes. More detail on
the process by which prioritization information will be

gathered from the workshops and aggregated is presented in
the next section, along with a sample TRM.

a) TRM Prioritization Needs and Tools for this Study

The following section provides a set of tools designed to
assist with the roadmap development and prioritization
process. A series of data collection instruments, matrixes,
and prioritization tools are presented to perform various
stages of roadmap construction and assessment of the various
input factors.

The first tool, shown below, simply provides a means of
grouping data related to market and business drivers. Expert
are also asked to rate the general priority level of each of
these drivers based on their views of it overall future impact
on the market. An example is shown below using data from
the PSU electric bicycle pilot study that has been mentioned
in previous sections.

The third tool used in this process takes the information
gathered from the previous sets of grouped drivers and then
attempts to match business and market, as well as regulatory
and policy drivers to specific product features and
performance goals desired by customers and other potential
stakeholders for a particular product. For each row, or
feature, on the matrix a score is determined as follows: 1 to 3
check marks are used (1 check = low, 2 checks = medium, 3
checks = high), or one to three “X’s” can be assigned ( 1 X =
-1 impact, 2 X’s = -2 impact, 3 X’s = -3 impact). For each
column, a driver priority score of 1 to 10 is used, with 1 being
a low high priority and 10 being a very high priority. Overall
scores are then determined by multiplying each set of row
and column scores and then adding up these scores for each
category of drivers, such as the business and market, or
regulatory and policy drivers shown below, and then
normalizing the scores out of 10. These scores are then
shown on the right hand side of the matrix under the heading
“Prioritization.” Additional score columns can be added if
needed.

A similar process to the method above was followed for
technology product features and stakeholder goals, which
were compared against potential barriers that may exist. Also
examined are mitigators which may help reduce such
barriers. Finally, a third process like the previous two above
is performed.  Technology barrier and mitigators are
compared against R&D barriers and potential mitigators.
Scores are determined using the prioritization process
previously described.

Once these processes are complete, the data is gathered,
analyzed and used as an input for the next stage of the
research, which involves construction of the visual roadmap
model with appropriate time scales and prioritization data. A
sample of the proposed design for such a model is provided
in the next section.
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Grouped Market Drivers

Priority

Notes and Constituent Drivers

1 Car transportation costs AW Fuel Costs, Vehicle Costs

2 Car parking requirements N Parking Permits Costs, Availability of parking, Distance of parking
3 Car traffic issues (campus & surrounding area) W Time of travel

4 E-bike transportation costs WY E-bike purchase or rental costs, E-bike charging costs

5 E-bike parking requirement WY Parking Permits Costs, Availability of parking, Distance of parking
6 E-bike traffic v Time of travel

Grouped Business Drivers

Priority

Notes and Constituent Drivers

VWY

1 Business structure / partnership University-owned, third-party, utility-owned, etc.

2 Charging infrastructure requirements NV Campus grid upgrades/interface, charging system installation
3 E-bike charging system N Hardware & software deployment/customization

4 E-bike capital investment NV Vendor selection, purchase, financing

5 E-bike sales and/or rental infrastructure N Hardware & software deployment/customization

6 E-bike usage system WY Short-term rental, long-term rental, membership, business

partnerships

Source: [10, 39, 45]

Figure 2.4.3.1.1: Grouped Drivers - Market and Business

Grouped Regulatory Drivers

Priority

Notes and Constituent Drivers

1 Campus Grid Management Rules & Procedures VWY Requirements for interconnections, grid management system
2 Utility regulations W Requirements for municipal grid connection

3 Campus Vehicle Use Incentives / Penalties VW Vision for vehicle use on campus, vision for parking on campus
4 Campus Emission Incentives / Penalties WY Goals for emissions reduction, energy efficiency, vehicle use

5 University Business Partnership Practices W

6 University Facilities / Infrastructure Investment Practices W

Grouped Policy Drivers

Priority

Notes and Constituent Drivers

I\

1 City, County, State Energy Policies and Codes W Fit with energy & sustainability plans, meet codes & reqs

2 Utility Integrated Resource Plan WY Consistency with utility infrastructure planning & upgrade needs
3 Campus Vehicle Plan / Goals WY Vision for vehicle use on campus, vision for parking on campus
4 Campus Emission Plan / Goals AW Goals for emissions reduction, energy efficiency, vehicle use

5 University Business Partnership Guidelines W

6 University Facilities / Infrastructure Investment Guidelines W

Source: [10, 39, 45]

Figure 2.4.3.1.2: Grouped Drivers - Regulatory and Policy
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Market

Business / Regulatory

/

Driver Column Priorities 10

©
@

M1: Low transportation cost
M2: Low upfront vehicle costs
(lease or purchase costs)

per mile (rental costs, fuel

costs)
M3: Convenient parking: Low

cost, high availability & short

distance
M4: Quick travel time to

[destination, efficient traffic flow o,

2

10

Normalized
Prioritization

B4: Agreements on Business
Ownership Structures, Terms & o

B1: Campus Grid Interface
Conditions

[Standards & Utility Regulations
B3: Business Partnership
[Policies, Guidelines &

Selection Process

B5: Agreement on e-Bike
B6: Agreement on e-Bike
Rental / Purchasing

B2: e-Bike Charging
Infrastructure Requirements to
[Capital Investment

Imeet campus vehicle &

lemissions plan

Mkt Bus

Infrastructure Investment

P1: Cost-Effective e-Bike - Low-Cost, Energy Efficient e-Bike
with low operating cost and cost per mile comparison
functions versus car.

w
N

N

N

10 4

P2: Smart e-Bike Usage and Parking System - Allows fast,
convenient e-Bike usage and/or parking reservation.

)
X

©

N

9.8 4

P3: Membership System / Payment Options - Provide
packages of high-value usage benefits (P1, P2, etc.) on either 3 3 2
fee per use, or longer-term contract.

G1: e-Bike Charging Infrastructure Plan for Campus -

Explains policies and practices for installing equipment on
campus grid, interfacing with systems, performing charging, 1 1 1
and plan for charging infrastructure investment.

3.9 8

G2: Partnership Policies & Guidelines for Campus e-Bike
System - Document created by university and potential

business partners establishing terms and conditions for 1 1 1
business arrangements, business ownership stuctures,
vendor selection process, and negotiation procedures.

3.0 10

G3: MOUs on e-Bike capital investments and sales/rental
infrastructure investment.

2 2 2

1

1 1 2 2 3 3 7.0 10

Source: [10, 39, 45]
Figure 4.4.3.1.3: Market, Business / Regulatory vs. Product & Goals

b) TRM Model Design

After finishing the initial data gathering and prioritization
processes, a roadmap model incorporating all the data that
has been collected can be constructed. A sample of the
proposed design for this model is shown below.

The proposed design for the technology roadmap model to
be used in this research has a number of features which can
be seen above. It includes elements at the development level
that consider both the needs for R&D development (RDI,
RD2), as well as development of programs related to business
model (BMPgl) development and programs involving market
structure and regulatory considerations (MRPgl). R&D
development programs can be matched to technology
solutions (T1, T2, T3) that ultimately fill a gap or help
accomplish a goal by satisfying product and service needs
determined through analysis of drivers. Business Model and
Market / Regulatory programs consist of a collection of
practices that are used to accomplish a specific purpose, such
as the mitigation of barrier. Examples of Business Model
Practices might include the use of multi-level business
referrals systems, review sharing, or various types of
partnerships to capture a new business opportunity or achieve
a goal. Examples of Market and Regulatory Practices might
include the development systems with government,
manufacturers, non-profits or other entities to promote market
development for new products through mechanisms like
subsidies, rebates, preferential rate structure, and etc. Such
systems would be designed to fit stakeholder goals for
regulatory, market or policy outcomes. Depending on the
priority, or relative strength of impact, that each of these
programs and practices may have, they could contribute

toward the mitigation of a barrier. An example of a barrier in
this sample model may be the absence of a transactive energy

market structure for buying and selling electric used to
charge vehicles or fed back into the grid (similar to a feed-in
tariff for residential solar panel systems). To promote the
development of such a system regulators might establish
specific rates and policy structures, while utility companies
and third-party service providers would offer equipment and
service with specific incentives designed to entice customers
to use their systems. This could ultimately result in the
lowering of the transactive energy system barrier (B1). The
lowering of this barrier may allow an existing technology
(T3) to pass through the barrier and accomplish a specific
goal (G4). In this case, an example of such a technology
might be existing energy efficiency aggregation systems
which would then be able to accomplish key energy
efficiency goals as outlined by the Northwest Power and
Conservation Council.

While the model proposed here is just an example, it
offers a number of interesting advantages over current
roadmapping models. Technology development often occurs
to meet multiple market and stakeholder needs and often
must function in complex policy and regulatory landscapes.
This is especially true in the case of technologies used by in
public utility industries. It is difficult to visualize which
technologies need to be developed to meet key stakeholder
needs, because barriers often exist that would prevent those
technologies from perform an intended function. By putting
barriers directly on a roadmap, it becomes easier to visualize
whether technology development is needed to meet specific
goals, or if it could already meet those goals in the absence of
barriers.  Furthermore, in emerging industries, market
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structures and business models are often not well defined in
the initial stages. By analyzing the need for business model
and market development, significant insight may be gained
regarding future progress in an industry. In addition,
examining how such business model and market development
may affect industry barriers could provide suggestions about
the type and direction of technology development that needs
to occur. Therefore, this roadmap design aims to integrate
technology, business, regulatory, and policy issues into a
single process that gives a powerful visual representation of

[ D1 ] | D2

Drivers

G1 G2

Barriers:
Inhibiting Gap Filling

Solutions:
Technologies, Business T1
Model, Market, and
Regulatory Practices

Development:
R&D, Business Model,
Market, and Regulatory

Programs

RD1

market and policy goals

the development priorities and pathways. A final stage of
outcome analysis is then performed to examine the key
learnings from the roadmapping in more detail and make a
step-by-step action plan.

To illustrate how this type of business sub-model matrix
could be applied a pilot study was performed examining the
case of electric bicycle rental and/or charging on the Portland
State University campus. The following diagram illustrates
the business sub-models that were derived.

D

1. Business Model Practices: Include partnerships, referrals, revenue sharing, etc.
2. Market & Regulatory Practices: Includes rebates, subsidies, rate structure, and etc. to fit regulatory,

3. Programs are collections of one or more policies.

Figure 2.4.3.2.1: Sample Region EVSC Model

‘ D1:Travel Cost ‘ D4:Travel Time

‘ D7:Membership Sys ‘ D10:Campus Grid Stds

‘ D8:Bus. Structure ‘ D11: Campus vehicle pol

‘ D2:Vehicle Cost ‘ D5:Traffic Flow
‘ D3:Parking ‘ D6:Ease Usage System
P1: P2:Smart P3:Membrsp

Convenient, e-Bike Usage Sys / Pmt

Affordable e- System Options

Bike System

Barriers:
Inhibiting Gap Filling
T2: T3:e-Bike T4: e-Bike

Solutions:
Technologies, Business

T”;‘_’g"“g"s‘ Efficient Pmt Usage
e-Bike Options System

Model, Market, and

Regulatory Practices

Development: RD1: Low RD2: Quick RD3:e-Bike
R&D. B P! Model Cost Battery Charge usage & Pkg

b ELEEEs ek, Dev Battery Dev SW Dev
Market, and Regulatory

Programs

‘ D9:Charging Infrastruc ‘ D12:Emiss policies
G2:Biz
Prtnershp Pol G3:e-Bike
G1:e-Bike Guidlns, Captal &
Charging Ownership Infrastr
Al interface A stuc Invsmt
’ /| Agreement Agreement

< v 4 4 4 A
. k S

Figure 2.4.3.2.2: Sample TRM for e-Bike Pilot Study
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Several key pieces of information can be seen from the
above figure. Key stakeholders include university faculty,
staff, and students, as well as businesses or organizations in
the local area, and local government. Decisions must be
made regarding whether to focus first on specific user
segments among these stakeholders or on a combinations of
segments. Further decisions must be made regarding the
possibility of university, utility, or third-party ownership of
an electric bicycle venture and if the primary profit
mechanism will be rentals, battery charging, leasing, or some
combinations thereof. Options for financing and distribution
can then be determined that are appropriate for each of these
cases. The next step in this process explains more details
about defining a business model.

¢) Prioritized Action Paths & Critical Analysis of Results

Using prioritized TRM, the main paths and dependencies
for desired outcomes can be identified. Finally, an outcome
analysis is used to summarize the main paths to desired
outcomes and what factor dependencies exist in order to
achieve these outcomes.

4) Conclusions on Methodologies

The types of methods presented in this paper are needed
in order to deal with the unique nature of smart grid
technology and product development for the regulated
regional utility systems in general and for electric vehicle
smart charging systems in particular. Many problems cannot
be solved on just a local or state level, but must instead be
solved at higher levels, such as coordination within regional
power systems and policies. Smart Grid and Electric Vehicle
Smart Charging application are new and the characteristics of
such systems are not well understood yet. Multiple
perspectives are needed to understand how regulatory and
policy issues, and market characteristics can lead to the
creation of new business models that are appropriate for the
rapidly evolving smart grid technologies that are now
emerging.

REFERENCES

[11  P. Fox-Penner, "Fix Utilities Before they Need a Rescue," Harvard
Business Review, vol. 87,2009.

[2] K. R. Cowan and T. U. Daim, "Integrated Technology Roadmap
Development Process: Creating Smart Grid Roadmaps to Meet
Regional Technology Planning Needs in Oregon and the Pacific
Northwest," in Technology Management for Emerging Technologies
(PICMET), 2012 Proceedings of PICMET '12:,2012, pp. 2871-2885.

[31 K. R. Cowan and T. U. Daim, "Comparative Technological
Roadmapping for Renewable Energy," Technology in Society, vol. 31,
pp. 333-341, 2009.

[4] K. R. Cowan and T. U. Daim, "Review of Technology Acquisition
and Adoption Research in the Energy Sector," Technology in Society,
vol. 33, pp. 183-199, 2011.

[5] R. R. Harmon and K. R. Cowan, "A Multiple Perspectives View of
the Market Case for Green Energy," Technological Forecasting and
Social Change Technological Forecasting and Social Change, vol.
76, pp. 204-213, 2009.

[6] K.R.Cowan and R. R. Harmon, "The Market Case for Green Energy:
A Multiple Perspectives Approach," presented at the PICMET 2007

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

2956

(Portland International Conference for Management of Engineering
and Technology) 2007.

J. Jenkins, et al., "Renewable Energy Standard " Powering Oregon's
Future 2007.

Summary of Oregon's RPS Available:
http://www.oregon.gov/ENERGY/RENEW/RPS_Summary.shtml

O. H. Bray and M. L. Garcia, Technology Roadmapping: The
Integration  of  Strategic and  Technology  Planning  for
Competitiveness. Portland, OR: PICMET (Portland International
Conference on Management of Engineering and Technology), 1997.
R. Phaal, et al., T-Plan: The Fast-Start to Technology Roadmapping -
Planning your Route to Success. Cambridge: University of
Cambridge, Institute for Manufacturing, 2001.

R. Phaal, et al., "Technology Roadmapping - A Planning Framework
for Evolution and Revolution," Technological Forecasting and Social
Change., vol. 71, p. 5, 2004.

C. Holmes and M. Ferrill, "The application of Operation and
Technology Roadmapping to aid Singaporean SMEs identify and
select emerging technologies," Technological Forecasting and Social
Change, vol. 72, pp. 349-357, 2005.

A. Nauda and D. L. Hall, "Strategic technology planning--developing
roadmaps for competitive advantage," in Portland International
Conference on Management of Engineering and Technology,
Portland, OR, 1991, pp. 745-748.

R. N. Kostoff, "Systematic Acceleration of Radical Discovery and
Innovation in Science and Technology," Technological Forecasting
and Social Change, vol. 73, p. 923, 2006.

M. Rinne, "Technology Roadmaps: Infrastructure for Innovation,"
Technological Forecasting and Social Change, vol. 71, p. 67, 2004.

E. Lopez-Ortega, et al., "Strategic Planning, Technology Roadmaps
and Technology Intelligence: An Integrated Approach," presented at
the PICMET (Portland Internation Conference for Management of
Engineering & Technology), Portland, Oregon, 2006.

S. K. Kassicieh, et al., "Factors Differentiating the Commercialization
of Disruptive and Sustaining Technologies," IEEE transactions on
engineering management /, vol. 49, p. 375, 2002.

R. N. Kostoff, et al, "Disruptive Technology Roadmaps,"
Technological Forecasting and Social Change, vol. 71, p. 141, 2004.
S. T. Walsh, "Roadmapping a Disruptive Technology: A Case Study -
The Emerging Microsystems and Top-Down Nanosystems Industry,"
Technological Forecasting and Social Change, vol. 71, p. 161, 2004.
S. T. Walsh and J. D. Linton, "Infrastructure for Emergent Industries
Based on Discontinuous Innovations," Engineering Management
Journal - Rolla, vol. 12, pp. 23-32, 2000.

R. Zurcher and R. N. Kostoff, "Modeling Technology Roadmaps,"
The Journal of Technology Transfer, vol. 22, p. 73, 1997.

B. A. Vojak and F. A. Chambers, "Roadmapping Disruptive
Technical Threats and Opportunities in Complex, Technology-Based
Subsystems: The SAILS Methodology," Technological Forecasting
and Social Change, vol. 71, p. 121, 2004.

J. L. Bower and C. M. Christensen, Disruptive Technologies:
Catching the Wave. Boston, MA: Harvard Business School
Publications, 1995.

N. Gerdsri, "An Activity Guide for Technology Roadmapping,"
Technology Analysis and Strategic Management, vol. 22, pp. 229-
242, 2010.

M. Amer and T. U. Daim, "Application of Technology Roadmaps for
Renewable Energy Sector," Technological Forecasting & Social
Change, vol. 77, pp. 1355-1370, 2010.

H. Abe, et al., "Integrating Business Modeling and Roadmapping
Methods - The Innovation Support Technology (IST) Approach,"
Technological Forecasting and Social Change, vol. 76, pp. 80-90,
2009.

D. Fenwick, et al., "Value Driven Technology Road Mapping
(VTRM) Process Integrating Decision Making and Marketing Tools:
Case of Internet Security Technologies," Technological Forecasting
and Social Change, vol. 76, pp. 1055-1077, 2009.

A. M. Lamb, et al., "Wood Pellet Technology Roadmap," [EEE
Transactions on Sustainable Energy, vol. 3, pp. 218-230, 2012.



[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

2014 Proceedings of PICMET '14: Infrastructure and Service Integration.

I. J. Petrick and A. E. Echols, "Technology Roadmapping in Review:
A Tool for Making Sustainable New Product Development
Decisions," Technological Forecasting and Social Change, vol. 71, p.
81,2004.

S. T. Walsh, ef al., "The Semiconductor Silicon Industry Roadmap:
Epochs Driven by the Dynamics between Disruptive Technologies
and Core Competencies," Technological Forecasting and Social
Change, vol. 72, pp. 213-236, 2005.

S. Lee, et al., "Technology Roadmapping for R&D Planning: The
Case of the Korean Parts and Materials Industry," Technovation, vol.
27, pp. 433-445, 2007.

Y. Kajikawa, et al., "Structure of Knowledge in the Science and
Technology Roadmaps," Technological Forecasting Social Change
Technological Forecasting and Social Change, vol. 75, pp. 1-11,
2008.

R. W. Galvin, "A Practitioner's Update to Roadmapping: From
Sustainable to Disruptive Technologies," Technological Forecasting
and Social Change, vol. 71, pp. 91-103, 2004.

H.-K. Lee, et al., "Aligning the Business Roadmap to Technolgoy
Roadmap for Managing the New Product Development Project,"
Journal of the Chinese Institute of Industrial Engineers, vol. 23, pp.
449-457, 2006.

S. Lee and Y. Park, "Customization of Technology Roadmaps
According to Roadmapping Purposes: Overall Process and Detailed
Modules," Technological Forecasting and Social Change, vol. 72, p.
567, 2005.

N. Gerdsri, "An Analytical Approach on Building a Technology
Development Envelope (TDE) for Roadmapping of Emerging
Technologies," 2005.

N. Gerdsri and D. F. Kocaoglu, "Applying the Analytic Hierarchy
Process (AHP) to Build a Strategic Framework for Technology
Roadmapping," Mathematical and Computer Modelling, vol. 46, pp.
1071-1080, 2007.

N. Gerdsri, et al, "Dealing with the Dynamics of Technology
Roadmapping Implementation: A Case Study," Technological
Forecasting and Social Change, vol. 76, pp. 50-60, 2009.

R. Phaal, et al., "Customizing Roadmapping," Research Technology
Management, vol. 47, p. 26, 2004.

T. Daim and T. Oliver, "Implementing Technology Roadmapping
Process: A Case Study of a Government Agency," Technology
Forecasting & Social Change, vol. 75, pp. 687-720, 2008.

T. U. Daim, et al., "Technology Roadmapping for Wind Energy: Case
of the Pacific Northwest," Journal of Cleaner Production, vol. 20, pp.
27-37,2012.

T. Daim, et al., "Technology Roadmapping: An Efficient Tool for
Driving Regional Technological Changes," in Sustainable Systems
and Energy Management at the Regional Level, 2012.

T. Daim, et al., "Technology Development Envelope Approach for
the Adoption of Future Powertrain Technologies: A Case Study on
Ford Otosan Roadmapping Model," Journal of Transportation
Systems Engineering and Information Technology, vol. 11, pp. 58-69,
2012.

R. Phaal, er al, "Technology Roadmapping: Charting the Route
Ahead for UK Road Transport," in Engineering Management
Conference, 2002. IEMC '02. 2002 IEEE International, 2002, pp.
794-798 vol.2.

R. Phaal, et al., "Starting-Up Roadmapping Fast," IEEE Engineering
Management Review, vol. 31, pp. 54-60, 2003.

O. Saritas and M. A. Oner, "Systemic Analysis of UK Foresight
Results - Joint Application of Integrated Management Model and
Roadmapping," Technological Forecasting and Social Change, vol.
71, p. 27,2004.

M. Dissel, et al., "Value Roadmapping: A Structured Approach for
Early Stage Technology Investment Decisions," presented at the
PICMET 2006: Technology Management for the Global Future,
Istanbul, Turkey, 2006.

R. Phaal, et al., "A Framework for Mapping Industrial Emergence,"
Technological Forecasting & Social Change, vol. 78, pp. 217-230,
2011.

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]
[57]

[58]

[59]

[60]

[61]

[62]
[63]
[64]
[65]
[66]
[67]

[68]

[69]

[70]

(71]

(721

[73]

2957

R. Phaal and G. Muller, "An Architectural Framework for
Roadmapping: Towards Visual Strategy," Technological Forecasting
and Social Change, vol. 76, pp. 39-49, 2009.

V. Thor, et al., "Internal Technology Valuation: Real World Issues,"
International Journal of Technology Management, vol. 53, pp. 149-
160.

H. Martin and T. U. Daim, "Technology Roadmap Development
Process (TRDP) for the Service Sector: A Conceptual Framework,"
Technology in Society, vol. 34, pp. 94-105.

G. Hamel, Leading the Revolution. Boston, MA: Harvard Business
School Press, 2000.

A. J. Slywotzky, Value Migration: How to Think Several Moves
ahead of the Competition. Boston, MA: Harvard Business School
Press, 1996.

A. J. Slywotzky, The Art of Profitability. New York, NY: Warner
Business Books, 2002.

H. W. Chesbrough, Open Innovation: The New Imperative for
Creating and Profiting from Technology. Boston, MA: Harvard
Business School Press, 2003.

M. E. Porter, On Competition. Boston, MA: Harvard Business School
Pub., 2008.

M. E. Porter, The Five Competitive Forces that Shape Strategy.
Boston, MA: Harvard Business School Publishing, 2008.

H. Abe, et al., "Value Creation Framework of Business Modeling
Methods for R&D Outputs," presented at the PICMET (Portland
International Conference for Management of Engineering and
Technology), 2005.

H. Abe, et al., "A New Framework of Business Modeling Methods for
R&D Outputs: Valuation and Communication Tools for Engineers,
Managers, and Investors," presented at the PICMET (Portland
International Conference for Management of Engineering and
Technology), 2004.

Y. Yasunaga, et al., "Application of Technology Roadmaps to
Governmental Innovation Policy for Promoting Technology
Convergence," Technological Forecasting and Social Change, vol.
76, pp. 61-79, 2009.

Y. Zhou, "A Policy Dimension Required for Technology
Roadmapping: Learning from the Development of Emerging Wind
Energy Industry in China," presented at the PICMET 2011 Portland,
OR, 2011.

EEL, A Summary of FERC's Standard Market Design Tariff NOPR.
Washington, DC: Edison Electric Institute, 2002.

NPCC, "Northwest Wind Integration Action Plan," NPCC (Northwest
Power and Conservation Council), Portland, OR 2007.

K. Dragoon, "Lowest Cost Balancing Resources." Portland: NPCC
(Northwest Power and Conservation Council), 2011.

B. M. Nickell, "Wind Dispatchability and Storage - Interconnected
Grid Perspective," EERE (Energy Efficiency & Renewable Energy
Department) 2009.

Energy Policy Act of 2005, 2005.

BPA, What is RTO West? Portland, OR: Bonneville Power
Administration, 2000.

M. R. Milligan. (2011). Western Interconnection Energy Imbalance
Market: Status and Prospects. Available:
http://purl.fdlp.gov/GPO/gpo16356

ColumbiaGrid, "Intra-Hour Transaction Accelerator Platform: [-Tap,"
ColumbiaGrid2009.

L. Karwoski-Magee and D. Ruben, "The Charrette: An
Interdisciplinary Academic Tool," Design Principles and Practices:
An International Journal, vol. 4, p. 11, 2010.

W. Spencer and T. Seidel, "National Technology Roadmaps: The U.S.
Semiconductor Experience " in 4th International Conference on
Solid-State and Integrated Circuit Technology, 1995.

A. Diebold, "Overview of Metrology Requirements Based on the
1994 National Technology Roadmap for Semiconductors,” in
SEMATECH  (IEEE/SEMI 1995  Advanced  Semiconductor
Manufacturing Conference and Workshop), Austin, TX, 1994.

P. A. Koen, "Technology Maps: Choosing the Right Path,"
Engineering Management Journal - Rolla, vol. 9, pp. 7-11, 1997.



[74]

[75]

[76]

[77]

(78]

[79]

[80]

(81]

(82]

(83]

[84]

[85]

[86]

(87]

(88]

(89]

[90]

[91]

[92]

[93]

[94]

(93]

[96]
[97]

(98]

2014 Proceedings of PICMET '14: Infrastructure and Service Integration.

R. N. Kostoff and R. R. Schaller, "Science and Technology
Roadmaps," [EEE Transactions on Engineering Management, vol. 48,
pp. 132-143,2001.

M. G. Kendall and B. B. Smith, "The Problem of Rankings," The
Annals of Mathematical Statistics, vol. 10, pp. 275-287, 1989.

H. A. Linstone and M. Turoff, The Delphi Method: Techniques and
Applications. Reading, MA: Addison-Wesley Publishing Company,
1975.

K. Brockhoff, "The Performance of Forcasting Groups in Computer
Dialogue and Face-to-Face Discussion," in The Delphi Method:
Techniques and Applications, H. Linstone and M. Turoff, Eds.,
Reading, MA: Addison- Wesley, 1975, pp. 291-321.

T. L. Saaty, The Analytic Hierarchy Process: Planning, Priority
Setting, Resource Allocation. New York; London: McGraw-Hill
International Book Company, 1980.

T. L. Saaty, "Axiomatic Foundation of the Analytic Hierarchy
Process," Management Science, vol. 32, pp. 841-855, 1986.

T. L. Saaty, Fundamentals of Decision Making and Priority Theory
with the Analytic Hierarchy Process. Pittsburgh, PA: RWS
Publications, 2000.

J. L. Salmeron and I. Herrero, "An AHP-Based Methodology to Rank
Critical Success Factors of Executive Information Systems,"
Computer Standards and Interfaces, vol. 28, pp. 1-12, 2005.

E. Geisler, "The Metrics of Technology Evaluation: Where We Stand
and Where We Should Go from Here," International Journal of
Technology Management, vol. 24, pp. 341-374, 2002.

D. J. Hammerstrom, et al., "Smart Technology Brings Power to the
People," Power Engineering International, 14(10):45-46, vol. 14,
2006.

P. Fox-Penner, Smart Power: Climate Change, the Smart Grid, and
the Future of Electric Utilities: Island Press, 2010.

EPRI, "The Green Grid: Energy Savings and Carbon Emissions
Reductions Enabled by a Smart Grid," Electric Power Research
Institute (EPRI) 2009.

R. J. Procter, "Smart Grid Inventory: A Report to the Oregon Public
Utility Commission," Public Utility Commission of Oregon, Salem,
OR2011.

T. L. Friedman, Hot, Flat, and Crowded: Why we Need a Green
Revolution -- And How it Can Renew America. New York: Farrar,
Straus and Giroux, 2008.

EPRI, "Estimating the Costs and Benefts of the Smart Grid: A
Preliminary Estimate of the Investment Requirements and the
Resultant Benefts of a Fully Functioning Smart Grid," Electric Power
Research Institute (EPRI), Palo Alto, CA 2011.

S. M. Amin and B. F. Wollenberg, "Toward a Smart Grid," /IEEE
Power & Energy, vol. 4, p. 66, 2006.

M. Rawson and J. Sugar, "Distributed Generation and Cogeneration
Policy Roadmap for California," California Energy Commission,
Sacramento, CA 2007.

A. Chuang. (2011). California Utility Vision and Roadmap for the
Smart  Grid of 2020: Final Project Report. Available:
http://bibpurl.oclc.org/web/4544 1 http://www.energy.ca.gov/201 1 publ
ications/CEC-500-2011-034/CEC-500-2011-034.pdf
CAISO, "Smart Grid Roadmap and Architecture,"
Independent System Operator 2010.

J. Houck and W. Rickerson, "The Sustainable Energy Utility (SEU)
Model for Energy Service Delivery," The Bulletin of Science,
Technology & Society, vol. 29, pp. 95-107, 2009.

A. J. O'Donnell, Soul of the Grid: A Cultural Biography of the
California Independent System Operator. New York: Universe, 2003.
CMU, "Smart Grid Maturity Model: Model Definition: A Framework
for Smart Grid Transformation," Carnegie Mellon University (CMU),
Fort Belvoir, VA 2010.

W. S. Humphrey, Managing the Software Process. Reading, MA:
Addison-Wesley, 1989.

J. R. Persse, Implementing the Capability Maturity Model. New York:
John Wiley & Sons, 2001.

Public Utilities Regulatory Policy Act of 1978: Report to Accompany
S. 2114, 1978.

California

[99]

[100]

[101]
[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

2958

X. Fang, et al., "Smart Grid - The New and Improved Power Grid: A
Survey," IEEE Communications, 2011.

CEC. (2010). CERTS Smart Grid Demonstration with Renewable
Energy Integration. Available:
http://www.energy.ca.gov/2010publications/CEC-500-2010-FS/CEC-
500-2010-FS-005.PDF

ISSGC, "lllinois Statewide Smart Grid Collaborative: Collaborative
Report," Illinois Statewide Smart Grid Collaborative 2010.

ISGI, "Illinois Smart Grid Initiative: Summary of Smart Grid Bnefits
and Issues," Illinois Smart Grid Initiative (ISGI) 2008.

M. Olken, "A Smart Grid Partnership: International Efforts in Korea
and Illinois," IEEE Power and Energy Magazine, vol. 9, pp. 4-6,
2012.

Staff Recommendation to Use Oregon Electricity Regulators
Assistance Project Funds from the American Recovery and
Reinvestment Act of 2009 to Develop Commission Smart Grid
Objectives for 2010-2014, OPUC Order No. 11-172,2011.

A. Brown and R. Satler, "Smart Grid Issues in State Law and
Regulation," Galvin Electricity Initiative 2010.

FERC, "Assessment of Demand Response & Advanced Metering:
Docket ADO06-2-000," Federal Energy Regulatory Commission,
Washington, D.C. 2008.

R. W. Galvin, et al., Perfect Power: How the Microgrid Revolution
Will Unleash Cleaner, Greener, and More Abundant Energy. New
York: McGraw-Hill, 2009.

NIST, "NIST Framework and Roadmap for Smart Grid
Interoperability Standards, Release 1.0," National Institute of
Standards and Technology, Office of the National Coordinator for
Smart Grid Interoperability, Gaithersburg, MD2010 2010.

Xcel, "Xcel Energy Smart Grid: A White Paper," Xcel Energy,
Boulder, CO 2010.

D. James, "Xcel Energy's Smart Grid," Proceeding of the Solar
Conference, vol. 5, pp. 2859-2869, 2008.

PSPI, "The Pecan Street Project: Working Group Recommendations,"
Pecan Street Project, Inc. (PSPI), Austin, TX2010.

C. A. Smith, "The Pecan Street Project: Developing the Electric
Utility System of the Future," University of Texas, Austin, TX, 2009.
B. McCracken, et al., Pecan Street Project Smart Grids and Austin's
Energy Future. Austin, TX: University of Texas at Austin:
Environmental Science Institute, 2010.

Pacific Northwest Electric Power Planning and Conservation Act:
Report to Accompany S. 885, 1979.

NPCC, Restructuring of the Electric Utility Industry: Implications for
the Goals of the Northwest Power Act. Portland, OR: Northwest
Power Planning Council (NPCC), 1994.

D. J. Duann, et al., A Survey of Recent State Initiatives on EPACT and
FERC Order 636. Columbus, Ohio: National Regulatory Research
Institute, 1994.

K. Rose, et al., Research Report: Summary of Key state Issues of
FERC orders 888 and 889. Columbus, OH: National Regulatory
Research Institute, 1997.

K. W. Costello and R. E. Burns, Regional Transmission
Organizations and the Coordination of Regional Electricity Markets:
A Review of FERC Order 2000. Columbus, Ohio: National
Regulatory Research Institute, 2000.

U. S. Congress, Energy Policy Act of 1992: Public Law 102-486-Oct.
24, 1992. Washington, DC: US Government Printing Office, 1992.

H. Prem and N. Raghavan, "Building a Technology Roadmap in High
Performance Computing in the Indian Context," presented at the
PICMET 2005: A Unifying Discipline for Melting the Boundaries,
Portland, OR, 2005.

C. Wooster, "Encouraging Technology through Legislation: A Study
of the Development of Cogeneration Facilities after the Enactment of
the Public Utilities Regulatory Policies Act," 1988.

R. Schaller, "Technological Innovation in the Semiconductor
Industry: A Case Study of the International Technology Roadmap for
Semiconductors (ITRS)," 2004.

C. Cleveland and C. Morris, Dictionary of Energy. Amsterdam;
London: Elsevier, 2005.



[124]

[125]

[126]

[127]

[128]

[129]

[132]

[133]

2014 Proceedings of PICMET '14: Infrastructure and Service Integration.

L. Karwoski-Magee and D. Ruben, "The Charrette: An
Interdisciplinary Academic Tool," Design Principles and Practices:
An International Journal, vol. 4, pp. 11-21,2010.

P. Newman and C. Leverhant, "The Fuzzy Front End - Technology
Identification, Staging, and Maturation: Where the Battle is Often
Lost Without Firing a Shot," presented at the PICMET, Portland, OR,
2001.

W. Kempton, "Automobiles: Designing the 21st century fleet,"
presented at the Seattle V2G Technical Symposium, Seattle, WA,
2005.

R. Wells, et al, "Technology Roadmapping for a Service
Organization," Research technology management., vol. 47, p. 46,
2004.

G. Rouse and J. Kelly, "Electricity Reliability: Problems Progress and
Policy Solutions," Galvin Electricity Initiative2011.

B. Shively and J. Ferrare, Understanding Today's Electricity Business,
4.0 ed. San Francisco, CA: Enerdynamics, 2008.

] C. Cramer, Thomas Edison. San Diego, CA: Greenhaven Press, 2001.
] M. Filippini, "Are Municipal Electricity Distribution Utilities Natural

Monopolies?," Annals of Public and Cooperative Economics, vol. 69,
p. 157, 1998.

S. Insull and W. E. Keily, Central Station Electric Service: Its
Commercial Development and Economic Significance. Chicago,
1915.

NSF, "Funds for Industrial R&D as a Percent of Net Sales of
Companies Performing Industrial R&D in the United States,"
National Science Foundation (NSF), Washington, DC 2010.

[134]
[135]

[136]

[137]

[138]
[139]

[140]

[141]

[142]

[143]

2959

L. Fox, Enron: The Rise and Fall. Hoboken, N.J.: Wiley, 2003.

J. Casazza, Understanding Electric Power Systems: An Overview of
the Technology, the Marketplace, and Government Regulation: John
Wiley & Sons, 2010.

S. Coll, The Deal of the Century: The Break Up of AT&T. New York:
Atheneum, 1986.

A. Nauda and D. Hall, "Strategic Technology Planning - Developing
Roadmaps for Competitive Advantage," presented at the PICMET
1991, Portland, OR, 1991.

ODOE, "Summary of Oregon's RPS " Oregon Department of
Energy2007.

C. Willyard and C. McClees, "Motorola's Technology Roadmap
Process," Research Management, pp. 13-19, 1987.

C. Holmes and M. Ferrill, "The Application of Operation and
Technology Roadmapping to Aid Singaporean SMEs Identify and
Select Emerging Technologies," Technological Forecasting and
Social Change, vol. 72, p. 349, 2005.

E. Bardach, 4 Practical Guide for Policy Analysis: The Eightfold
Path to More Effective Problem Solving, 3rd ed. New York, N.Y.:
Chatham House Publishers, Seven Bridges Press, 2009.

V. Elmer and A. Leigland, Infrastructure Planning and Finance: A
Smart and Sustainable Guide. New York: Routledge, 2013.

F. Ishida, ef al., "Remodeling Method for Business Models of R&D
Outputs," in PICMET (Portland International Conference for
Management of Engineering and Technology), Istanbul, Turkey,
2006, pp. 708-714.



