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ABSTRACT

The purpose of this research is to discover emerging issues associated with
smart grid technology adoption in the U.S. lodging industry through discussion
and consensus of industry experts. United States lodging industry experts were
asked to identify critical issues relating to smart grid technology adoption in the
industry for the planning horizon ending December 30, 2020. A Delphi study was
conducted. Through three rounds of a series of questions, industry experts’
perceptions of currently adopted and anticipated future smart grid technologies in
the U.S. lodging industry were recorded, analyzed and ranked. The study
provides a baseline for the U.S. lodging industry that may be used to assess
industry progress as smart grid technologies are developed and adopted. The
benefits of collaborative academic research that elucidates practical solutions to
challenges posed by multi-discipline forces are highlighted in study results.
Study conclusions provide direction for those who are making decisions about
smart grid technology adoption and for those who are charged with providing

exceptional service while achieving energy efficiency.

Keywords: energy management, electric grid, information technology,
hotel, lodging, loyalty programs, power generation, renewable energy, smart grid,

smart grid technologies
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Chapter 1
INTRODUCTION

1.1 Introduction

This research is an exploratory study of the perceptions of U.S. lodging
industry experts about the recognition, benefits, challenges and risks of adopted
and anticipated future smart grid technologies. The goal of this researcher is to
accurately identify and report these perceptions. The study will serve as a
baseline for smart grid technology adoption progress in the U.S. lodging industry.

The current electric grid model is tied to the past, so Chapter 1 begins with
a historical perspective of the national grid. Descriptions of how the national grid
works, and how consumers are charged for electricity from the grid, follow. A
comparison is made between the existing grid and the smart grid. Three primary
differences - energy flow, data flow, and fuel mix - are identified, examined, and
graphically depicted. The smart grid and smart grid technologies are defined.
Subsequent sections provide a framework in which the picture of smart grid
technology adoption in this research is viewed. The value of collaborative
research that advances technology as a solution to industry challenges is discussed
and the research questions are presented. Subsequent chapters contain the
literature review; study methodology; study results and discussion; and

conclusions, including recommendations for future research.



1.2 Historical Perspective of the National Electric Grid

The U.S. electrical system initially consisted of isolated local areas with
two electric power components; generation and distribution. The grid was
developed to interconnect isolated areas, enabling electric power transmission,
and creating a network of formerly isolated areas. Instead of having small
islands, or local areas, of generation and distribution, the system was expanded
into three components; generation, transmission, and distribution, and it allowed
electric power suppliers to take advantage of economies of scale.

Power quality was poor before the transmission component was added,
simply because of the nature of supply and demand. For example, if a local
power generator could not meet demand, the drag on limited generation capacity
resulted in sagging electrical frequencies and voltages. During the early days of
the system, most of the power load was for lighting. When demand exceeded
supply, the resultant “sags” merely caused lights to dim. From a practical
perspective, this was a benign problem, but as electricity started to be used for
devices such as motors, radios and other communications devices, power quality
became important. It became necessary for electrical voltage and frequency to be
maintained at standard levels.

Consistent power quantity, or reliability, followed much the same path as
power quality. Before the transmission component was added to the electrical
power system with the development of the grid, there was nowhere to get

supplemental power when demand exceeded supply. These circumstances



resulted in a system that could not reliably furnish electric power. This was
especially problematic when there was zero supply, as was the case when local
generation facilities went off-line, usually because of equipment failure.
Transmission, the third power component, allowed electricity to be
transported, or transmitted, between formerly isolated areas, resulting in improved
quality and reliability. Local power generators began to establish transmission
interconnections, or grids, by building transmission lines with neighboring power
suppliers to improve quality and reliability. Local grids developed into regional
grids which, collectively, make up the national grid as we know it today. The
national grid, with its interconnecting transmission capabilities, allows customers
to receive power from adjacent power producers, resulting in a more reliable
system than was formerly available. The simplified diagram of alternating current
(AC) electricity distribution from generation stations to consumers (Federal
Energy Regulatory Commission, 2006) below shows the three components -

generation, transmission and distribution - of the grid.

Color Key: Substation
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Blue: Transﬁﬂission Transformer eease Customer
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Figure 1: Simplified Diagram of Ac Electricity Distribution from Generation
Stations to Consumers
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1.3 How the Grid Works

The national grid is the transmission system for the United States. Energy
companies obtain power from their own generating facilities and/or they buy it
from the grid. Power is purchased off the grid by power distribution companies
and large industrial customers. Put simply, power distribution companies sell
power to commercial, residential and relatively small industrial customers; and
large industrial customers who purchase power directly off the grid use the power
they purchase in-house. This is where market forces come into play — energy
companies choose a power mix, based on contracted and real-time pricing.
Again, supply and demand are at the fore. For example, if the east coast
experiences an extreme sustained heat wave at an unpredicted time, the
companies that supply power up and down the east coast are forced to scramble to
purchase power from the grid, creating a situation in which power prices are
driven up because demand heavily exceeds supply. Moreover, if an unplanned
outage occurs at a generation station, the company that owns the station adds to
the fray by driving demand even further to make up for lost generation capacity,

thereby driving the price of power from the grid even higher.

1.4 How Consumers Are Charged for Electricity

In general, energy distribution in the U.S. is the domain of companies with
geographic territories. Each company charges customers for the distribution of
electrical power into homes and businesses that are located within the company’s

territory. Inthe United States, energy providers are generally regulated by state



utility commissions. There are exceptions, and there is a trend toward
deregulation, but state utility commissions still regulate generation, transmission
and distribution, or any combination thereof, depending on the state. Consumer
usage information is manually or remotely read from meters, usually monthly, in
kilowatt hours (kwh). Consumer charges are calculated by multiplying rates
($/kWh) by usage (kWh). It is important to note that this is a simplified
explanation of a complex rate system that is “tiered” depending on season, usage

volume, and consumer type (residential, commercial, industrial).

1.5 The Existing Grid and the Smart Grid — A Comparison

There are three primary differences in the function of the existing electrical
grid and the smart grid. They are:

1. Energy Flow

2. Data Flow

3. Fuel Mix

1.5.1 Energy Flow
Figure 2 illustrates existing grid energy flow. Energy flows in one
direction, from generating facilities, through the grid transmission lines and,

ultimately, to consumers via distribution lines.



Generation Transmission Distribution

Energy Industry Grid Consumers

Figure 2: Existing Grid Energy Flow

Figure 3 illustrates smart grid energy flow. Smart grid technologies allow
energy to flow in a loop in which energy may be exchanged between
stakeholders. Consumers have the ability to join energy providers in an enhanced

role as energy consumer/generators.
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Figure 3: Smart Grid Energy Flow

1.5.2 Data Flow

Figure 4 illustrates existing grid data flow. Data flows in one direction
from the consumer to the provider, with no actionable real-time feedback.
Aggregate usage is manually or remotely read from consumer meters by energy
providers, and consumers receive an after-the-fact billing invoice. Consumers
participate passively in current data flow because they do not have the ability to

identify specific energy usage patterns in real-time.
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Figure 4: Existing Grid Data Flow

Figure 5 illustrates smart grid data flow. Data resides in a “cloud” in real-
time, moves in multiple directions, and is accessible by consumers as well as
energy companies as actionable information. Measurements taken using smart
grid communications technologies are precisely time-synchronized, taken many
times per second and displayed digitally, thereby facilitating consumer action by
allowing consumers to actively respond by adjusting consumption. Smart grid
technologies automatically read meters, record power consumption habits and
support remote control. Consumers are provided with options to choose low-cost
electricity, level electricity consumption amounts between peak and low hours,
and reserve electricity for emergency use. Real-time power costs, energy
consumption habits, and energy use suggestions are all accessible through smart
grid technologies.

The consumer role is expanded, with consumers having the potential to
become consumer/generators. Smart grid technologies facilitate grid-connected
intermittent generation from sources such as wind, solar, and vehicle to grid

(V2G) vehicles, by using these sources during peak usage times and replenishing



it during off peak times. Residential, commercial and industrial consumers alike
have access to their carbon emission amounts and suggestions for reductions.
Smart grid technologies have the capacity to provide usage transparency wherein
real-time usage data is available to consumers, consumer/generators, energy

providers, and third party recipients.

Smart Grid

Real-Time Data

Figure 5: Smart Grid Data Flow

1.5.3 Fuel Mix
Figure 6 illustrates the 2009 U.S. fuel mix (U.S. Energy Information
Administration, 2011). Energy companies and large independent generators

supply power to the grid. Fuel sources remain predominantly controlled by large



utility companies. Primary sources - coal, natural gas and nuclear - are

nonrenewable fuels.

Natural Gas [ Renewables Nuclear

23.3% 10.4% 20.2%

Energy
Providers

!

Consumers

Figure 6: 2009 U.S. Grid Fuel Mix

Figure 7 illustrates potential smart grid fuel mix. Smart grid technologies
facilitate the use of intermittent renewable fuel sources such as wind, solar, and
hydroelectric. Smart grid technologies allow all forms of fuels, renewable and
non-renewable, to have equal access, as capacity permits, to the smart grid. The

installation of a smart device, a net meter, allows independent generation sources

10



to be connected to the grid, resulting in reduced dependence on external sources.
Consequently, power producers of all sizes, including commercial consumers,
have the opportunity to produce electricity with various sources and methods of
their choice. Smart grid technologies facilitate exchanging and selling self-
generated power to the smart grid by automatically balancing the electrical power

load on the grid.

Renewables Non-renewables

.

Consumer/Generators Energy Providers

Figure 7: Potential Smart Grid Fuel Mix

1.6 Smart Grid and Smart Grid Technology Defined
The U.S. Department of Energy (2008) describes the transformation of the grid
into the smart grid as

... atransformation from a centralized, producer-controlled network to
one that is less centralized and more consumer-interactive. A smarter grid

11



makes this transformation possible by bringing the philosophies, concepts
and technologies that enabled the internet to the utility and the electric
grid. More importantly, it enables the industry’s best ideas for grid
modernization to achieve their full potential. ... many of these ideas are
already in operation. Yet it is only when they are empowered by means of
the two-way digital communication and plug-and-play capabilities that
exemplify a smarter grid that genuine breakthroughs begin to multiply.
Adoption of the Smart Grid will enhance every facet of the electric
delivery system, including generation, transmission, distribution and
consumption.

The Smart Grid Newsletter (SGN) is the insider's guide to this rapidly
growing market. Sponsored by the Department of Energy, the GridWise
Alliance, Pacific Northwest National Laboratory and other Smart Grid
leaders, SGN serves the business, financial, utility, and entrepreneurial
communities. It is also widely read by researchers, policymakers,
government agencies, economic development groups, and others who have
a stake in the progress of the electric system (Power Partners, 2009).
SGN defines the smart grid as “The application of digital technology to
the electric power infrastructure” (Smart Grid News, 2010). The ‘digital
technology’ in the SGN definition is smart grid technology. Various forms of
smart grid technology, used by industrial, commercial, and residential consumers
enable the smart grid. Smart grid technologies facilitate renewable resource
generation integration, advanced energy storage options, electric vehicles (EVS)
and V2G support, energy information systems (EISs), energy management

systems (EMSSs), property management systems, demand response (DR) systems,

load balancing systems and a myriad of other ‘smart’ energy management tools.
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1.7 Energy Issues in the U.S.

The reliability of the US electrical grid is declining. “There have been five
massive blackouts over the past 40 years, three of which have occurred in the past
nine years.” “This issue of blackouts has far broader implications than simply
waiting for the lights to come on.” “41% more outages affected 50,000 or more
consumers in the second half of the 1990s than in the first half of the decade. The
“average” outage affected 15 percent more consumers from 1996 to 2000 than
from 1991 to 1995 (409,854 versus 355,204)” (U.S. Department of Energy,
2008).

Even as demand has skyrocketed, there has been chronic underinvestment

in getting energy where it needs to go through transmission and

distribution, further limiting grid efficiency and reliability. While
hundreds of thousands of high-voltage transmission lines course
throughout the United States, only 668 additional miles of interstate
transmission have been built since 2000. As a result, system constraints
worsen at a time when outages and power quality issues are estimated to
cost American business more than $100 billion on average each year. In

short, the grid is struggling to keep up (U.S. Department of Energy, 2009).

The average cost of electricity in the U.S. increased 2.5% from 2008 to
2009, 0.4% from 2009 to 2010, and is projected to increase 1.4% from 2010 to
2011 (U.S. Energy Information Administration, 2011). The bulk of U.S.
electricity is produced with nonrenewable fuels that are increasing in cost at
greater rates than recent electricity rates. Inthe U.S., these rates have been
controlled by regulatory action, but this is a strategy that cannot continue. Itis a

simple case of supply and demand. As the demand for fuels outpaces supply,

costs will escalate. Electricity prices are forecast to increase 50% over the next

13
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seven years (U.S. Department of Energy, 2009). U.S. industries are particularly
vulnerable because consumption is supplemented largely by fuels from foreign
countries. As long as U.S. industries rely on foreign sources to fuel electricity
supply, this will place them at a disadvantage in an increasingly competitive
global marketplace. Eventually, all consumers, commercial consumers included,

will pay the full price for the fuels used to generate electricity.

1.8 Legislative Trends

At the state level, thirty states plus the District of Columbia have
Renewable Energy Standards (RES) in place. RES place an obligation to generate
a specified percentage of electricity from renewable energy technologies and they
apply, in varying degrees, to electric utilities depending on size and type. By
requiring electric utilities to increase renewable fuel generation capacity,
dependence on fossil fuels is reduced. RES goals are mandatory in all but one of
the thirty states (Vermont is the exception with a voluntary goal) and other states
set interim yearly goals. Federal legislation is being worked on in the U.S. Senate
but, regardless of where the legislation lies, RES is here to stay. An economic
incentive, a carbon tax, is also under consideration. If enacted, taxes will be
levied on energy producers using carbon producing fuels in the production of
electricity. Should a carbon tax become a reality, electric power generation fed
by renewable sources will become more economically viable and smart grid

technologies ever more valuable.

14



A mechanism for trading renewable energy generation, Renewable Energy
Certificates (RECs) has been developed. RECs make the advantages of
renewable fuel generation available in areas where renewable generation is
impossible or unavailable, such as in dense urban areas where the installation of
renewable fuel sources such as wind, hydro, and solar technologies are not
feasible because of space limitations.

Both individual and organizational buyers have several green power

product options available. These include buying renewable energy

certificates RECs by themselves, buying RECs along with physical
electricity from their utility service provider, or developing onsite
renewable projects that produce both electricity and RECs together. RECs
in particular have become an important choice for buyers of green power

nationwide and serve as the ‘currency’ for renewable energy markets (U.S.

Environmental Protection Agency [EPA] 2008).

While the EPA statement focuses on RECs providing green power options, RECs

also have the important benefits of potential financial savings and they may be

used to satisfy mandatory renewable fuel generation targets.

1.9 A Technological Solution

Current U.S. federal administration members clearly believe in the power
of technology to solve the nation’s electricity shortfalls. Billions of dollars of
economic incentives, in the form of cash, loans, and tax credits, have been made
available to spur smart grid technology innovation. Stimulus awards have been
accepted by businesses, small and large, with the capabilities to innovate smart
grid technologies. The Smart Grid Technologies market in the U.S. is currently

estimated to be more than $6 billion, and is forecasted to grow at a compound
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annual growth rate of almost 21%, with a projected total of $17 billion by 2014
(SBI Energy, 2009). The implications and benefits of smart grid technology
adoption are not lost on the nation’s financial markets.

Technology acting as a catalyst for innovative solutions for scarce non-
tangible goods, like electricity and bandwidth, is not a new concept. “Bandwidth
trading is defined as the exchange of rights to move data across
telecommunications lines at a future date” (New Paradigm Resources Group,
2001). In practical terms, bandwidth trading is a process where bandwidth is sold
by users with too much capacity to those with insufficient capacity. In May, 1999,
before becoming America's biggest corporate failure, Enron created one of the
world's largest companies, including an online bandwidth trading business. The
major broadband suppliers (cable companies) were hostile to bandwidth
exchanges for a number of reasons. First, Enron’s successful bandwidth exchange
markets would have diluted cable company market share. Second, successful
bandwidth exchanges would have rendered international carriers product
differentiation marketing efforts ineffective and unprofitable. Providers
subsequently built bandwidth infrastructure, laying thousands of miles of fiber
optic cable, capable of efficiently moving digital data that resulted in bandwidth
supply that exceeded demand. Bandwidth was no longer scarce. Consequently,
the business model changed; media was decoupled from bandwidth. Bandwidth
providers now charge for content, not the telecommunications lines that media

content moves through, and the cost to consumers has decreased significantly.
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Like media and bandwidth decoupling, electric distribution was decoupled from
transmission, but there is a critical difference between bandwidth and
transmission that will preclude a similar outcome. Communications companies
were able to orchestrate a massive infrastructure build-out that resulted in supply
exceeding demand that continues to this day, but energy suppliers are not in a
position to build enough generation capacity to exceed, or even meet, increasing
demand. Most importantly, the fiber optic cable that serves as the medium to
transport digital data in the bandwidth world was paid for by investment in the
dot.com bubble. Despite the appearance of expensive smart grid technology
development, implementation and development will be significantly more cost
effective than the build-out of electric generation capacity for which there is no
financial investment bubble to tap. Electricity trading has been a routine practice
between utilities for decades, but electric power regulators are charged with
striking a balance between independent power generators of all sizes and large
electric utility companies. Smart grid technologies will enable commercial,
industrial and residential consumers to participate in trading, as illustrated in
Figure 3.

From a practical business perspective, major electricity suppliers, as well
as complementary equipment and software manufacturers, have signed on to the
smart grid concept, unlike the communications companies who refused to
participate in bandwidth exchanges. Many smart grid technology players have

taken advantage of stimulus funds, tax credits and other incentives. Some have
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already installed smart grid technologies in the forms of smart meters, load
balancing software, and demand response applications. Federally funded smart
grid pilot projects, funded by the American Recovery and Reinvestment Act,
abound. Consequently, the viability and integrity of the smart grid energy

exchange system is guaranteed.

1.10 Security and Privacy Challenges

All new innovations come with challenges, and smart grid technologies
are no exception. Security and privacy are two of the major challenges of smart
grid technology adoption.

The primary cyber security risk for smart grid data is posed by data
existing on, and moving in and out of, a “cloud”, as illustrated in Figure 5. The
“cloud” is a central concept in information system virtualization. As formerly
isolated systems are interfaced with smart grid information communication
systems, there is much to be considered.

From a national security perspective, the surest way to bring a country to
its knees is to compromise its electrical supply. For this reason, U.S. federal and
state governments have provided billions of dollars of stimulus funds for the
development of smart grid technologies and for ensuring the security of smart grid
systems. However, stimulus funds for the development of smart grid technologies
were awarded before security standards were in place. Consequently, some
information systems being marketed for use in smart grid applications,

particularly packaged systems, may not be designed with smart grid technology
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implications in mind. The distinction between physical security and cyber
security may not have been recognized during the design process, potentially
resulting in systems that are woefully inadequate to assure that smart grid data is
not vulnerable to cyber-attack. There is also potential liability in existing systems
being “patched” in an effort to keep up with smart grid technologies, without
complete knowledge of smart grid technology data implications, a situation that is
difficult to remedy because development of smart grid technologies is proceeding
at a blindingly fast pace.

In the U.S., the Commerce Department’s National Institute of Standards
and Technology (NIST) is responsible for formulating cyber security standards
for the smart grid. The first draft document was published in September, 2009.
The current document, NIST 7628, “Guidelines for Smart Grid Cyber Security,”
was issued in September, 2010. NIST IR 7628 provides the technical background
that can inform organizations in their risk management efforts to implement smart
grid technologies securely.

As we move from a data storage model to a model that includes data
collection, transport, and analysis, the potential for cyber attack increases
exponentially. In all industries, information systems are being virtualized to cut
costs on hardware and software design and maintenance, but this is a case - to
coin an old phrase — where an ounce of prevention is most certainly worth a
pound of cure. System virtualization opens up a plethora of cyber security risks.

Moreover, as smart grid data becomes more mobile through smart grid
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technologies, that is, the more the data moves in and out of a cloud, in and out of
consumer entities via smart meters, in and out of electric provider entities, in and
out of lodging energy management information systems, the potential for cyber
breaches will increase dramatically simply because of proliferation of data
movement. Couple this movement with the vulnerability inherent in the expected
massive data volume serge (commonly referred to as “the tsunami” in smart grid
information systems circles) accompanying smart grid technology
implementation, and the potential liability inherent in handling smart grid data is
staggeringly apparent.

From a privacy perspective, there is increasing evidence that consumers,
and the regulatory entities that protect them, will refuse to participate in the smart
grid boon if data privacy is not guaranteed. “Data privacy goes beyond the
traditional IT security and touches on issues such as corporate culture, data
collection policies, and data quality initiatives. Organizations that ignore these
additional dimensions increase their risk of having data breaches resulting in
financial penalties and lost consumer trust” (Albornoz Mulligan, 2008). The
current plan for the smart grid is a centralized data system. The more centralized
the system is, the harder it will be to secure, and the more vulnerable it will be to
threats. Opposition to centralized smart grid implementation is being voiced by a
rising wave of smart grid technology proponents who support widespread

adoption of local, or decentralized, micro grids, but the tide has not yet turned.
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Many questions remain, but it is clear that the digital constitution of the
smart grid, whether governmental policy falls on the side of centralization or
decentralization, will enable, rather than deter, potential threats. The demand for
those with the skills to ensure security and privacy of data collected by smart grid

technologies will intensify as the issue of risk management comes to the fore.

1.11 Lodging Industry Implications

“The U.S. lodging industry is a commercial service industry. Total U.S.
electricity demand is projected to increase by 30 percent from 2008 to 2035, with
the largest percentage increase in the commercial sector (42 percent), with the
service industries continuing to lead the growth” (U.S. Energy Information
Administration, 2010).

On August 14, 2003, the largest power failure in North American history
left some 50 million electricity customers across the northeastern United
States and southern Canada without power for as long as two days. The
blackout occurred at approximately 4:10 p.m.

By 9:30 p.m., the New York Marriott Marquis Hotel in Times Square
resembled a refugee camp. The hotel was evacuated earlier after its
backup generator failed. More than a thousand people clustered outside
the entrance, some of them dozing, in an area illuminated only by the
headlights of two hotel vehicles.

Hotel employees passed out pillows, cups of water, fruit and stools. Tail-
gate parties started spontaneously on the curb. There were six-packs of
beer and bottles of water, sandwiches and pizzas, coolers of drinks
floating in tepid water.

Monica and John Noonen of Orange County, Calif., visiting New York
City with their two daughters, ages 14 and 8, said they were used to
blackouts because they live in California. “But at least in California, they

tell you when the blackouts are going to happen,” Mrs. Noonen said.
(Scott, 2003)
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Kwortnik (2005) examined the blackout of 2003. “The lodging industry
has faced considerable recent adversity due to human and natural forces that have
disrupted vital inputs to the service-delivery system, notably, electric power”
(Kwortnik, 2005). The blackout took many hoteliers by surprise. “Hotel
managers found themselves scrambling to serve guests overnight in darkened
hotels, many of which did not have running water, let alone expected amenities.”
“Guests were surprised that hotels often did not have backup power to maintain
critical systems after emergency power failed” (Kwortnik, 2005). A general
manager of an unidentified hotel who responded to the study stated: “I found it
interesting that many local people looked at this hotel as an oasis. Some people
honestly did not understand why we had no power. Some came in asking what
they should do” (Kwortnik, 2005).

Despite a better understanding of the causes of the blackout of ’03 and

improvements in coordination across the power transmission system,

energy researchers and industry leaders have concluded that the power
grid remains vulnerable and that reliability is not certain, yet, on average,

[hotel] managers believe that there is just less than an even chance of

another blackout-type event in the near future. When asked whether they

agreed with the statement, ‘We were prepared to deal with service
demands during the blackout” only 20 percent of managers agreed that

their hotels were prepared” (Kwortnik, 2005).

The evidence was disturbing - hotel managers were acutely aware that their hotels
were not prepared for blackouts, but they were relatively ignorant of the high
probability of the plight they faced as grid reliability declined. “Although some

viewed the blackout as an isolated event, the frequency of power loss due to other

forces suggests that lodging managers should reconsider their risk perceptions and
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ability to tolerate sudden and sometimes extended losses of inputs such as
electrical power that are critical to the hotel operation.” (Kwortnik, 2005)
Kwortnik’s findings and the events chronicled here highlight the issues of primary
and back-up power system importance in hotels, how best to provide power
during inevitable grid power losses, and how smart technologies may be

leveraged to secure these systems.

As part of a study in the larger context of environmental management,
Scanlon (2007) studied five U.S. hotel properties in Arizona, Hawaii, New York
City, Northwest Maine, and San Francisco with data drawn from the year 2000.
She concluded, “the use of a corporate benchmark for individual properties to
measure current utility consumption performance and to establish future
performance objectives is not an effective format™ (Scanlon, 2007). The smart
grid is all about data in digital form, provided and manipulated by smart grid
technologies. It is a world where information systems rule, and all manner of
energy usage is knowable and trackable. As smart grid technologies are adopted,
the format Scanlon referred to will become a dinosaur because smart grid
technologies will allow energy use to be tracked in real-time, right down to the
level of each energy-consuming device or appliance, in any definable space. For
example, it will be possible to know how much energy is used by a single
refrigerator during the time a guest is occupying a room. Hence, the total cost of
all manner of consumption in a definable space for identifiable guests will be at

the industry’s disposal.
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Florian v. Wangenheim, Ph.D., Professor of Service and Technology
Marketing, Technische Universitat Miinchen, Germany, in a quotation from
Ostrom et al., explained:

The fact that objects can send and store data enables companies to

reconfigure, update, and upgrade objects. By analyzing objects’ stored

data, companies can better understand when, how, and for what purpose
customers are using their products. Object connectivity enables
manufacturers to be transformed into service and solution providers. There
are some challenging elements in this transformation: understanding
customers’ adoption and usage behavior for new services that are
emerging from this connectivity (in particular, remote and smart services),
understanding how usage data are predictive of future customer needs and
behavior, realizing how such data can play a role in innovation and
customer relationship management, and understanding how firms can use
those services to transform themselves into service and solution providers
that leverage appropriate business models.

The ability to target market guests based on levels of energy usage will
become a reality through data collected by ‘smart’ energy management
information systems because energy costs associated with guest occupancy will
clearly relate to their profitability. Energy is the second highest cost of running
hotels, and as energy prices escalate, this information, combined with guest
information contained in legacy information systems, will be valuable and
marketable, much like credit score information is today. The digital
characteristics of smart grid technologies will enable the formation of energy
scores through customer analytics just as technologies that enabled the internet
produced the capability to calculate credit scores.

Energy consumption may also be used in the evaluation of lodging real

estate portfolio values as data, obtainable through smart grid technologies, is
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factored into energy scores. For example, a property in Boulder, Colorado, or
Austin, Texas, may have a higher energy score than a property in Provo, Utah, or
Lubbock, Texas because of the social energy context of these cities; or two
similar properties in the same city may be defined by the prevalence, or absence
of, environmentally friendly guest energy usage habits, depending on property
appeal to various population segments. Independent power generation, and
alternate strategies such as RECs, may be reflected in the scores. This idea may
sound futuristic to some, but the technology that can make it a reality is on the
industry’s doorstep.

Loyalty programs have long been a staple strategy of the lodging industry.
Lodging companies have historically based rewards on consumption, rewarding
guests who buy, and use, more of everything. A benefit of smart grid technology
implementation is that it will enable hotel companies to track guest repetitious
energy consumption. For example, hotel PMSs enabled with smart grid
technologies will have the capability to monitor and track habitual patterns of
climate control, lighting, water usage, cleaning and laundry energy requirements,
providing much needed, and previously unavailable, guest energy consumption
predictability. Customer analytics obtained from smart grid technologies coupled
with loyalty program intelligence will be a valuable tool for making marketing
decisions. Given the capacity to determine these costs for identifiable guests, it
will be prudent to include them in loyalty program profiles, thereby providing an

enhanced picture of guest tangible value.
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From a marketing perspective, the implications of smart grid technologies
are pervasive. There will be many challenging and interesting questions. For
example, are vehicle charging station installations to attract customers with EVs
prudent? Assuming the cost of the electricity to charge electric cars is incurred by
the hotel property, who then, becomes the target of our marketing efforts - the EV
owner or the fossil-fueled car owner? Consider V2G vehicles. VV2G technology
enables power to be returned to the grid from the vehicle, and many other
developing technologies will reduce guest net energy consumption. “In October,
2009, Samsung Electronics Co. and LG Electronics Co. separately started selling
solar-powered phones, a big step in a budding trend of cell phone makers seeking
to tap growing consumer interest in eco-friendly products” (Woo, 2009). Solar
cell phone technology will reduce reliance on the grid and it signifies a relevant
trend — a shift to renewable power sources that will reduce guest energy use,
thereby making guests who own the phones and other self-powering devices more
attractive to a hotel from an electricity consumption perspective.

Mark W. Vigoroso, Director, Strategic Market Development, nPhase, a
Verizon Wireless and Qualcomm Joint Venture, in a quotation from Ostrom et al.,
(2010) stated, “Zero-latency alignment between supply and demand of
everything from electricity to car parts will enable new service offerings and
profit optimization strategies.” Smart grid technologies have the potential to
change the lodging industry’s perception of tangible guest value by enabling

hoteliers to accurately assess energy usage for identifiable guests in definable
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spaces. For the time being, only aggregate data is available to monitor guest
energy consumption. There is no real-time measure, but smart grid technologies,
such as IP addressable appliances, are being developed that will allow the
industry to accurately track guest energy usage in real time. Having a more
accurate guest picture that includes energy consumption costs will enhance
hoteliers’ ability to manage and control associated costs, thereby improving net
operating profit. As energy costs rise, the perception of guest profitability may
increasingly focus on the concept of using less, rather than more.

Current smart grid standards state that data obtained from consumers in
their residences is owned by consumers. Therefore, it is protected from third
party use, but does data collected from consumers who temporarily “reside” in
lodging properties require the same protection? In the European Union (EU),
consumers must expressly opt-in before their data can be used for business
intelligence purposes. This ensures that they make a conscious decision about
data tracking. The United States has followed an opt-out model, wherein
consumer data may be used unless consumers make a conscious decision to deny
data use, but there is movement toward the EU model. If the EU model is
ultimately adopted, express permission from the hotel guest to collect energy
usage data will be required, perhaps at the property level.

The lodging industry is faced with a complex quandary. How may smart
grid data be used to obtain strategic advantage, and how will the industry ensure

data security and privacy? What security and privacy standards will the industry
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be required to comply with? Will peripheral standards, such as the Institute of
Electrical and Electronics Engineers (IEEE) standards that currently govern
payment card industry data, be applied to smart grid data? From a practical
perspective, will data obtained from smart grid technologies be useful combined
with legacy systems, such as loyalty program systems? Will lodging properties
and companies be required to obtain guest permission to collect and mine energy
consumption data? More importantly, will guests be willing to have their energy
usage monitored? Will usage monitoring be seen as a positive move toward a
sustainable future or will it be seen as a personal intrusion?

The answers to these questions are not within the scope of this research,
but one thing is certain - lodging information systems used to collect and transport
energy usage data will be required to be secure in accordance with a sea of
governing standards. On November 3, 2010, the working group associated with
NIST 7628, Smart Grid Interoperability Panel-Cyber Security Working Group
(SGIP-CSWG), formerly the Cyber Security Coordination Task Group (CSCTG),
had 484 members. The lodging industry was not represented on the SGIP-CSWG
member list. A proactive approach must be adopted before the tsunami is upon
the industry. No matter who is ultimately awarded ownership of the data, every
single entity it passes through, including the lodging property that a guest

“resides” in, will be responsible for ensuring smart grid data security and privacy.
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“In the United States alone, hotels represent more than 5 billion square
feet of space, nearly 5 million guest rooms, and close to $4 billion in annual
energy use” (United States Green Building Council, 2010)

On average, America’s 47,000 hotels spend $2,196 per available room

each year on energy. This represents about 6 percent of all operating costs.

Through a strategic approach to energy efficiency, a 10 percent reduction

in energy consumption would have the same financial effect as increasing

the average daily room rate (ADR) by $0.62 in limited-service hotels and
by $1.35 in full-service hotels (United States Environmental Protection

Agency National Service Center for Environmental Publications, 2010).

“Utility expenditures represent the fastest-growing operating cost for
hoteliers (increasing by an average of 12 percent per year from 2004 to 2006).”
(Energy Star, US Environmental Protection Agency, US Department of Energy,
2007). The operating expenditures described by Energy Star are the largest of
controllable costs. There is significant opportunity for energy use reduction, cost
savings, and the mitigation of greenhouse gas emissions through cost-effective
energy efficiency opportunities. Smart grid technologies have the potential to
facilitate managing energy costs in ways that have previously been beyond
company control.

In a report published in July, 2008, designed to help gas and electric
utilities, utility regulators, and energy users, identify and act on cost-effective
opportunities for expanding energy efficiency resources in five commercial

sectors - hospitality, retail, commercial real estate, grocery, and municipal - the

U.S. Environmental Protection Agency (EPA) cited the lack of comprehensive
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measurement tools available to the hospitality sector as a primary barrier to
energy efficiency.

The lack of readily available, consistent utility data hinders benchmarking

and other energy management efforts. Sector Collaborative participants

pinpointed utility data availability and consistency as a major determinant
of energy efficiency program success. They recognize the value of
continuously benchmarking and tracking their buildings’ energy
performance improvements. To achieve this, they need access to utility
data on a timely, ongoing, and consistent basis, in a standardized
electronic format. This issue is especially important for utility customers
with properties spread across a variety of utility territories, as well as for
customers with multiple properties in a single service territory. (United

States Environmental Protection Agency, 2008)

Smart grid technologies that provide the availability and consistency needed for
energy management success highlighted in the EPA report have been developed
since the report was issued, and many more are in the pipeline.

The financial pain felt by residential customers as energy prices rise will
be magnified for U.S. hoteliers. The industry is poised to suffer greater than other
industries because of the inability to manage guest energy usage. Of all the
commercial sectors identified in the EPA report - hospitality, retail, commercial
real estate, grocery, and municipal - the hospitality industry has the least control
over energy consumption because the industry relies on guests who, with rare
exception, have no vested interest in responsible energy usage while they occupy
industry properties. No other industry has less control over occupant thermostat

settings or water heating, the two most significant building energy costs. Even

hospitals, which house “guests” in rooms, have the ability to control these costs.
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1.12 Technology and Academic Research

Ostrom et al. (2010), in Moving Forward and Making a Difference:
Research Priorities for the Science of Service, recognized the importance of
academic research that looks beyond researchers’ disciplines

for collaborators who may help frame and investigate service issues in

unique ways. Leveraging Technology to Advance Service is an

established research area but is in need of significant and novel
contributions well into the future. For example, building new business
models through smart services, cloud computing and other technologies

holds great promise for advances in research (Ostrom et al., 2010).

It was with Ostrom’s wisdom and the promise of smart grid technology
adoption that | embraced this research.

Smart grid technologies can provide leverage to advance service, a
concept at the very core of the lodging industry. Answers to the questions of this
research provide the foundation for building promising new business models that
will allow the industry to advance in this era of impending energy shortages and
escalating energy prices. The following questions were the bases for the balance

of this research.

Question 1.  What smart grid technologies are industry experts aware of that
may apply to the lodging industry?

Question 2. How did the identified smart grid technologies come to the
attention of lodging industry experts?

Question 3.  What smart grid technologies have been adopted in the lodging
industry?

Question 4.  What are the perceived tangible benefits of adopted smart grid
technologies in the lodging industry?
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Question 5.

Question 6.

Question 7.

Question 8.

Question 9.

Question 10.

Question 11.

Question 12.

Question 13.

Question 14,

Question 15.

Question 16.

Question 17.

What are the perceived intangible benefits of adopted smart grid
technologies in the lodging industry?

Which adopted smart grid technologies have the greatest benefits
in the lodging industry?

Which adopted smart grid technologies have negative impacts on
the lodging industry?

What are the perceived challenges of adopted smart grid
technologies in the lodging industry?

What are the perceived risks of adopted smart grid technologies in
the lodging industry?

What are the perceived tangible benefits of future smart grid
technologies in the lodging industry?

What are the perceived intangible benefits of future smart grid
technologies in the lodging industry?

Which future smart grid technologies do industry experts anticipate
may have the greatest benefits?

Which future smart grid technologies do industry experts anticipate
may have negative impacts on the lodging industry?

What perceived challenges of, or barriers to, do industry experts
associate with future smart grid technology adoption?

What perceived risks do industry experts associate with future
smart grid technology adoption?

Which smart grid technologies do industry experts anticipate will
be adopted by the end of year 2015?

Which smart grid technologies do industry experts anticipate will
be adopted by the end of year 2020?
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Chapter 2
LITERATURE REVIEW

2.1 Literature Review Scope

An initial literature review was conducted using Boolean searches of five
journals, Cornell Hospitality Quarterly (CQ); the International Journal of
Contemporary Hospitality Management; the International Journal of Hospitality
Management; the Journal of Hospitality & Tourism Research; and the Journal of
Travel Research. All searches were performed for the period of January 1, 2005
through September 14, 2010. The search yielded thirteen articles; two articles
from CQ, six articles from the International Journal of Contemporary Hospitality
Management, four articles from the International Journal of Hospitality
Management, one article from the Journal of Hospitality & Tourism Research,
and none from the Journal of Travel Research. Seven of the thirteen articles were
related specifically to hotel energy management issues. The studies from these
seven articles were conducted in Ghana, Greece, Hong Kong, Poland, Sweden,

and Turkey.
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The geographic scope of this research is confined to the U.S. However,
the energy management related literature in the context of this research was
overwhelmingly focused outside of the U.S. In order to identify literature about
the domestic lodging industry, the literature review was expanded. In addition to
the seven articles identified in the initial search, two articles with specific research
information about energy consumption in the lodging industry were found in one
other lodging industry journal, Tourism Management, but again, the studies were
not conducted in the United States. They were conducted in Hong Kong and
Turkey.

The literature review was expanded again to include non-hospitality
journals. Articles were found in Applied Energy, Applied Thermal Engineering,
Building and Environment, Energy, Energy and Buildings, Energy Conversion
and Management, Energy for Sustainable Development, Energy Policy, Facilities,
International Journal of Thermal Sciences, Renewable and Sustainable Energy
Reviews, Renewable Energy, and Solar Energy. Study subject hotels, or in some
cases, simulated hotels, were located in Australia, China, Europe, France,
Germany, Greece, Hong Kong, India, Italy, Jordan, Korea, Poland, Portugal,
Senegal, Singapore, Spain, Sweden, Tunisia, Turkey, and the United Kingdom.

Given the scarcity of prior research on hotels located in the U.S., a
thorough review of the previously identified articles was performed to identify
trends that might be predictive for the U.S. lodging industry. Three article

clusters were identified. The cluster subjects were energy consumption in the
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broader context of environmental management (thirteen articles), renewable fuel
use (eight articles), and feasibility studies of combined cooling, heating and
power systems (CCHP) on existing or simulated hotels (eight articles). The three
cluster subjects are loosely related to smart grid technologies because smart grid
technologies have the potential to enable and/or enhance all of them - energy
consumption monitoring, renewable fuel use, and CCHP system adoption — but

the studies were not performed in the U.S.

2.2 Governments and Smart Grid Technology Adoption

The foundation of electric power everywhere is underpinned by political
forces in the form of energy policy and regulatory action. These forces vary
widely from country to country and region to region. Within a broad social
context, governmental structure; relationships between energy suppliers and
governing political forces; the balance of market forces and regulatory action; and
energy prices are determining factors of the speed and efficiency of technology
adoption. The evaluation of the affects of social contexts is outside of the scope
of this study, but future studies may examine this important aspect of energy
policy and regulation.

Articles in the smart grid technology space identify three primary players
in the smart grid race - China, the EU, and the U.S. Examining the affects of
governmental and regulatory structures on technology adoption is an important
aspect of this research. The purpose of the observations presented here is to

elucidate these affects; not to argue for or against, or judge their merits.
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2.2.1 China
2.2.1.1 The Chinese Model

China has a single party political system with central governmental
control. Chinese citizens vote at a local level but their votes carry just one
message, the message of the ruling party. The party controls energy suppliers
through state-owned mechanisms. China’s energy suppliers are government-
owned, centrally regulated, and subject to central mandates. The following
description of the Chinese energy sector consists of excerpts from the DOE
Energy Information Agency’s (EIA) description of the sector (U.S. Energy
Information Administration, 2010).

The National Development and Reform Commission (NDRC) is the
primary policymaking and regulatory authority in the energy sector. The
government launched the National Energy Administration (NEA) in July
2008 in order to act as the key energy regulator for the country. The NEA,
linked with the NDRC, is charged with approving new energy projects in
China, setting domestic wholesale energy prices, and implementing the
central government’s energy policies, among other duties. The NDRC is a
department of China’s State Council, the highest organ of executive power
in the country. In 2007, China outlined its energy policy goals in the
Proposed Energy Law, though the law has yet to be enacted.

Both electricity generation and consumption have increased by over 110
percent since 2000, and trade press reported that generation was up 20
percent in the first half of 2010 compared to a year earlier. EIA predicts
total net generation to increase to 10,555 Bkwh by 2035, over 3 times the
amount in 2009.

China’s electricity generation sector is dominated by five state-owned
holding companies. These five holding companies generate about half of
China’s electricity. Much of the remainder is generated by independent
power producers (IPPs), often in partnership with the privately-listed arms
of the state-owned companies. While the generation sector has some
market competition, the transmission and distribution sectors are heavily
state-controlled. In 2002, the State Electricity Regulatory Commission
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(SERC) was established, which is responsible for the overall regulation of
the electricity sector and improving investment and competition in order to
alleviate power shortages.
Wholesale and retail electricity prices are determined and capped by the
NDRC which can limit the profit margin of generators. China raised end-
user prices for all sectors except the residential sector by $0.04/kwh in late
2009. The latest power tariff changes were from June 2010 when the
government raised rates for energy intensive industries by 50 to 100
percent in order to achieve energy efficiency goals for the year.
Rapid growth in electricity demand this previous decade has spurred
significant amounts of investment in new power stations. The government
aims to merge 12 regional grids into three large power grid networks,
namely a northern and northwestern grid. For the first time in 2008, the
investment in the transmission grid was greater than that in the generation
sector. The State Grid Company spent $44 billion in 2009 and plans to
spend $33.3 billion in 2010 on grid investment, using some stimulus funds
(U.S. Energy Information Administration, Country Analysis Briefs, 2010).
The State Grid Corporation of China (SGCC) is an organization that
reports directly to the central Chinese government. SGCC has a “smart
communities” guideline. The first smart community demonstration project in
China was started in February, 2010. Just nine months later, the SGCC, in a press
release dated October 25, 2010, described the completion of the project. The
project consisted of 655 households and eleven buildings, and was the first project
constructed under the guideline. It included a wide array of smart grid
technologies — distributed solar power generating management, automatic
electricity distribution, distributed power generation and energy storage — all
managed by an “integrated network of the internet” and “realizing intellectual

management of family power consumption.” Home appliances that automatically

read water, electric and gas meters record power consumption habits and support
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remote control. Power reliability is assured because the systems “detect
malfunctions and reconstruct two-level network with fault self-recovery
capability. It monitors the electricity transportation around the clock and tests
power quality real time, which ensures 99.999% of reliable power supply” (State
Grid Corporation of China, 2010).

It is clear from the EIA description of the Chinese energy sector and the
roll out of China’s first smart community project that the simple structure of the
Chinese government; its state-owned energy suppliers; its power to mandate
electricity prices, technology adoption in all socio-economic classes, and cyber
security standards; allows China to quickly and efficiently adopt smart energy

technologies.

2.2.1.2 Chinese Literature

Literature with Hong Kong hotels as subjects was combined with the
Chinese literature because Hong Kong is a Special Administrative Region of
China. Collectively, China and Hong Kong, with six articles (three from China
and three from Hong Kong) were the most heavily represented country in terms of
number of articles discovered in the literature review. Two of the six articles
were studies of CCHP (Wang & Zhai., 2010) (Li, Shi, & Huang, 2008); one was a
study of three chiller systems in Hong Kong hotels (Yu & Chan, 2005); one was
about creative financing through performance contracting (Chan & Ho, 2006);
one was about energy management in the context of environmental management

(Penny, 2007); and one identified two factors — cooling degree days and number
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of unoccupied rooms — as determinants of electricity consumption in Hong Kong

hotels (Chan, 2005).

2.2.2 The European Union

2.2.2.1 The EU Model
The evolution of the European Union (EU) from a regional economic
agreement among six neighboring states in 1951 to today's supranational
organization of 27 countries across the European continent stands as an
unprecedented phenomenon in the annals of history. The EU operates
through a hybrid system of supranational independent institutions and
intergovernmental made decisions negotiated by the member states
(United States of America Central Intelligence Agency, 2010).
EU membership places member countries under binding laws in exchange
for representation in the EU's legislative and judicial institutions. Like
U.S. states, EU countries have various mixes of privately-owned and
publicly-owned energy providers. For example, Nordic countries have a
mix of privately held and state-owned or municipally-owned electricity

companies; France and Germany have state-owned mega-utilities”
(Commaodities Now, 2010).

However, unlike U.S. states, whose regulatory power resides at the state level, EU
member countries are subject to central EU mandates. The U.S. does have a
regulatory entity at the federal level, the Federal Energy Regulatory Commission
(FERC), but FERC generally regulates interstate, not intrastate, energy activity.
The EU’s European Commission (EC) has the power to mandate central
regulatory action, unlike in the U.S., where each state has its own public service
utility commission that has jurisdiction over investor-owned electric utilities that
serve about 71% of consumers (U.S. Energy Information Administration, 2010).
In 2009, the EC forced utilities in member countries to legally separate

generation assets from transmission lines despite widespread national interest
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attitudes. The restructuring was intended to result in the realization of economies
of scale and superior technology transfers. The specific goals were to increase the
opportunities for alternative and greener energy suppliers while also enabling the
flow of ‘smart” technology. For example, economies of scale could be realized by
building identical power generation plants or ordering a large number of wind
turbines, and would give companies new-found leverage over the supply chain. A
similar scenario is unlikely in the U.S. where states are not governed by a central
entity such as the EC, each state follows its own separate mandates, and
regulatory action often discourages collaboration between utilities. A
collaborative effort of ten European utilities is now focused on building a super
grid in the North Sea at a cost of $64 billion, a collaborative effort made possible
through EU regulatory reform. The aim is to transport offshore wind power
throughout the continent to diversify fuel sources and to bring down energy
prices. Consequently, while the EU’s move spawned nationalistic turf wars, it
also resulted in the deployment of innovative power generation technologies and
encouraged efforts to ensure interoperability.

European utilities have launched smart technologies with system
efficiency as the first priority by adopting distribution automation and voltage
optimization to make electrical distribution systems more efficient. When these
technologies prove fruitful, then the utilities will start implementing programs that
require consumer involvement and behavior change (Berst, 2010). Contrast this

approach with the U.S. consumer-centric roll-out of smart technologies such as
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smart meters and demand response, which require consumer marketing and
consumer behavior change, a process in which efficiency is sacrificed as utilities
and regulators wait for consumer consensus. Herein lies the parallel in the U.S.
lodging industry — the industry has looked to guest energy habits to solve the
energy management issue, when in fact, the solution is system efficiency enabled

by smart technologies.

2.2.2.2 EU Literature

At least half of the twenty countries represented in the literature were EU
countries. Nine member countries, France, Germany, Greece, Italy, Poland,
Portugal, Spain, Sweden, and the United Kingdom were represented; and Turkey,
a Candidate Country, was also included. More EU countries may have been
represented but in a study by Bohdanowicz & Martinac (2007) country anonymity
was a prerequisite for obtaining energy consumption information in hotels in
twenty four European, but not necessarily EU, countries. Therefore, the
anonymous countries from the study were represented in the literature review but
they were not represented in the EU country count.

Renewable generation; carbon emissions; energy and water use;
environmental protection programs and conservation practices; and the influence
of geo-political, economic and socio-cultural contexts were the subjects of the EU

literature.
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Karagiorgas et al. (2006) examined applications of five renewable energy
technologies (solar thermal, solar passive, solar PV, biomass and geothermal
energy) in 200 hotels in five EU regions.

Mateus and Oliveira (2009) evaluated “the potential of integrated solar
absorption cooling and heating systems for building applications” for a
hypothetical hotel in Berlin, Germany; Lisbon, Portugal; and Rome, Italy.

Bechrakis, McKeough, & Gallagher (2006) “simulated the operation of a
small, remote hotel primarily powered by a wind turbine and supported by a
hydrogen energy system.”

Desideri, Proietti, & Sdringola (2009) analyzed solar-powered cooling
system refrigeration and air-conditioning applications for the heating and cooling
demands of a hotel located in a tourist town in Italy.

Oniit and Soner (2006) assessed energy efficiency in thirty-two five-star
hotels in the Antalya Region of Turkey and concluded that the most effective
solutions for hotels in the region were solar energy applications and roof
insulation systems.

Rossello-Batle, Moia, Cladera, & Martinez (2010) determined that 78% of
the energy use of hotels in the Balearic Island hotels, with an assumed fifty year
lifetime, came “from the operation phase. It is during this phase where it is
possible to achieve the biggest reductions in energy use, thanks to higher

application of renewable energies and energy efficiency measures.”
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Xydis, Koroneos, & Polyzakis (2009) analyzed energy utilization and
compared the exergy analyses of four Greek hotels to “gain awareness” into each
hotel’s efficiency.

Karagiorgas, Tsoutsos, & Moia -Pol. (2007) calculated the energy required
to produce a lunch - 5.5 kWh/lunch - in a deluxe Greek hotel in 2003.

Piacentino and Cardona (2008) examined the application of a small-scale
polygeneration system original design on a 1174 bed hotel in Rome.

Rubio-Maya, Uche-Marcuello, Martinez & Bayod- Rajula (2010) applied
a model of a polygeneration plant fueled by natural gas, solar energy and gasified
biomass to a Spanish tourist resort and concluded that the introduction of more
efficient and cheaper renewable energy sources, and financial incentives in the
form of avoided carbon emission bonuses, would allow distributed (decentralized)
power generation.

Taylor, Peacock, Banfill, & Shao (2010) applied a computer model that
simulated carbon emission reduction intervention methods, expected to be
available by 2030, to two mid-price hotels, “with the aim of representing the most
common UK hotel types.” “A principle was adopted that interventions should not
compromise guest comfort: almost all of the proposed measures will be invisible
to guests when installed.” The study dealt with technical feasibility, not economic
feasibility, although cost effectiveness had an impact on the inclusion and
ordering of some interventions. It is important to note that no mechanical cooling

(A/C) was assumed for the hotels in the study, a circumstance that would not
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occur in most U.S. mid-price hotels. Solar thermal collectors were an
intervention applied to water heating. Energy technologies, like smart grid
technologies, were not included in the interventions. The authors concluded that
50% reductions in greenhouse gas emissions from hotels like the hotels in the
study were technically feasible, with the main contributing intervention being
wall insulation and triple glazing. Taylor (2010) concluded, “Achievement of an
80% emissions reductions target would require additional renewable or energy
technologies to be used, such as ground-source heat pumps, solar voltaics and
biomass,” - all measures that are enabled by smart grid technologies.

In a study that assessed energy consumption, emissions, and potential
energy savings of Hellenic non-residential building stock, including hotels, Gaglia
et al. (2007) concluded that the most effective energy conservation measures were
addition of thermal insulation of exposed external walls, installation of energy
efficient lamps, installation of solar collectors for sanitary hot water production,
installation of building management systems, replacement of old inefficient
boilers, and regular maintenance of central heating boilers.

Erdogan and Baris (2007) investigated environmental protection programs
and conservation practices of hotels in Ankara, Turkey, and recommended
national and local policy changes.

Bohdanowicz & Martinac (2007) performed a case study of the energy
and water use of 184 Hilton International and Scandic hotels (73 and 111,

respectively) in twenty four European countries using data from 2004. Country
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anonymity was guaranteed in order to gain access to the study database. Based on
the defined geographic zone of the study, it is likely that a majority of the
countries were EU countries, but this could not be verified. For the purpose of
examining the potential effects of smart grid technologies in the context of energy
management, the discussion here will focus only on the portions of the study
specifically related to energy consumption. Energy consumption was normalized
in the study by dividing “total resource consumed” at each hotel by a
“normalising factor (i.e. total floor area, total number of guest rooms, total
number of guest nights sold).” Normalisation was required because the database
used for the study did not have the capability to gather specific energy usage
information about definable spaces. Hence, calculations resulted in estimates, not
exact data reflective of real-time use. For example, Bohdanowicz and Martinac
(2007) stated, ““As most of the high tail Scandic hotels also offer large conference
facilities used by day-guests (i.e., “non-sleepers”), the energy utilisation per
guest-night (based on “sleepers”) was somewhat overestimated.” For academic
and practical purposes, the need for estimations will be eliminated as ‘smart’
energy management information systems collect data reflecting real-time energy
usage of definable spaces and identifiable guests. Electricity was the dominant
energy carrier in the hotels in the study, and “About half the energy [in] these
hotels is used for space conditioning and DWH [domestic water heating] (51% for
the upscale hotel [Hilton] and 52% for the mid-market brand [Scandic])”

(Bohdanowicz & Martinac, 2007). The costs associated with these figures is
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staggering, but more importantly, there is tremendous financial opportunity in
innovative energy management via technology adoption. It is interesting to note
that Hilton International is a U.S. based company, but the U.S. was not the
geographical subject area of the study.

Bohdanowicz (2007) investigated “the influence of geo-political,
economic and socio-cultural context of a country on the environmental attitudes
and pro-ecological initiatives” in the Swedish and Polish hotel industries with an
email based survey. Geo-political, economic and socio-cultural influences also
apply to technology adoption, and therefore, are suggested for future smart grid
technology research. Bohdanowicz argued that there were

... two major directions that need to be followed when introducing

environmental sustainability into the hotel industry. The first involves

incorporating responsible technical and behavioral practices in the sector.

The second highlights the necessity of initiating greater demand for

“green” practices from the customers (Bohdanowicz, 2007).

Bohdanowicz did not attach priorities to the two directions she
recommended. The evaluation and prudent adoption of smart grid technologies is
an integral part of incorporating responsible technical and behavioral practices in
the sector. It must be the first priority. The second direction, initiating greater

demand for “green” practices from guests, will be more fruitful when the

technologies to accurately assess guest energy consumption have been adopted.
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2.2.3 The United States of America
2.2.3.1 The U.S. Model

U.S. governmental framework sets the stage for a consumer-centric
society, where consumer behavior is the first outlet explored to create change,
technological or otherwise. U.S. citizens live in a society where individuality is
valued above all else. Consequently, many U.S. voters vote for candidates they
believe have the ability to guarantee perceived entitlement to cheap energy.
Figure 8 is an illustration of residential and industrial electricity costs, drawn from
statistics published by the International Energy Agency (IEA) (International
Energy Agency, 2010) in the U.S. and in EU countries represented in the
literature, except Germany, Greece, and Sweden. Electric utilities in Germany,
Greece and Sweden are state-owned. These countries do not appear in the chart
because statistics were not available for them in the IEA report. Electric energy
has long been affordable in the U.S., as illustrated in Figure 8. The U.S. enjoys
the lowest electricity costs, with the exception of French industrial electricity.
France’s electricity market is being reformed under a program coined “NOME,”

an acronym for “new organization of the electricity market.”
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Figure 8: Residential and Industrial Electricity Costs
in the U.S. and Selected EU Countries

U.S. utilities grapple with regulatory action at the state level which can
change relatively frequently as voters routinely swing the political pendulum to
secure perceived entitlement to cheap energy. This framework creates a
prohibitive atmosphere for collaboration and efficient technology transfer.

In 2007, the latest year of statistics available from the EIA, there were
more than 3,273 traditional electric utilities in the United States. Here is a

descriptive excerpt of U.S. electric utilities from the EIA:
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The more than 3,273 traditional electric utilities in the United States are
responsible for ensuring an adequate and reliable source of electricity to
all consumers in their service territories at a reasonable cost. Electric
utilities include investor-owned, publicly-owned, cooperatives, and
Federal utilities. Power marketers buy and sell electricity, but usually do
not own or operate generation, transmission, or distribution facilities.
Utilities are regulated by local, State, and Federal authorities, and in the
case of many electric cooperatives, by their Board of Directors.

Interstate sales of electricity on the wholesale market and by public
utilities (e.g., investor-owned utilities, power marketers, independent
power producers, and non-exempt electric cooperatives) are subject to
regulation by the Federal Energy Regulatory Commission (FERC). FERC
also regulates interstate transmission service provided by transmission-
owning public utilities. In addition to regulating transactions in interstate
commerce, FERC licenses hydroelectric facilities on navigable waterways.
Licensing the construction and operation of nuclear power plants, safety
and nuclear waste disposal management is under the jurisdiction of the
Nuclear Regulatory Commission. Retail sales, and unbundled distribution
service provided by investor-owned utilities are subject to State regulation.
In some States, municipal utilities and electric cooperatives rates are also
subject to State regulation. Approval of the construction of most power
plants and transmission line construction is generally regulated by the
States.

State public service commissions have jurisdiction primarily over the
large, vertically integrated, investor-owned electric utilities that own more
than 38 percent of the Nation's generating capacity and serve about 71
percent of ultimate consumers. There are 210 investor-owned electric
utilities, 2,009 publicly-owned electric utilities, 883 consumer-owned rural
electric cooperatives, and 9 Federal electric utilities. A small amount of
electricity is sold by generating facilities directly to end use customers. At
least 6 States regulate cooperatives, and at least 7 States regulate
municipal electric utilities; many State legislatures, however, defer this
control to local municipal officials or cooperative members (U.S. Energy
Information Administration, 2010).

Contrast this descriptive quagmire with the simplicity of the Chinese and
EU regulatory models, and it is easy to see how the adoption of new technologies

gets bogged down in the U.S. system.
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A simplified description of the regulatory activity surrounding
SmartGridCity (SGC) in Boulder, Colorado, illustrates how complicated and time
consuming it can be to make technological progress in the U.S.

In January, 2008, Xcel Energy announced it was looking for a city in its
eight-state territory in which to build a SGC. In March, 2008, Boulder, Colorado
was chosen as the location for SGC, funded by a consortium of companies and
regulated by the Colorado Public Utility Commission (CPUC). In November,
2009, Xcel Energy, on behalf of the consortium, reached a settlement agreement
with the CPUC that allowed the cost of SGC to be recouped from ratepayers. In
December, 2009, the CPUC approved the agreement, and issued a requirement for
Xcel Energy to file for a Certificate of Public Convenience and Necessity (CPCN)
to obtain approval to construct transmission lines for SGC. In March, 2010, Xcel
filed for a CPCN.

To illustrate the complexity of obtaining a CPCN, Figure 9 is a CPCN
description from the Southern Colorado Transmission Improvements Site
(Southern Colorado Transmission Improvements: A Certificate of Public

Convenience and Necessity, 2011):
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A Certificate of Public Convenience and Necessity

The Colorado Public Utilities Law (Colorado Revised
Statutes § 40-1-101, et seq.) and the rules of the
Colorado Public Utilities Commission (CPUC) (4 Code of
Colorado Regulations 723-3) require that an electric utility §

seeking to construct and operate an electric transmission
line must first obtain a Certificate of Public Convenience
and Need (CPCN) for the transmission line unless the
CPUC determines that construction of the line is in the

ordinary course of business in which case, a CPCN is not

T . [N
needed for the transmission line project.

In the case of a proposed electric transmission line, a CPCN application must include

the following information:

e A statement of facts showing how the proposed transmission line is required for the
public convenience and necessity

e A description of the proposed transmission line
e The estimated cost of the proposed transmission line
e The anticipated construction time frame and in-service date for the transmission line

e Maps showing the general area of the line, population centers, major highways, and
county and state boundaries

e Electrical diagrams of the proposed transmission line

e Information on alternatives studied and the criteria used to rank such alternatives

e Areport on prudent avoidance measures relating to exposure to magnetic fields
associated with the proposed transmission line

e Information concerning projected audible noise levels associated with the
transmission line and cost-effective mitigation measures

This information is considered by the CPUC when determining the need for the
proposed transmission line. It is important to note that the CPCN process does not decide the
final location of the transmission line. The final location and alignment of the transmission line
is determined through a separate and extensive federal, state, and local government siting
and permitting process.

Figure 9: A Certificate of Public Convenience and Necessity
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A review of the State of Colorado Department of Regulatory Agencies
PUC (2011) Application for SmartGridCity CPCN revealed that the CPCN,
applied for on March 10, 2010, had over 320 documents on the docket, and the
CPCN Status was listed as “Pending Compliance.”

In August, 2010, Xcel reached a new agreement with the CPUC. A cap
was placed on SGC cost recovery from ratepayers and the CPCN was allowed. In
October, 2010 a judge recommended that the CPUC adopt the August, 2010
agreement. In January, 2011, the CPUC rejected the recommendation and
reduced the consortium’s cost recovery amount by 38%.

There was much speculation surrounding the CPUC action. Thousands of
pages have been written about it, and internet smart grid circles have been
buzzing ever since the decision was made. For the purposes of this research, the
extremely simplified summary of the trials and tribulations of a U.S. SGC,
provided here, serve to illustrate the complexities of the U.S. regulatory system
and contrast it with the simplicity and efficiency of the Chinese and EU systems.

SGC has been forty months in the making. Nonetheless, where there is a
will; there is a way. An Xcel SGC representative provided this SGC update on
April 22, 2011:

The broadband over powerline (BPL) network is built out to serve

virtually all Boulder premises (46,701 premises, to be exact). All of these

premises are impacted from the "grid-side," meaning they should be
experiencing increased reliability, reduced outage duration, reduced

voltage problems, etc.

23,000 homes have smart meters. All Xcel Energy residential customers
have access to an online account management portal (MyAccount), but
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these 23,000 customers have the added benefit of being able to see their
usage data broken down in 15-minute increments if they choose to use the
portal.

86 commercial buildings have smart meters installed (and access to an
online portal to view usage as well).

4,361 residences have elected to participate in the new, dynamic pricing
pilot.

We hope to get 1,850 homes in Boulder equipped with in-home energy
management devices in the next several months for our upcoming in-home
smart device pilot.

The participants in the IHD pilot have been/will be chosen on a voluntary
basis. A subset of them (~1,250 homes if possible) will also be
participants in our pricing pilot that is currently underway. We actually
deployed five systems from one manufacturer a couple of weeks ago, and
assuming the initial tests go well, we'll continue deploying that particular
system over the next few months. Additionally, we have another couple
of systems from other manufacturers currently being tested and will
deploy those once they have passed our security and functionality tests.

Undeterred by significant hurdles inherent in the U.S. regulatory structure,

a U.S. utility’s tenacious efforts are bringing technological change, in the form of

smart grid technology adoption, to Boulder.

2.2.3.2 U.S. Literature

Notwithstanding the absence of energy management related studies in

U.S. hotels in the literature, there is evidence that progress has been made. A

review of industry roundtable discussions revealed that U.S. lodging companies

have developed custom and, in most cases, proprietary systems that enable hotel

managers to record energy consumption data on-site. System software compares

best practices at similar hotels and provides action items to boost efficiency.
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Other systems provide measurement tools that accurately quantify energy usage at
property and defined user levels, allowing energy managers to provide accurate
reflections of how operational behaviors translate into costs. The capacities of
these systems to better manage energy usage may be enhanced with system

integration of smart grid technologies.

2.2.4 Literature Representation in a Global Energy Context
The International Energy Agency (IEA) is an intergovernmental
organisation which acts as energy policy advisor to 28 member countries
in their effort to ensure reliable, affordable and clean energy for their
citizens. Founded during the oil crisis of 1973-74, the IEA’s initial role
was to co-ordinate measures in times of oil supply emergencies. Energy
security remains a key priority, but has expanded beyond concerns about
oil supplies to include natural gas and electricity (International Energy
Agency, 2010).
Figure 10 is a matrix that includes the U.S. and countries represented in
the literature. The IEA has a website, “IEA in Chinese,” but China is not a
member of the IEA. China is represented in the literature. Nine EU member
countries (France, Germany, Greece, Italy, Poland, Portugal, Spain, Sweden, and
the United Kingdom) and one EU candidate country (Turkey) are verifiably
represented in the literature. All EU member and candidate countries represented

in the literature are IEA members. The U.S. is an IEA member. The U.S. is not

represented in the literature.
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Represented in

Country* Literature IEA Member EU Member
Australia X X
China X
France X X X
Germany X X X
Ghana X
Greece X X X
Hong Kong X
India X
Italy X X X
Jordan X
Republic of Korea X X
Poland X X X
Portugal X X X
Senegal X
Singapore X
Spain X X X
Sweden X X X
Tunisia X
Turkey X X X**
United Kingdom X X X
United States X

*Some EU countries that may have been represented in the literature may not
appear because anonymity was a prerequisite for obtaining hotel energy
consumption information in 24 European countries in Bohdanowicz & Martinac
(2007). It is likely, although not verifiable, that the 10 EU countries in the chart
were included in the study.

** EU candidate country

Figure 10: Country Matrix
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Chapter 3
RESEARCH METHOD AND DESIGN

3.1 The Delphi Technique

“In ancient Greece, Delphi was the site of the most important oracle, at the
temple of Apollo on the slopes of Parnassus. This oracle was famous for its ability
to forecast the future (as well as being somewhat cryptic in its prognostications).
In the modern academic arena, Delphi is now known as a research method named
after this mystical oracle” (Faucher, Everett, & Lawson).

“The Delphi survey technique was developed in the 1950s by two
research scientists working at The Rand Corporation, Olaf Helmer and Norman
Dalkey. They developed the procedure as a tool for forecasting future events
using a series of intensive questionnaires interspersed with controlled-opinion
feedback” (as cited in Custer, Scarcella, & Stewart, 1999). The technique was
used by the American military to forecast the impact of technology on warfare.
More recently, it has been widely used for health care and business forecasting.
For this research, the Delphi method was applied to forecast the future of smart
grid technology in the U.S. lodging industry, a combination of technology and
business.

The Delphi technique begins with an open-ended questionnaire that is
given to a panel of selected experts to solicit specific information about a subject

or content area. In subsequent rounds of the procedure, participants make changes
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to the phrasing or substance of the items and rate the relative importance of
individual identified items. Through a series of rounds (typically three) the
process is designed to yield consensus (Custer et al., 1999).

The Delphi method dictates that participants are experts. To determine the
characteristics of study panel members and the optimal number of panel members,
guidance came from and Powell (2003) and Rowe & Wright (1999).

It has been noted that heterogeneous groups, characterized by panel

members with widely varying personalities and substantially different

perspectives on a problem, produce a higher proportion of high quality,
highly acceptable solutions than homogeneous groups (Delbecq et al.

1975). This finding is strongly supported by Rowe (1994) who suggested

that experts be drawn from varied backgrounds in order to guarantee a

wide base of knowledge. Murphy et al. (1998) conclude that diversity of

expert panel membership leads to better performance as this may allow for
the consideration of different perspectives and a wider range of

alternatives (Powell, 2003).

For the reasons stated by Powell, experts for this study were not strictly
restricted to lodging companies. To tap different perspectives and provide a wide
knowledge base, experts from entertainment industry resorts (one expert); gaming
industry resorts (one expert); non-entertainment and non-gaming industry lodging
and resorts (five experts); lodging industry energy technology providers (two
experts); and lodging industry energy management and sustainability consultants
(three experts) participated in the study. This approach enhanced the study,
particularly in the sections where experts identified, and commented on, benefits,

challenges and risks of smart grid technologies. Although experts identified many

of the same smart grid technologies in the first round, their varied backgrounds
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reflected different perspectives in the second round, which added valuable
insights to the study; provided a wide range of comments and clarifications; and
enhanced the benefit experts received from exchanging ideas with others.

In Delphi studies with professional (versus student) experts from a
Summary of the methodological features of Delphi in experimental studies (Rowe
& Wright, 1999), Dalkey and Helmer (1963) was heavily weighted when
considering the characteristics of the study experts because the study intent
(forecasting the effects of technology) most closely matched the intent of this
research. Economists, electronic engineers, and systems analysts participated in
Dalkey and Helmer (1963) (Rowe & Wright, 1999). Expert panel members for
researching smart grid technologies have backgrounds in finance, electrical
engineering (some with Professional Engineering [P.E.] licenses), sustainability
analysis, information communication technology, energy technology design,
energy technology procurement and energy technology consulting. All experts
hold executive or partner positions in their respective companies and are
responsible for energy, environmental, and sustainability management, except for
a Sustainability Analyst who responded on behalf of an executive charged with
managing corporate energy and environmental services.

To provide an enhanced description of study experts and the companies
they represent, without compromising their anonymity, I offer these observations.
Four study experts have participated in Cornell Sustainability Roundtables. Two

experts are members of the American Hotel & Lodging Association (AHLA)
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Green Task Force. Three of the top six hotel companies in the world, ranked by
number of rooms, are represented. One of the world's leading gaming hospitality
companies is represented, as is one of the leading entertainment companies.
Cutting-edge energy technology providers are represented the study. Study
consulting company experts bring decades of experience in the top ranked lodging
companies and provide expert advice and guidance to all segments of the lodging
industry. Study experts also represent admired historic, as well as newly-built,
properties that have garnered international, national, state and local awards for
social, environmental and economic sustainability. The properties they represent
consistently appear on the Condé Nast Traveler Gold List and the top twenty-five
tripadvisor.com Travelers' Choice® awards.

Powell (2003) stated, “There is very little actual empirical evidence on the
effect of the number of participants on the reliability or validity of consensus
processes.” From Rowe & Wright (1999), seven experts participated on the
study panel in Dalkey & Helmer (1963); Best (1974) had a panel size of fourteen;
Spinelli (1983) had a panel size of twenty and Brockoff (1975) did a Delphi
technique comparison with five, seven, nine and eleven panel members. The
average panel size in these studies was ten. Brockhoff (1975) suggested that for
forecasting questions, groups with eleven participants were more accurate in their
predictions than larger groups. Another important consideration in Delphi studies
is the potential loss of experts during study rounds. Consequently, | set a target

range of nine to thirteen study experts. The goal was to achieve the upper end of
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the range initially, so that the loss of participants would not compromise study
prediction accuracy. Twenty-six experts were invited.

The study was conducted by email. Each potential participant was sent a
letter of invitation containing a description of the study (Appendix B). Invitations
began to be emailed on January 12, 2011. Twelve potential participants accepted,;
one accepted but deferred, to the company’s energy technology provider expert
who had previously accepted an invitation, before the first study round began;
three (including two of the top seven hotel companies in the world, by number of
rooms) declined after failed attempts to find potential participants familiar with
smart grid technology in their organizations; three declined; seven did not
respond. All twelve experts who ultimately accepted invitations participated in all
study rounds.

Consistent with the Delphi methodology, participant anonymity was
maintained, which allowed participants to freely express their opinions without
the interference of peer dynamics. There were three rounds in the study. All
rounds consisted of the same seventeen questions, in similar formats, to provide
consistency. An opportunity for study experts to make general comments was

provided at the ends of rounds one and two.
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3.2 Round One

The purpose of the first round was to collect information about smart grid
technologies from study experts. The instrument consisted of an open-ended
questionnaire (Appendix C). Participants were asked to respond to ten questions
if smart grid technologies had not been adopted and to seventeen questions if
smart grid technologies had been adopted. Study experts were given the option to
express additional comments at the end of round one. First rounds were sent to
study experts within twenty-four hours of receipt of study invitation acceptance.

All first rounds were returned by February 18, 2011.

3.3 Round Two

The purpose of the second round was to provide each expert with the
opportunity to contribute additional ideas, clarifications, and elaborations based
on the initial survey responses. An email letter (Appendix D) was sent to study
experts with the second round instrument (Appendix E) attached. The second
study round included all first round responses as submitted by participants with
the exceptions of duplicate responses and identifying information. That is, if the
same response to a question appeared multiple times in the first round, it appeared
with that question just once in the second round. Identifying information, such as
energy technology system and company names, was substituted with “XXXXX.”
Smart grid technology adoption is not a prerequisite for smart grid technology
knowledge. Consequently, all participants were invited to respond to seventeen

guestions in the second round. Study experts were given the option to express
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additional comments at the end of round two. Experts took advantage of the
opportunity to engage in collaborative discourse which provided enhanced
“conversation” and an extra measure of clarity. Second rounds were sent to study
experts on February 18, 2011. Eleven of twelve second rounds were returned by
March 17, 2011. The remaining second round was returned on March 24, 2011.

It was reviewed for potential impact on the third study round. It contained some
identifying information that could not have been included in the third round (to
protect anonymity), and the contents would not have altered the third round, had it

been received by March 17, 2011.

3.4 Rdund Three

The purpose of the third study round was to reach consensus by ranking
issues identified and clarified in the first and second rounds. Anemail letter
(Appendix F) was sent to study experts to introduce them to the third round
instrument. A survey follow-up email (Appendix H) was sent immediately after
the third round survey instrument link was sent.

Brancheau, Janz, & Wetherbe (1996) used a Likert scale to rank issues by
statistical mean in a Delphi study to forecast key issues in information systems
management. The study followed methods used in four previous studies of the
same topic. A review of a Summary of the methodological features of Delphi in
experimental studies (Rowe & Wright, 1999) revealed that mean values were

commonly used in Delphi feedback.
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A five point Likert scale was used for this research. Point definitions were
carefully chosen to reflect the intent of this research and they varied, depending
on the question (Appendix G). Third round surveys were sent on March 21, 2011
to the eleven study experts whose second rounds had been submitted. The
remaining survey was sent to the remaining study expert on March 24, 2011, the
date he submitted his second round. All third round surveys were returned by

April 1, 2011.
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Chapter 4
RESULTS AND DISCUSSION

4.1 Results Introduction

In this chapter, each research question, as it appeared in Chapter 1, is
followed by the third round question, as it appeared in the survey. ltems
identified by study experts are listed in a table in descending order, from the
highest mean rating (MR) to the lowest MR, along with standard deviations
(SDs). Number of study experts (N) = 12 for each question. A discussion of
results appears at the end of each question section. Technologies identified as
smart grid technologies by Delphi study participants appear in bold type. Inan
effort to allow readers to “hear” study expert voices, expert insights appear at the

end of this chapter.

64



4.2 Results

Question 1.  What smart grid technologies are industry experts aware of that
may apply to the lodging industry?

Study participants identified the following technologies as

smart grid technologies that may apply to the U.S. lodging
industry.

Please choose the best description of how useful you believe
each technology is in the U.S. lodging industry.

Table 1: Delphi Third Round Question 1 Results

Mean Standard

Rank Identified Smart Grid Technologies Rating | Deviation
1 Energy management systems 4.50 0.67
2 Energy information systems 4.25 0.75
3 Sub-metering 4.17 0.83
4 Demand response technology/peak demand reduction 4.00 0.74
5 End-user (guest room) energy management technologies | 3.92 0.90
6 Property management systems 3.92 1.08
7 Smart meters 3.83 0.94
8 Load shifting 3.75 0.87
9 Digital, two-way communications with utility 3.58 1.00
10 | Data acquisition servers 3.50 1.17

The top-ranked technology, Energy management systems, had the lowest
SD in the table, indicating that there was firm agreement among study experts
about the usefulness of the systems.

Despite the appearance of current industry focus on guest energy
consumption habits, the usefulness of End-user (guest room) energy
management technologies ranked fifth. The results may parallel priorities study
experts place on smart grid technology adoption, and highlight the perceived

limited potential that exists in controlling guest energy consumption at present.

65



The rank of ninth for Digital, two-way communications with utility set a
precedent for experts’ perceptions of this critical element of smart grid technology
adoption throughout the study. Experts were aware of the technology, but did not

rank it among the most useful.

66



Question 2. How did the identified smart grid technologies come to the
attention of lodging industry experts?

Study participants identified the following methods by which
they became aware of smart grid technologies.

Please choose the level of effectiveness that best describes
your experience with each method.

Table 2: Delphi Third Round Question 2 Results

Smart Grid Technology Mean | Standard

Rank Awareness Methods Rating | Deviation
1 Personal contacts in the lodging industry 3.50 0.80
2 Individual research - Internet search 3.50 0.90
3 In-house staff knowledge base 3.25 1.48
4 Energy information technology vendors 3.08 1.24
5 Interaction with local utility personnel 3.08 1.31
6 Individual research - print articles and publications 3.00 1.13
7 Energy information technology industry trade shows 2.92 1.08
8 Inquiries from lodging properties/companies 2.83 1.27
9 Utility industry articles and publications 2.75 1.29
10 | Lodging industry publications 2.67 0.98
11 | Energy information technology industry joint projects 2.67 1.30
12 | Lodging industry trade shows 2.58 1.00
13 | Public utility commission filings 2.50 1.17
14 | Local utility news 2.33 1.23
15 | Local general news 2.00 1.04

The SDs of the two top-ranked awareness methods, Personal contacts in
the lodging industry and Individual research - Internet search, 0.80 and 0.90
respectively, indicated that industry experts agreed that they first rely on peer
interaction and their own discriminating research before they look to other
industry sources, such as utility companies and energy technology providers, in
their quest for information about smart grid technologies. Moreover, the third

ranked awareness method, In-house staff knowledge, ranked above Energy
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information technology vendors (fourth) and Interaction with local utility
personnel (fifth). The rankings indicate that utility companies and energy
information technology providers can improve their efforts to educate the lodging

industry about smart grid technologies.
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Question 3.

industry?

Study participants identified the following smart grid

What smart grid technologies have been adopted in the lodging

technologies as having been currently adopted in their

lodging properties, companies, or client companies.

Please choose the best description of the usefulness of each

technology in the U.S. lodging industry.

Table 3: Delphi Third Round Question 3 Results

Rank

10

11

were aware of), and in Question 3 (adopted technologies) were energy

Adopted Smart Grid Technologies

Enterprise energy management systems that control
facility HVAC and lighting based on time schedules and
temperature setpoints

Technologies that provide load shedding capabilities
Technologies that provide demand response
capabilities

Technologies that provide net-metering capabilities

End-user (guest room) energy management systems
with peak demand reduction response capabilities

Gas line telemetry allowing properties to go off utility
pricing

Remote, wireless, monitoring equipment
Technologies that provide daylight harvesting
capabilities

Smart meters capable of measuring consumption in 15
minute intervals

Custom, web-based, energy information systems that
provide feedback to customers on their energy usage

Smart meters with two-way communications with
utility companies

Mean
Rating

4.58
3.92

3.83
3.67

3.58

3.58
3.58

3.42

3.42

3.25

3.08

Standard
Deviation

0.67
0.90

0.83
0.89

0.90

0.90
1.08

1.08

1.31

1.22

1.16

Technologies that appeared in Question 1 (technologies that study experts

management systems, end-user (guest room) energy management systems,

smart meters, two-way communications with utilities, demand response,

energy information systems, and load shifting/shedding.
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Energy management systems occupied the top spot and had the same SD
(0.67) on both tables, indicating study experts were very much in agreement with
other experts’ assessments of the usefulness of these systems. End-user (guest
room) energy management systems, ranked fifth in both tables, had the same
SD (0.90), confirming study expert prioritization of these systems. Smart meters
ranked seventh in Table 1 and ninth in Table 3, indicating that experts agreed that
smart meters are not very useful. It is clear that Digital, two-way
communications with utility in Table 1 and Technologies capable of providing
two-way communications with utility companies in Table 3 were considered
among the least useful by study experts, ranking ninth in Question 1, and eleventh
in Question 3.

There was disagreement reflected in the tables for Demand response,
ranked fourth and tenth; energy information systems, ranked second and tenth;
and load shifting/shedding, ranked eighth and second respectively.

Technologies that study experts were aware of (Question 1) but were not
identified as adopted technologies (Question 3) were Data acquisition servers,
Sub-metering, and Property management systems. Data acquisition servers
and Sub-metering are components of Custom, web-based, energy information
systems that provide feedback to customers on their energy usage, ranked
tenth of eleven of adopted technologies. Property management system
attributes appeared to be best understood by energy technology provider and
consultant experts in the study. For example, a study expert who represented an

industry technology provider stated, “In hotels, the integration of these systems to

70



Energy Management Systems can significantly enhance the savings available.
Rooms that have not been rented can have deeper temperature setbacks than
rooms that are rented but unoccupied. Furthermore, in low season, groups of
rooms can be put into "hibernation” to minimize energy consumption associated
with HVAC or lighting equipment;” while another study expert who represented a
company recognized for excellence in innovative energy management
commented, “don’t know much about these systems.” Therefore, it is possible
that Property management systems were considered part of the top-ranked
technology, Enterprise energy management systems that control facility
HVAC and lighting based on time schedules and temperature set points, by
the majority of study participants.

Technologies that appeared in adopted technologies (Question 3) but were
not in identified technologies (Question 1) were Technologies that provide net-
metering capabilities, Gas line telemetry allowing properties to go off utility
pricing, Technologies that provide daylight harvesting capabilities, and
Remote, wireless, monitoring equipment. An explanation for the enhanced
information in Question 3 may be that more details occurred to study participants

as they considered successful technology adoption.
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Question 4.  What are the perceived tangible benefits of adopted smart grid
technologies in the lodging industry?

Study participants identified the following tangible benefits of
currently adopted smart grid technologies in the U.S. lodging
industry.

Please choose the extent to which you agree or disagree.

Table 4: Delphi Third Round Question 4 Results

Adopted Smart Grid Technologies Mean Standard
Rank Tangible Benefits Rating Deviation
Lower energy costs as a result of better load
1 management 4.42 0.51
Income received from utility company incentives
2 for participation in peak load reduction programs 4.17 0.94
Lower energy costs as a result of the ability to track
3 and benchmark energy use 4.08 0.90
Lower energy costs as a result of end-user (guest
4 room) energy management systems 3.92 0.90
Lower energy costs as a result of time-of-use
5 management 3.75 0.62
Reduced payback periods for energy management
6 systems 3.75 0.87
Lower energy costs as a result of peak demand
7 shaving strategies 3.58 0.67

Lower energy costs ranked first, third, fourth, fifth and seventh as
tangible benefits of smart grid technology adoption. This is not surprising, but
what is interesting about the rankings is that study experts were discerning about
how the technologies could achieve lower costs. Study experts made numerous
comments in the first and second rounds about the issue of guest satisfaction
potentially being compromised as a result of reduced energy use during peak
demand times. A first round contribution, “The technologies that apply to the

lodging industry are centered around demand reduction or load shifting, prompted
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the second round response ... guest satisfaction can tie the hands of even the
best of Demand Response technology and intentions...if a guest wants an air
conditioned room down to 60 degrees, the hotel needs to be able to provide it.”
Peak demand times often translate into peak electric rates, and high time-of-use
rates, both determined by utilities. This is often when guests require energy the
most; demand is at peak levels. So, while peak demand shaving is an option, it
may not be the most productive strategy, as evidenced by the fact that study
experts ranked it seventh, or last, among tangible benefits of adopted technology.

End-user (guest room) energy management systems appeared as a
means to achieve lower energy costs, but again, these systems appeared lower
(fourth) in the rankings than property controlled methods. Experts continued to
demonstrate that the greatest potential for energy savings lies in taking action in
situations they control such as load managing and tracking/benchmarking,
which is why these two strategies were ranked first and second respectively.

The appearance of incentives, income received from utility companies
for participation in peak load reduction programs, in the study set off a buzz
in the conversation. “DR provides financial incentives for businesses to reduce or
shift electricity use in response to power grid reliability needs or, in some regions,
high electricity prices” (Yoshimura, 2006). DR programs are available, as real-
time metering, web, and remote control technologies make it a viable option.
Some utility companies are soliciting the lodging industry by advertising in
lodging trade magazines. For example, in the September, 2010 issue of Lodging

Hospitality, Pacific Gas and Electric (PG & E) placed a full page ad focused on
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DR programs. The ad contained a web address dedicated specifically to lodging
companies. Incentives can be earned with PG&E’s Technical Audit/Technology
Incentive program for the identification and installation of demand response
enabling equipment. In theory, this program sounds like a good option. Study
participants clearly perceived Income received from utility company incentives
for participation in peak load reduction programs as an important tangible
benefit of smart grid technology adoption as evidenced by the ranking (second)
but at the same time, peak demand shaving or peak load reduction was a
concept they were not entirely comfortable with because of perceived negative
impact on guest satisfaction. This conflict is reflected in the fact that the SD for
incentives was the largest (0.94) of all identified tangible benefits. Additionally,
perceptions of the size of incentives varied widely between study experts as
evidenced by comments made in the first and second rounds. One expert said,
“Utilities are paying hotels for choosing to participate in peak demand reduction
(tens of thousands of dollars/year) and are likely to offer enhanced participation
fees for more timely response” but a panel expert who represented a consulting
company painted a more realistic industry picture when he responded “. . .
absolutely true, and wonderful in theory, but most of these high payments are
made only when a utility/ISO [independent system operator] made it through a
period without having to call for a curtailment. Unless hotels are equipped with
"qualified distributed generation" systems, payments simply don't get that
big...but it has been hyped to be much bigger.” This example illustrates the

benefit of study expert panel diversity.
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Question 5. What are the perceived intangible benefits of adopted smart grid
technologies in the lodging industry?

Study participants identified the following intangible benefits
of currently adopted smart grid technologies in the U.S.
lodging industry.

Please choose the extent to which you agree or disagree.

Table 5: Delphi Third Round Question 5 Results

Adopted Smart Grid Technologies Mean Standard

Rank Intangible Benefits Rating Deviation
1 Ability to monitor progress and track improvement 4.50 0.67
2 Environmental conservation 4.42 0.51
3 Sustainability/ public relations 4.00 0.85

Opportunity to advertise green efforts thus
attracting individual travelers who prefer those
4 types of properties 3.92 0.79
Opportunity to advertise green efforts thus
attracting groups who prefer those types of
5 properties 3.92 0.79

Guests may be stimulated to consume less when
they can compare their consumption against other
6 rooms or averages 3.58 0.90

More reliable overall service from utility companies
because of greater efficiencies in managing

7 generation and distribution 3.50 0.67
8 Better comfort conditions for guests 3.42 0.79
9 Better comfort conditions for employees 3.25 0.62

In this question, the lowest SD (0.51) appeared in Environmental
conservation. This important intangible benefit of smart grid technology
adoption was ranked second, portraying study experts as responsible corporate
and world citizens.

The intangible benefits of the Ability to monitor progress and track
improvement, Environmental conservation, Sustainability/ public relations

and the Opportunity to advertise “green” efforts ranked higher than Guests
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may be stimulated to consume less when they can compare their
consumption against other rooms or averages and More reliable overall
service from utility companies because of greater efficiencies in managing
generation and distribution. The potential for energy savings from end-user
(guest room) technologies, with various guest motivational considerations, was
ranked sixth in Guests may be stimulated to consume less when they can
compare their consumption against other rooms or averages. Other end-user
technologies had been ranked sixth two other times at this early stage of the study,
demonstrating that study participants prefer to rely on factors they control, rather

than factors guests and energy suppliers control.

76



Question 6.  Which adopted smart grid technologies have the greatest benefits
in the lodging industry?

Study participants identified the following currently adopted
smart grid technologies as having the greatest benefits in the
U.S. lodging industry.

Please choose the extent to which you agree or disagree.

Table 6: Delphi Third Round Question 6 Results

Adopted Smart Grid Technologies Mean Standard
Rank Greatest Benefits Rating Deviation
1 Energy management systems 4.50 0.52
2 Remote monitoring technologies 3.83 0.83
Technologies capable of identifying detailed levels
3 of peak vs. non-peak consumption 3.58 0.79
Technologies that provide scheduled load
4 shedding 3.58 0.79

Study experts confirmed in this question that they believed energy
management systems have the greatest benefits in the industry with a relatively
low SD of 0.52 and a MR of 4.50, significantly above other MRs in the Table.
Comments from all segments of the panel resonated on the perceived value of
EMS; from an expert who represented an industry consulting company

All full-service hotels SHOULD utilize an EMS. The nature of a full

service hotel is that while certain areas of the property are being fully

utilized (ball rooms, meeting rooms, spas/pools, restaurants, etc.), the
guest rooms aren't...and vice versa. A good energy management system
can take advantage of the natural ebbs and flows of the guests, and
streamline overall energy use on a minute-by-minute basis;
from an expert who represented an energy technology provider “There is good
market acceptance of this type of system. The ROI can be as little as 2 years and

many utilities offer rebates that motivate the purchase of these systems;” and from

a lodging company expert “This is the best.”
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Experts did not select end-user (guest room) technologies in response to
this question, another indication that, collectively, they did not perceive the
technologies to be among those that offer the greatest benefits in the industry.

Technologies that provide Digital, two-way communications with utility
also did not appear as study experts confirmed the low rank assigned to these
technologies in identified technologies (Question 1).

Technologies capable of identifying detailed levels of peak vs. non-
peak consumption and Technologies that provide scheduled load shedding
had the same MR (3.58) and SD (0.79) for good reason. Technologies that
provide scheduled load shedding inherit data from Technologies capable of
identifying detailed levels of peak vs. non-peak consumption. Therefore, the

former is dependent on the latter.
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Question 7. Which adopted smart grid technologies have negative impacts on
the lodging industry?

Study participants identified the following currently adopted
smart grid technologies as having negative impacts in the
U.S. lodging industry.

Please choose the extent to which you agree or disagree.

Table 7: Delphi Third Round Question 7 Results

Adopted Smart Grid Technologies Mean Standard
Rank Negative Impacts Rating Deviation

Cost to implement Energy information and Energy
1 management systems 3.92 0.79

Utility companies may use smart grid technologies as
justification to adjust time-of-use rates in a manner
that is not optimal for lodging property consumption
2 requirements and patterns 3.50 0.90
Creating a false sense of savings that would cause staff
to poorly manage their property and create "usage

3 creep"” 3.50 1.09
Possibly all - the temptation to "greenwash" is
4 common 3.33 1.23

Possibly all-if smart grid technology implementation
strategy is poorly executed it may result in negative
5 environmental impact 3.25 0.97

Equipment failure due to incompatible controls 3.08 0.51

The cost of adopting the previously identified most useful and most
beneficial technology, Energy management systems, was ranked first among
negative impacts on the lodging industry. Study experts commented on this
aspect of technology adoption in the first and second rounds as they discussed the
merits of adopting EMSs in various sizes of properties and in franchised
properties. An expert who represented small lodging properties commented,

“This is particularly true in small-business, franchised models. Increased up-front
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expenditures are unrealistic for many hotel owners/operators in the current
economic environment.”

Study experts “voiced” their perceptions that Utility companies may use
smart grid technologies as justification to adjust time-of-use rates in a
manner that is not optimal for lodging property consumption requirements
and patterns as they ranked this potentially negative impact second. This
outlook accounts for the low ranking of technologies with Digital, two-way
communications with utility when experts identified smart grid technologies that
they were aware of (Question 1)

Study experts were not just critical of external forces; they also looked
inward when responding to this question. Although the SDs indicated there was a
relatively wide range of perspectives as they assessed their own shortcomings,
experts ranked poor management (Creating a false sense of savings that would
cause staff to poorly manage their property and create ""usage creep™);
disingenuous sustainability efforts (the temptation to *greenwash™ is common);
and poor execution (if smart grid technology implementation strategy is
poorly executed it may result in negative environmental impact); third, fourth,
and fifth of potential negative impacts on the industry.

The lowest SD (0.51) in the Table accompanied Equipment failure due
to incompatible controls which opened a window in the study house, and
provided a first glimpse into IT protocol issues that would appear in subsequent

questions.
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Question 8.  What are the perceived challenges of adopted smart grid
technologies in the lodging industry?

Study participants identified the following challenges of
currently adopted smart grid technologies in the U.S. lodging
industry.

Please choose the extent to which you agree or disagree.

Table 8: Delphi Third Round Question 8 Results

Adopted Smart Grid Technologies Mean Standard
Rank Challenges Rating Deviation
Corporate buy-in/justifying costs to get data. Data is
only as good as how you react to it 4.17 0.39
Creating a plan and implementation strategy 3.92 0.51
Assessing benefits vs. expense 3.75 0.75
Service contracts/costs of maintaining technology
4 systems 3.58 0.90
Integration of technology/lack of homogeneous
5 solutions 3.50 0.80

Up-front expenditures are unrealistic for many owners
of smaller properties because many new technologies
are initially developed for properties with 200 rooms

6 or more 3.25 1.36
ROI for properties with less than 200 rooms is
7 undocumented 2.83 1.11

The highest ranked item in this question, Corporate buy-in/justifying
costs to get data. Data is only as good as how you react to it, was the first item
to appear in the study with one of the lowest SDs of 0.39. There is no doubt that
the primary challenge of smart grid technology adoption is corporate buy-in, but
there was an indication that there may be hope, at least for large properties. A
study expert who persuaded the company he represented to provide funding for,
or “buy-in” to, the EIS and EMS he successfully designed and manages said,
“Getting the funding to implement the EIS and EMS has been slow, but now that

management has seen the benefit, it’s full speed ahead.” The expert who made
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the comment represented large, non-franchised, lodging properties. However, an
expert who represented small (85 rooms or less) hotels commented, “[the
difficulty of getting buy-in] is particularly true in small-business, franchised
models. Increased up-front expenditures are unrealistic for many hotel
owners/operators in the current economic environment;” and an expert who
represented a large franchise model company stated,

Our company is 100% franchised...meaning that each and every one of

our domestic hotels is individually owned and operated. Therefore, our

ability to mandate or govern the use of Smart Grid Technology (or any
energy management solution) is extremely limited.
An industry consultant characteristically provided this middle-ground solution in
response:

Very common comment in the industry. Guidelines and ‘Best practices’

can help...but effecting change is difficult. The best solution is to overtly

praise the sites that show great success...imitation is the sincerest form of
flattery, and don't think that hotel B is going to let hotel A outshine them
at anything.

The second lowest SD (0.51) in this question corresponded with the
second ranked challenge, Creating a plan and implementation strategy, further
evidence of experts’ understanding of the critical role strategic planning and
implementation plays in successful smart grid technology adoption.

Costs of maintaining various systems appeared for the first time in the
study in Service contracts/costs of maintaining technology systems, ranked
fourth. Integration of technology/lack of homogeneous solutions was ranked

fifth. It is no coincidence that these two challenges appeared in sequence as the

glimpse of IT protocol issues, Equipment failure due to incompatible controls,
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first seen in negative impacts of adopted smart grid technologies (Question 7),
was expanded in this question.

There was disagreement about whether or not realistically priced EMSs
have been developed, and Return on Investment (ROI) documented, for hotels
with less than 200 rooms. In the second round, a study expert representing
properties with less than 200 rooms commented, . . . many new technologies are
initially developed for larger properties (200+ rooms) whereas most of our hotels
are 85 rooms or fewer and the ROI for that size is undocumented” but an energy
technology provider expert indicated in the third round that he “strongly
disagreed” with the statement. The differing opinions are reflected in the SDs of
1.36 and 1.11 respectively for Up-front expenditures are unrealistic for many
owners of smaller properties because many new technologies are initially
developed for properties with 200 rooms or more and ROI for properties
with less than 200 rooms is undocumented. These SDs were significantly

higher than other SDs in the table and comparatively higher than study SDs.
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Question 9.  What are the perceived risks of adopted smart grid technologies in
the lodging industry?

Study participants identified the following risks of currently
adopted smart grid technologies in the U.S. lodging industry.

Please choose the extent to which you agree or disagree.

Table 9: Delphi Third Round Question 9 Results

Adopted Smart Grid Technologies Mean Standard

Rank Risks Rating Deviation
1 Meter accuracy 3.25 0.87
2 IT security 3.25 1.14

A MR o1 3.00 corresponded with “Neither Agree or Disagree” in the
Likert scale for this question, so the same MRs of 3.25 of Meter accuracy and IT
security may be an indication that these risks are not perceived as severe. The
relatively large SD of 1.14 for IT security reflects expert panel diversity as
technology providers chose “strongly disagree” for this question while consultant

and lodging experts chose “agree” on the scale.
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Question 10.

technologies in the lodging industry?

What are the perceived tangible benefits of future smart grid

Study participants identified the following tangible benefits of
future smart grid technologies in the U.S. lodging industry.

Please choose the extent to which you agree or disagree.

Table 10: Delphi Third Round Question 10 Results

Rank

12

13

14

Future Smart Grid Technology
Tangible Benefits

Lower emissions

Lower energy costs

Less expensive equipment integration

Faster speeds enabling identification of “critical" areas
by which we can make steep reductions.
Lower installation costs

Lower equipment costs

Company benchmarking

Introducing guests to energy savings concepts
Industry benchmarking

Utility rebates/subsidies

Property benchmarking

Some hotels will be able to move off utility pricing to
deregulated tariffs where the pricing is significantly
lower

New technologies will help satisfy government
mandates and avoid potential fines

Minimal disruption to guest comfort as a result of IP
addressable appliances (HVAC equipment,
refrigerators)

Mean
Rating

4.33
4.33
4.17

4.08
4.08
4.08
4.00
4.00
3.92
3.92
3.75

3.67

3.58

3.50

Standard
Deviation

0.49
0.49
0.58

0.51
0.51
0.67
0.60
0.60
0.67
0.67
0.62

0.89

0.79

1.00

Fourteen benefits were identified in this question. The only question that

produced more items was Question 2 (Methods by which study experts became

aware of smart grid technologies). More than any other question in the study, the

identification of so many tangible benefits of future smart grid technologies

illustrates the optimism study experts have about future smart grid technology

adoption. The ranking of Introducing guests to energy savings concepts
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(eighth) above Industry benchmarking (ninth), Utility rebates/subsidies (tenth)
and property benchmarking (eleventh), demonstrates this optimism and
indicates confidence in the capabilities of future smart grid technologies to
provide actionable, real-time, data for guests.

The matching MRs of 4.33 and SDs of 0.49 of Lower emissions and
Lower energy costs is a strong statement of what experts anticipate will impact
their bottom lines in the future. Instead of citing various ways of lowering energy
costs - better load, time-of-use and DR management; incentives offered by
utilities; and reduced payback periods — experts indicated that they expect carbon
legislation with negative incentives attached. Another tangible benefit, not
identified for currently adopted smart grid technologies, New technologies will
help satisfy government mandates and avoid potential fines, appeared as
experts considered anticipated legislative impacts.

Unlike tangible benefit items for currently adopted smart grid
technologies, a focus on equipment was evident for future smart grid
technologies. Experts ranked Less expensive equipment integration, Lower
installation costs, and Lower equipment costs third, fifth, and sixth respectively.
Utility rebates/subsidies moved from second for currently adopted smart grid
technologies, to tenth for future smart grid technologies, as study experts
anticipated greater benefits in lower equipment related costs than in utility
incentives as they considered the future. Cost to implement energy information
and energy management systems was the highest ranked negative impact of

currently adopted smart grid technologies. These systems are expensive because
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they are relatively new technologies. Technology costs decline as technology
matures. As smart grid technology costs become less prohibitive, Utility
rebates/subsidies will steadily become less attractive. Hence, the downward shift
of Utility rebates/subsidies. As an impassioned study expert considered Utility
rebates/subsidies, he commented, “Newer/better/cheaper/faster black boxes and
technologies will always come available - the key is to let the market eventually
accept them sans utility rebates/subsidies. Cramming windmills down our throats
hasn't worked, likewise the ethanol subsidies...but CFL's, LED's, and adjustable

speed drives have had great market penetration.”
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Question 11.  What are the perceived intangible benefits of future smart grid
technologies in the lodging industry?

Study participants identified the following intangible benefits
of future smart grid technologies in the U.S. lodging industry.

Please choose the extent to which you agree or disagree.

Table 11: Delphi Third Round Question 11 Results

Mean | Standard
Rank Future Smart Grid Technologies/Intangible Benefits Rating | Deviation

1 Incorporation of renewable energy 4.17 0.58
2 Becoming a greener organization 4.17 0.83
3 Ability to quickly identify energy usage abnormalities 4.08 0.51

Certain guests (travelers matching particular
demographics/psychographics) may appreciate the
environmentally friendly aspects of smart grid
technology and choose to stay at hotels that use the

4 technologies 4.00 0.43

5 Guest desires for greener operations 4.00 0.43
Ability to manage energy consumption from grid with

6 in-house renewable resources 4.00 0.60

7 Positive impact on guests 4.00 0.60

8 Guest expectations for greener operations 4.00 0.85

9 Improved reliability 3.83 0.58
Industry goodwill through convergence of information

10 | allowing sustainable solutions 3.67 0.89

11 | More vibrant employee interests 3.58 1.00

12 Faster outage response 3.42 0.79

Nine intangible benefits of adopted smart grid technologies (Question 5)
and twelve intangible benefits of future smart grid technologies were identified.
The increased number of intangible benefits for future technologies lies in the
presence of items related to renewables and an expanded focus on guests.

Renewable sources were the subject of two intangible benefits, with
Incorporation of renewable energy ranked first, and Ability to manage energy

consumption from grid with in-house renewable resources, ranked sixth, a
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sign of study experts’ expectations that renewable generation will be facilitated by
smart grid technology adoption. Guests were the subject of four of twelve
intangible benefits as Certain guests (travelers matching particular
demographics/psychographics) may appreciate the environmentally friendly
aspects of smart grid technology and choose to stay at hotels that use the
technologies; Guest desires for greener operations; Positive impact on guests;
and Guest expectations for greener operations ranked fourth, fifth, seventh, and
eighth respectively. Although these items have the potential to produce tangible
benefits, experts chose to place them in intangible benefits, demonstrating
cautious optimism. Evidence of this caution appeared in experts’ comments. For
example, in response to Certain guests (travelers matching particular
demographics/psychographics) may appreciate the environmentally friendly
aspects of smart grid technology and choose to stay at hotels that use the
technologies an expert responded, “This is certainly good, if it is true.”
Improved reliability and Faster outage response go hand-in-hand
because outage response time is a factor used to calculate system reliability.
Ranked ninth and twelfth respectively, rankings for these items indicate that
lodging industry experts expect these intangible benefits to emerge with smart
grid technology adoption, but they do not perceive them as the most important
benefits. These priorities are in line with Kwortnik’s (2005) findings and they
demonstrate the relatively low importance study experts continue to attach to
Improved reliability and Faster outage response despite declining grid

reliability.
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The affect of smart grid technology adoption on employees appeared in
intangible benefits of adopted technologies in Better comfort conditions for
employees, ranked last in Question 5, and in this question in More vibrant
employee interests, ranked eleventh of twelve, after items relating to renewables,
energy management, utility service, guests, and public relations. The lodging
industry is a service industry. Given the profound impact lodging industry
employees have on industry success, the low ranks of employee related items is
unsettling. When a study expert who represented a company renowned for
exceptional hospitality and employee engagement encountered More vibrant
employee interests as an intangible benefit of future smart grid technology

adoption, he responded, “If the energy data is presented to employees.”
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Question 12.  Which future smart grid technologies do industry experts anticipate

may have the greatest benefits?

Study participants anticipate the following future smart grid

technologies may have the greatest benefits in the

U.S. lodging industry.

Please choose the extent to which you agree or disagree.

Table 12: Delphi Third Round Question 12 Results

Future Smart Grid Technologies Mean

Rank Greatest Benefits Rating
1 Technologies with wireless connectivity 3.92
2 Peak load management technologies 3.83

"Net metering" that enables the sale of
3 renewable energy back onto the grid 3.75

Technologies that facilitate a larger portfolio
4 share of renewable energy generation 3.75

Technologies that enable reduction of high
5 energy loads of siloed amenities 3.58

Mobile applications such as smart phone shut
6 down device controls for appliances 3.42

Standard
Deviation

0.90

0.58

0.62

0.62

0.51

1.24

Study experts were enamored with wireless connectivity as reflected in the

top ranked item, Technologies with wireless connectivity. Comments such as

“Wireless is always good” and “Wireless connectivity (in any application) is of

great benefit to older hotels that cannot afford proper retrofit wiring, and other

infrastructure.” appeared in the second round as experts anticipated greatly

expanded wireless capability of smart grid technologies.

Technologies identified as having the greatest benefits in adopted

technologies (Question 6) and in this question were related to peak load in

Technologies capable of identifying detailed levels of peak vs. non-peak

consumption, ranked third of four in Question 6, and Peak load management

technologies, ranked second, in this question; and load shedding in Technologies
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that provide scheduled load shedding, ranked fourth of four in Question 6, and
Technologies that enable reduction of high energy loads of siloed amenities,
ranked fifth of six, in this question.

Technologies that were identified as having the greatest benefits for future
technology adoption, but were not identified for adopted technology adoption,
were focused on renewables and mobile applications. Renewables were
represented in “Net Metering” that enables the sale of renewable energy back
onto the grid, ranked third of six, and Technologies that facilitate a larger
portfolio share of renewable energy generation, ranked fourth of six. Mobile
applications appeared in Mobile applications such as smart phone shut down
device controls for appliances, ranked sixth of six. The SD (1.24) of Mobile
applications such as smart phone shut down device controls for appliances
was high compared to SDs of other items in this question and in the study as the
experts voiced some uncertainty about the technology with comments like
“cutting edge here. ..” After reading

The pending introduction of IP addressable appliances (HVAC equipment,

refrigerators, etc. will greatly facilitate the connectivity of these devices to

the smart grid. The more devices that can connect the greater reductions in
kWh consumption can be achieved with minimal disruption to guest

comfort

a study expert responded, “This sounds good, but it's an overkill in my mind.”
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Question 13.  Which smart grid technologies do industry experts anticipate may
have negative impacts on the lodging industry?

Study participants anticipate the following future smart grid
technologies may have negative impacts in the U.S. lodging
industry.

Please choose the extent to which you agree or disagree.

Table 13: Delphi Third Round Question 13 Results

Future Smart Grid Technologies Mean Standard
Rank Negative Impacts Rating Deviation
Proprietary software/hardware, not having open
1 protocols 3.33 1.07

Significant use of demand reduction, load shedding, or
time-factor charging related technologies runs counter
to guest expectations, reduces guest satisfaction and
2 diminishes competitive positioning. 3.17 1.11

The issue of IT Protocols, first glimpsed in adopted smart grid
technologies that have negative impacts in the industry (Question 7) in
Equipment failure due to incompatible controls; and seen in challenges of
adopted smart grid technologies (Question 8) in Integration of technology/lack
of homogeneous solutions; surfaced again in Proprietary software/hardware,
not having open protocols. The relatively large SD of 1.07 is a reflection of
expert panel constitution, as expert energy technology providers who sell
proprietary systems strongly disagreed that proprietary systems will have negative
impacts on the industry, while others associated with non-proprietary wares
strongly agreed that proprietary products will have negative impacts on the
industry.

The potential for significant use of smart grid technologies to reduce
guest satisfaction appeared in Significant use of demand reduction, load
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shedding, or time-factor charging related technologies runs counter to guest
expectations, reduces guest satisfaction and diminishes competitive
positioning, ranked second. The potential for reduced guest satisfaction was
rigorously discussed in the study. Comments made by some study experts
reflected perceptions that guest dissatisfaction may not be an inherent,
unavoidable, aspect of technology adoption, rather, the failure to adequately
assess, plan, execute, and manage the technologies could trigger potential
negative impacts on guests. For example, “Demand response, if not executed
well, can have negative impacts on our guests;” “Need to get a plan together and
implementation strategy... got to first determine what you would do with the data
and what benefits it would produce;” “Practical deployment is a cause for
concern, and unless an implementation plan is clearly defined, the perceived risks
could be high;” and “Need to use the right technology - this would be part of your
smart metering plan.” A technology provider contributed a description of a
product that facilitates peak demand reduction with “minimal or no guest
inconvenience” with
As a technology provider to the lodging industry, we have a system that
enables properties to opt to participate in peak demand reduction by
reducing energy usage in the guestrooms without inconveniencing guests.
As an example, a hotel receives notification from the utility that for the
next 2 hours the hotel needs to reduce its consumption by x. The XXXXX
system would first identify all unrented rooms and open the temperature
bands by a few more degrees thus ensuring that no energy will be
consumed by the HVAC equipment in those rooms. Then it would identify
all rented but currently unoccupied rooms and apply the same strategy.
Then, if necessary, it could cycle the equipment on/off in rented and

occupied rooms thus cutting back on energy consumption with minimal or
no guest inconvenience.
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Question 14.

What perceived challenges of, or barriers to, do industry experts
associate with future smart grid technology adoption?

Study participants identified the following challenges of, or
barriers to, future smart grid technologies in the U.S. lodging

industry.

Please choose the extent to which you agree or disagree.

Table 14: Delphi Third Round Question 14 Results

Rank

10
11

12

13

Future Smart Grid Technologies
Challenges/Barriers
Equipment replacement cycles may preclude immediate
smart grid technology adoption

Sources of capital to deploy large scale enhancements
to the entire system.

Education - the message needs to be at the right level
for the audience making the decisions on smart grid
technologies

Regulatory inconsistency. There are no "overall
guidelines/rules" between regulated utilities. A
technology considered safe and cost effective by one
regulatory body could be considered dangerous and/or
burdensome by rate payers in another.

Fast technology advancement. It's expensive to keep
up. The solution yesterday is not the solution today
Outdated legislation at various levels of government
Perceived higher cost of entry (new major systems and

appliances required to benefit from the smart grid
technologies)

U.S. "one size fits all" federal policy vs. facilitating
"distributed generation sources" (micro-grids) in
specific areas

Utility industry failure to fix grid infrastructure

End-user (guest) misunderstanding of new technologies
can lead to a diminished guest experience

Practical deployment

Lack of homogeneous/scalable solutions adds
significant cost to smart grid technology adoption

Perception of greater central control of energy
consumption
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Mean
Rating

4.17

4.17

4.17

4.00

4.00

4.00

3.83

3.83

3.83

3.83
3.75

3.67

3.42

Standard
Deviation

0.39

0.39

0.83

0.43

0.60

0.60

0.39

0.39

0.72

0.94
0.45

0.65

0.67



Seven challenges of adopted smart grid technology were identified by
study experts (Question 8). Thirteen challenges of, or barriers to, future smart
grid technology were identified.

Challenges common to adopted technologies and future technologies were
in three areas; technology costs; planning, implementation and deployment; and
lack of homogeneous solutions.

Technology costs appeared in Corporate buy-in/justifying costs to get
data. Data is only as good as how you react to it for adopted technologies,
ranked first, in adopted technologies; Equipment replacement cycles may
preclude immediate smart grid technology adoption and Sources of capital to
deploy large scale enhancements to the entire system, ranked first and second
respectively in future technologies. All three of these challenges had MRs of 4.17
and SDs of 0.39. Additionally, Fast technology advancement. It's expensive to
keep up. The solution yesterday is not the solution today and Perceived
higher cost of entry (new major systems and appliances required to benefit
from the smart grid technologies), ranked fifth and seventh respectively,
appeared as experts considered cost implications of future smart grid technology
adoption.

Planning, implementation and deployment appeared in Creating a plan
and implementation strategy and Assessing benefits vs. expense ranked second
and third respectively in adopted technologies; and in Practical deployment,

ranked eleventh in future technologies, as study experts shifted their focus from
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assessing, planning, and defining implementation strategies in the present to
deployment of smart grid technologies in the future.

Lack of homogeneous solutions appeared in Integration of
technology/lack of homogeneous solutions, ranked fifth in adopted
technologies; and Lack of homogeneous/scalable solutions adds significant
cost to smart grid technology adoption, ranked twelfth in future technologies,
an indication that study experts anticipate homogenous solutions will be more
readily available in the future than they are now.

Education - the message needs to be at the right level for the audience
making the decisions on smart grid technologies, ranked third, relates to
Question 2, where study experts indicated that they were primarily educating
themselves about smart grid technologies rather than receiving information from
governmental, regulatory, utility, or energy technology provider entities. There
are exceptions; some lodging companies have a large presence in utility company
territories. Lodging experts in these locations “have much interaction with local
utilities as XXXXX [lodging company] is generally the largest customer in
XXXXX [utility service territory].” Nonetheless, this important challenge had the
same MR (4.17) as the three cost related challenges, an indication that
collectively, experts perceive a need for effective smart grid technology
education. A study expert commented, “In some states, there has been a
concerted effort by utilities to sell the benefits of smart meters, and the ancillary
benefits they provide. The "call-to-change™ is not consistent throughout the

complex and somewhat complicated utility landscape.”
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In addition to education, challenges identified for future smart grid
technologies that did not appear in adopted technologies were primarily
challenges presented by the U.S. regulatory structure and U.S. smart grid policy.
Regulatory inconsistency. There are no "overall guidelines/rules™ between
regulated utilities. A technology considered safe and cost effective by one
regulatory body could be considered dangerous and/or burdensome by rate
payers in another; Outdated legislation at various levels of government; U.S.
""one size fits all”* federal policy vs. facilitating ""distributed generation
sources' (micro-grids) in specific areas; and Perception of greater central
control of energy consumption; ranked fourth, sixth, eighth, and thirteenth
respectively. Study experts also perceived Utility industry failure to fix grid
infrastructure, (ranked ninth) which some may argue is a symptom of regulatory
structure, as a challenge to future smart grid technology adoption. Experts
candidly commented on activity in these areas. Here is an example of a study
conversation:

Round 1 Question: What are the challenges of, or barriers to, future smart
grid technology adoption?

The current electrical grid infrastructure is unable to handle future
load, as well as the inclusion of future renewables and moving
renewable energy to areas of the country that cannot produce as
much renewable energy. The main barrier to expanding and
improving the grid will be of a financial nature. A big supplier of
these funds is the federal government. Without subsidies and/or
rebates, creating a smart grid will become increasingly more
difficult. Current austerity measures being discussed in Congress

will delay the roll-out of the smart grid, so that may in fact be the
greatest barrier.
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Round two responses from two peers:

This sounds like a "the sky is falling" response - so get a "big
government” program to fix all. My feeling is that Utilities need to
fix their infrastructure to provide reliable service. Customers will
install whatever technologies that are justified and cost-effective
and result in a total lower operating cost.

Disagree - the grid could be modified to accept "distributed
generation sources™ in specific areas, thus creating micro-grids that
would function as their own (theoretically more efficient)
supply/demand markets. This could allow us to get away from the
old "Federal government one-size-fits-all" approach to funding
"concepts"...see ethanol and "renewable energy" as examples.

99



Question 15.  What perceived risks do industry experts associate with future
smart grid technology adoption?

Study participants identified the following risks of future
smart grid technologies in the U.S. lodging industry.

Please choose the extent to which you agree or disagree.

Table 15: Delphi Third Round Question 15 Results

Future Smart Grid Technologies Mean Standard
Rank Risks Rating Deviation
Early results may not align with expected savings
1 which may inhibit future investments 3.75 0.62
2 Reliability 3.67 0.65
3 Data Security 3.58 1.00
4 Cyber security 3.42 0.90

Costs appeared again, as the concept of financial risk associated with
future smart grid technology adoption was ranked first by study experts in Early
results may not align with expected savings which may inhibit future
investments.

Reliability, ranked second, refers to reliability of smart grid technologies,
not grid reliability. The appearance of this risk is not surprising because rapid
technology development, and the inevitable race to get new technologies on the
market, can result in less than perfect systems. Again, as in Question 9, security
was identified by experts in Data Security and Cyber security. Privacy,
surprisingly, was not identified by study participants in response to this question.
It may be premature to identify this risk because personally identifiable energy
consumption information is not yet being collected with adopted smart grid
technologies in the lodging industry. Other plausible explanations for the absence

of privacy identification in this question are that study experts’ perceptions of
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Data security may include privacy; or experts may simply be unaware of
potential privacy risks because it resides in the domains of legal and marketing

experts who were not represented in the study.
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Question 16.  Which smart grid technologies do industry experts anticipate will
be adopted by the end of year 2015?

Study participants anticipate the following smart grid
technologies will be adopted in the U.S. lodging industry by
the end of year 2015.

Please indicate how likely you believe it is that each
technology will be adopted in the U.S. lodging industry by the
end of year 2015.

Table 16: Delphi Third Round Question 16 Results

Future Smart Grid Technologies Anticipated to be Mean | Standard
Rank Adopted by the end of 2015 Rating | Deviation
"Net Metering" (dependent on the availability and
usage of renewable energy sources) 3.67 0.98
Demand response controls 3.67 1.07
Open protocol monitoring 3.50 0.90

Building automation systems that manage on a second-
by-second basis (e.g. a hotel receives a request from the
utility to reduce consumption by X for the next 2 hours.
The system will first identify unrented rooms, open the
energy bands, thus ensuring no energy will be
consumed by the HVAC in those rooms. Then it will
identify rented but unoccupied rooms and apply the
4 same strategy) 3.08 1.16

5 Smart meter deployment to every customer 2.42 1.31

Study experts demonstrated in this question that they anticipate currently
available technologies to be improved, and more widely adopted, in the industry
by the end of 2015. The top ranking of "'Net Metering'* (dependent on the
availability and usage of renewable energy sources) confirmed that experts are
looking forward to Incorporation of Renewable Energy, ranked first in
intangible benefits of future smart grid technologies (Question 11). They also
appear to be hopeful that Open protocol monitoring, ranked third in this Table,

will ameliorate the effects of Proprietary software/hardware, not having open

102



protocols, ranked first among negative impacts of future smart grid technology
adoption (Question 13) by 2015. Smart meter deployment to every customer
had the lowest technology adoption MR in the study (some Awareness Methods
had lower MRs) and a SD that reflected experts differing opinions about the
likelihood of smart meter deployment. For example, Smart meter deployment
to every customer by 2020 was anticipated by one study expert, but another
expert responded, “only if needed”” and a third expert commented,

As with many things in this country, I think that regional interests

and politics play a large role in the future adoption of smart grid

technologies. Therefore, as mentioned in this comment, the

adoption of smart meters cannot happen consistently across the
board, however frustrating that will be.
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Question 17.  Which smart grid technologies do industry experts anticipate will

be adopted by the end of year 2020?

Study participants anticipate the following smart grid

technologies will be adopted in the U.S. lodging industry by

the end of year 2020.

Please indicate how likely you believe it is that each

technology will be adopted in the U.S. lodging industry by the

end of year 2020.

Table 17: Delphi Third Round Question 17 Results

Future Smart Grid Technologies Anticipated to be Mean | Standard
Rank Adopted by the end of 2020 Rating | Deviation

"Smarter" building automation systems, with real-time
metering, capable of monitoring grid conditions and/or
market conditions, tied to localized distributed
generation that can be pre-dispatched at pre-
determined points (i.e. if the hourly price of electricity is
greater than Sxxx.xx/mWh, then dispatch a fuel cell and

disconnect from the grid) 3.92
Appliance demand response 3.50
Automotive demand response 3.33

Improved demand response controls (controlling down
4 to specific loads, rather than "banks" of loads) 3.25

Technologies capable of providing communication with
5 generation plants all around the continent. 3.25

Study experts anticipate expanded capabilities of existing smart grid

technologies in "*Smarter™ building automation systems, with real-time

0.79
1.09
1.15
1.36

1.42

metering, capable of monitoring grid conditions and/or market conditions,

tied to localized distributed generation that can be pre-dispatched at pre-
determined points (i.e. if the hourly price of electricity is greater than
$xxx.xx/mWh, then dispatch a fuel cell and disconnect from the grid);
Improved demand response controls (controlling down to specific loads,

rather than ""banks" of loads) and Technologies capable of providing
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communication with generation plants all around the continent; ranked first,
fourth, and fifth respectively.

Unlike smart grid technologies expected to be available by the end of 2015
(Question 16), technologies that are not currently available to the industry,
Appliance demand response and Automotive demand response, ranked second
and third respectively, appeared in technologies anticipated to be adopted in the

industry by the end of 2020.
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4.3 Expert Insights

When | think of the 'smart grid’, | typically consider it to only consist of
the data exchange between consumer and provider. With that being said, is
EMS considered a 'smart grid' technology, or is it just a 'smart energy
technology'? Either way, | believe that EMS is making a substantive effect
on the U.S. lodging industry, and teamed with smart meters/net metering,
will greatly benefit lodging providers going forward to better reduce
consumption.

Smart grid technologies like the ones mentioned here are great. They
should be embraced and built out...however, don't forget that the lodging
industry is generally concerned with one thing - Revenue Per Available
Room.

Through "best practices” and automated controls (EMS, Guest room
energy management systems) and continual vigilance, hotels can reduce
their overall utility/water spend by 20 - 30%.

The temptation to "greenwash™ is all too common in this
industry...example: buying Renewable Energy Credits (RECs) to appear
more eco-friendly. RECs are not in themselves bad, but they shouldn't be a
part of a "sustainability strategy” UNTIL the site is absolutely running as
"lean as possible™. Greenwashing is a lazy shortcut that helps
nobody...except the brokers and traders of the certificates.

There is a risk that electrical grid infrastructure will not be able to evolve
as quickly as the technology, wasting a precious opportunity to take
advantage of this technology to reduce our dependence on fossil fuels.

Hotels should always keep guest satisfaction as the primary goal. If
energy can be reduced without impacting guest satisfaction that is when it
should be done.

| think the thing that is apparent when dealing with Hotels & Guests . . we
want to make sure the Guests are comfortable (so they will have a good
experience and decide to return)... but we also want to reduce utility costs
—it’s a balancing act for sure...

I think that the lodging industry can play a large role in advocating for

smart grid technologies nationwide in the future by proving current
success in other parts of the country.”
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Chapter 5
CONCLUSIONS
5.1 Implications

The primary driver of successful smart grid technology adoption on the
global stage is the recognition of the necessity of energy efficiency, implemented
by governments that possess the power to override individual inclinations and
fund technological innovations in accordance with central policies. The social
context in which this driver resides does not exist in the U.S. Technology
adoption in the U.S. exists in a social context that is manifested in complex
governmental framework and a regulatory structure that inhibits efficient
technology adoption and discourages collaboration. Nonetheless, collaboration is
the most effective way forward for the U.S. lodging industry.

An industry consortium, consisting of energy management experts, should
forge and strengthen industry relationships with governmental agencies such as
the DOE, the EPA and the NIST, in an effort to influence future codes and
standards and keep abreast of stimulus fund availability. The consortium should
also monitor and report on federal policy as it relates to the industry. This is
clearly of concern to lodging industry experts, as they perceived U.S. *"one size
fits all" federal policy vs. facilitating "'distributed generation sources™
(micro-grids) and the Perception of greater central control of energy
consumption as challenges of, or barriers to, smart grid technology adoption.

The three functional differences between the existing national electrical

grid and the smart grid are energy flow, data flow and fuel mix. ‘Smart’ energy
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flow and fuel mix are dependent on ‘smart’ data flow. That is, the breakthroughs
of ‘smart’ energy flow and enhanced fuel mix, in the forms of energy exchanges
with the grid; and increased renewable generation; cannot materialize without the
two-way communications of ‘smart’ data flow. Study experts demonstrated
strong support for energy flow and fuel mix as they awarded high rankings to
anticipated future smart grid technologies that facilitate managing energy
consumption from the grid with in-house renewable resources and the sale of
renewable energy back onto the grid. However, ‘smart’ data flow, referred to by
study experts as Digital, two-way communications with utility, was not
supported as study experts ranked this smart grid technology the least useful of
currently adopted smart grid technologies. Moreover, experts cited Utility
companies may use smart grid technologies as justification to adjust time-of-
use rates in a manner that is not optimal for lodging property consumption
requirements and patterns as a negative impact of adopted smart grid
technologies. Study results indicate that the issues of two-way data flow with
utility companies and regulatory activity that governs time-of-use rate
justification must be resolved in order for the advantages and profit potential of
SGT adoption to be realized. Therefore, it is imperative that the consortium forge
and strengthen industry relationships with utilities and regulatory bodies with the
aim of resolving this important issue.

Smart grid technology experts cited education as one of the top-ranked
challenges of future smart grid technology adoption; specifically, education at the

decision-making level in corporations where smart grid technology adoption
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decisions will be made. An industry consortium could provide a much-needed
smart grid technology educational avenue for internal and external collaborators
to explore. A central industry clearinghouse to serve as a repository for smart
grid technology adoption information, tailored to the U.S. lodging industry,
should be established as part of the educational mission of the consortium.

The cost of implementing smart grid technology is prohibitive. New
technology is expensive and capital is hard to obtain. It is difficult for energy
management experts to secure corporate buy-in for technology adoption. This
hurdle is higher for small hotels, and for companies that are dependent on
franchisee technology adoption. Moreover, equipment replacement cycles may
preclude timely smart grid technology adoption. Smart grid technology experts
perceived incentives, offered by utilities, as a potential source of capital to reduce
the financial burden of smart grid technology adoption, as beneficial. To
accurately assess the incentive landscape, consortium members should be a
heterogeneous group. The group should consist of diverse stakeholders, such as
industry energy management consultants, franchisees, franchisers, energy
technology providers, entertainment companies, gaming companies, independent
hoteliers, and other representative stakeholders. The more perspectives that are
brought to the table, the better informed the group will be. This group structure
will facilitate an information exchange that will clarify issues like those that
surfaced in the research, such as whether or not the ROI for EMSs has been
documented for all lodging segments; how best to encourage franchisee energy

technology adoption; the implications of proprietary and open protocols; the
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actual performance of adopted smart grid technologies; and where the capital
came from to adopt them. The exchange will also aid stakeholder smart grid
technology implementation planning, an issue highly ranked by study experts as a
challenge.

Retail electricity incentives have been a recent topic of discussion in smart
grid circles, an indication that enhanced incentives may be on the horizon.
Incentives from other sources should also be considered. Now is the time for the
lodging industry to join forces in order to take advantage of potential sources of
capital for smart grid technology adoption. The U.S. lodging industry must speak
with one voice or it will not be heard.

Experts consistently ranked benefits of guest, or end-user, technologies
below benefits of technologies that they control such as DR, EMS, load shedding
and “net” metering. They also indicated that they anticipated enhanced benefits
of end-user technologies, with capabilities to provide direct energy consumption
feedback to guests, in future technologies. It is much more difficult to influence
and evaluate guests’ environmental awareness and willingness to act on their
beliefs than it is to change our own behaviors. An industry cultural commitment
to energy efficiency will lead to the proper priorities of self-reliance first and
guest-reliance second. This commitment is critical based on experts’ assessments
of the current usefulness of end-user technologies. Concentrating on altering
guests’ energy consumption habits is myopic and leaves us missing the larger
picture, given that we control a large share of the energy. Having such a focus is

analogous to expecting to reduce your electricity bill twenty percent by asking
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your teenager to spend less time using her laptop and watching the big flat screen
TV you installed in her bedroom while you use a manual thermostat to keep the
temperature of every room in your home at sixty-five degrees in the summer.
Likewise, to expect guests to reduce lodging energy costs because we ask them to,
while making the reduction of energy consumption we can control less of a
priority, will not achieve the bottom line results the industry will need to survive
as energy prices escalate.

The potential for positive change through Corporate Responsibility (CR)
efforts focused on advancing guest environmental responsibility is limited. The
most economically, ecologically and socially responsible approach is to assume a
self-reliant stance, cut energy consumption, reduce carbon emissions, and shift
CR resources from attempting to change guest energy consumption behaviors to
enhancing employee engagement and improving the communities in which our
businesses reside. This approach will provide substantial benefits to the industry
and to society.

The future of the U.S. lodging industry will not be determined by the
industry’s notion of climate change, the probability that guests may pay a
premium for “green” property attributes, the relentless pursuit of energy-
consuming technological amenities, or guest psychometrics. These issues are
small saplings in an enormous forest where energy is naturally generated,
efficiently exchanged, and intelligently consumed. Responsible energy

management is an imperative; not an alternative. The way forward will be forged
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by those with a strategic vision in a larger context — the context of smart energy

ushered in by evaluation and prudent adoption of smart grid technologies.

5.2 Future Research

This research is an exploratory study in which industry experts generously
contributed their perceptions of smart grid technology adoption in the U.S.
lodging industry. Many of them had global perspectives and, indeed, represented
companies with strong international presences. They limited their contributions
for this study to the U.S. even though many of their views were much broader
than the geographical scope of this research. There is a need for future research
that compares smart grid technology adoption in lodging industries in other
countries and regions; an examination of the influence of social contexts of
countries leading the smart grid technology race; an examination of the influence
of climate on smart grid technology adoption; an examination of the influence of
energy prices on smart grid technology adoption; a comparison of smart grid
technology adoption in geographic areas with, and without, time-of-use rates in
effect; a comparison of smart grid technology adoption in various sizes of hotels;
an examination of lodging franchisee perceptions of smart grid technology
adoption; a comparison of independent hoteliers and enterprise hoteliers, both
domestic and international, of smart grid technology adoption; and follow-up
studies in 2015 and 2020 to gauge the accuracy of forecasted smart grid

technology adoption in the U.S. lodging industry.
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Appendix B

DELPHI STUDY INVITATION

IVERSITYor | Alfred Lerner College
EIAWARE. | of Business & Economics

DEPARTMENT OF HOTEL, RESTAURANT
& INSTITUTIONAL MANAGEMENT

Dear (Industry Expert Name):

| am a graduate student at the University of Delaware, completing my MS in
Hospitality Information Management. My professional background is in the energy
industry and the focus of my research is energy management. | am conducting a study
about the future of smart grid technology in the United States lodging industry for my
thesis. The purpose of the study is to provide information to enhance lodging industry
energy management efforts by increasing awareness and understanding of the potential
benefits and challenges of smart grid technology adoption. You have been identified as
an industry expert and selected to participate because of your leadership and innovative
approach to energy management.

The Delphi method is being used in the study. The first round consists of 10 or 17
guestions, depending on the status of smart grid technology adoption at your company
(or client companies). Subsequent rounds take very little time. First round responses
will be merged into a single document and sent to participants for comments in the
second round. In this way, you will know what other experts have contributed, although
their identities will not be disclosed. The final round will be used to rank findings
identified in previous rounds.

As the sole investigator, | will maintain the confidentiality of your identity,
company affiliation, and contact information. No identifying information will appear in
the study. Experts who participate in all rounds will receive an executive summary of the
study.

Please indicate whether you will participate in the study, designate a colleague to
participate, or decline, by replying to this email by [date varied depending on when
invitation was sent]. If you designate a colleague to participate, please include contact
information. First round study questions will be emailed upon receipt of participation
confirmation. If you have questions about the study, please contact me by email or by
phone at XXX.XXX.XXXX

| very much appreciate your time and look forward to hearing from you.

Best regards,
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Diane M. Vondrasek

MS Candidate

Hospitality Information Management
Lerner College of Business & Economics
University of Delaware

Raub Hall

14 W. Main St.

Newark, Delaware 19716

USA
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Appendix C
DELPHI FIRST ROUND INSTRUMENT

JIVERSITY o  Alfred Lerner College The Future of Smart Greid Technology
EIAWARE.  of Business & Economics In the U.S, L‘“;";:l:’::';":':;

DEPARTMENT OF MOTEL, RESTALRANY
SINSTITUTIONAL MANAGEMENT

First Round Delphi Questions

I What smart grid technologies are you aware of that may spply to the U8, lodging mduntry?
[ i)

2. How did the sman gnd 1echnologies idennificd m Question | come to your attention?
=2
I smeart grid technologies have been odopred in your lodging properts, company, or olient company. please
answer Questions S« 17 I smart grid technologies have not been adopted, please skip questions 3 — 9 amd
anxwer Questions 10« |7
3. Plesse identify smart gnid technologies that have been ndopted in your lodging property, company, or

client compuny.

4. What are the tangible benefits of smart grid technologies identified in Question 37

£ What are the intangible benelits of smart gnd technologies identified in Question 37

o
=
- 2

ch smart grid technologies wdentifed in Question 3 have the grentest benelins?

o
: B
- 2

chosmart grid teehnologies identified in Question 3 have negative impacts?

8. What challenges bave the smart grid technologies identified in Question 3 presented?

9. What are the risks nssociated with the smant grid technologics identified in Question 37
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IVERSITY o | Alfred Lerner College The Future of Smart Grid Technology
\WARE. ' of Business & Economics in the U.S, Lodging Industry:
A Delphi Study

DEVARTMENT OF HOTEL RESTAURANT
S INSTITUTIONAL MANACEMENT

10. What tangible benefits of fienere smart grid technology adoption do you anticipate?

=
11, What intangible benefits of fiemire smart gnid technology adoption do you anticipate?

12, Which smart grid technologies do you antscipate may have the greatest benefits? (Exclude currently
adopted smart grid technologies, if any)
=il

13. Which smart grid technologies do you anticipate may have negative impacts? (Exclude currently

adopted smart grid technologies, if any)

14, What are the challenges of, or barners to, fitture smant gnd technology adoption?

15, What nisks may be associated with fierure smart grid technology adoption?

16, Please wdentafy the smart grid technologies you anticipate wall be adopted by the end of the year 2020,

e
17, Which of the smart grid technologies identified in Question 16 do you anucipate will be adopted by the

end of year 20157

18, Pleasc usc this arca for comments:

128
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FIAWARE. | of Business & Economics In the U.S. Lodging Industry:
A Delphi Study

DEFARTIAINT OF HOTTL, RESTAURANT
& INSTITUTIONAL MANACIMENT

THANK YOU!
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Appendix D

DELPHI SECOND ROUND LETTER

IVERSITYor | Alfred Lerner College
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Dear (Industry Expert Name):

You have been so incredibly generous with your time and expertise - | can't
thank you enough for participating in my research study! All first round study responses
have been submitted and feedback has been overwhelmingly positive.

The second study round is attached. | hope you enjoy reading it as much as |
enjoyed putting it together. The purpose of the second round is to provide each expert
with the opportunity to contribute additional ideas, clarifications, and elaborations
based on the initial survey responses. The format is the same as the first round. The
areas you have the option to contribute additional ideas, clarifications, and elaborations
are indicated in green. A cautionary word - please don't be put off by the length of the
document - well over half of it is blank space for comments. Returning the second round
document will confirm continued participation.

Please return the second round by Monday, February 28. It's important to
have ample time to consider the information, so please let me know if February 28 is
not realistic for you. A Delphi study is a mechanism used to facilitate a conversation
between experts. | will continue to do everything | can to facilitate this conversation.

Your peer experts (a.k.a. smart grid technology study awesome participants) are
genuinely interested in the future of smart grid technology in the U.S. lodging industry.
Please stay with us. The third, and final, round will be used to simply rank issues
identified and clarified in the first and second rounds.

Many thanks for your time and attention. I'm looking forward to receiving your

second round comments!

Best regards,
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Diane M. Vondrasek

MS Candidate

Hospitality Information Management
Lerner College of Business & Economics
University of Delaware

Raub Hall

14 W. Main St.

Newark, Delaware 19716

USA
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DELPHI SECOND ROUND INSTRUMENT

ITYor  Alfred Lerner College The Future of Smart Grid Technology
EIAWARE. = of Business & Economics In the U.S. Lodglng Industry:
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DEPARTMENT OF HOTEL, RESTAURANT
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Delphi Second Round

What smart grid technologies are you aware of that may apply to the U.S. lodging industry?

1&!&] smart grid meters, 'net metering', and the Google Power Meter
Smart meters (near real-time measurement)

I have used smart meters with several of my clients,

Smart meters are being Installed nationwide, but not in a consistent manner,
Data Acquisition Servers, smart meters, control systems

Energy Information Systems including submetering

Energy Management Systems

Prqﬁrt\/ management systems

Demand Response technology

The technologies that apply to the lodging industry are centered around demand reduction or load
shifting.

Secondarily, there are end-user technologies related to guest room energy management, real-time
energy management reporting which can stand alone or be combined with smart-grid connectivity,

As a technology provider to the lodging industry, we have a system that enables properties to opt
to participate in peak demand reduction by reducing energy usage In the guestrooms without
Inconveniencing guests. We are currently working on the next generation application that would
allow this rate of participation to be managed on a second-by-second basis.

Smart grid technology has been slow to adoption in the lodging industry. The technology Is really
benefitting the transmission and distribution utility providers, who are now able to manage peak
load demand,

Dliltal two-way communications with utility

Enhancements to present electricity grid and performance

18M, Siemens [smart grid technology solution providers]

Please place general comment(s) about responses to question | here:
|
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How did the smart grid technologies identified in Question 1 come to your attention?
Articles and Publications
Individual research and news coverage

Personal contacts in the industry

—

ocal utility news, public utility commission filings, experience in data measurement, general news

—

ndustry articles, on-line search

—

ndustry expernence, trade shows, introductions, jeint projects

When I was with XXXXX Corporation, we used smart meters for various energy studies.

We implemented these [Energy Information Systems including submetering, Energy Management
Systems] many years ago, well before the Industry coined the "smart metering" buzz word.

In some states, there has been a concerted effort by utilities to sell the benefits of smart meters,
and the ancillary benefits they provide, The “"call-to-change” is not consistent throughout the
comilex and somewhat complicated utility landscape,

Information provided to us by electric utilities and client inquiries Instigated our development
efforts,

In approximate order of exposure to the idea: from vendors, then utilities, then In-house staff
knowledgebase

Please place general comment(s) about responses to question 2 here:

Please identify smart grid technologies that have been adopted in your lodging property,

company, or client company,

Development of a custem web-based Energy Information System that provides FEEDBACK to
customers on their energy usage. This Includes data from monthly billing data and submetering
data that provides daily and hourly trends for near-real ime information. Also, the installation of
an enterprise energy management system that CONTROLS facility HVAC and lighting based on
times schedules and temperature setpoints,

Many of the old electric meters at our CA properties have been replaced by smart meters that
accurately measure real tme usage of electricity at the hotel. Our large Houston properties have
also installed telemetry at on the gas lines which has allowed the hotel to go off utility pricing.

2
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Remote monitoring through our company development

Smart meters for energy management, demand response, net-metering, scheduled load-shedding,
and daylight harvesting.

Limited number of electrical meters capable of measuring consumption in 15-min increments with
two-way communications with the utility

Please place general comment(s) about responses to question 3 here:

What are the tangible benefits of smart grid technologies identified in Question 3?
Lower Energy Consumption and Costs

Smart meters allow the utilities to gather information that enable/support the organization in
managing peak demand load and develop a streamline generation strategy, Load managementis
critical in the process of balancing the supply of electricity on the electric grid. Poor demand side
management results in high costs for utilities which inevitably get passed down to their
constituents.

Utilities are paying hoteis for choosing to participate in peak demand reduction (tens of thousands
of dollars/year) and are likely to offer enhanced participation fees for more timely response,

Lower energy bills through proactive management

Measuring the power consumed for specific areas and activities. This allows the ability to
benchmark and track improvement and cost savings.

Our affected properties have access to detailed consumption information by hour of the day,
allowing for more effective time-of-use management and peak demand shaving strategies,
resulting In lower overall electricity costs

Please place general comment(s) about responses to question 4 here:

What are the intangible benefits of smart grid technologies identified in Question 3?
Better comfort conditions for our Guests and employees

Energy conservation Is clearly an intangible benefit.

Knowing you can watch progress and track improvement

Sustainabllity, public relationships as a green company

Hotel's opportunity for public relations and advertising its green efforts and thus attract groups and
3
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individual travelers to prefer those types of properties

Should result in more reliable overall service from the utility due to greater efficiencies in managing
the ieneratlon and distribution system

Pleasc place general comment(s) about responses to question § here:

Which smart grid technologies identified in Question 3 have the greatest benefits?
Properly operating Energy Management System results in lower energy costs.
Remote monitoring due to lower energy costs

[Technologies capable of] Identifying the detalled levels of consumption In peak vs. non-peak hours

. [Technologies that provide] Energy management and scheduled load-shedding.

7.

& & & @

Please place general comment(s) about responses to question 6 here:

Which smart grid technologies identified in Question 3 have negative impacts?

There are really no negative Impacts, except the cost to properly implement the Energy
Information System and Energy Management System,

A poorly executed strategy for smart grid technology results in significant costs to the supply chain.
The environmental impact is negative and results in increased CO2 emissions.

[Technologies] May give the utility justification in adjusting ime-of-use rates in a manner that is
not optimal for our consumption requirements and patterns

Please place general comment(s) about responses to question 7 here:

What challenges have the smart grid technologies identified in Question 3 presented?

Integration of technology will continue to be a challenge. Lack of homogeneous solution will always
result in inefficiency in the smart grid.

Oierauonal requirements of upgrading meters, may change the timing of utility invoices
Not being able to use all the technologies
Corporate buy-in, justifying costs due to data Is as good as how you react

Getting the funding to Implement the Energy Information System and Energy Management System
4
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has been slow, but now that management has seen the benefit, It's full speed ahead,

Please place general comment(s) about responses to question 8 here:

9. What are the risks associated with the smart grid technologies identified in Question 37

4 Implementation can be expensive and require on-going costs to maintain the Energy Information
System and Energy Management System. This might Involve service contracts that can be more
cost than the benefit from the submetering. Seo setting up these systems to minimize on-going
mainténance cost |s very Important,

<+ May give the utility justification In adjusting time-of-use rates in @ manner that is not cptimal for
our consumption requirements and patterns

< IT security
4 The data security and accuracy of meter information must be secured

Please place general comment(s) about responses to question 9 here:

10. What rangible benefits of future smart grid technology adoption do you anticipate?
< Increased efficiency

<+ We can save some costs.

'
=

owe

-

costs

-
s

€ can become a greener organization.

-
-

aste

-

speeds and cheaper technologies

P
=

e can introduce our guests to energy savings concepts.

< Monitoring equipment that will integrate with our current monitoring equipment

<+ Continued Improvements on cost management on energy usage, utility costs, etc,

4 Lower energy costs, Utility costs are second only to payroll in our expense structure, so very
|mﬁortant to us. Lower emissions, harder to 'see’ directly, but definitely tangible,

< Future cost savings as a result of adopting smart gnd technologies throughout the XXXXX portfolio.
Additionally, having more rapid access to our energy consumption data can help us to better
Identify ‘critical' areas by which we can make the steepest reductions. 'Net metering' will foster
greater opportunities for the Increase In renewable energy sources (however, I'm not sure If you

5
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include net metering as a smart grid technology). Lastly, | believe that having access to usage data
during certaln times (on-peak, off-peak, etc.) will prove to be extremely beneficial to help
determine ways to reduce on-peak consumption.

< Reducing costs and minimizing the carbon footprint of each and every hotel is becoming mandated.
Although there is no direct correlation with increased occupancy, eco-responsible behavior is
becoming prevalent Organizations like XXXXX are creating internal organizations such as XXXXX to
promote environmental stewardship.

< In certain states, installing smart meters or telemetry allows certain hotels to move off utility
ricing to a deregulated tarries where the pricing per kWh/Dth Is considerably lower

< The pending Introduction of IP addressable appliances (HVAC equipment, refrigerators, etc. will

greatly facilitate the connectivity of these devices to the smart grnid. The more devices that can

connect the greater reductions in kWh consumption can be achieved with mimimal disruption to
uest comfort,

< Aside from Implementation of more submeters and upgrading energy management systems, I'm
not aware of any future "smart grid" technologies.

<+ More efficient management of the entire system theoretically resulting in lower overall costs passed
along to consumers via lower rates than would otherwise be implemented

< Benchmarking to industry standards
< Benchmarking costs through proactive management

Please place general comment(s) sbout responses 10 question 10 here:

11. What intangible benefits of future smart grid technology adoption do you anticipate?
< Ability to manage energy consumption from grid to renewable sources

< Convergence of informabion allowing sustainable solutions promoting Industry goodwill. Although
these benefits are intangible and difficult to quantify, demand management is helping support
reduced costs

< Greater rellabllity and fester response to outages, better Incorporation of renewable energy
including distribution generation systems such as rooftop photovoltaics

< A sense of reassurance in that we can more quickly identify abnormalities in energy usage. Also, by
reducing energy waste, we know that we will be reducing the strain that we are placing on the
environment. This will hold true even more so should renewable energy be Incorporated along with
the smart gnd technology.

< Certain guests (travelers matching particular demographics/psychographics) may appreciate the
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environmentally friendly aspects of smart grid technology and perhaps choose to stay at hotels that
utilize such business practices.

Qur customer base Is smart and educated and they will appreciate the environmentally friendly
initiatives that we are undertaking.
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Please place general comment(s) about responses to question 11 here:

12. Which smart grid technologies do you anticipate may have the greatest benefits? (Exclude

-

currently adopted smart grid technologies, if any)

None have really taken a dominant leadership position.

Wireless connectivity to submeters, development of lower cost of metering and energy
management system components,

Any technology that helps peak load management will inherently reduce the total cost of ownership
for both the utilities as well as the customer,

Mobile smart phone shutdown/unplug device controls for appliances

Despite the level of complaints stemming from the adoption of current smart grid meters at the
moment, I believe that the technologies will only improve over time and will provide greater
benefits for all users, as long as the users understand how to use the technology.

The ability to sell renewable energy back into the grid via 'net metering' will be highly beneficial.

Many benefits to full service hotels with silo'd amenities that require high energy loads - Similar to
what we are seeing with appliance use at residential homes.

Incorporation of a larger portfolio share of renewable energy generation technologles, resulting In
lower greenhouse gas emissions
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Pleasc place general comment(s) about responsces to question 12 here:

13. Which smart grid technologies do you anticipate may have negative impacts? (Exclude currently
adopted smart grid technologies, if any)
. Proirietary software/hardware creating a barrier of entry, not having open protocols

< Residential, consumer-based products which are meant to sell more products and thus increase
overall resource consumption in exchange for small improvements in efficiency

Significant demand reduction, load shedding, or time-factor charging, runs counter to guest
expectations and competition factors.

Reduction of guest satisfaction, waters down occupancy, diminishes competitive positioning
Demand response, if not executed well, can have negative impacts on our guests,

End-user misunderstanding of new technologies can lead to complications. Additionally, current
smart meter technology Isn't completely developed (at least compared to what it will be in the
future) and questions regarding accuracy Is troublesome for the time being,

<+ Practical deployment is 2 cause for concern, and unless an implementation plan i1s clearly defined,
the iercelved risks could be high.

4 For those customers with tendencies to use a greater proportion of energy during peak hours,
hliher average costs will likely be the result,

Please place general comment(s) about responses to question 13 here:

14. What are the challenges of, or barriers to, future smart grid technology adoption?

< Significant demand reduction, load shedding, or time-factor charging, runs counter to guest
expectations and competition factors.

<4 Costs
4 Implementation

Perceived higher cost of entry (new major systems and appliances to benefit from the Smart Grid
technologies).

The current electrical grid infrastructure is unable to handie future load, as well as the inclusion of
future renewables and moving renewable energy to areas of the country that cannot produce as
much renewable energy. The main barrier to expanding and improving the grid will be of a financial
nature. A big supplier of these funds Is the federal government, Without subsidies and/or rebates,

8
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creating a smart grid will become increasingly more difficult. Current austerity measures being
discussed In Congress will delay the roll-cut of the smart grid, so that may In fact be the greatest

=
o
=
=2
13
o'

Id legislation at different levels of government

E

-

nterests from coal companies

Education. Quite simply, the messaging needs to be at the night level for the audience making the
decision on this technology.

There are many challenges of technology adoption. The utility industry has a myriad of different
systems that are operated In unique and distinct manner, This uniqueness results in lack of
homegeneous/scalable solutions that adds significant costs In developing these smart grid
solutions. If the technology platform [. | .]

m

quipment replacement cycles may preclude technolegies from being adopted in the immediate

g
B
a

he iubllc percepticn of greater central control of consumption

Hliher rates

Sources of capital to deploy large scale enhancements to the entire system

Please place general comment(s) about responses to question 14 here:

15. What risks may be associated with future smart grid technology adoption?

-

+

+

-

-

.

-

-

Reduction of guest satisfaction, waters down occupancy, diminishes competitive pesitioning
Cost
Increased wireless transmission, which could be harmful to human heaith

Any early failures that either grab news headline or worse, harm human lives in some way will
immediately put a block on the technology

Ageing Infrastructure
Data Security
Ciber security Issues need to be addressed.

Access to data, need to ensure that data/access does not get In wrong hands
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Earli results may not be aligned with expected savings which may inhibit future investments,

There is a risk that electrical grid infrastructure will not be able to evolve as quickly as the
technology, wasting a precious opportunity to take advantage of this technology to reduce our
dependence on fossil fuels.

There Is a slight risk that more accurate energy readings can lead to higher costs, which In turn can
lead to rejection of the technology from consumers.

Uniroven technologies
Rellability

Please place general comment(s) nbout responses to question 15 here:

Please identify the smart grid technologies you anticipate will be adopted by the end of
the year 2020,

Real time metering to allow for true real time pricing, tied to localized distributed generation that
can be dispatched at pre-determined points (i.e. If the hourly price of electricity is greater than
ixxx.xx/mwt\, then dispatch a fuel cell and disconnect me from the grid).

Greater controls for demand response (controlling down to specific loads, rather than "banks" of
loads

“Smarter® Bullding Automation Systems (BAS) - able to either monitor grid conditions and/or
market conditions

I'm not sure that we would change anything that we are currently doing now. We have a good
system that meets our needs for the lowest implementation cost and on-going maintenance cost.

OEn protocol monitoring
Automotive, residential, commercial, appliance, demand response

Smart meters will [be adopted by] a greater proportion of the general population, though I do not
see them as being made avallable to all Americans.

Smart meters

'Net metering,' depending on the availability and usage of renewable energy sources, but much
less so than smart meters

Diital communications deployed throughout generation and distribution system

Pleasc place general comment(s) about responses to question 16 here:

10

141



ITYor  Alfred Lerner College The Future of Smart Grid Technology

EIAWARE.  of Business & Economics in the U.S. Lodging Industry:
A Delphi Study
DEPARTMENT OF HOTEL, RESTAURANT
LINSTITUTIONAL MANAGEMENT

17. Which of the smart grid technologies identified in Question 16 do you anticipate will be adopted
by the end of year 20157

< Demand Response controls
< Bullding Automation System technology
<4 Smart meters, but less widespread as in 2020

4 'Net metering,' depending on the avaijlability and usage of renewable energy sources, but much
less so than smart meters, and less widespread than in 2020

<+ More metering and more energy management system installations. We are implementing now and
by 2015 we'll Just have more.

- Oien protocol monitoring

-

Deployment of smart meters to every customer

Please place general comment(s) about responses to question 17 here:

18. First Round Comments:

4 More intelligent control and detailed information in both the hands of consumers and utilities
should allow for a better overall system

< Our company is 100% franchised meaning that each and every one of our domestic hotels is
individually owned and operated. Therefore, our ability to mandate or govern the use of Smart
Grid Technology (or any energy management solution) is extremely limited,

Please place general comment(s) about hirst round comments here:

THANK YOU!
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Dear (Industry Expert Name):

Thank you for continuing to participate in my research study. | am happy to
report that we are moving into the home stretch - the third, and final, round of the
study. The purpose of the third round is to reach consensus by ranking issues
identified and clarified in the first and second rounds. There are seventeen questions,
mirroring the seventeen questions in the first and second rounds. After assessing
several methods, | chose Qualtrics survey software for the third round. Survey links are
not my favorite method of communicating — they seem impersonal — but the software
makes completing the final round a user friendly experience, minimizing time and effort.
The questions are in survey format, not in open-ended format as in previous rounds, so
you just click and move on with this one!

Please be advised that the software will not allow you to submit your survey
until all questions have been responded to. If you miss anything, the software will direct
you to the missing piece.

Please return the third round by Thursday, March 24. If this time frame is not
realistic for you, please let me know as soon as possible. This is the final segment of the
study “conversation” with your peers, and it's important that you have ample time to
weigh in.

Many, many thanks for your time and attention. Please don’t hesitate to call
with questions. I'm looking forward to receiving your third round!

Best regards,
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MS Candidate
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Raub Hall
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USA
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Study participants identified the following technologles as smart grid technologles that may
apply to the U.S. lodging industry.

Please choose the best description of how useful you believe each technology is in the U.S,
lodging Industry.

Usaless Sightly Usetul  Somewnat Uselul Dantul Very Usatul

Data scquisition servers ( { [ (& [

Demand response
fechnology/peak demand ) ( ( ( {
reductinn

Doginl, rwo-way
communications wah utilty

End-user (guest room) energy - - - - -
management lachnologies )

Energy information systems “ ( ( ) {
Enargy manngement systems ) ( (@ 'l (
Load shifting ( { ( ¢
Property management systams c ( O (

Smart meters C { ( () C

Sub-metering ( ( I ¢ &

Study participants identified the following methods by which they became aware of smart grid
technologles.

Please choose the level of effectiveness that best describes your experience with
each method.

Somawhat
Not Etteciive Sightly Etfective Eftective Etachve Vary Ettactive
Energy information technology r - - - -
vendors J \ ( [} (

Enargy information technology e I C (@) (3
induulry irade shows ‘

Enargy information lechnology
Indusiry [oint projects

Individual research - imermel
search

( \ U

Indivdual research - pnm - -~ - - i
articles ang publicatons ' ‘

In-house stall knowledge bane C O (] €

Inquiries trom ledgeg
proparins/companies

Interaction with local ulliny
parsonnel

145



Local general news O - (4 C (

Local utility news ( ) O O O
Locging Industsy pudlications O € a 2 e
Lodging industry trade shows { L ) ) )

Personal contacts i the lodging - -~ - - -
Industry - - J - o

Public utilty commission lilngs © 8 0 @) O

Utility Indystey articles and R -~ -~ -~ o
publcations - = = - =

Study participants identified the following smart grid technologies as having been currently
adopted In their lodging properties, companies, or client companies.

Please choose the best description of the usefulness of each technology in the U.S. lodging
industry.

Uswless Saghtly Usetul  Semewhat Usetul Usatul Vary Usetul

Custom, web-based, snergy
information systems that o~ - -~ -~ -
provide leedback o customers . . ’ ,
on their anergy usage

Eng-user (guest room) energy
moanagement gystems with peak - - -~ - .
demand reduction response - - —
capabilties

Enlerprise anergy management
systems that control faciity
HVAC and fighting based on ( (9 ) O
time schedides and temperature
salpoints

Gas lins lelametry allowing - - - = =
properties to go off utility pricing :

oqupment

Smart meters capable of
measuring consumption in 15 (8 (3 @) &
minute nlervals

Smarnt meters weh two way
communications with utiity { ¢ @) ) 'S
companies
Technologies that provide ~ ~ -~ - -
daylight harvesting capabiities .
Technologies that provide ~ ~ - - =
demand response capabifties ! - .

Technologies that provide load - ~ ~ ~ ~
shedding capabiities . ~

Technologies that provide net- ~ -~ - - ~
metaring capobiities )

Study participants identified the following tangible benefits of currently adopted smart grid
technologies in the U.S. lodging industry,
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Please choose the extent to which you agree or disagree.

Strongly Disagree

Disagrae

Nethar Ageae nor

Disagrss Agrae

Swongly Agree

Income recaved from utilty
company incentives for
participation In peak load
redduction programs.

Lower energy costs as a result
of betier load management

Lower energy costs as & result
of the abiity o rack and
benchmark energy use

Lower enargy costs as a resull
of end-user (guest room|
energy management systems

Lower enargy costs as a result
of tme-ol-uss managemaent

LOWS enargy costs 85 a resull
of pesk emand shaving
sralegies

Reduced payback periods for
energy management systems

Study participants identified the following intangible benefits of currently adopted smart grid

technologies in the U.S. lodging industry.

Please choose the extent to which you agree or disagree.

Sirongly Disagres

Disngres

Nether Agree nor

Disngres Agroe

Swongly Agree

Abiiity to monitor progress and
track improvement

Better comfort condilons ot
employses

Better comfort conditions for
guests

Environmental conservation

Guesia may be slimulated 1o
consume iess when they can

pare their P
agamst other reoms or
AVBTagas

More reliabie overall sarvios
from ubility companies because
of greater efliciencies in
managing genearation and
distrbution

Opportunity to advertise green
effons thus altracting groupe
who prafer thage typas of
properties

Opportunity to advertise green
efforts thus attracting indnidual
travelers who prefer those typas
of properties

s tility/ public el
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Study participants identified the following currently adopted smart grid technologies as having
the greatest benefits in the U.S. lodging industry.

Please choose the extent to which you agree or disagree,

Neithar Agree nor
Strongly Dizagree Dizagree Dizagree Agree Strongly Agree

Energy managemen| sysiems ( ( s

Remote montoning techinolegies (@) ( ( (
Technologies capable of

idertilying deladed leveis of pesk (®) ( (
¥3. non-psak consurmption

Technologies that provida - - - O -
scheduled lono shedding

Study participants identified the following currently adopted smart grid technologies as having
negative impacts in the U.S. lodging industry.

Please choose the extent to which you agree or disagree.

Nethaer Agrae nor
Swongly Disagree Disagtaa Disagrae Agree Strongly Agree

Cost to implement Energy
intormaton and Energy (@) @) 0 O o
management systems

Creating o taisa sense of
savings that would cause staf! ~ - - - o~
ta poorly manage their property - =
and creale “usage creep”

Equipmen failure dus 1o - - ~ ~ ==
incompatibie controls

Pozzibly all-f smart gnd

technology smplementabon
stralegy |6 poorly execulad & ) D) 0 (%) €
may resull in negative
environmental impact

Pozsibly all - the temptation to - -~ - - -~
“greenwash” is common ‘ ! ‘ ' /

Utility companies may use
smart grid technologies as
justitication o adjus! tme-ol-use
rates in & manner that ie not (@) @) @) (@] O
optimad for ledging proparty
consumgption requrements and
palterns

Study participants identified the following challenges of currently adopted smart grid
technologies in the U.S. lodging industry.

Please choose the extent to which you agree or disagree.

Nether Agres nor
Strongly Disagree Disagree Disagree Agree Strongly Agree
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A W b2 vs. exp 0 () (@) < 's
Corporate buy-injustitying coste
to get data. Data is only as B O O C C
good as how you react fo #f
Creating a plan and - - . pe pe
implomentation strategy 4 ‘ ! ' /
Intagration of technologylack of e - -~
homegeneous solutions o =

RO! lot proparties with less than - - - -~ -

200 rooms iz undocurnentsd ~ - -

Sarvice coniracts/'conts of - p- o P P
9 logy sy - - - i .

Up-front wxpenditures are

unrealistic for many owners of

o
many new technologies are
intzally developed for propertioy
with 200 rooms of more

Study participants identified the following risks of currently adopted smart grid technologies in
the U.S. lodging industry.

Please choose the extent to which you agree or disagree.

Nether Agree nor
Strangly Disagree Disagree Disagree Aqree Strongly Agree
IT securty () (D) (] o) (3]
Meter acouragy ) B @) O 'S

Study participants identified the following tangible benefits of future smart grid technologies in
the U.S. lodging industry.

Please choose the extent to which you agree or disagree,

Nethar Agres nor
Strongly Disagrae Disagree Disagrae Agree Strongly Agree

Company benchmarking O (9] O O O
Fasler speeds enabing
identification of "critical® areas - P e - =

by which we can make steep
reductions

Industry benchmarking ) () ) & (&

Intreduong guests to energy ~ -~ -~ -~ P
savings concepts , ‘ '

Less expensve aquipment —~ - ~ — ~
integration

Lower energy cosis ) 8 8 O C
Lowes emissons ) ) (D) ( ‘s
Lower nstatation costs C ( 2 [ [

Lower equipment costs (@) C O C C
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Minimal disruption to guest
comiort as a resuk of IP
addressable sppliances (HVAC
equipmeni, relrigerators)

New technologies will help
satisly government mandates (8] @] 0 <)
and avoid potential fines

Property benchmarking (&) 0 (8 C
Some hotels will be adle 1o
mave off ulilty pricing to ~ -~ -~ -
decoguiated tardls whara the ! .

pricing s signilicantly lowar

Utility redates/'subsidies o) (@) (@) o

Study participants identified the following intangible benefits of future smart grid
technologies in the U.S. lodging industry.

Please choose the extent to which you agree or disagree.

Nethas Agras nor

Ability to manage energy ~ .
consumption from grid with in- € O (2] O
Nouse renswakbie rasources
Ability to quickly idantity energy - - - N
usage abnormaities ~ J y
Becoming & greansr ™ ™ 0 @
organization - - / /

Certain guests (ravelers
matching particutar

grap ychograg
may appeecate the -~ ~ ~ -~
snvironmaentally Iriendly sspecls
of smant grid technology ard
choose 10 stay at hotels that
use the tachnoiogies

Faster outnge response ¢ ) ( {

Guest desires for greener - - - -~
operations - — 2 ()
Guest sxpeciations for graenes -~ -~
operations . (
Incorporation of renewable - -~ - -
energy : .
Industry gocdwill thecugh
] of inf )

bowing inatie solutions

Improved reflabliey (] ) (®) e

Mere vibeant smployse misrests () ()] (@] (@)

Poaltive impact on guests () () ) o

Study participants anticipate the following future smart grid technologies may have the
greatest benefits in the U.S. lodging industry.

150

Strangly Disagres Disagras Disagras Agres Strongly Agree



Please choose the extent to which you agree or disagree.

Strongly Dsagree

Disagres

Naither Agree nos
Disagres Agres

Strongly Agree

Mobile applhications such as
smost phone shut down device
controls lor applances

“Net metenng” that enabies the
sale of rengwabie enargy back
onts the grid

Peak losd management
tachnologies

Technologies that enable
reduction of high enecgy loads
of siloed amenties

Technologias that faciitate a
larger porticko share of
ror e anergy g

Technologies with wirsless
conmectivity

f

- -
& L)

Study participants anticipate the following future smart grid technologies may have negative
impacts In the U.S. lodging Industry.

Please choose the extent to which you agree or disagree.

Strongly Disagres

Disagrea

Neithar Agree nor
Disagres Agres

Strongly Agres

Propristary softwarehardware,
not having open protocols

Sagnificant use of demand
reduction, load shedding, or
time-factor charging related
technologiss runs counter 10
Ques! axpatialons. raduces
guest satistaction and
diminishes competitive
positioning.

Study participants Identified the following challenges of, or barriers to, future smart grid

technologies in the U.S. lodging industry.

Please choose the extent to which you agree or disagree.

Education - the message n
to be 81 the nght level for the
sudience making the decisions
on smart grid technologes

End-user (guest)
misunderstanding of new
technologies can lsad to a
di d guest

Equpment replacement cycles
may preciude immediate smart

Strongly Desagres

Disagres

Naithar Agree nor
Disagree Agres

Strongly Agres
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gnd technology adoption

Fast tochnology advancement,
t's axpensiva to keap vp. The o P - - >
sohition yesterday is not the . - - - B
solution today

Lack ol homogensouyscalable
solutions adds signilicant cost - -~ -~ -~ o
to smart grid technology
adopton

Qutdated legisiation at vanous - -
levels of govemmant -/ ot -/ -

Farception of graater central ™ P -~ .
control of anergy consumption . -

Percewed higher cost of entry
(new major systems and
applances required to banafit O @) (o) < 'S
from the smart grid
technologies)

Practicsl deployment @) @) @) O

Regutatery mconsistency. There
are no "overall guidelines/rules”
batwaen roguinted tiities A
technelogy consdered sate and - ~ - .
cost sifective by one reguiatary - - — -
body could be consikiered
dang: and/or burd:
by rate payers & another

Sources of capital 1o deploy
farge scole anhancaments 1o ) ) (D) ( (
the enlirs system.

U.S. “one size fs ad® tederal
policy vs. faclitating “distributed - - ~ -~ ~
generation sources” (micro:
gndas) in specific areas

Utility indistry 1adure (o fix grid
Inftrastruciure

Study participants identified the following risks of future smart grid technologies in the U.S.
lodging industry.

Please choose the extent to which you agree or disagree.

Nether Agres nor

Strongly Disagree Disagree Disagres Agre= Strongly Agree
Cyber securtty (@) C C & C
Data Securtty ) (D) ) (9] (o)
Early results may not align with -
axpacted savings which may &) O C O o
inhibst luture nvestmeants
Relability @) @) ) [ & (&)

Study participants anticipate the following smart grid technologies will be adopted in the U.S.
lodging industry by the end of year 2015,

Please indicate how likely you belleve it is that each technology will be adopted In the U.S.
lodging industry by the end of year 2015.
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Unlixely Sightly Likely Somewhat Likely Vary Likoly

Bulking automation syslems
Ma Mannge on o sacond-by-
sacond basis (¢ g a hotel
recaives a raquest from the
utilty 1o reguce consumption by
X for the naxt 2 hours. The
systarn will st identity
unrented rooms, open the
anergy bands, thus ensunng no
enargy will e consumed by the
HVAC In those reoma. Thaen it
will fenlify rented bu
unoccupied rooms and spply
the same strategy)

D R e

P

*Net Metarng* (dependant on
the avadability and usage of

N
eneargy )

Open protocal monltoring

Smart meler depioyment 1o
every cusiomet

Study participants anticipate the following smart grid technologies will be adopted in the U.S.
lodging industry by the end of year 2020.

Please indicate how likely you believe it is that each technology will be adopted in the U.S.
lodging industry by the end of year 2020.

Unlixaly Sightiy Likely Somaewhat Likely Vary Lealy

AppS demand ¢

Autemaotive demand response

CDITHNI {sontroling down 1o
specilic loags, rather than
*banks" of loads)

*Smarter bulding automation
systems. with reak-lime
metanng. capabie of monitonng
grig conditions andior market
congrions. tied to localized
distributed generation that can
be pre-dispsiched at pre-
datarmined points {Le It the
hourly price of elactricty Is
greatar than Soor xximWh, then
dispaich a fuel cell and
disconnect Irom the grid)

Technologies capable of
providing communication with
generateon plants all around the
continen
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Appendix H

DELPHI THIRD ROUND FOLLOW-UP LETTER

SITYor
EIAWARE

Dear (Industry Expert Name):

Alfred Lerner College
of Business & Economics

DEPARTMENT OF HOTEL, RESTAURANT
& INSTITUTIONAL MANAGEMENT

By now you will have received the third round survey - at least that's what the

survey software is indicating! If you have not received the third round survey, or if you

are unable to complete it by Thursday, March 24, please let me know as soon as

possible. Your contributions are important, and | want to be sure you have ample time

to complete the survey.

| am enjoying analyzing survey responses submitted so far - it's very exciting -

you and your fellow participants never fail to confirm your "Awesome SGT Study
Participants" identity in the UD HRIM Department!

Thank you for your time and attention.

Best regards,

Vs Y
! As /S ¢ | s o AL oA
P / / s ' =5

Diane M. Vondrasek
MS Candidate

Hospitality Information Management
Lerner College of Business & Economics

University of Delaware
Raub Hall

14 W. Main St.

Newark, Delaware 19716
USA
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